
ORIGINAL PAPER

Mineral Resource Governance in the 21st Century and a sustainable
European Union

Patrice Christmann1

# The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract
Minerals andmetals are ingredients necessary for the production ofmultiple goods and services that are essential to contemporary
societies, feeding frequently complex global supply chains. The development of the modern, material-intensive lifestyles has led
to a formidable acceleration of their production, particularly since the middle of the 20th century. Despite all the progress that can
and needs to be done towards a circular, resource-efficient global economy, several important trends including:

& demographic growth (United Nations 2019),
& the rapid development of the global middle class (Kharas

2017),
& growing urbanisation (United Nations 2018) and
& the transition towards a low-carbon global economy

(Hund et al. 2020)

point towards a continued, exponential growth of the global demand and production of minerals and metals
(Christmann 2017; Elshkaki et al. 2018; Halada et al. 2008; Hund et al. 2020; Schipper et al. 2018). Despite the efforts
made by some producers and some authorities to strengthen the already important contribution of the minerals and
metals industry to the UN Sustainable Development Goals (SDGs), the production of minerals and metals has negative
impacts both on the global and on local ecosystems. It already contributes to 16% of global CO2 emissions (OECD
2019) and it generates about 50 bn t solid waste per year, 25 times the estimated annual amount of urban waste (Franks
et al. 2021). This waste is composed of mostly barren rock fragments, essentially overburden that needed to be stripped
to access the ore, and of fine-grained ore processing tailings. The latter, if containing sulphides such as pyrite and
residual minerals containing elements such as arsenic, cadmium, mercury, selenium or tellurium, can become highly
problematic for the well-being of future generations. The production of minerals and metals also can be a source of
conflicts and of social disruption. Failure to globally and sustainably manage the production of minerals and metals, in a
transparent and multilateral framework providing a stable, foreseeable and level playing field for investors and for trade,
could limit the capacity of the industry to reply to future demand and lead to potentially disastrous global conflicts.
Depending on the practices of individual producers, on the quality of national and/or regional regulatory frameworks and
on the effectiveness of their implementation, a same mineral or metal can be produced under very differing environ-
mental and social conditions. Despite progress on sustainability performance reporting and of transparency of some parts
of the industry, end-users of minerals and metals do not know how the minerals and metals they use have been produced
and they hardly can choose among various supply sources, although from a sustainability perspective there are great
differences among the practices of individual producers. The development of an international governance framework to
support the development of transparency and verifiable corporate accountability, to foster research and innovation to
reduce the negative impacts of the industry and to provide incentives rewarding pro-sustainability action, is called for.
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Support to document and disseminate best practice and best available technologies as well as to strengthen the global
institutional capacities to manage this very complex and vital industry is needed. This could be an important role for a
future International Minerals and Metals Agency. So far, only the exploration and mining of deep-sea mineral deposits
located in international zones of the oceans are internationally regulated under the UN Convention On the Law Of the
Sea (UNCLOS), with a specific International Agency in charge of its implementation and of the provision of scientific
and technical guidance: the International Seabed Authority (Kingston, Jamaica), created in 1994. The European Union
could and should play an important role in these developments as it is an important global end-user of minerals and
metals mostly produced outside its borders. The EU’s environmental footprint outside its borders is very high and
growing. According to EUROSTAT trade data, EU imports of goods from beyond its borders doubled in value from
2002 to 2018, with China’s share having grown by over 460% over this period, representing 19% of the total imports of
goods. China is the world largest greenhouse gas emitter. EU’s very strong point is its long history of successful
research and innovation, dating back to the Renaissance (15th Century BCE). Its very large and highly qualified human
resources in science and innovation much benefits from progressive European-scale structuration and integration of
mineral- and metal-related research and innovation thanks to the European Union raw material–related policies devel-
oped since 2008 (European Commission 2008) under the EU Raw Materials Initiative (see p. 20 ff.). The EIT Raw
Materials, launched in 2015, is the world largest organised and funded mineral- and metal-related innovation network,
linking over 120 partners from academia, industry and research organisations (EIT Raw Materials, 2021). But, despite
these positive developments, it so far lacks the legal basis to develop its own mineral resource policy and its own
homogeneous regulatory framework. It nevertheless can act in different areas that are linked to the development of a
global, minerals and metals industry based on sustainable development principles through its capacity to act as European
Union in domains such as development cooperation, energy, environment, higher education, research and innovation, as
well as trade. It will require long-term vision and political leadership to develop and implement a sustainable EU raw
materials policy that would also act as a catalyst for the development of much needed global minerals and metals
governance. The publication by the European Commission, in September 2020, of its Action Plan on Critical Raw
Materials, part of the European Raw Materials Initiative launched in 2008, could be an important step to address the
issues outlined in this paper.
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Mineral Resource Governance in the 21st
century: a necessity

There are many definitions of governance. In relation to min-
eral resources and to the minerals and metals industry, it can
be defined as the framework of laws, regulations, voluntary
initiatives, standards, norms, practices and institutions that is
applied by the stakeholders concerned by this industry and
any of its specific projects. Governance requires an effective,
verifiable implementation and the commitment to this frame-
work of all stakeholders with an interest in a specific project or
activity.Mineral resource governance can be a very abstract, if
not vague, concept. It can also explicitly refer to, and should
systematically do it, the UN Sustainable Development Goals
internationally agreed in 2015 (United Nations 2016; UN
International Resource Panel 2020b). It also should refer to
the need to decouple economic growth from the negative im-
pacts of growth on the life supporting global ecosystem, of
which climate, healthy oceans and the global carbon and water
cycles are essential components. Decoupling is also needed to
reduce the current high pressure on the great diversity of local

ecosystems (UN International Resource Panel 2011) on which
local life depends on.

The squandering of mineral rents by the political “elites” in
some mineral-rich countries, corruption, short-term profit
seeking, tax evasion, the lack of public transparent reporting
of exploration projects and mining activities are still obstacles
to the development of good governance. While governments
of developed rich countries, including the EU, bear a signifi-
cant responsibility for this state of affairs, individual choices
and behaviours are equally important. Everyone needs to un-
derstand the multiple roles of minerals and metals in support
of individual well-being and realise their strategic importance,
while supporting all the efforts needed to develop greater re-
sources circularity, through multiple possible actions such as
the eco-efficient production of minerals and metals, and eco-
design of product actions including the following:

& Ecologically and socially efficient production of minerals
and metals

& The development of actions that support circular resources
use such as:
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– conceiving innovative resources efficient materials
– conceiving serviceable and recyclable goods thanks to

eco-design
– the development of the re-use, refurbishment and

remanufacturing of specific components and end-of-life
recycling

– the fight against programmed obsolescence; industrial
ecology where the waste of one industry is used as a
resource for another one

Governance is the fourth dimension of sustainable devel-
opment, in addition to the economic, environmental and social
dimensions more widely used to describe sustainable devel-
opment (Barbier 1987; Purvis et al. 2019; Weinberger et al.
2015). This is why the public reporting by companies of their
performance in these four dimensions of sustainability should
become a must, and be available for each production site. This
is far from the current practice. Governance is the force that
drives the convergence of the economic, environmental and
social dimensions of sustainable development (Fig. 1). It is not
a natural force, but a complex cultural construct based on
components such as facts-based knowledge, technological
choices, accountability, full public reporting of sustainability
performance at individual production sites, transparency and
verifiability of data and information.

Data, information and knowledge shared in an open, trans-
parent way among all concerned stakeholders promotes trust,
a key ingredient to make complex, risky projects possible.

The minerals and metals industry consists of a complex
realm of enterprises that extract raw mineral resources and
process them to marketable products, such as sand, cement,
aluminium, phosphoric acid, copper, indium or neodymium,
needed by the myriad of industrial supply chains (Fig. 2) that
are dependent on minerals or metals for the production of
goods or services essential to human well-being. For instance,

minerals and metals are the enablers of the information and
communication technologies that allow many to work from
home during the COVID-19 pandemic, thus avoiding an even
worse economic and social disasters. A recent UN
International Resource Panel (IRP) video documents this
(IRP 2020a)

A detailed description of this realm, of its multiple stake-
holders and of its governance landscape, is provided in a re-
cent report of the IRP (IRP 2020b). It identified about 90
different natural resources government instruments,
recognising that some may have been missed by the analysis.
None fully addresses the four dimensions of sustainable de-
velopment, of which governance is one.

This industry is extremely diversified, ranging from

& informal, frequently unregulated or very loosely regulat-
ed, sometimes illegal, small-scale entities (some being
temporary groupings of fortune seekers without any legal
status) with almost no capital and very limited knowledge,
using very simple technologies such as digging with picks
and shovels and some coarse gravimetric recovery of the
marketable mineral product. Loosely regulated, if regulat-
ed at all, extraction activities are playing a major role, in
many countries, in the production of construction mate-
rials (clays, anhydrite and gypsum, sand, lime, gravel,
dimension and ornamental stone). The cumulated produc-
tion of these entities is also an important source of gold,
gemstone, tantalum and tin;

& to very large size multinational companies with a market
value that exceeded 100 billion $ US in July 2020 for two
of them, BHP and RioTinto (Mining.com 2020). Such
companies are knowledge and technology intensive and
use state-of-the-art technologies in exploration, mining
engineering, ore processing and metallurgy, with complex
machinery and processes applied for the recovery of the
marketable products. Continuous optimisation of their op-
erations made possible thanks to the intensive use of mul-
tiple sensors and of information, and communication tech-
nologies are essential in this segment of the industry.
These companies and the very large deposits they exploit
play a major role in the supply of the global economy with
mineral raw materials requiring complex, capital and tech-
nology-intensive, industrial processes for their production.
While large deposits can be mined by small operations,
the huge growing minerals and metals requirements of the
global economy make large-scale mining of large deposit
essential. Many of these raw materials are needed in ton-
nages counted in millions of tonnes (e.g. copper, manga-
nese, nickel, lead, phosphate or zinc), or even exceeding
the billion tonnes mark (cement, iron ore, steam and cok-
ing coal). The per-ton value of these raw materials eco-
nomically makes them widely traded goods that travel by

Local, regional, national, multinational scales

EnvironmentEconomy

Society

GOVERNANCE

GOVERNANCE

Data > Information > Knowledge > Expertise inform
Policies, Voluntary Initiatives, Management and Operational Practices, 
Regulations, Public Reporting, Evaluations, Education, Research and 

Innovation, Technological Choices

Fig. 1 Governance, the driving force is the fourth dimension of
sustainable development, and its key components with regard to the
minerals and metals industry
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sea over many thousands of kilometres, as it is the case
with Brazilian iron ore or Chilean copper concentrates
feeding Chinese smelters, while mineral raw materials
needed by the construction sector (sand and gravel, ordi-
nary clay, dimension stone) represent about, by far, the
largest segment of the mineral production materials pro-
duced in the largest tonnages, the world sand and gravel
production alone being estimated to be about 40 billion
tons per year, GAIN (2014).

& In between, a realm of mid-sized companies plays an im-
portant role in the production of many minerals and
metals.

& The article by Ericsson and Hodge in this issue provides a
detailed presentation of the structure of the global mining
industry.

While the locations of the initial stages of mineral
resource–dependent supply chains, up to and including ore
processing (where needed), are geographically constrained
by the geological factors that control the development of eco-
nomically recoverable concentrations of minerals, the further
stages, or nodes, of mineral dependent supply chain can be
located in any location worldwide offering “attractive” condi-
tions for the investments necessary to develop the activity and
for running it at a profit. The copper industry case documented
by Tercero Espinoza et al. (2016) illustrates the global and
complex nature of mineral raw material–dependent supply
chains.

“Attractive” as used here can mean the availability of cheap
and abundant energy, of skilled manpower, of good transport
infrastructure and of a stable regulatory and fiscal framework.
It can also mean lax environmental, social and/or fiscal regu-
lations, openness to corruption and poor social standards.
Profit is usually measured in terms of return on capital
invested, after taking into account the multiple risks inherent
to mineral and metal production activities (EY 2020). In this
annual survey of risk perception by top executives from the
global mining industry, “License to operate” ranks as the most

important, for the second year in a row. This means that many
industry leaders are worried about seeing their operations
challenged by their broader stakeholder groups (Fig. 3) such
as local populations environmentally and/or socially impacted
by mining activities.

Minerals and metals provide a huge range of services and
products that are essential to human well-being. Without min-
eral fertilisers and agricultural machinery, agricultural produc-
tion would be much reduced, modern water supply and waste-
water would not exist, modern health services would be un-
available, nor would the Internet of computers exist.

Their production provides major contributions to the
United Nations Sustainable Development Goals (SDGs)
(Columbia Center on Sustainable Investment 2016; ICMM
2016) but it also can be a source of important negative envi-
ronmental and social impacts.

Environmental impacts

The main impacts of concern are global (CO2 emissions that
contribute to global warming) or, mostly, local (generation of
large amounts of potentially harmful solid waste, failure risk
of waste containment structures, impacts on air quality,
ground and surface water, on flora and fauna):

& CO2 emissions: the production of minerals and metals
generates about 16% of the global CO2 emissions
(OECD 2019), the major contributors being cement and
steel, due to the large tonnages produced, and aluminium,
whose production is highly energy intensive. CO2 and
other emissions are not only the consequence of techno-
logical choices made at individual sites; they also are a
consequence of the energy mix used for the production
of minerals and metals. In 2019, China, by far the most
important current global producer of many minerals and
metals (Fig. 4), used 85% of carbon-based fuels in its
energy mix, 58% of the mix being from very polluting
coal. In comparison the USA, used only 12% coal and

Explora�on
Mine projects/ 

planning Mining Ore 
processing

Metallurgy/
refiningPurifica�onManufacturing

Components
produc�on

End 
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(e.g.: car)

Manufacturing waste: 
filings, dust, scraps, sludge

WASTE COLLECTION

RECYCLING
End-of-life
products Waste

Geological
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HIGH EU DEPENDENCE AND VULNERABILITY
Fig. 2 Schematic representation
of a mineral resource–dependent
supply chain (derived from IRP
2020b). The EU economy is
highly dependent on imports of
minerals and metals from beyond
its borders and vulnerable to rapid
price escalations and possible
supply tensions/disruptions. Its
vulnerability appears somewhat
reduced at the metallurgical and
metal-refining stages
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Europe only 14% in their energy mix (bp 2020). Coal is
not only a source of greenhouse gas emissions but also an
important source of mercury emissions in the atmosphere
(UN Environment 2019) and of massive amounts of envi-
ronmentally problematic waste from coal burning (fly ash,
bottom ash, boiler slag). Some of this waste can be used as
a feed for other industrial processes, for instance fly ash in
cement production.

& Generation of potentially harmful solid waste and re-
lated hazards: the production of some metals (copper,
gold, platinum group metals, lead and zinc, phosphate,
uranium) generates large amounts of waste, mostly as
fine-grained sand like tailings resulting from the
crushing and grinding of the ore necessary for the re-
covery of the valuable minerals from the ore mineral
assemblage. These tailings can contain residual min-
erals, especially sulphides, that are potential sources
of harmful elements releases to the environment (such
as arsenic, cadmium, mercury, selenium or tellurium)
further to a widespread bioleaching process known as
Acid Mine Drainage (Verburg et al. 2009; Jacobs et al.
2014; Kesler and Simon 2015; Australian Government
2016; Lottermoser 2017). At an average of 0.56% Cu
in the globally produced copper ore (Schodde 2019)
and assuming a 100% recovery rate (the reality being
probably about 80 to 90%), and a global mine copper
production of 20.5 Mt Cu in 2018, about 3.6 billion
tonnes of tailings will have been produced that year.
This soft material is stored in large tailing ponds con-
fined by dams. Tailing dams can be very large facilities,
extending over several square kilometres. After many
years of decline, the average global Cu content of

mined ores may marginally increase (to 0.65–0.7%
Cu in the globally mined ore if the production from
new high-grade deposits in the Democratic Republic
increases by 1 to 2 Mt Cu per year). This would not
significantly modify the annual tailings tonnage esti-
mate given here.

Mining and ore processing waste-related impacts
can last for many years, even centuries, after the actual
termination of mineral and metal production activities.
Their mitigation can be the source of important costs to
unsuspecting taxpayers, long after the closure of the
mining site. In extreme cases, the capital cost needed
to manage them at one single derelict mine site can be
nearly one billion US$. This is the cost of the planned
confinement of 237,000 tons of deadly arsenic trioxide
left behind in underground mined out chambers as a
non-marketable by-product resulting from ore process-
ing over the lifetime of the Giant Gold Mine, located
near Yellowknife in Canada’s North-West Territories
(Mckenzie Valley Review Board 2013). This province
has a population of only about 45,000 persons. These
are few shoulders to bear such a burden. In addition,
annual operating costs will accrue for an unspecified
number of years.

& Older tailing dams can contain economically important
metal contents, sufficient to profitably reprocess them to
recover valuable contents. Such reprocessed tailing mate-
rials can become suitable for construction purposes.
Reprocessing of old tailings can be economically very
attractive as in the past the processes used for ore benefi-
ciation were less efficient than in modern state-of-the art
processing plants, with significant parts of the ore min-
erals ending up in the tailings. Where no further economic
use is possible for tailing materials, or contained residual

Shareholders

Rating
agencies

Commercial
banks

Development
banks

Insurance
companies

Equipment and
service
suppliers

Fig. 3 Minerals and metals
industry stakeholders—Source:
Christmann (2017) and IRP
(2020)

191Mineral Resource Governance in the 21st Century and a sustainable European Union



metal values are too low to make them economically re-
coverable, they need to be disposed forever.

& In well-regulated countries and/or in the case of compa-
nies operating to high environmental standards, tailings
and mine waters are managed to avoid environmental im-
pacts and tailing dams’ stability is regularly monitored;
nevertheless, tailing ponds can remain long-term threats
to the environment as some day after the end of the oper-
ation monitoring operations and/or water treatment oper-
ations may become underfunded, or no more funded at all,
leaving local communities to bear the consequences of
industrial activities that may have happened several gen-
erations before.

Tailing dams are also fragile structures that may fail with
dramatic consequences, even during the active mining phase,
as dramatically documented by the Córrego do Feijão iron ore
mine tailing dam (Near Brumadinho, Brazil) catastrophic fail-
ure that killed at least 259 persons and caused important en-
vironmental damage on January 25, 2019 (Silva Rotta et al.
2020). The WISE-Uranium project maintains a database of
major tailing dam accidents, listing 150 major tailing dam
failures that happened since 1961 with their known conse-
quences (Diehl 2020).

Concerns about the lasting and potentially very costly im-
pacts of mining activities are on the rise, even in jurisdictions
historically favourable to mining. Authorities, wary of the
potential negative impacts of mining activities, are imposing
tougher regulations on mining activities. In Canada, for in-
stance, the large-scale Schaft Creek open-pit copper mine pro-
ject in British Columbia, with a measured and indicated re-
source of about 3.3 Mt Cu (Copper Fox Metals 2020), with
molybdenum, gold and silver as by-products, started its man-
datory environmental assessment process in 2006, producing
over 50 studies, without having obtained the necessary
Environmental Assessment certificate so far. In Alaska, the
Pebble Mine project acquired by Northern Dynasty Minerals
in 2001, is one the world largest undeveloped but fully docu-
mented copper resources, with an indicated and measured
copper resource of nearly 26 Mt. The project has not yet re-
ceived the required US Environmental Protection Agency per-
mit and it may well never get out of high-level political con-
cerns about its potential impacts on the water quality of Bristol
Bay, considered the world’s most valuable salmon fishery
(Randall 2020).

There is abundant scientific literature on environmental
issues related to the production of minerals and metals, for
instance UN International Resource Panel (IRP 2013a);
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Kesler and Simon (2015); Jain et al. (2016); and Lottermoser
(2017).

Unless there is a broad social consensus to accept lifestyles
independent from minerals and metal use, enjoying living
conditions equivalent to about 10000 years ago, before the
use of metals began to shape the evolution of civilisations, it
needs to be accepted by society that there cannot be mineral
and metal production without some environmental impact, as
much as there are no other human activities without environ-
mental impacts. But these impacts can be much reduced by
using the current best available technologies and management
practices in mineral and metal production (European
Commission 2013a, 2013b, 2017; Garbarino et al. 2018).
While companies active all along mineral- and metal-related
supply chains have a responsibility in ensuring that the min-
erals and metals they produce or use are produced according
to high sustainability standards, the role and the responsibility
of governments, or, in the case of the European Union, of the
European institutions, are of major importance too. They
ought to ensure that:

& best available technologies and practices are documented
and effectively implemented;

& environmental impacts are transparently documented and
publicly reported;

& regulations are put in place, and effectively enforced, to
ensure that minerals and metals produced on the national
territory, or imported, as well as derived goods, are pro-
duced in line to best available environmental and social
regulations or standards; and

& market mechanisms are put in place to support high envi-
ronmental and social performance and deter poor practice.

Social impacts

The production of minerals and metals generates direct and
indirect employment in regions that may have only limited
development alternatives. Modern large-scale mines, smelters
and refineries offer a great diversity of skills in disciplines
such as accounting, blasting, chemical analysis, community
relations, electrical systems, environmental management, ge-
ology, hydraulics, advanced information technologies, me-
chanics, metallurgical and mining engineering, ore process-
ing, robotics and automation, advanced information and com-
munication technologies, and ventilation management. Most
of the skills developed in mining or metallurgical industry are
transferrable to other sectors of the economy once a mine or a
smelter closes.

The development of human skills needed for the produc-
tion of minerals and metals has played a critical role in the
development of the economic and social wealth of developed
nations, and in many cases mining schools are still among the

best engineering high schools and research institutions in
countries where there is not much mining left. In this respect,
mining and metallurgy are important development drivers, the
resulting skills development being an important example of
the long-lasting social benefits that can result from the trans-
formation of natural capital into social capital. The industrial-
scale production of minerals and metals involves many stake-
holders (Fig. 3), some being directly involved with the pro-
ductive activities such as:

& professionals working at the mines and the related plants
(mineral processing plants and, in some cases, smelters
and refineries),

& trade unions,
& local communities that are directly impacted by these

activities,
& investors having invested into their development (share-

holders, investment and/or development banks) and
& authorities at local, regional and national levels.

Some other stakeholders are equally important, although
they are not directly involved in the daily operations. These
include academia and research, media, political parties, non-
governmental organisations, insurance companies, technolo-
gy providers, customers and end-users of minerals and metals.
This creates extremely complex webs of differing and poten-
tially conflicting perceptions and interests, fuelled by differing
experiences and knowledge, and divergent interests. The dif-
ferences in perceptions is nurtured by differing cultural differ-
ences, access to knowledge and asymmetries of information.
Some stakeholders may also reject fact-based evidence and
science as guides available to inform their own decisions or
even develop rejection of science-based governance. A further
complication is that different stakeholders have agendas de-
fined by very different timeframes: economic stakeholders
frequently have very short-time strategic objectives set by
shareholders expectations of rapid returns. Activist funds
and financial analysts being driven by profit seeking are mak-
ing it difficult for companies to invest in long-term develop-
ment activities, including in research and innovation.
Politicians and regulatory frameworks they define are
constrained by electoral agendas while innovations may take
decades to complete the complex route from the initial inno-
vation concept and its translation in derived innovative prod-
ucts and services becoming available on the market. Local
populations also tend to expect rapid tangible returns from
new mining activities.

These conflicting time horizons is an important problem
for mining projects which frequently take 20 years and more
from the initial discovery to the eventual commissioning of a
new mine. And then, the profitability of mining projects that
inmany cases have required hundreds million $US, and some-
times billions, of initial capital investment to start their
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production will much depend on hardly foreseeable changes
in regulatory and/or taxation frameworks.

Negative social impacts easily develop where modern in-
dustrial scale mining projects develop in regions with native
populations having had limited, or none, previous exposure to
21st industrial culture. Cultural differences and knowledge/
information asymmetries between mining companies and lo-
cal communities can make stakeholder dialogue and cooper-
ation very difficult and resource consuming. But the cost of
failure is much higher. It can ruin a project or even translate
into bloody conflict. Examples of such situations are the civil
war that developed on Bougainville Island (Papua New
Guinea) further to the development of the giant Panguna cop-
per mine (May 1996; Hammond 2012; Zorn 2018), the failure
of the large-scale Minas Conga gold project in Peru (Downs
et al. 2020). Not only large-scale industrial projects are ex-
posed to conflicts. The production of sand and gravel is es-
sentially ensured worldwide by a myriad of small- to medium-
scale enterprises, with relatively limited international trade, as
compared to higher value minerals and metals, due to the
relatively low per-ton value of most sand and gravel products.
In quite a number of countries, this specific segment of the
industry is very loosely regulated, if regulated at all (Brown
and Peduzzi 2019). In some countries, including in Europe,
this industry is exposed to corruption and even organised
crime and land-use conflicts related to sand and gravel pro-
duction abound. However, practical solutions are available to
reduce the negative impacts of this industry segment (UN
Environment 2018). The re-use of tailing sands could help
to substitute some sand uses, but this is unlikely to develop
significantly unless well-recognised international standards
are developed certifying that candidate tailing materials meet
minimum physical and chemical specifications required for
specific end-uses. Moreover, the use of tailing sands is likely
to be constrained by the existence of local markets, as their
low per-ton value makes it uneconomic to transport such ma-
terials over longer distances.

All are challenging top-down business-as-usual develop-
ment models, calling for careful stakeholder integration from
the early stages of the mine planning process, as soon as ex-
ploration results indicate that a discovery may have the poten-
tial to become a mine and the decision is taken by the project
owners to engage a preliminary economic assessment or a
scoping study of the identified prospect.

Addressing in a fair and transparent manner the multiple
interests of stakeholders is a complex and time-consuming,
but necessary, process. Even the well-meant goodwill of com-
panies keen to engage local communities into their project can
lead to negative impacts. In regions with limited economic
activities, mining projects do provide jobs and financial com-
pensations to impacted communities, but these are temporary
as employment, local communities support programmes and/
or compensation schemes paid by mining companies are

likely to come to a more or less rapid stop once the mine
and/or the smelter/refinery end their activities. Income and/
or benefits perceived by local communities can be temporary
by nature, unless specific actions are conceived and effective-
ly implemented such as the creation of a public trust fund
where part of the funds perceived by the authorities is set aside
for the benefit of future generations, a model that has been
develop for oil and gas revenue in Norway, with a large part of
this revenue being set aside in the Norwegian Oil Trust Fund,
currently worth over 1 trillion US$ (Norges Bank Investment
Management 2019).

As mineral and metal production–related revenue comes to
an end once the production activities, social disruption can be
extremely severe when communities adopted unsustainable
lifestyles that then collapsed. Zorn (2018) reflecting on his
long experience in advising the authorities of Papua New
Guinea authorities on the management of the country’s min-
ing sector states: “Big mining projects in developing countries
by their very nature generate lots of cash, environmental prob-
lems, and social disruption while contributing relatively little
employment or other linkages to the national economy.
Managing both the good (foreign exchange inflows, govern-
ment revenue) and the bad is not easy”.

Ericsson and Löf (2019) and the International Council of
Mines and Metals (ICMM 2020) provide descriptions of the
contribution of mining to national economies, including pro-
duction, prices, mineral rents, exploration expenditure, gov-
ernment revenues and several governance-related indicators,
including the World Bank’s World Governance Indicator
(WGI) and the UN Human Development Index (HDI). The
geographic coverage is global, with a particular focus on low-
income and middle-income countries. This contribution, from
a broad sustainability perspective, has also been assessed by
the UN International Resource Panel (IRP 2020b).

However, the use of mineral rents, an indicator pub-
lished annually by the World Bank as a part of its
World Development Indicators (World Bank 2021), does
not document the contribution of mining to national
economies. A mineral rent is the financial surplus that
arises if the selling price of a mineral or mineral pro-
duction is higher than the full cost of its production,
including taxes, royalties and levies, amortisation and
depreciation. This indicator provides no information
about how this rent is shared among the various
stakeholders.

To measure the contribution of mineral and metal produc-
tion to producing countries, it would be necessary to consider
all the monetary flows that go into the economy of the pro-
ducing country:

& Wages paid to national employees
& Procurement from national sources (including food, ener-

gy, and water)
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& Taxes, levies, rights, and royalties paid to the national,
regional or local authorities

& Voluntary subsidies and grants paid to local stakeholders
(support to specific local activities related, for instance, to
culture, education, farming, health or sports)

& Payments into national health and pension schemes
& Provision of infrastructure to local populations (housing,

power supply, roads, water supply and sanitation, waste
collection and processing …)

& Provision of public access to some infrastructure specifi-
cally built for the mining and/or metallurgical activities

There is no database providing public access to this infor-
mation, which could be partly compiled from annual reports
of those companies providing a detailed country-level break-
down of their operating costs and reporting their social perfor-
mance. Annual reports produced bymining companies mostly
only provide data aggregated at corporate level. Private equity
companies do not have to publish annual reports.

A detailed assessment on the socio-economic impacts of
mining, providing somewhat more detailed data, is available
for global gold mining over the 1990–2013 period (Maxwell
Stamp PLC and The World Gold Council 2015). It provides
data and analysis for the 30 largest gold-producing countries.
It states that the industry provides one million direct employ-
ments worldwide, plus three million additional indirect em-
ployments in companies providing services and goods to the
gold mining industry. In some poorer countries, with relative-
ly limited development alternatives (Burkina Faso, Ghana,
Guinea, Kyrgystan, Mali, Papua New Guinea, Suriname,
Tanzania), gold mining generates more than 10% of the na-
tional gross value added, this representing more than the offi-
cial development assistance received by some of these coun-
tries. However, these benefits are only temporary, as they will
stop once ore reserves are mined out. Therefore, the transfor-
mation of this temporary bonanza into actions that can gener-
ate lasting benefits, for instance through investment into
health and education, is of major importance. This requires a
strong commitment to good governance by the political per-
sonnel and the administration of these countries.

Towards global mineral and metal
governance

So far, most minerals and metals are globally traded commod-
ities with prices reflecting supply and demand, as well as
market anticipations of near-future supply and demand trends.
The pricing is also dependent on the physical and chemical
characteristics of the raw material. For instance, physical cop-
per traded at the London Metal Exchange, one of the world
largest trading places for minerals and metals, must meet well-
specified technical standards (LME 2020), and comparable

requirements are existing for all traded minerals and metals.
With the exception of the requirements set by the US Dodd-
Franck Act and the EU Regulation 2017/821 laying down
supply chain due diligence obligations for importers of gold,
tantalum, tin or tungsten originating from conflict-affected
and high-risk areas, there are no requirements regarding the
environmental and social conditions under which specific
minerals or metals were produced.

However:

& major financial scams such as the Bre-X mining scandal,
happened in 1997 (Nicholls 1999);

& environmental disasters such as the OK Tedi copper-gold
mine dumping of mine waste in PNG’s Fly River
(Marychurch and Stoianoff (2006), Zorn (2018));

& the repeated failure of tailing dams and their very visible
impacts (Diehl 2020); and

& opposition to mining projects by local populations and/or
some NGOS

have triggered changes, at least in some countries, in regu-
latory frameworks and corporate practices (IRP 2020). But,
despite the efforts of some companies, a long way remains to
see the development of a globally implemented competitive-
ness framework based on sustainable development principles
and the key governance principles of transparency and full
economic, environmental, governance and social performance
reporting and accountability of companies and authorities.

In its scientific assessment of Mineral Resource
Governance in the 21st century (IRP 2020b), the UN
International Resource Panel identified nearly 90 initiatives,
most of them at global scale, aiming to foster better mineral
and metal governance. While none fully addresses the four
dimensions of sustainable development (economy, environ-
ment, governance and social or “quadruple bottomline”), three
of them stand out as examples that could inspire broader glob-
al developments, possibly within the framework of the crea-
tion of the International Minerals and Metals Agency advo-
cated here:

& The public reporting obligations for companies listed on
their stock markets, according to specified national stan-
dards, of the data and information related to mineral ex-
ploration and mine development projects has been imple-
mented in some countries, either by the stock market reg-
ulatory authority or by industry associations (CRIRSCO
2020). Such reporting obligations apply, for instance, to
the over 1,100 companies listed on the Toronto (Canada)
Stock Exchange (TSX and TSX-V codes) and to the over
600 companies listed on the Australian Stock Exchange
(Code: ASX). The oldest (2001), and most widely used
national reporting standard is the Canadian National
Instrument NI 43-101 (Ontario Securities Commission
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2011). Public reporting according to the NI 43-101 stan-
dard is compulsory for the over 1,100 companies, many
being junior exploration companies, listed on the Toronto
Stock exchange (Codes: TSX and TSX-V). In Australia,
the JORC reporting standard is compulsory for the over
600 companies listed on the Australian Stock Exchange
(Code: ASX). Reporting codes are even voluntarily used
by some companies that are not legally bound to use them,
as a sign of their commitment to greater transparency and
to foster trust in their activities.

NI 43-101 so far is the most advanced reporting stan-
dard on exploration and mine planning activities as it sets
the most detailed reporting and publicity obligations
among all the comparable national standards. While these
national standards were designed to protect investors
against the risk of being manipulated by false, manipulat-
ed or incomplete information from mining companies,
their effective use, developed over the last two decades,
provides to all stakeholders an unprecedented amount of
data and information on an important percentage of the
global mineral exploration and mine development pro-
jects. The data and information published by companies
are accessible via public, free-of-charge portals such as
sedar.com for companies listed in Canada and listcorp.
com for companies listed in Australia.

Such standards do not impose any sor t of
environmental and social impact assessments of projects,
or the preparation of detailed mine closure and site
remediation plans. Such obligations are set by national
or regional legal frameworks. However, the relevant data
and findings will be available from these reports as they
have an impact on a project economic parameters such as
capital expenditure, operating costs, cash flows and the
rate of return of the projects

& The development of sustainable performance reporting by
companies . Since 1997, a non-Governmental
Organisation, the Global Reporting Initiative (GRI,
website: globalreporting.org), develops sustainability
performance reporting guidelines (nowadays named
standards) in collaboration with industry organisations.
These guidelines/standards provide a detailed structure
and help for companies voluntary to report their corporate
economic, environmental and social performance.

In 2017, according to the GRI database, 216 companies
voluntarily produced a sustainable development, or sus-
tainable performance (the name of such reports is varying)
report of some sort. Out of these, 115 were produced in
compliant with either the version 4 of the GRI guidelines
or the then recently released GRI Standards, which super-
sede the former guidelines. Although the GRI database
identifies 28 companies from the People’s Republic of
China that produced some form of sustainable develop-
ment report in 2017, none meets the GRI guidelines or

standards requirements, and in most cases even the most
basic information about the company’s operations, such as
revenue or staff size, is not provided.

Most reports, even when compliant with the GRI
guidelines or standards, provide information and data con-
solidated at the company level. Data and information on
individual operations, which would possibly be of high
value to directly concerned stakeholders, is generally un-
available. The use of the GRI standards is entirely volun-
tary; there are no obligations so far set by stock markets or
national authorities to mining companies to report their
sustainability performance, an important shortcoming on
the way to global sustainability.

What is nowadays an exception should be the norm,
and this norm should be internationally defined and
implemented.

& The reporting of payments made by oil and gas or mining
companies to the authorities of the countries where they
operate was cross-checked with the payments that those
authorities declare having received. The launch of the
Extractive Industries Transparency Initiative in 1995 is
an important step towards the development of transparen-
cy of the economics of mineral and metal production, as it
provides a standard for the reporting of legal frameworks
and fiscal regimes, of contract and exploration/mining li-
cence allocations and reporting an overview of explora-
tion and mining activities, in addition to the payments
made to the authorities by companies active in each par-
ticipating country, and to the payments received by the
authorities from companies active in the country. So far,
55 countries participate to the EITI, but the world’s largest
producers of minerals and metals (Australia, Brazil,
Canada, China, India, the Russian Federation, the USA
are not part of the initiative). The reporting of payments
made to the countries where companies operate should
become a systematic component of the quadruple bottom
line sustainability reporting.

Despite the progress made towards transparency, much
further efforts involving all stakeholders in a coordinated
way remain to be done. Many companies and governments
may object to such an elaborate framework of reporting obli-
gations, and lobby against it. There is certainly a need to adapt
the reporting obligations to the size of the individual opera-
tions to make them as manageable as possible. But quadruple
bottom line sustainability reporting is needed in view of the
unprecedented global sustainability challenges. It would be a
formidable instrument, consistent with the United Nations
Sustainable Development Goals, to foster trust among all
stakeholders and to set a global level playfield for sustainable
competitiveness.

Of course, these considerations are of equal importance for
other industries, such as agro-industries, water supply, energy
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production, textile production and many more that have major
impacts on sustainability.

The important pro-governance actions that happened over the
last two decades have not killed the industry, by far. To the
contrary, they help to build trust among stakeholders and provide
more predictable frameworks for the massive investments that
will be needed in the coming decades to provide the world with
the minerals and metals it will need to meet the needs related to
its burgeoning population, to the rapid growth of the global mid-
dle class and to the transition towards a low-carbon society based
on mineral- and metal-intensive energy production from renew-
able sources (Christmann 2017; Hund et al. 2020).

However, the current lack of commitment by the Chinese
authorities and companies to these initiatives is a major hin-
drance for the development of a global good governance
framework. This undermines the development of the global
pro-sustainability level playfield needed to see the industry
progress faster towards the UN SDGs and distorts the global
minerals andmetalsmarkets. The respective weights of China,
the EU and the USA onminerals andmarkets, and the changes
that happened over the 2002–2018 period, have been assessed
by a detailed study of the German Raw Materials Agency
(Perger 2020).

Industrial end-users and customers of mineral- and metal-
containing goods and services have the right to know the
environmental and social conditions that prevailed for their
production. Blockchain technologies can make the labelling
of minerals and metals possible; standards and certification
schemes are already widely used in the industry; thus, it is
essentially a matter of commitment by governments and in-
dustry to foster the development of transparency, traceability
and accountability.

The creation of an International Minerals and Metals
Agency (IMMA), if well supported by the states and industry,
could also be a very important move if it would be tasked and
funded to:

& provide policy-relevant advice and support for the devel-
opment of national/regional sustainable minerals and
metals policies and regulations, and to their effective
implementation;

& develop forward looking demand and supply scenarios
that integrate all the dimensions of sustainable
development;

& provide guidance to research and innovation;
& set policy-relevant guidelines and standards to report on new

projects and on ongoing develop transparency and account-
ability and monitor/report on their implementation;

& develop ecolabelling of minerals and metals;
& document and disseminate existing best practice; and
& provide training and support to national/regional level data

acquisition (geoscientific surveys, environmental baseline
data) and for strengthening the national/regional

institutions needed for an efficient and sustainable man-
agement of their mineral resources.

Its mandate could be inspired by the examples of other
International Authorities and Agencies, such as the
International Seabed Authority and the International Energy
Agency and benefit from the experience of these
organisations.

The G-20 appears as a possible framework to see an elab-
oration of such an idea, as its members represent, in value,
67% of the 2018 world production of non-fuel minerals (total
value of the world production: 992 billions $US, not including
cement and other construction materials, nor gemstones, data
source: Reichl and Schatz 2020). Several other institutions
such as the European Commission, the OECD, the World
Bank, industry organisations and NGOs should be part of
the necessary conceptual work. Although terrestrial resources
are managed by national regulations, much could be learned,
from a sustainability perspective, from the over 20 years of
experience of the International Seabed Agency in regulating
deep-sea mineral resource exploration and mining in interna-
tional waters.

Resources could come from a sustainable tax resources tax,
levied by the authorities in charge of collecting taxes and
levies from mining activities in participating countries.
These authorities would then transfer the collected funds to
IMMA. A 0.1% tax on the value of all minerals and metals
producedwould for instance generate nearly 1 billion $/year, a
resource that could be used to address the many needs, all over
the world, including:

& geoscientific data acquisition processing and dissemina-
tion needed to locate the mostly deeper seated, hidden,
mineral concentrations that will be needed to secure the
growing future minerals and metals;

& sustainable mineral and metal production and use related
education;

& research and innovation to develop innovative pro-
sustainability exploration mining ore processing and met-
allurgical technologies as well as technologies, techniques
and training in support of pro-circularity actions (energy
and water use reduction, emissions and solid waste
minimisation, LCA/MFA, eco-design, maintenance, re-
furbishing, re-manufacturing, re-use and recycling, in-
cluding the re-use and reprocessing of mining waste);

& institutional strengthening and capacity building, with a
particular focus on developing countries; and

& development and sharing of best practice and standards.

The action should include the creation and stable funding
of an international competence pool, to provide technical and
legal support to those states not having enough human and/or
material resources to run sectoral institutions that
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governments need to manage, regulate and promote their min-
erals and metals industry (essentially a Geological Survey, a
Mining Department and an Environmental Departments).

This tax would have a very tiny impact on manufacturing
costs, and even less on the cost of products and services as for
most of them the cost of minerals and metals is only a small
part of their market prices (1 to 2 € for a smartphone, 2,000 to
3,000 € for an average car); the impact on the price to be paid
by customers would be negligible but the positive impact on
sustainable impact could be major!

Such a multilateral development could play a major role in
creating a new level-playfield for the minerals and metals
industry, and commensurate to the global challenging prob-
lems that humanity is confronted with, of which global
warming is just one. It could be very instrumental in defusing
the tensions that may otherwise develop in a global context of
(re)rising nationalisms and communitarianisms that could
well exacerbate and derail in a major global conflict fuelled
by an unregulated competition among nations wanting to se-
cure raw material supplies needed for their economic devel-
opment and/or as powerful strategic geopolitical tool.

A sustainable European Union in the global
context

The European Union is one of the world largest end-users of
minerals and metals, due to its extensive physical infrastructure
and the material-intensive lifestyles of its citizens. Unfortunately,
trade statistics do not allow to trace real mineral and metal con-
sumption by any state, as minerals and metals that are embedded
in traded goods are not statistically recorded.

The internationally used nomenclature for traded goods
(Harmonized Commodity Description and Coding Systems)
described, for instance, by the United Nations Trade Statistics
knowledge base (https://unstats.un.org/unsd/tradekb/
Knowledgebase/50018/Harmonized-Commodi ty-
Description-and-Coding-Systems-HS), implemented by
national customs, measures trade flows in great detail. But it
does not, and cannot, provide information on the minerals and
metals contained in many of the traded goods such as ore
concentrates, alloys and scraps (these are statistically
recorded as traded tonnages, but not their metal contents) or
end-user products such as cars, laptops, smartphones, wind-
mills and the thousands of traded product categories. Thus,
only Direct Materials Consumption (DMC=National produc-
tion + Imports – Exports) of statistically identified minerals
and metals are statistically well documented.

EUROSTAT, the EU statistical office, provides Direct
Material Consumption Statistics (EUROSTAT 2020) shown
in Fig. 5.

From this diagram, one may wrongly infer that Europe’s
mineral and metal consumption, and the related

environmental footprint, is on the decline and that, after all,
mineral- and metal-related issues may become of less impor-
tance as the European economy “dematerialises” (in other
terms less resources are used per unit of GDP). But this is only
one part of the story.

EUROSTAT trade statistics also provide the value of im-
ports and exports of goods into the Eurozone, which counts 19
EUMember States. It shows a very rapid growth of imports of
goods from China over the 2002–2019 period. In value, they
grew from about 63 billion nominal $US in 2002, to about 298
billion nominal $US in 2019, a 473% rise in just 17 years.
Over the years, China has become the main source of EU
imports of goods, the USA being a distant second with 214
billion $US of exports to the Eurozone in 2019. Many of these
imports contain statistically unrecorded minerals contained in
the imported goods. In 2019, 19% of all goods imported to the
EU came from China. The EU is also heavily dependent on
imports from beyond its borders, essentially from China, for
most of the minerals and metals it deems critical for its econ-
omy (Vidal-Legaz et al. 2018; Blengini et al. 2020). This
dependence has several causes:

& The European geology is limiting the possibilities to dis-
cover significant deposits of some minerals and metals
such as borates, graphite, platinum group metals, phos-
phate, niobium, tin and tantalum ores, all of them being
listed as raw metals critical to the EU in 2020.

& The insufficient exploration effort in EU countries was
endowed with good mineral potential. The distribution
of mineralisation potential throughout Europe is well
documented.

The result of this is an important, yet undocumented, envi-
ronmental footprint of the EU outside of its borders, and a
high dependence on mineral imports, in many cases from
China due to that country’s dominant role in the world pro-
duction of many minerals and metals (Fig. 4) and its impor-
tance as the key global manufacturing hub. Due to the domi-
nance of coal in China’s energy mix (58% of the total energy
consumption in 2019 according to bp (2020)), the EU envi-
ronmental footprint is far worse than what is documented by
considering only its DirectMaterial Consumption. In addition,
the EU and its Member States are also heavily exposed to
supply risks in case one of the several latent conflicts involv-
ing China and its neighbouring countries, or the USA, turns
into a fully fledged conflict. However, China may have limit-
ed interest in using its market dominance to use minerals and
metals as economic weapons as it is itself heavily dependent
on mineral and metal imports from other countries. Its geolo-
gy, its economic needs and its heavy dependence on coal as its
main energy source compel China to rely on massive imports
of coal as well as of bauxite, copper, cobalt, iron, lithium,
manganese, nickel and platinum group elements. Thus, the
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development of a stable, sustainable, level international play-
field should be in the very interest of China’s authorities.

According to the 2020 edition of the European
Commission’s Critical Raw Materials assessment (Blengini
et al. 2020), 29 mineral raw materials are deemed critical to
the EU economy. The EU import reliance is 80% or more for
antimony, bauxite, cobalt, indium, lithium, magnesite, mag-
nesium, molybdenum, natural graphite, phosphate rock, plat-
inum group metals, rare earth elements, scandium, tantalum,
titanium and zirconium. Estimates for import reliance are un-
available for tungsten and vanadium. Occurrences, and even
deposits of some of these minerals, are known in Europe, as
documented by the PROMINE geographic web portal (http://
www.europe-geology.eu/promine/), but many remain
undeveloped for economic reasons and/or opposition by some
local communities to exploration and mining activities.

Mining and exploration remain active in some European
countries, essentially Finland, Portugal and Sweden.
However, the amount of investment made in mineral explora-
tion and mining remains modest. According to S&P Global, a
leading commercial mineral intelligence provider, in 2017, the
EU attracted about 5% of the global mineral exploration made
in that year (S&P Global 2018), equivalent to about US$ 420
million, or about 94 $US/km2, which is more than the USA
(68 US$/km2) and a bit less than Canada (118 $/km2).

However, investments in EU mineral exploration are very
unequally distributed. In 2018, only Finland and Sweden
attracted over 50 M$US, while several EU Member States
(Austria, the Czech Republic, France, Germany, Greece,
Poland, Slovakia, UK) only get less than 10 M$US (S&P
Global 2019), although they are geologically well endowed
with mineral resources, as documented by the ProMine online
EU mineral resources map (EuroGeosurveys 2021).

This underinvestment has several causes, one of them be-
ing the very low public acceptance of mineral exploration and
mining activities, despite the high dependence on imports and
the massive mineral and metal use necessary to sustain the
European lifestyle, including the lifestyle of those citizens that
vocally, and sometimes violently, oppose to mineral explora-
tion and mining activities. Opposition to exploration and min-
ing is such in some parts of the EU that politicians are fright-
ened to allow these activities, as there is much potential for the
development of conflicts in the concerned areas.

EU also still has some significant metallurgical capacities,
including for non-ferrous metals, the existence of metallurgi-
cal know-how and of smelters/metal refineries being a major
asset for the development of metals recycling, which supports
the circularisation of the EU economy. Metal recycling in the
EU is quite advanced, as documented by the 2018 edition of
the EURawMaterials Scoreboard, but for many rare metals of

Fig. 5 EU-27 Direct Material Consumption 2000-2019 in basis points
(basis 100 in 2000), GDP growth and inferred resource productivity.
Source: EUROSTAT (https://ec.europa.eu/eurostat/statistics-explained/
index.php/Material_flow_accounts_and_resource_productivity#:~:text=

Estonia%20and%20Sweden.-,The%20EU's%20domestic%20material%
20consumption%20compared%20with%20the%20world's%
20material,this%20is%20above%20world%20average)
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importance for instance for the electronics or the renewable
energies industries recycling rates of metals from end-of-life
products remain very low (< 10%). There still are challenging
behavioural, capacities, policy, technological and economic
obstacles to overcome to see significant progress; these chal-
lenges having been described in detail by the International
Resource Panel (IRP 2013b). The presence of base metal
smelters in the EU also contributes to the supply of the EU
economy with several rare metals that can only be obtained as
by-products of metallurgical/refining processes, such as indi-
um (zinc metallurgy), selenium or tellurium (copper metallur-
gy) and rhenium (molybdenum metallurgy).

In the European Union, legal competences, either de-
volved to the Union or shared between the Union and its
Member States, are defined by the Treaty on European
Union (currently the Lisbon Treaty, entered into force
on January 1, 2018 (European Union 2020)). Where the
Union has legal competences, it can develop and adopt
regulations and directives that are legally above national
laws. In this context, the development and implementation
of specific mineral and metal policies as well as the de-
velopment of the laws and regulations applicable to min-
ing remain national, or in some EU Member States, re-
gional legal competences. An overview of some individ-
ual EU Member States policies on minerals and metals,
together with those of other G-20 Member States, was
published by Hilpert and Mildner (2013).

However, the EU has exclusive legal competences in the
following domains, to mention only those that indirectly relate
to mineral and metal production or trade:

& Competition rules related to the interior market
& Conservation of marine biological resources related to

fisheries
& Trade

In addition, it has shared competences in the following
domains:

& Economic, social and territorial cohesion
& Environment,
& Energy,
& Research, technological development and space
& Development cooperation and humanitarian aid

In absence of an overarching EU minerals and metals pol-
icy, this complex policy and regulatory framework can lead to
contradicting, and even conflicting, decisions that are obsta-
cles on the way to a more stable and sustainable raw materials
supply to the EU economy.

For many years, the European Union actions related to
minerals were limited to development cooperation and some
limited research efforts.

In the development cooperation framework, SYSMIN,
a stabilisation mechanism providing EU support funding
to States dependent on minerals exports, part of the
Africa, Caribbean and Pacific (ACP) group of States,
was introduced in 1979, in the Lomé II Convention. EU
support was conditioned by the occurrence of an unfore-
seeable event putting mineral exports from countries high-
ly dependent on these exports. In its last tranche, from
1995 to 2000, SYSMIN had a 575 M€ budget, and during
the SYSMIN lifetime about 20 ACP countries benefited
from its support, for the funding of actions needed to
strengthen/diversify their mining industry and/or to
strengthen the institutions needed to regulate and promote
mineral exploration and mining activities (such as
Geo log i ca l Su rveys , Min ing Di rec t o r a t e s and
Environmental Agencies). In the case where mining activ-
ities were found, further to expert analysis, lacking of
realistic economic perspectives, SYSMIN funds were
used to support diversification actions in other sectors of
the economy. SYSMIN was discontinued in 2000 without
a public evaluation establishing its successes and failures
of this unique financing facility. The disregard for min-
erals and metals in the EU development policy is a case of
strategic myopia, detrimental to both the developing
countries and to the EU’s long-term interests.

In parallel to SYSMIN, addition technical support projects
were funded out of the various tranches of the European
Development Fund, but here too the funding in support of this
important economic sector in many developing countries
came to a halt at the end of the 8th European Development
Fund (EDF), in 2000.

Currently, EU-ACP cooperation related to the mineral re-
sources has resumed somewhat, at a rather modest level, with
three important projects:

& The ACP-EU Development Minerals Programme (2015–
2018)1, in partnership with the UN Development
Programme (UNDP). The capacity-building programme
was focused on supporting the development of the ACP
development minerals sector (essentially construction ma-
terials) to foster the development of local enterprises.

& The PanAfGeo project (2016–2019)2, a capacity-building
project to support Africa’s Geological Surveys, in partner-
ship with EuroGeoSurveys, the Association of European
Geological Surveys,

& The EU–Pacific Community partnership on Deep-Sea
Minerals (2011–2016)3 to improve the governance and
management of the deep-sea mineral resources of 15
Pacific Island countries.

1 Website : http://developmentminerals.org/index.php/en/
2 Website : http://panafgeo.eurogeosurveys.org/
3 Website : https://dsm.gsd.spc.int/
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While up to 2000 SYSMIN and European Development
Fund support had a major and still lasting positive impact on
the economy of a number of developing countries such as
Ghana, Guinea, the Dominican Republic, Papua New
Guinea, Senegal and Zambia, no EU programme has replaced
the support it provided in supporting economic activities, and
their supporting regulatory institutions, although these activi-
ties are important, and in some cases vital, to these economies.

From 2000 to 2008, while China’s economy entered in a
very rapid economic development phase, of a magnitude un-
known in human history, rapidly becoming the world largest
producer of many minerals and metals, the European Union
paid little attention to these critical resources. The then pre-
vailing mantra was to support the development of free trade,
assuming that this would suffice to see its economies being
able to secure the supplies of the minerals and metals they
needed. This has a number of severe consequences for the
EU economy, who now faces rising difficulties to supply its
economy with the long list of minerals and metals it deems as
critical (Blengini et al. 2020).

An important turning point was the G-8 Heiligendamm
Summit, organised in 2007 by Germany. Its final declaration
(G8 2007) includes a full section (articles 60 to 87, included)
titled: “Responsibility for Raw Materials: Transparency and
Sustainable Growth”, stating “Raw materials produced by the
extractive sector are a key factor for sustainable growth in
industrialised, emerging and developing economies”, and
outlining a number of issues where action was needed.

One year afterwards, the European Union agreed on the
launch by the European Commission of the Raw Materials
Initiative (European Commission 2008). Within the limits of
the European Union actions possible in relation to mineral-
and metal-related policy making, this is an important mile-
stone, as this initiative is still in progress nowadays and will
be continued as part of the current European Commission’s
agenda, as detailed below.

The Raw Materials Initiative is developed around three
pillars:

& Ensure access to raw materials from international markets
under the same conditions as other industrial competitors

& Set the right framework conditions within the EU in order
to foster sustainable supply of raw materials from
European sources

& Boost overall resource efficiency and promote recycling to
reduce the EU’s consumption of primary raw materials
and decrease the relative import dependence

For some reasons that will not be elaborated on here, the
Raw Materials Initiative also addresses natural rubber and
wood in addition to minerals and metals.

It follows an earlier attempt by the European Union to
address its dependence on mineral and metal imports as well

as the related risks (European Commission 1975), which soon
faded into political oblivion although the conclusions of that
Communication are, unfortunately, still valid:

We must not allow the complexity and gravity of the
problems of the moment to cause us to lose sight of the
other problems we shall have to face in the future.
Rather should we let them make us aware of how ade-
quate preparation can at least facilitate the solution of
such problems if not make it possible to forestall them.
In short, it must be recognized that the scale of this
problem is too great for individual Member States; and
its importance demands the establishment of that point
of cohesion, currently lacking, for all the different pro-
jects and initiatives underway here and there throughout
the Community in this enormous field.

Forty-five years after its publication, the analysis presented
in this Communication remains largely valid. Despite the
complexity of developing an EU-wide consensus on mineral
raw material issues among 27 Member States with very dif-
ferent understanding and approaches to the issues, important
progress has been made. As part of the implementation of the
RawMaterials Initiative, the EuropeanUnion invested about 1
billion € in actions to support the Initiative over the 2014–
2020 period, mostly in Higher Education, EU-level
Coordination Actions, Research and Innovation projects with-
in the framework of its 2014–2020 Research and Innovation
Framework Programme, Horizon 2020. Some of these
Coordination Actions are focused on developing an interna-
tional dialogue on mineral raw material–related issues be-
tween the European Union and the rest of the world (within
the framework of projects such as the “World Forum on Raw
Materials (FORAM)4” and the International Round Table on
Materials Criticality in Business Practice, IRTC5). To the
European taxpayer unfamiliar with the minerals and metals
industry and supply chains, and the related issues, one billion
€ certainly appears as a major effort, but it is merely equivalent
to the capital expenditure needed to commission two new
medium-sized mines, the largest mines requiring several bil-
lion € in capital investment before actually producing the first
ton of a mineral raw material. A single pilot scale test of a new
large-scale process or material may cost up to 150 million €,
depending on the equipment that will be needed and on the
duration/complexity of the pilot test, which may involve com-
plex certification activities, for instance, if it relates with ap-
plications in the aeronautics, defence, health or space
industries.

4 Website : https://www.wrforum.org/projects/foram/, project completed in
2018
5 Website : https://irtc.info/, project launched in in 2018, ongoing
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For the first time ever, the Commission also established a
joint piloting of the programming of the research activities
associating EU industries as well as research institutes within
the framework of the European Innovation Partnership on
Raw Materials (EIP-RM) launched in 2012 (European
Commission 2012). The EIP developed a wide-ranging
Strategic Implementation Plan (SIP, EIP-RM 2013a, b) with
95 proposed concrete actions, structured into 7 priority areas
and 24 action areas. The SIP was then used by the European
Commission and the Member States to elaborate the raw
material–related parts of the subsequent annual Horizon
2020 Work Programmes.

In addition to this important, but still insufficient, European
research and innovation effort, EU Member States were encour-
aged and supported by EU co-funding to develop coordinated
programming of a part their national research and innovation
programmes related to mineral and metal raw materials thanks
to the development of a common research agenda (Vidal et al.
2013) and of joint call for research and innovation project pro-
posals, through the ERA-MIN programme, launched in 2011
(still ongoing, entering its 3rd phase in 2021).

In parallel, the EU minerals and metals industry, its um-
brella organisations, the European Geological Surveys, acade-
mia and research institutions joined efforts and developed
their research and technological development roadmap within
the framework of the European Technology Platform on
Sustainable Mineral Resources (ETP-SMR 2015) and the
Horizon 2020 co-funded VERAM6 coordination action, the
latter being the most recent research agenda, based on a 2050
vision of the issues and the needs (Elvnert et al. 2018).

Another major development related to the Raw Materials
Initiative, complementary to the Horizon 2020 project-based
actions, was the creation, in 2015, of the EIT Raw Materials7,
the world largest mineral- and metal-related formal knowl-
edge and innovation community, co-funded by the European
Union. In 2020, it links about 120 partners from industry,
academia and research and over 190 project partners, the
world largest education, research and innovation ecosystem
related to minerals and metals.

In addition to tangible innovation outcomes, a major output
of this European research and innovation effort is the devel-
opment of strong synergies and co-operations among the
members of the precedingly highly fragmented and uncoordi-
nated European mineral raw material research community.
Another important result for the future, in addition to the
knowledge and the new products, technologies and services
developed thanks to the effort, is the renewed interest of much
needed young talents all over the EU for raw mineral- and
metal-related research and innovation activities, which was
for too long unduly perceived as a domain of the past.

The development of this Pan-European research and inno-
vation ecosystem is a major foundation stone in support of the
future EU competitiveness and sustainability, especially if
Europe manages to pool its resources to develop globally in-
novative and competitive products in domains where there is a
high probability of massive future global demand, for instance
in low-carbon energy production and storage solutions or low-
carbon transport solutions. The launch, by the European
Union, of the European Battery Alliance (2017)8 is an impor-
tant step in this direction.

But, to the contrary of China whose government has devel-
oped rapid vertical supply chain integration, from secure min-
eral resource supplies to the end-product, in key industrial
sectors such as aeronautics, electromobility or energy produc-
tion from renewable sources, the Raw Materials Initiative has
still a long way to go to meet two of its above-stated
objectives:

& Ensure access to raw materials from international markets
under the same conditions as other industrial competitors

& Set the right framework conditions within the EU in order
to foster sustainable supply of raw materials from
European sources

China still has a number of advantages, including its pop-
ulation of 1.4 billion people, and the unfaltering prioritisation
of higher education and research by its leadership and recog-
nition of minerals and metals and their related downstream
applications as strategic to China’s future.

Since the early 2000s, China is leading, on its terms, the
international competition for access to many of the minerals
and metals that the EU will need to develop its future indus-
trial champions and, to the contrary of China, and to some
extent to Japan, the EU has not yet put in place a mechanism
allowing a public-private co-funding mechanism to fund the
exploration and mine development projects within the EU
borders and abroad that would be needed to secure EU-
based mineral- and metal-dependent industrial production.

Under the 2021–2027 Financial Framework, the EU’s
multiannual budget for the coming years, the European
Development Fund has disappeared, its resources being
merged in the much broader Neighbourhood, Development
and International Cooperation Instrument (NDICI, European
Commission 2018). One of its priorities is “Promoting fair,
sustainable and undistorted access to extractive sectors”. Early
March 2021, the final version NDICI was not yet published.

For the time being, as documented by the recently released
4th assessment of the rawmaterials critical to the EU economy
(Blengini et al. 2020), the EU remains as dependent as it was
in 2008, at the launch of the Raw Materials Initiative, on the

6 Website : http://veram2050.eu/, project completed in 2018
7 Website : https://eitrawmaterials.eu/, ongoing since 2015. 8 Website : https://www.eba250.com/, ongoing since 2017

202 Christmann P.

http://veram2050.eu/
https://eitrawmaterials.eu/
https://www.eba250.com/


imports from beyond its borders of many of the minerals and
metals its economy needs.

It is likely to need even more imports in the future, as the
EU seeks to become again an innovative and competitive
industrial hub in specific, clearly identified sectors such as:

& the production of energy from low-carbon, but mineral-
and metal-intensive sources (Hund et al. 2020) or

& the development and production of batteries at the heart of
future cleaner electro-mobility and a critical component
for the successful deployment of energy production sys-
tems relying on renewable, but intermittent energy sources
such as sunshine or wind.

The importance of the mineral raw material issues for the
European Union’s future is further highlighted by the ever-
growing list of minerals the EU considers critical to its econ-
omy. While in 2010, in the first assessment of the raw mate-
rials critical to the EU economy (European Commission
2010a, 2010b) 14 minerals and metals were found as critical,
this number grew through continuously through the succes-
sive (2014 and 2017) editions of the assessment, to reach 30 in
the fourth assessment, released in September 2020 (European
Commission 2020).

The EURawMaterials Information System (EU-RMIS9) is
a web portal providing structured access to detailed informa-
tion on the numerous specific actions, projects and reports that
were produced either by the European Commission Services
or by the different organisations involved in the implementa-
tion of the EU Raw Materials Initiative.

Conclusions

The EU, and its Member States, have to take complex coor-
dinated decisions, with important international implications,
regarding the future of the EU economy, continuing its long
history of being one of the world’s most innovation-led re-
gions. To be consistent with its Circular Economy Action
Plan, and to address the sustainability issues outlined in this
paper and in numerous publications worldwide, it needs to:

& act on developing a more circular economy, to reduce its
demand for primary minerals and metals (those coming
from mines, secondary minerals and metals are those
gained from recycling);

& work jointly to develop the access to Europe’s own geo-
logical potential, which will need to address significant
opposition by some stakeholders. This is needed as pro-
circularity actions can only somewhat reduce the need for
primary resources;

& invest in the development of a public 3D data infrastruc-
ture documenting the EU subsurface and its resources,
including mineral resources, groundwater and geothermal
energy sources (a clean, renewable and dependable energy
source). This is needed to guide the search for some of the
resources that the EU will need in the future. IT also is an
important management tool. Compared to the multi-
billion public investments in developing EU space tech-
nologies and knowledge, the effort in developing EU’s
knowledge of its own subsurface remains appears negligi-
ble, being essentially limited to the variable, but mostly
very limited, efforts of individual Member States. So far,
the very modest public investment is limited to the pan-
EU harmonisation of existing data and knowledge, the
scope of the current European Geological Data
Infrastructure project (EGDI 2021) implemented by
EuroGeoSurveys, the Association of the European
Geological Surveys and its members. The effort needs to
be recognised as a component of Europe’s scientific infra-
structure, widened in scope, and endowed with signifi-
cantly larger resources to acquire the geophysical and geo-
logical data necessary to develop a 3D model of Europe’s
subsurface and of its resource to a depth of 1 000m, with a
focus on high-potential areas for geothermal resources,
and/or groundwater, and/or mineral resources;

& reduce its dependence on imports from outside its borders
and ensure that imported raw materials, as well as the
products derived therefrom, meet the same environmental
and social standards than those producedwithin the EU, in
particular with respect to climate targets;

& develop internal taxation harmonisation in line with the
objectives of the OECD/G20 Inclusive Framework on
(Taxation) Base Erosion and Profit Shifting (OECD
2021), bringing an end to the existence of EU’s double
standards in defining tax heavens, whereby in the absence
of EU-wide taxation harmonisation, Member States can
provide legal frameworks (Alvarez-Martínez et al. 2018;
Lane 2020; European Parliament 2021) that allow multi-
national companies to organise large-scale taxation base
erosion and profit shifting, while these Member States
avoid being listed on the EU list of tax heavens;

& enhance its investment in mineral-, metal- and inno-
vative material–related research and innovation. To
meet the challenges the EU is confronted with and
remain the world’s largest economy higher educa-
tion, research and innovation efforts need to be fur-
ther ramped up. While the 1 billion € research and
innovation co-funding invested by the EU over the
2014–2020 period may for some reader appear as a
huge investment, this boils down to each EU citizen
investing only about 0.3 €/ year in research and
innovation in a domain that will considerably shape
EU’s future competitiveness and well-being;9 Website : https://rmis.jrc.ec.europa.eu/
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& act on the international scene, possibly within the frame-
work of the UN Environment Assembly (UNEA) and of
the UN Environment Programme to promote the develop-
ment of the global mineral and metal governance frame-
work called for in this paper and in the UN International
Resource Panel Report onMineral Resources Governance
in the 21st century (IRP 2020) and contribute to the crea-
tion of the International Minerals and Metals Agency; and

& support capacity building and institutional strengthening
related to mineral and metal production in developing
countries, and foster their research and innovation activi-
ties, to support added-value development in these
economies.

The economic weight and the values at the core of the
European construction could make it possible for the
European Union to become a global game changer, rebasing
the definition of competitiveness on a full and transparent
integration of the four dimensions of sustainable development
(Fig. 1). It is a challenge, and it may take years to overcome all
the obstacles on the way. But what are the alternatives, and
what could they mean for the continuation of the European
Union construction?

In September 2020, the new European Action Plan on Raw
Materials has been officially published (European Commission
2020), titled “Critical RawMaterials Resilience: Charting a Path
towards greater Security and Sustainability”.

It includes 10 action points (Table 1) that are well focused
on a number of issues outlined in this paper.

The minerals and metals industry is a complex industry
where actions mostly take 10 to 20 years to demonstrate
success or failure, with numerous risks specific to this

very particular branch of the economy (EY 2020). The
sustainable production of minerals and metals is not an
end, but a condition to feed specific industrial supply
chain. Therefore, the success of the action plan will be
conditioned by clearly and well-defined economic priori-
ties. What are the industrial sectors where the European
Union through a consensus of its 27 Member States (after
Brexit) that the Union defines as priority sectors for its
future economic and social development?

The development of the Battery Alliance, involving about
400 partners from all over the European Union, is a first reply
to this strategic question of vital importance for the Union’s
future and the first European example of a vertically integra-
tive action that addresses the full supply chain, frommining to
the end-user product. As the EU political construction is deep-
ly imprinted by the prioritisation of openmarket and free trade
development, vertical integration was for a long time a no-go
area in EU policy making. Another important step is the
launch, in September 2020, of the EU Raw Materials
Alliance (ERMA)10.

Addressing the global and the European sustainability is-
sues outlined here requires EU-wide coherent long-term po-
litical visions and hard long-term work to develop internation-
al consensus, well beyond the ordinary political agendas. The
vision, the consensus and the strategy to turn the vision into
actions and results that benefit all, including outside the EU
borders, will need to survive frequent elections and changes in
political personnel as well as resistance to change by multiple
stakeholders. No small challenge, in a period of flourishing
conspiracy theories driving some political agencies and a

Table 1 European Raw Materials Action Plan (outline) for the 2020–2027 period. Source: European Commission 2020

Action Dates/time
span

1 Establishment a European Raw Materials Alliance, initially to build resilience and open strategic autonomy for the rare earths and
magnets value chain, before extending to other raw material areas

2020–2027

2 Develop sustainable financing criteria for the mining, extractive and processing sectors by the end of 2021 2021

3 Launch critical raw materials research and innovation in 2021 on waste processing, advanced materials and substitution 2021–2027

4 Map the potential of secondary critical raw materials from EU stocks and wastes to identify viable recovery projects by 2022. 2022

5 Identify mining and processing projects and investment needs and related financing opportunities for critical rawmaterials in the EU
that can be operational by 2025, with priority for coal-mining regions

2025

6 Develop expertise and skills in mining, extraction and processing technologies, as part of a balanced transition strategy in regions in
transition from 2022 onwards (Commission, industry, trade unions, Member States and regions)

2021–2027

7 Deploy Earth-observation programmes and remote sensing for resource exploration, operations and post-closure environmental
management (Commission, industry)

2021–2027

8 DevelopHorizon Europe R&I projects on processes for exploitation and processing of critical rawmaterials to reduce environmental
impacts starting in 2021

2021–2027

9 Develop strategic international partnerships and associated funding to secure a diversified and sustainable supply of critical raw
materials, including through undistorted trade and investment conditions, starting with pilot partnerships with Canada, interested
countries in Africa and the EU’s neighbourhood in 2021.

2021–2027

10 Promote responsible mining practices for critical rawmaterials through the EU regulatory framework (proposals in 2020–2021) and
relevant international cooperation32 (Commission, Member States, industry, civil society organisations)

2020–2027

10 Website : https://erma.eu/
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belief by some citizens that the circulation of profanities on
social networks is all that is needed to understand the com-
plexity of the modern world and address its daunting chal-
lenges. The European Commission, as a very stable institution
not being exposed to the consequences of frequent electoral
processes, appears as a major asset to build and coordinate the
implementation of the needed long-term minerals and metals
strategy the EU needs.

But, whatever the progress that can and will be made in EU
mineral- and metal-related policies, much depends on the fu-
ture actions of China’s government and of the companies it
directly or indirectly controls via its banking system and its
sectoral policies (energy, environmental, research and trade
policies). China is the world largest producer of over 30 min-
erals and metals (Reichl and Schatz 2020). This makes
China’s support to:

& the development and effective implementation of trans-
parent, verifiable, economic, environmental, governance
and social international reporting standards on exploration
and mineral/metal production activities is of major impor-
tance to the development of a sustainable global playing
field for the 21st century, and

& the creation and the development of the IMMA

of major importance to the future global supply of minerals
and metals to the world economy and to the maximisation of
the contribution of the industry to the UN Sustainable
Development Goals, and beyond of a more sustainable and
peaceful world.

It provides China with the opportunity of becoming one of
the global benevolent economic and political leaders the world
needs to address and overcome the threatening sustainability
issues, of which climate change is just one, that may lead
humanity to doom.
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