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Abstract: Wind energy plays an important role in the transition from fossil fuels to renewable energies. The study
examines the role and importance of minerals and rare earth elements in the future of the wind energy industry.
Following the investigation of the conducted studies and the literature survey, the required amount of minerals and
also rare earth elements are predicted in the horizon of 2030 and 2040 using the two scenarios of the International
Energy Agency (IEA). The investigation shows that the copper, zinc, manganese, chromium, nickel and
molybdenum are the main materials required in the wind energy industry but the contribution of the zinc and
copper is significant compared to other materials. In the field of rare earth elements, neodymium, praseodymium,
dysprosium and terbium are of significant importance but the contribution of neodymium is higher with respect to
other rare elements. In order to achieve the goals of the countries in the coming decades, the importance of research

and development on new technologies with the aim of reducing the need for the mentioned materials and also their

recycling is very important.
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1. INTRODUCTION

Nowadays, addressing the crisis of climate change
and also the global warming issue is the need of hour.
Although these problems threat the global community
and spell trouble for coming years, they could be
adequately mitigated by employing clean energy
sources. In this regard, shifting the energy from fossil
fuels to the renewable sources, including the solar and
wind, is inevitable. Despite the undertaken efforts,
conducted mainly by environmentalists throughout the
world, it is argued that they are not enough and more
specific steps are required to increase the share of clean
energies. Also highlighted by researchers is the prompt
actions that should be done by all stakeholders including
the government agencies and regulators, environmental
organizations, landholders, construction team, local
businesses, and also local communities (IEA, 2020c;
International Energy Agency, 2021).

Many countries set a specific target for years to
come, increasing the share of renewable energy in their
electricity sector. Such a pertinent example is India
which aims to add 200 GW to its installed wind energy
capacity by 2032 (Verma, 2022).

As a proven technology, wind energy has a pivotal
role through the abovementioned transition as vast
windy areas are available in the land, seas and also the
oceans throughout the world wherein harnessing the
wind energy is completely economic.

One of the main concerns that could increase the cost
of the wind energy in the coming decades is the lack of
mineral materials and also rare-earth elements required
for different parts of wind energy systems including the
generator, the inverter, the gearbox, the blade and also
the tower (Pavel et al., 2017). The present research aims
at investigating this issue by carrying out a review study
to shed light on the status of these materials in the
coming decades. The details of the study are provided in
the following subsections including the method of the
study, the results and findings, and also some
suggestions for the future work.

2. METHODS

Two different scenarios including Sustainable
Development Scenario (SDS) and Stated Policies
Scenario (STEPS) proposed by International Energy
Agency (IEA) were studied (IEA, 2020c; International
Energy Agency, 2021). While the latter is an indication
of where the energy is heading based on a sector-by-
sector analysis of today’s policies, the former implies
what would be required to meet the Paris Agreement
goals.

From the mineral materials and also rare-earth
elements perspective, the generator is the main part of a
wind turbine system. In this regard, the investigation
was mainly based on the four different types of
generators including the double-fed induction
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generators (DFIG), the permanent-magnet synchronous
generator (PMSG), the direct-drive permanent magnet
synchronous generator (DD-PMSG) and finally the
electrically excited synchronous generator (EESG).

3. FINDINGS AND ARGUMENT

Results of the study highlight the importance of
some specific materials. Of the considered mineral
materials, copper, zinc, manganese, chromium, nickel
and molybdenum are the main materials required in the
wind energy industry but the contribution of the zinc and
copper is significant compared to other materials. The
investigation also reveals that the neodymium,
praseodymium, dysprosium and terbium are of
significant importance in the field of rare-earth elements
but the contribution of neodymium is higher with
respect to other elements. Quantitalively speaking, the
assessment of mineral materials and also rare-earth
elements required for the wind energy industry in the
coming years for the STEPS and also the SDS scenario
are depicted in detail in Fig. 1 and Fig. 2 respectively.

4. CONCLUSION AND SUGGESTIONS

In order to achieve the targets of the countries in the
coming decades, set for the wind energy industry, the
importance of research and development on new
technologies with the aim of reducing the need for the
mentioned materials is very important (Manberger and
Stenqgvist, 2018). Also would be very helpful is
recycling the turbine components and bringing them
back to the production process, implying the idea of
circular economy.
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Figure 1. STEPS scenario: the assessment of mineral
materials and also rare-earth elements required for the wind
energy industry in the coming years.
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Figure 2. SDS scenario: the assessment of mineral materials and also
rare-earth elements required for the wind energy industry in the
coming years.
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