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 This study evaluates the environmental impacts of rare earth oxide (REO) 

production, which are crucial for green technologies. The methodology 

used is Life Cycle Assessment (LCA), focusing on energy consumption 

and global warming potential, applying IPCC and ReCiPe methods. 

Among the results obtained, it was shown that the total equivalent CO2 

was 73.8 kilograms, considering a functional unit of 4 kilograms in REO 

production. It is concluded that a comprehensive understanding of 

environmental impacts is essential to guide future production practices 

and sustainability policies. 

Introduction 

Rare earth elements (REE) comprise 17 chemical [1, 2] 

elements and are widely used in various applications, 

particularly green energy technologies such as wind 

turbines and electric vehicles [3, 4]. REEs act as 

technology enablers for emission reduction, energy, and 

performance enhancement, speed, and efficiency 

improvement [5]. 

China holds the largest reserves of rare earth minerals [6]. 

However, the extraction process consumes a lot of energy 

and produces large amounts of waste [7]. REEs are 

considered critical materials due to their high demand and 

the difficulty of their exploitation; a promising alternative 

is recycling from waste [8]. For a sustainable future, it is 

essential to implement methods that promote circular 

economy (CE) and LCA techniques [9]. Additionally, a 

disadvantage of REE extraction is the radioactive material 

found in rare earth sources, which can contaminate soil 

and water sources. In the refining process REE, there is 

also the generation of greenhouse gases (GHGs), and the 

chemicals used can cause respiratory problems and 

cutaneous and occupational poisoning of residents [10, 

11]. The production of REOs also results in the emission 

of exhaust gases, acidic wastewater, and the production of 

radioactive waste [12]. 

The objective of this article is to evaluate the 

environmental impacts of REO production, considering 

energy consumption and global warming potential. The 

LCA methodology was used as a tool to assess 

environmental impacts, to support other LCA studies and 

CE models.  

 

Material and Methods 

LCA is based on ISO 14040 (2006) and ISO 14044 (2006) 

[13, 14] standards, involving a series of steps for its 

execution [15]. For the analysis, modeling of the 

production system in Brazil was performed, and to aid in 

the calculation of environmental impacts, SimaPro 9.5 

software, ecoinvent 3.9.1 database, and method IPCC 

GWP 100 (Global Warming Potential from the 

Intergovernmental Panel on Climate Change for 100 

years) and ReCiPe Midpoint H ,which is a combination of 

methods and originates from the Netherlands, was 

developed in collaboration between RIVM, Radboud 

University, CML, and Pré-consultants [16, 17], along with 

data gathered from the literature. 

Based on LCA, the extraction of REOs and their 

production impacts were considered to obtain results on 

energy consumption and GWP. 

 

Results and Discussion 

 

Scope Definition 

To perform the life cycle inventory analysis (LCIA), the 

inputs and outputs of materials for production were 

calculated, as well as the energy consumption required for 

the transformation of REE into REO, allowing for the 

classification of different categories of environmental 

impacts resulting from this process. The functional unit 

defined for the article is 4 kg of REO, comprising 

neodymium, praseodymium, cerium, and lanthanum 

oxides, and 2 kg as a byproduct from a medium and heavy 

fraction. The system boundary, considered "gate to gate" 

with access to the inventory and base articles, enabled the 

comparison of information generated with system 

modeling. 

 

Life Cycle Inventory Analysis (LCIA) 

As a result of this article, figures were generated 

representing the inputs used in the production of REO and 

the categories that generate the most environmental 

impacts. In the figures, the y-axis is normalized to 100%, 

and the x-axis corresponds to impact categories based on 

the selected methods. 
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Figure 1. Categories analyzed using the ReCiPe method 

 

According to Figure 1, the predominant colors blue, orange, and 

green correspond to high energy consumption, ammonium 

hydroxide (NH4OH), and hydrochloric acid respectively. The soil 

acidification impact category is the most affected by high 

hydrochloric acid consumption at 78.3%, while NH4OH causes 

greater damage in the freshwater eutrophication category at 

49.8%, and energy consumption, despite generating significant 

impacts in all categories, is most prominent in mineral resource 

depletion at 62.3%. 

 

Figure 2. Categories analyzed using the IPCC method 

 

Figure 2 shows the damages caused by CO2 emissions. It is 

possible to observe that energy, highlighted in blue, generates the 

greatest damage in the three considered categories. However, in 

the land transformation category, it has the highest impact, 

representing 90.4% of the Global Warming Potential (GWP). 

Hydrochloric acid stands out as a major pollutant in the fossil 

category, highlighted in green with 52.4% of the GWP. 

Meanwhile, NH4OH, represented by the orange color, although 

also impacting all three considered categories, is more prominent 

in the biogenic category with 28.5% of the GWP. Considering the 

total REO process, it was evidenced that the total equivalent CO2 

was 73.8 kg, considering the functional unit of 4 kg. 

 

Conclusions 

The article investigated the environmental effects of rare earth oxides production using an inventory analysis. It 

underscored the importance of sustainable development and responsible utilization of these resources, given their 

relevance in green energy technologies and mining. The results show that energy consumption was the input that 

contributed most to impacts in three categories: fossil, biogenic, and land transformation, considering Global Warming 

Potential. However, under the ReCiPe methodology, the categories most affected by electricity were mineral resource 

scarcity, terrestrial ecotoxicity, and freshwater ecotoxicity. Considering these highlighted categories, priority should be 

given to seeking improvements such as energy consumption that causes fewer environmental impacts. Based on the data 

from LCA results, implementation of a circular economy is suggested as a model that emphasizes the recycling of rare 

earth elements. Thus, there is a gap in studies addressing environmental impact assessment methods and energy efficiency 

indicators, with life cycle assessment suggested for future studies. 
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