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Abstract
Lithium batteries, essential for various technologies, have a recycling rate of only 1%, significantly lower than the 99% rate of 
lead-acid batteries and falling short of the UN’s Sustainable Development Goals. Current Environmental, Social, and Govern-
ance (ESG) policies are flawed, with CEOs prioritizing lithium mining over recycling, disrupting the circular economy, and 
often being unaware of ESG's impact on stock prices and financial risks. The low recycling rate of lithium batteries poses a 
significant challenge to sustainability. The ESG rating system, which measures corporate practices in environmental, social, 
and governance areas, is crucial to stakeholders but currently inadequate in addressing the recycling issue. The prioritization 
of mining over recycling by CEOs further exacerbates the problem, highlighting a lack of awareness about the financial and 
stock price implications of poor ESG practices. Solutions are as follows: Battery passport, implementing a battery passport 
system to track the lifecycle of Lithium batteries and ensure proper recycling; federal funding, allocating federal funds to 
support recycling initiatives and infrastructure development; global CO2 emissions tax, introducing a global CO2 emissions 
tax to incentivize better ESG practices for lithium batteries; and Google Trends data, utilizing Google Trends data from 2004 
to 2023 to validate and refine these solutions, ensuring they are aligned with public interest and awareness. These solutions 
aim to enhance ESG practices for Lithium batteries, promote recycling, and support the circular economy.

Keywords Environmental, Social, and Governance (ESG) · Sustainable Development Goals (SDGs) · Lithium batteries · 
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Introduction

Lithium batteries, which are extensively utilized in a variety 
of devices such as mobile phones, electric cars, and grid and 
utility systems, have a recycling rate of just 1% (Zhao et al. 
2024). This is significantly lower than the 99% recycling rate 
of lead-acid batteries (Makwarimba et al. 2022) and falls 
short of the global targets established by the United Nations’ 
Sustainable Development Goals (SDGs).

Ramasubramanian et al. (2024) reported that lithium-ion 
batteries help reduce greenhouse gas emissions and combat 
the climate crisis. They aimed to improve their performance 
and sustainability or develop new battery chemistry. How-
ever, their production, use, and disposal are waste-intensive. 
Greater circularity would make them more sustainable. They 
discussed sustainability and circularity principles for sec-
ondary batteries, considering the life cycle of lithium-ion 
batteries, material recovery, component reuse, recycling 
efficiency, environmental impact, and economic viability. 
Addressing these issues through research and development 
can enhance battery sustainability, safety, and efficiency, 
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supporting stable grid-scale operations and safe electric 
vehicle use, including end-of-life management and second-
life applications.

Li et al. (2024) presented that recycling and reusing spent 
lithium-ion batteries help address resource scarcity and envi-
ronmental pollution. Despite progress, challenges remain 
in efficiency, effectiveness, and sustainability. Their review 
analyzed the current status of battery recycling, comparing 
different processes and introducing emerging techniques like 
deep eutectic solvents, molten salt roasting, and direct regen-
eration. They also suggested upgrading recycled materials 
into high-value functional materials, such as catalysts and 
graphene. Their review explored the economic and envi-
ronmental impacts of recycling and highlighted the need 
for future technologies to balance efficiency, economics, 
and environmental benefits. Policy recommendations were 
proposed to promote sustainable battery development (Li 
et al. 2024).

Bird et al. (2022) addressed that lithium-ion batteries 
are widely used in consumer products and electric/hybrid 
vehicles. Due to limited sources of battery components and 
increased demand, recycling is essential to mitigate environ-
mental and material costs. Recycling costs depend on newer 
methods, effective use of capacity, and local development. 
While battery recycling benefits manufacturers, consumers, 
and recyclers, many benefits are not monetizable. Regula-
tions are likely needed to realize these benefits and preserve 
society and the environment. They discussed global battery 
recycling regulations, focusing on the USA, EU, and China, 
and their market impacts (Bird et al. 2022).

This study explores the factors contributing to the low 
recycling rate of lithium batteries. A comprehensive lit-
erature review was undertaken, focusing specifically on 
the underwhelming recycling rate of these batteries. The 
findings from the review indicate that the cost of extracting 
lithium from natural resources (Tabelin et al. 2021) is signif-
icantly lower than the expense associated with recycling the 
same material from spent batteries (Garcia et al. 2023). It is 
crucial to address this issue of low lithium battery recycling 
rates to achieve the SDGs. Failure to do so could potentially 
lead to a decline in the stock value of companies involved in 
the lithium materials industry.

The scope of this paper is to examine the current issues 
of lithium batteries on environmental, social, and govern-
ance (ESG) and the impact of ESG on stock prices from 
a sustainable perspective of the United Nations’ Sustain-
able Development Goals (SDGs). This paper will present 
potential solutions to the current ESG problem regarding 
the Lithium battery issue.

In their exhaustive review, Zanoletti et al. (2024) delved 
into the multifaceted world of lithium-ion battery recycling. 
They explored a broad spectrum of topics, from the state-
of-the-art recycling technologies and recent advancements 

to the existing policy gaps and strategic design approaches. 
Their review also addressed the financial aspects, discuss-
ing the funding allocated for pilot projects, and presents 
an all-encompassing strategy for battery recycling. They 
underscored the hurdles in the path of developing LIB recy-
cling, while simultaneously highlighting the silver lining—
the potential for innovation and the prospect of fostering a 
more sustainable, circular economy. This dual perspective 
presented challenges as opportunities, paving the way for 
future advancements in this field.

Google Trends, a robust tool, is utilized in this study to 
analyze the relative popularity trends of multiple key terms 
or phrases. These relative comparisons are used to substan-
tiate the proposed hypotheses. Google Trends serves as a 
valuable resource for procuring datasets and conducting sta-
tistical analyses. It specifically enables users to download 
trend-related data in CSV format. The platform is equipped 
with four primary features:

1. Identifying current trends: The “Trending Searches” 
feature of Google Trends provides insights into the most 
recent popular searches worldwide.
2. Monitoring search interest over time: Google Trends 
has the capability to track the interest in a specific topic 
or keyword over time, which is determined by search vol-
ume.
3. Uncovering regional trending topics: Google Trends 
enables users to filter search data by specific countries 
and regions, allowing for the discovery of regional trend-
ing topics.
4. Performing keyword research: Google Trends proves 
to be an effective tool for conducting keyword research 
by exploring data.

This study employs Google Trends to conduct four sepa-
rate statistical analyses. The first analysis examines the 
global popularity trends of both the abbreviation “ESG” and 
its full form, “Environmental, Social, and Governance.” The 
results reveal a consistency in the outcomes of this analysis. 
The second analysis compares the global trends of “ESG” 
and “SDGs,” identifying when “SDGs” started to trend. The 
findings suggest that “SDGs” have been less popular com-
pared to “ESG.” The third analysis explores the relationship 
between corporate governance and “ESG,” indicating that 
“ESG” is gaining popularity while corporate governance is 
not. The final analysis investigates the trends of three key 
terms: “environment,” “social,” and “governance.” The 
results demonstrate that social issues consistently garner 
more popularity than environment and governance, in that 
order.

Google Trends is a valuable tool that provides insights 
into the relative popularity or interest in key terms over 
time. This can serve as a proxy for public awareness and 
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sentiment, which are crucial factors influencing policy 
changes and corporate practices. For instance, an increase 
in search interest for a specific ESG issue could indicate 
growing public concern, which may in turn pressure cor-
porations to adopt sustainable practices or governments to 
enact relevant policies. Conversely, a decrease in interest 
might suggest that the issue is no longer a priority for the 
public, potentially leading to less stringent corporate prac-
tices or policy changes. In the context of our study, we used 
Google Trends to track the relative interest in “lithium bat-
tery recycling” and “ESG.” The comparative analysis of 
these trends could provide insights into how public interest 
in these topics has evolved and how this might correlate with 
changes in corporate practices or policy initiatives. However, 
it is important to note that while Google Trends can provide 
valuable insights, it should not be used in isolation. It is one 
of many tools that researchers and policymakers can use 
to understand complex phenomena. Therefore, our analysis 
also incorporates other data sources and research methods to 
provide a comprehensive view of the issues at hand.

Three countries predominantly control the battery pro-
duction market: China is at the forefront with a substantial 
45% share, trailed by Indonesia at 13%, and Australia at 9% 
(Llamas-Orozco et al. 2023). The strikingly low global lith-
ium battery recycling rate of 1% suggests that no country has 
yet successfully implemented effective ESG strategies in this 
domain. In the recycling of lithium batteries, the three major 
countries are not fulfilling their production responsibilities.

Despite numerous studies challenging lithium battery 
recycling, the current recycling rate remains at just 1%. 
This paper aims to investigate the reasons behind the low 
recycling rate of lithium batteries and propose potential 
solutions to enhance recycling efforts. Utilizing the Google 
Trends tool, this paper analyzes public interest trends in the 

relative impact of ESG and SDGs, as well as the relationship 
between corporate governance and ESG. The analysis results 
highlight key areas that need to be addressed to improve 
recycling rates. The contribution of this paper lies in provid-
ing multifaceted solutions based on Google Trends analysis 
and a comprehensive literature review.

Statistical Analysis

This study employs Google Trends to analyze the relative 
popularity of specific keywords. This paper initially exam-
ines the trends of the SDGs, ESG, from 2004 to 2023 using 
Google Trends. This tool is capable of identifying time-
series trends of keywords or phrases, thereby providing 
insights into public interest in related subjects. Following 
this analysis, the paper delves into an investigation of the 
impact of lithium batteries on Environmental, Social, and 
Governance (ESG) factors.

Figure 1 shows the world monthly trends of the keyword 
such as ESG and the phrase such as Environmental, Social, 
and Corporate Governance from 2004 to 2023. The result 
indicates that abbreviated ESG represents Environmental, 
Social, and Corporate Governance and increases its popular-
ity from 2018 to 2023. Generative AI is used to visualize the 
csv dataset. Supplements with generated Python codes are 
attached to this manuscript.

Figure 2 presents a comparison of world ESG and SDG 
trends from 2004 to 2023. The analysis reveals that the peak 
interest in SDGs was reached in November 2021, while for 
ESG, it was in March 2023. Figure 3 illustrates the con-
trasting world trends of corporate governance and ESG 
from 2004 to 2023. It is evident that while the popularity of 

Fig. 1  ESG trends vs Environ-
mental, Social, and Corporate 
Governance trends from Janu-
ary 2004 to September 2023
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corporate governance has been on a decline, the interest in 
ESG has been steadily increasing during this period.

Finally, Fig. 4 shows the trends of three keywords of 
ESG such as environment, social and governance. The result 

Fig. 2  ESG trends vs SDGs 
trends from 2004 to 2023

Fig. 3  Trends of corporate 
governance and ESG from 2004 
to 2023

Fig. 4  Trends of three keywords 
such as “environment,” “social,” 
and “governance”
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indicates that “social” keyword is constantly popular than 
“environment” and “governance” in that order. The results 
from Google Trends confirm that “governance” is among 
the least popular keywords in relation to SDGs and ESG.

The results indicate that Google Trends provides consist-
ent data. It is observed that “SDGs” are less popular than 
“ESG.” Furthermore, “ESG” is witnessing an increase in 
popularity, unlike corporate governance. Among the three 
key aspects—environment, social, and governance—social 
issues are consistently the most popular, followed by envi-
ronment and governance.

Literature Review

Relying solely on specific databases limits the scope of 
peer-reviewed publications; however, one can gather a more 
extensive collection of peer-reviewed publications by utiliz-
ing Google’s search engine over the Internet. This can be 
accomplished by using a range of intricate operators, includ-
ing domain search, title search, phrase search, date search, 
and other search set operation functions available on the 
web. Importantly, a significant portion of the content from 
existing databases is also accessible online, thereby broad-
ening the range of potential resources. The use of Google 
search operators for literature review is elaborated in detail 
(Takefuji 2024). The selection of publications can be effi-
ciently conducted using set operations and exclude-operator 
on keywords and key phrases, as well as the date operator. 
This approach allows for a more targeted and time-relevant 
search of literature. For example, combining the domain 
search command with time constraint and keyword-phrase 
commands is useful for scraping specific time ranges and 
domains. For instance, the command “lithium battery” waste 
site:nih.gov after:2023–12-31 indicates a search within the 
nih.gov domain, constrained to after December 31, 2023, 
with the keyword “waste” and the keyphrase “lithium 
battery.”

Elsevier provides access to the sciencedirect.com domain, 
while the Nature portfolio presents the nature.com domain. 
Google Scholar is one of the largest databases, containing 
both peer-reviewed and non-peer-reviewed publications, 
whereas the nih.gov domain hosts the largest collection of 
peer-reviewed publications. Seamlessly, Google’s search 
operators can retrieve the desired literature review without 
the need to switch back and forth between databases or log 
into individual databases, simply by changing the search 
operator commands.

Lithium batteries have been used in a variety of small and 
large applications, including mobile phones, electric vehi-
cles, and grid utilities. According to statista.com (Taylor 
2023), the number of mobile users in 2022 is 7.26 billion, 
and 7.49 billion users will be forecasted in 2025. In other 

words, 7.26 billion mobile phones are currently used in the 
world.

A literature review was conducted on lithium battery and 
lead acid battery from the viewpoint of recycling to address 
critical issues in SDGs and ESG. The comparison between 
lithium and lead-acid battery recycling rates was conducted, 
revealing that the differences lie in recycling costs and tech-
nology. The paper highlights that CEOs and the general pub-
lic are not fully aware of the importance of recycling from 
the perspectives of ESG and SDGs.

Yanamandra et al. investigated recycling of lithium bat-
teries and lead acid batteries. Their study contrasted the 
recycling rate of lithium-ion batteries with a recycling rate 
of 1% versus a recycling rate of 99% for lead-acid batteries. 
The recycling rate of lithium batteries is currently very low, 
less than 5% within the European Union (Editorial 2019). 
The recycling rate for lithium batteries is low because it is 
more expensive to recycle them than to mine more lithium to 
make new batteries (Hagelüken and Goldmann 2022; Gutié-
rrez et al. 2022; Tabelin et al. 2021).

The SDGs are global goals set by the United Nations, 
and ESG is a rating system used by companies to measure 
the credibility of their ESG practices that are important to 
stakeholders, especially investors. In other words, from a 
circular economy perspective, recycling lithium batteries is 
important for profitable companies due to influencing their 
stock prices from a sustainable perspective.

Two literature reviews were conducted on (1) the impact 
of ESG on stock prices and (2) the relationship between 
lithium batteries and ESG. Therefore, this paper will consist 
of the results of the first literature review on the impact of 
ESG on stock prices and the results of the second literature 
review on lithium battery impact on ESG. Cost-oriented 
CEOs mining lithium cheaper than recycling disrupt circular 
economy. Many CEOs are not aware of the importance of 
ESG on stock prices and financial risks. Finally, the potential 
solution to current ESG issues for lithium batteries will be 
addressed in this paper. Digital passport, federal fundings, 
and global tax on  CO2 emissions may improve ESG.

The basis for rating the ESG of a company varies between 
different rating platforms (MSCI 2023; IOSCO 2021; Drem-
petic et al. 2020).

However, they all fall within one or more of the E, S, 
or G categories. For example, MSCI ESG Ratings aim to 
measure a company’s management of financially relevant 
ESG risks and opportunities (MSCI 2023). They use a rules-
based methodology to identify industry leaders and laggards 
according to their exposure to ESG risks and how well they 
manage those risks relative to peers. Their ESG ratings range 
from leader (AAA, AA), average (A, BBB, BB) to laggard 
(B, CCC). MSCI’s ratings decompose ESG into its three 
thematic components: the environment, social responsibil-
ity, and corporate governance. They analyze metrics within 
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each of these key issue items and score the companies on 
each key issue from zero to ten, with zero indicating virtu-
ally no exposure and ten representing very high exposure to 
a particular ESG risk or opportunity (MSCI 2023).

The International Organization of Securities Commis-
sions (IOSCO) does not offer a specific rating for ESG 
(Environmental, Social, and Governance). Instead, IOSCO 
has provided a set of recommendations for securities regu-
lators to consider when overseeing ESG ratings and data 
product providers (IOSCO 2021). These recommendations 
are designed to address issues related to the relevance, reli-
ability, and comparability of ESG data (IOSCO 2021).

Drempetic et al. (2020) published a study on ESG (Envi-
ronmental, Social, and Governance) ratings in the Journal 
of Business Ethics. Their research utilized Thomson Reuters 
ASSET4 ESG ratings to examine the impact of firm size, the 
resources available to a company for providing ESG data, 
and the accessibility of a company’s ESG data on its sustain-
ability performance.

This study found that public interest in ESG has surpassed 
that of SDGs and corporate governance, as measured by 
Google Trends. Among the ESG components, social issues 
garnered the most attention, followed by environmental 
concerns and governance. The low recycling rate of lithium 
batteries poses a significant ESG challenge due to environ-
mental and social implications. Notably, many CEOs are 
unaware of the impact of ESG on their company’s financial 
performance. Ultimately, the findings from Google Trends 
corroborate the outcomes of the literature reviews.

ESG Impact on Stock Prices

A literature review on the impact of ESG on stock prices 
was conducted to demonstrate the strong link between ESG 
and stock prices.

Li et al. (2022) studied the relationship between ESG per-
formance and stock prices during the COVID-19 pandemic. 
Reputation and insurance effects are important mechanisms 
through which ESG performance can affect stock prices. 
Their result is consistent with the view that investors may 
take ESG performance as a signal of risk mitigation during 
a crisis.

Zhou and Zhou (2021) revealed that the stock market 
experienced a significant impact due to COVID-19 and that 
the company’s stock prices became more volatile. However, 
the stock prices of some companies with good ESG perfor-
mance have remained relatively stable. Xu et al. found the 
similar relationship between ESG and stock price such that 
the mechanism is that companies choose to disclose ESG 
information to mitigate information asymmetry issues and 
increase their reputational capital, thereby reducing the risk 
of future stock price crashes (Xu et al. 2022). Boadstock 
et al. examined ESG performance during the COVID-19 

financial crisis, questioning if investors see it as a signal for 
future stock performance or risk mitigation. Using data from 
China’s CSI300 constituents, they found that (i) high-ESG 
portfolios generally outperform low-ESG ones, (ii) ESG 
performance mitigates financial risk during crises, and (iii) 
its role is less significant in normal times, highlighting its 
importance during crises. Results are framed in the context 
of ESG investment practices. Broadstock et al. (2021) sug-
gested that ESG performance could save the financial crisis. 
Park et al. (2022) concluded that many studies have found 
that companies with high ESG are strong against risk.

Ji et al. (2022) recommend that (1) ESG assessment sys-
tems need to be designed and improved to take into account 
China’s regional and industry-specific characteristics, (2) 
commercial banks should be encouraged to take the lead in 
expanding ESG investments, and (3) oversight of ESG infor-
mation disclosure should be strengthened and commercial 
banks should be actively and effectively coached to continu-
ously improve their ESG information openness.

Kim et al. (2022) investigated whether ESG can drive 
the sustainability of multinational corporation’s subsidiaries. 
Their results of subsidiaries of multinational corporations 
showed that ESG improves the financial and non-financial 
performance of subsidiaries (Kim et al. 2022).

Yoo et al. (2021) study whether the performance of sus-
tainability activities matters during financial crises. Their 
results indicate that during a pandemic, an increase in the 
ESG score, especially the E-score component, is associated 
with higher returns and lower volatility.

As the percentage of green investors increases and the 
quality of ESG information improves, the informativeness 
of the price on financial payoffs may decrease, and the cost 
of capital may increase (Goldstein et al. 2021). ESG miti-
gates financial risk, yet this concept is not fully grasped by 
CEOs. The Google Trends results for the less popular key-
word “governance” related to ESG and SDGs corroborate 
the current stance of CEOs on ESG financial risk.

Meshram et al. (2020) reported that evaluating the envi-
ronmental impact of lithium and lead-acid batteries involves 
a complex interplay of numerous factors. Lead-acid batteries 
are 99% recyclable, but the process can lead to environmen-
tal contamination and human exposure to lead, thereby caus-
ing health issues. On the other hand, lithium-ion batteries 
are currently recycled at 1%, but they do not contain danger-
ous materials like lead. Yudhistira et al. (2022) reported that 
the lithium-ion batteries have fewer environmental impacts 
than lead-acid batteries for the observed environmental 
impact categories.

With the global demand for batteries on the rise, recy-
cling discarded lithium batteries has emerged as a significant 
solution. Yet, this process results in substantial wastewater 
production, laden with high levels of heavy metals and acids. 
Wu et al. (2023) have clearly stated that without a proper 
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recycling process, the implementation of lithium battery 
recycling could pose serious environmental threats, health 
risks, and result in wastage of resources.

The higher energy density of lithium batteries could 
potentially lead to a lower environmental impact per unit of 
energy stored and delivered. However, the overall environ-
mental impact also depends on factors such as the methods 
used for mining and processing the raw materials, the lifes-
pan of the batteries, and the processes used for recycling or 
disposal.

Collectively, existing research suggested that ESG 
improves stock prices and reduces financial risks such as 
the COVID-19 pandemic. In other words, many companies 
in the world are not aware of the importance of ESG on their 
stock prices and financial risks.

ESG of Lithium Batteries

To demonstrate the importance of the role of lithium batter-
ies in ESG, a literature review was conducted on the impact 
of lithium batteries on ESG.

In the circular economy, metals such as cobalt (Co), 
nickel (Ni), and lithium (Li) in lithium batteries; platinum 
group metals (PGM) in catalysts; or precious metals, copper 
(Cu), and tin (Sn) should be recycled (Hagelüken and Gold-
mann 2022). In many cases, significant ESG cost savings are 
achieved by non-compliant recyclers due to externalization 
of ESG costs, but low-quality processes often outweigh their 
lower recycling yields. Mining is much cheaper than good 
recycling (Hagelüken and Goldmann 2022).

Lèbre et al. (2020) investigated the social and environ-
mental complexities of extracting energy transition metals 
(Lèbre et al. 2020). The ESG risk context is modelled using 
seven dimensions: waste, water and conservation, land uses, 
communities, and social vulnerability, and an overarching 
governance dimension. Their results showed that 84% of 
platinum resources and 70% of cobalt resources are in high-
risk situations. In other words, the impact of lithium batter-
ies on ESG risk is very high.

Large-scale recycling of lithium-based batteries, recovery 
and removal of Li from contaminated areas, and accumu-
lated waste, particularly e-waste, is still a challenge (Martins 
et al. 2022a).

Martins et al. (2022b) investigated the long-term toxic-
ity of Li and Li-MPs mixtures to the freshwater zooplank-
ton species Daphnia magna. Their result showed that (1) 
warmer water increased the long-term toxicity of Li and 
Li-MPs mixtures to D. magna; (2) high light intensity (low 
UV) also augmented the toxicity of Li and Li-MPs mix-
tures; (3) temperature rise and chemical stress interact syn-
ergistically in all the scenarios; (4) light intensity rise and 
chemical stress interact mainly synergistically; and (5) 0.08 
and 0.1 mg/L of Li, alone and in Li-MPs mixtures caused 

population extinction. Lithium batteries, when improperly 
disposed of, can lead to environmental contamination. The 
release of lithium and other toxic chemicals from these bat-
teries can pollute soil and water sources. Martins et al. found 
that lithium and lithium microplastics mixtures increased 
toxicity in freshwater zooplankton species Daphnia magna, 
especially under warmer water and high light intensity con-
ditions. This indicates that lithium contamination can have 
severe ecological impacts, potentially leading to the extinc-
tion of sensitive aquatic species. Additionally, the interaction 
of temperature rise and chemical stress can exacerbate the 
environmental harm caused by lithium batteries. In other 
words, lithium batteries should be recycled without contami-
nating the environment by lithium.

Remotely sensed measures of surface water levels and 
a 30-year dataset on flamingo abundance using structural 
equation modelling revealed that lithium mining for batteries 
with climate change influences flaming abundance in lithium 
triangle of the Chilean Andes (Gutiérrez et al. 2022). In 
other words, lithium mining is cheaper than recycling, but it 
should be reconsidered from an ESG perspective.

The lithium market is not entirely consistent with theo-
retical notions of renewable energy market dynamics (Alti-
parmak 2022). Energy geopolitics requires that traditional 
explanations of energy security be modified for China’s new 
market environment. In other words, without an ESG per-
spective, companies involved in the lithium market will be 
severely impacted by declining stock prices.

The exact costs of lithium mining and recycling can vary 
depending on several factors such as location, technology 
used, and market conditions. As of October 2020, trading 
of battery-grade LiOH and LiCO3 based on lithium mining 
were around US $8500–9500 per ton (Tabelin et al. 2021). 
The economic worth of lithium-ion battery recycling has 
been estimated as US $22,000 per ton, based on the values 
of lithium and cobalt (Garcia et al. 2023). This means that 
recycling lithium batteries is at least twice as expensive as 
producing new batteries. This is due to lacking in low-cost 
recycling technology (Zhang 2024) and investment in recy-
cling for lithium batteries (Ralls et al. 2023).

Based on the literature review, lithium mining is cheaper 
than recycling. Many companies involved in the lithium 
market are based on cost-oriented policy so that their pri-
ority on recycle is very low. In other words, cost-oriented 
CEOs mining lithium cheaper than recycling disrupt the 
circular economy. Lithium batteries and recycling lithium 
batteries are essential for policymakers and CEOs to fulfill 
the goal of ESG.

Potential Solutions to ESG for Lithium Batteries

The literature review results revealed that recycling lithium 
batteries is more expensive than producing new batteries 



 Materials Circular Economy            (2024) 6:51    51  Page 8 of 11

(Hagelüken and Goldmann 2022; Gutiérrez et al. 2022; 
Tabelin et al. 2021). This finding suggests that current poli-
cies incentivizing the production of new batteries may need 
to be reevaluated.

The author recommends implementing policies that pro-
vide financial incentives for recycling lithium batteries, such 
as tax benefits or subsidies for companies that invest in recy-
cling technologies. Furthermore, the literature indicates that 
CEOs are not fully aware of the ESG importance of lithium 
batteries and its impact on financial risks (Zhou and Zhou 
2021; Xu et al. 2022; Broadstock et al. 2021; Park et al. 
2022). This lack of awareness could be addressed through 
mandatory ESG training for executives and the implementa-
tion of policies that require companies to disclose their ESG 
risks related to lithium batteries. These recommendations 
are based on evidence from the peer-reviewed literature and 
trusted organization documents.

In 2020, the European Union has proposed new battery 
regulations, requiring access to battery management systems 
and mandating digital battery passports, carbon footprint 
declarations, and maximum thresholds. In addition, the 
extended producer responsibility law for end-of-life vehi-
cles proposes to impose specific material recycling (Richter 
2022).

Using an innovative geochemical approach based on Li 
isotopic analysis of raw and processed materials, Desaulty 
et al. (2022) showed that Li isotopic “fingerprinting” is a 
useful tool for determining the origin of lithium in recharge-
able lithium-ion batteries. This provides the basis for a new 
method to reliably authenticate the lithium contained in 
lithium-ion rechargeable batteries (Desaulty et al. 2022).

For a circular economy to succeed, it is a prerequisite 
for excellence in metallurgy and chemistry (Editorial 2022). 
The ultimate recycling technology lies in learning how to 
break down materials at the atomic level, breaking down 
molecules and reusing atoms. Funding agencies should be 
looking at promising approaches, from metal alloys to plas-
tics (Editorial 2022).

Cox et al. (2022) found that under a stronger carbon pric-
ing initiative, commodities such as coal could be taxed at 
more than 150% of their current commodity value, which 
would accelerate the transition to renewable energy sources 
and thus benefit demand for mined metals.

The Battery Passport initiative in the European Union 
(EU) is designed to increase transparency and enable sus-
tainable and circular value chains for batteries (Nie et al. 
2023; WEF 2023). The following are some of the impacts 
caused by battery passports:

1. Sustainability and circularity: The passport is designed 
to record and share extensive data across the entire bat-
tery value chain via a digital platform. This data will 
facilitate the development of production and value crea-

tion processes that adhere to sustainable and circular 
principles.

2. Consumer decisions: The passport aids consumers in 
making informed decisions by providing access to data 
for specific actors throughout the value chain.

3. Life cycle extension: The passport promotes the exten-
sion of the battery system’s life cycle through cascaded 
use and encourages the recycling of raw materials and 
components at the end of the life cycle.

4. Reduced costs: The availability of improved data is 
anticipated to lower costs for circular business models 
throughout the battery’s life cycle.

5. Environmental impact: The battery passport is intended 
to significantly reduce greenhouse gas emissions and 
enhance the environmental performance of battery pro-
duction and usage.

6. Supply chain transparency: The EU has implemented 
regulations to foster a circular battery economy, which 
includes the introduction of “battery passports” to 
enhance traceability.

7. End-of-life management: The passport maintains a 
detailed record of the battery’s life cycle, including 
data on collection and recycling. This allows for effi-
cient management of end-of-life batteries, ensuring their 
proper disposal and minimizing environmental impact.

Yu et al. (2022) recommended and reported that to accel-
erate lithium-ion battery (LIB) recycling, the government 
should prioritize funding for research, pilot projects, and 
market initiatives. This includes matching federal funding 
for LIB collection with battery R&D, supporting pilot pro-
jects to fill data gaps, and implementing market pull poli-
cies. Additionally, deposit reimbursement schemes could 
incentivize proper disposal of spent LIBs. Establishing a 
comprehensive battery recycling data platform and effec-
tive regulations could further enhance the recycling process.

Taseska et al. (2023) reported that the uncertainties sur-
rounding the development of policies to mitigate environ-
mental impact and their associated costs pose a significant 
challenge to industry forecasts for sustainable manufactur-
ing. There is a pressing need for substantial investments 
in research funding in both academia and industry for the 
development of emerging and future solutions. For instance, 
in the USA, the federal funding allocated for the develop-
ment of sustainable successor technologies is consider-
ably lower than that for medical research. It is crucial that 
government funding be significantly increased to facilitate 
fundamental research, which is essential for hastening the 
discovery of new catalysts and environmentally friendly 
catalytic processes.

Based on the literature review, potential solutions to ESG 
of Lithium batteries are (1) mandating digital passports, (2) 
Li isotopic analysis allows Li isotopic “fingerprinting” for 
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reliable authentication, (3) enhancing recycling technol-
ogy with federal fundings, and (4) a global tax on carbon 
emissions to the mining industry. However, ESG of lithium 
batteries is very slow. The progress of ESG in the lithium 
battery industry can be slowly due to several reasons. One 
reason may be that lithium production has a significant car-
bon footprint, which has raised concerns among automakers 
and investors. Despite playing a key role in the energy transi-
tion, the lithium sector is recognizing that it is not enough 
to escape scrutiny.

Conclusion

A comparison of world ESG and SDG trends from 2004 to 
2023 revealed that the peak interest in SDGs was reached 
in November 2021, while for ESG, it was in March 2023. 
The contrasting world trends of corporate governance and 
ESG from 2004 to 2023 showed that while the popularity of 
corporate governance has been declining, the interest in ESG 
has been steadily increasing. The trends of three keywords 
of ESG—environment, social, and governance—indicate 
that the “social” keyword is consistently more popular than 
“environment” and “governance.” Google Trends results 
confirm that “governance” is among the least popular key-
words in relation to SDGs and ESG.

Existing research indicates that ESG (Environmental, 
Social, and Governance) practices can enhance stock prices 
and mitigate financial risks, such as those experienced dur-
ing the COVID-19 pandemic. Therefore, it is crucial for 
CEOs globally to recognize the significance of ESG and 
its impact on financial stability. Lithium batteries and their 
recycling are vital for achieving ESG goals. Policymak-
ers must address ESG issues related to lithium batteries by 
mandating digital passports, improving recycling technol-
ogy with federal funding, and implementing a global tax on 
carbon emissions in the mining industry.

Lithium batteries are widely used, but their recycling rate 
is only 1%, far below the global targets set by the United 
Nations. Many CEOs are unaware of the importance of ESG 
on stock prices and financial risks. Cost-focused CEOs who 
prioritize cheaper lithium mining over recycling disrupt the 
circular economy. Potential solutions to enhance the ESG of 
lithium batteries include mandating digital passports, using 
Li isotopic analysis for reliable authentication, improving 
recycling technology with federal funding, and implement-
ing a global tax on carbon emissions in the mining industry. 
These measures can help policymakers and CEOs achieve 
ESG goals.

Without improving lithium battery recycling, a new 
environmental issue will emerge due to the large number 
of disposed batteries. As the percentage of green inves-
tors rises and the quality of ESG information improves, the 

informativeness of financial payoffs may decrease, and the 
cost of capital may increase (Goldstein et al. 2021). Broad-
stock et al. (2021) found that ESG performance during the 
COVID-19 financial crisis could help mitigate financial 
crises.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s42824- 024- 00146-5.

Author Contribution YT completed this research and wrote the pro-
gram and this article.

Data Availability Data is included in this manuscript.

Code Availability Code is attached in this manuscript.

Declarations 

Research Involving Human Participants and/or Animals Not applicable.

Informed Consent Not applicable.

Conflict of Interest The author declares no competing interests.

References

Altiparmak SO (2022) China and lithium geopolitics in a changing 
global market. Chin Polit Sci Rev 1–20. Advance online publica-
tion. https:// doi. org/ 10. 1007/ s41111- 022- 00227-3

Bird R, Baum ZJ, Yu X, Ma J (2022) The regulatory environment for 
lithium-ion battery recycling. ACS Energy Lett 7(2):736–740. 
https:// doi. org/ 10. 1021/ acsen ergyl ett. 1c027 24

Broadstock DC, Chan K, Cheng LTW, Wang X (2021) The role of 
ESG performance during times of financial crisis: evidence from 
COVID-19 in China. Financ Res Lett 38:101716. https:// doi. org/ 
10. 1016/j. frl. 2020. 101716

Cox B, Innis S, Kunz NC et al (2022) The mining industry as a net 
beneficiary of a global tax on carbon emissions. Commun Earth 
Environ 3:17. https:// doi. org/ 10. 1038/ s43247- 022- 00346-4

Desaulty AM, Monfort Climent D, Lefebvre G et al (2022) Tracing the 
origin of lithium in Li-ion batteries using lithium isotopes. Nat 
Commun 13:4172. https:// doi. org/ 10. 1038/ s41467- 022- 31850-y

Drempetic S, Klein C, Zwergel B (2020) The influence of firm size on 
the ESG score: corporate sustainability ratings under review. J Bus 
Ethics 167:333–360. https:// doi. org/ 10. 1007/ s10551- 019- 04164-1

Editorial (2019) Recycle spent batteries. Nat Energy 4:253. https:// doi. 
org/ 10. 1038/ s41560- 019- 0376-4

Editorial (2022) To get serious on the circular economy, upend how 
global business works. Nature 612(7939):190. https:// doi. org/ 10. 
1038/ d41586- 022- 04330-y

Fahimi A, Zanoletti A, Cornelio A, Mousa E, Ye G, Frontera P, Depero 
LE, Bontempi E (2022) Sustainability analysis of processes to 
recycle discharged lithium-ion batteries, based on the ESCAPE 
approach. Materials (Basel, Switzerland) 15(23):8527. https:// doi. 
org/ 10. 3390/ ma152 38527

Garcia LV, Ho Y-C, Myo Thant MM, Han DS, Lim JW (2023) Lithium 
in a sustainable circular economy: a comprehensive review. Pro-
cesses 11(2):418. MDPI AG. Retrieved from https:// doi. org/ 10. 
3390/ pr110 20418

Goldstein I, Kopytov A, Shen L, Xiang H (2021) On ESG investing: 
heterogeneous preferences, information, and asset prices (April 

https://doi.org/10.1007/s42824-024-00146-5
https://doi.org/10.1007/s41111-022-00227-3
https://doi.org/10.1021/acsenergylett.1c02724
https://doi.org/10.1016/j.frl.2020.101716
https://doi.org/10.1016/j.frl.2020.101716
https://doi.org/10.1038/s43247-022-00346-4
https://doi.org/10.1038/s41467-022-31850-y
https://doi.org/10.1007/s10551-019-04164-1
https://doi.org/10.1038/s41560-019-0376-4
https://doi.org/10.1038/s41560-019-0376-4
https://doi.org/10.1038/d41586-022-04330-y
https://doi.org/10.1038/d41586-022-04330-y
https://doi.org/10.3390/ma15238527
https://doi.org/10.3390/ma15238527
https://doi.org/10.3390/pr11020418
https://doi.org/10.3390/pr11020418


 Materials Circular Economy            (2024) 6:51    51  Page 10 of 11

3, 2021). Available at SSRN: https:// ssrn. com/ abstr act= 38230 42 
or https:// doi. org/ 10. 2139/ ssrn. 38230 42

Gutiérrez JS, Moore JN, Donnelly JP, Dorador C, Navedo JG, Sen-
ner NR (2022) Climate change and lithium mining influence 
flamingo abundance in the Lithium Triangle. Proc Biol Sci 
289(1970):20212388. https:// doi. org/ 10. 1098/ rspb. 2021. 2388

Hagelüken C, Goldmann D (2022) Recycling and circular econ-
omy—towards a closed loop for metals in emerging clean tech-
nologies. Miner Econ 35(3–4):539–562. https:// doi. org/ 10. 1007/ 
s13563- 022- 00319-1

Hirschlag A (2022) Lithium batteries' big unanswered question. https:// 
www. bbc. com/ future/ artic le/ 20220 105- lithi um- batte ries- big- 
unans wered- quest ion

IOSCO (2021) Environmental, Social and Governance (ESG) ratings 
and data products providers. https:// www. iosco. org/ libra ry/ pubdo 
cs/ pdf/ IOSCO PD690. pdf

Ji L, Sun Y, Liu J, Chiu YH (2022) Environmental, social, and gov-
ernance (ESG) and market efficiency of China's commercial 
banks under market competition. Environ Sci Pollut Res Int 
1–20. Advance online publication. https:// doi. org/ 10. 1007/ 
s11356- 022- 23742-x

Kim J, Cho E, Okafor CE, Choi D (2022) Does environmental, social, 
and governance drive the sustainability of multinational corpo-
ration’s subsidiaries? Evidence Korea Front Psychol 13:899936. 
https:// doi. org/ 10. 3389/ fpsyg. 2022. 899936

Lalropuia L, Kucera J, Rassy WY, Pakostova E, Schild D, Mandl 
M, Kremser K, Guebitz GM (2024) Metal recovery from spent 
lithium-ion batteries via two-step bioleaching using adapted 
chemolithotrophs from an acidic mine pit lake. Front Microbiol 
15:1347072. https:// doi. org/ 10. 3389/ fmicb. 2024. 13470 72

Lèbre É, Stringer M, Svobodova K, Owen JR, Kemp D, Côte C, Arra-
tia-Solar A, Valenta RK (2020) The social and environmental 
complexities of extracting energy transition metals. Nat Commun 
11(1):4823. https:// doi. org/ 10. 1038/ s41467- 020- 18661-9

Li Z, Feng L, Pan Z et al (2022) ESG performance and stock prices: 
evidence from the COVID-19 outbreak in China. Humanit Soc 
Sci Commun 9:242. https:// doi. org/ 10. 1057/ s41599- 022- 01259-5

Li P, Luo S, Zhang L, Liu Q, Wang Y, Lin Y, Xu C, Guo J, Cheali P, 
Xia X (2024) Progress, challenges, and prospects of spent lithium-
ion batteries recycling: A review. J Energy Chem 89:144–171. 
https:// doi. org/ 10. 1016/j. jechem. 2023. 10. 012

Llamas-Orozco JA, Meng F, Walker GS, Abdul-Manan AFN, MacLean 
HL, Posen ID, McKechnie J (2023) Estimating the environmen-
tal impacts of global lithium-ion battery supply chain: a tempo-
ral, geographical, and technological perspective. PNAS Nexus 
2(11):pgad361. https:// doi. org/ 10. 1093/ pnasn exus/ pgad3 61

Makwarimba CP, Tang M, Peng Y, Lu S, Zheng L, Zhao Z, Zhen 
AG (2022) Assessment of recycling methods and processes for 
lithium-ion batteries. iScience 25(5):104321. https:// doi. org/ 10. 
1016/j. isci. 2022. 104321

Martins A, da Silva DD, Silva R, Carvalho F, Guilhermino L (2022) 
Long-term effects of lithium and lithium-microplastic mixtures 
on the model species Daphnia magna: toxicological interactions 
and implications to “One Health.” Sci Total Environ 838(Pt 
1):155934. https:// doi. org/ 10. 1016/j. scito tenv. 2022. 155934

Martins A, da Silva DD, Silva R, Carvalho F, Guilhermino L (2022b) 
Warmer water, high light intensity, lithium and microplastics: dan-
gerous environmental combinations to zooplankton and Global 
Health?. Sci Total Environ 854:158649. Advance online publica-
tion. https:// doi. org/ 10. 1016/j. scito tenv. 2022. 158649

Meshram P, Mishra A, Abhilash, Sahu R (2020) Environmental impact 
of spent lithium ion batteries and green recycling perspectives by 
organic acids - a review. Chemosphere 242:125291. https:// doi. 
org/ 10. 1016/j. chemo sphere. 2019. 125291

MSCI (2023) ESG ratings. https:// www. msci. com/ our- solut ions/ esg- 
inves ting/ esg- ratin gs

Nie Y, Wang Y, Li L, Liao H (2023) Literature review on power 
battery echelon reuse and recycling from a circular economy 
perspective. Int J Environ Res Public Health 20(5):4346. https:// 
doi. org/ 10. 3390/ ijerp h2005 4346

Pagliaro M, Meneguzzo F (2019) Lithium battery reusing and recy-
cling: a circular economy insight. Heliyon 5(6):e01866. https:// 
doi. org/ 10. 1016/j. heliy on. 2019. e01866

Park J, Choi W, Jung SU (2022) Exploring trends in environmental, 
social, and governance themes and their sentimental value over 
time. Front Psychol 13:890435. https:// doi. org/ 10. 3389/ fpsyg. 
2022. 890435

Ralls AM, Leong K, Clayton J, Fuelling P, Mercer C, Navarro V, 
Menezes PL (2023) The role of lithium-ion batteries in the 
growing trend of electric vehicles. Materials (Basel, Switzer-
land) 16(17):6063. https:// doi. org/ 10. 3390/ ma161 76063

Ramasubramanian B, Ling JK, Jose R, Ramakrishna S (2024) Ten 
major challenges for sustainable lithium-ion batteries. Cell Rep 
Phys Sci 5(6):102032. https:// doi. org/ 10. 1016/j. xcrp. 2024. 
102032

Richter JL (2022) A circular economy approach is needed for elec-
tric vehicles. Nat Electron 5:5–7. https:// doi. org/ 10. 1038/ 
s41928- 021- 00711-9

Tabelin CB, Dallas JA, Casanova S, Pelech TM, Bournival G, Saydam 
S, Canbulat I (2021) Towards a low-carbon society: a review of 
lithium resource availability, challenges and innovations in min-
ing, extraction and recycling, and future perspectives. Miner Eng 
163:106743

Takefuji Y (2024) Leveraging human-AI collaboration to visualize age-
related diabetes features using dataset. Arch Gerontol Geriatr Plus. 
https:// doi. org/ 10. 1016/j. aggp. 2024. 100025

Taseska T, Yu W, Wilsey MK, Cox CP, Meng Z, Ngarnim SS, Mül-
ler AM (2023) Analysis of the scale of global human needs and 
opportunities for sustainable catalytic technologies. Top Catal 
66(5–8):338–374. https:// doi. org/ 10. 1007/ s11244- 023- 01799-3

Taylor P (2023) Forecast number of mobile users worldwide 
2020–2025. https:// www. stati sta. com/ stati stics/ 218984/ 
number- of- global- mobile- users- since- 2010/

WEF (World Economic Forum) (2023) Digital battery passports: an 
enabler for sustainable and circular battery management. https:// 
www3. wefor um. org/ docs/ WEF_ Digit al_ Batte ry_ Passp ort_ 2023. 
pdf

Wu S, Zhu H, Wu Y, Li S, Zhang G, Miao Z (2023) resourceful treat-
ment of battery recycling wastewater containing  H2SO4 and 
 NiSO4 by diffusion dialysis and electrodialysis. Membranes 
13(6):570. https:// doi. org/ 10. 3390/ membr anes1 30605 70

Xu N, Liu J, Dou H (2022) Environmental, social, and governance 
information disclosure and stock price crash risk: evidence from 
Chinese listed companies. Front Psychol 13:977369. https:// doi. 
org/ 10. 3389/ fpsyg. 2022. 977369

Yanamandra K, Pinisetty D, Daoud A et al (2022) Recycling of Li-Ion 
and lead acid batteries: a review. J Indian Inst Sci 102:281–295. 
https:// doi. org/ 10. 1007/ s41745- 021- 00269-7

Yoo S, Keeley AR, Managi S (2021) Does sustainability activities per-
formance matter during financial crises? Investigating the case of 
COVID-19. Energy Policy 155:112330. https:// doi. org/ 10. 1016/j. 
enpol. 2021. 112330

Yu X, Li W, Gupta V, Gao H, Tran D, Sarwar S, Chen Z (2022) Current 
challenges in efficient lithium-ion batteries’ recycling: a perspec-
tive. Glob Challenges (Hoboken, NJ) 6(12):2200099. https:// doi. 
org/ 10. 1002/ gch2. 20220 0099

Yudhistira R, Khatiwada D, Sanchez F (2022) A comparative life cycle 
assessment of lithium-ion and lead-acid batteries for grid energy 
storage. J Clean Prod 2022(358):131999. https:// doi. org/ 10. 1016/j. 
jclep ro. 2022. 131999

Zanoletti A, Carena E, Ferrara C, Bontempi E (2024) A review of 
lithium-ion battery recycling: technologies, sustainability, and 

https://ssrn.com/abstract=3823042
https://doi.org/10.2139/ssrn.3823042
https://doi.org/10.1098/rspb.2021.2388
https://doi.org/10.1007/s13563-022-00319-1
https://doi.org/10.1007/s13563-022-00319-1
https://www.bbc.com/future/article/20220105-lithium-batteries-big-unanswered-question
https://www.bbc.com/future/article/20220105-lithium-batteries-big-unanswered-question
https://www.bbc.com/future/article/20220105-lithium-batteries-big-unanswered-question
https://www.iosco.org/library/pubdocs/pdf/IOSCOPD690.pdf
https://www.iosco.org/library/pubdocs/pdf/IOSCOPD690.pdf
https://doi.org/10.1007/s11356-022-23742-x
https://doi.org/10.1007/s11356-022-23742-x
https://doi.org/10.3389/fpsyg.2022.899936
https://doi.org/10.3389/fmicb.2024.1347072
https://doi.org/10.1038/s41467-020-18661-9
https://doi.org/10.1057/s41599-022-01259-5
https://doi.org/10.1016/j.jechem.2023.10.012
https://doi.org/10.1093/pnasnexus/pgad361
https://doi.org/10.1016/j.isci.2022.104321
https://doi.org/10.1016/j.isci.2022.104321
https://doi.org/10.1016/j.scitotenv.2022.155934
https://doi.org/10.1016/j.scitotenv.2022.158649
https://doi.org/10.1016/j.chemosphere.2019.125291
https://doi.org/10.1016/j.chemosphere.2019.125291
https://www.msci.com/our-solutions/esg-investing/esg-ratings
https://www.msci.com/our-solutions/esg-investing/esg-ratings
https://doi.org/10.3390/ijerph20054346
https://doi.org/10.3390/ijerph20054346
https://doi.org/10.1016/j.heliyon.2019.e01866
https://doi.org/10.1016/j.heliyon.2019.e01866
https://doi.org/10.3389/fpsyg.2022.890435
https://doi.org/10.3389/fpsyg.2022.890435
https://doi.org/10.3390/ma16176063
https://doi.org/10.1016/j.xcrp.2024.102032
https://doi.org/10.1016/j.xcrp.2024.102032
https://doi.org/10.1038/s41928-021-00711-9
https://doi.org/10.1038/s41928-021-00711-9
https://doi.org/10.1016/j.aggp.2024.100025
https://doi.org/10.1007/s11244-023-01799-3
https://www.statista.com/statistics/218984/number-of-global-mobile-users-since-2010/
https://www.statista.com/statistics/218984/number-of-global-mobile-users-since-2010/
https://www3.weforum.org/docs/WEF_Digital_Battery_Passport_2023.pdf
https://www3.weforum.org/docs/WEF_Digital_Battery_Passport_2023.pdf
https://www3.weforum.org/docs/WEF_Digital_Battery_Passport_2023.pdf
https://doi.org/10.3390/membranes13060570
https://doi.org/10.3389/fpsyg.2022.977369
https://doi.org/10.3389/fpsyg.2022.977369
https://doi.org/10.1007/s41745-021-00269-7
https://doi.org/10.1016/j.enpol.2021.112330
https://doi.org/10.1016/j.enpol.2021.112330
https://doi.org/10.1002/gch2.202200099
https://doi.org/10.1002/gch2.202200099
https://doi.org/10.1016/j.jclepro.2022.131999
https://doi.org/10.1016/j.jclepro.2022.131999


Materials Circular Economy            (2024) 6:51  Page 11 of 11    51 

open issues. Batteries 10(1):38. https:// doi. org/ 10. 3390/ batte 
ries1 00100 38

Zhang J (2024) Economic benefit analysis of lithium battery recycling 
based on machine learning algorithm. PLoS One 19(6):e0303933. 
https:// doi. org/ 10. 1371/ journ al. pone. 03039 33

Zhao T, Mahandra H, Choi Y, Li W, Zhang Z, Zhao Z, Chen A (2024) 
A clean and sustainable method for recycling of lithium from 
spent lithium iron phosphate battery powder by using formic acid 
and oxygen. Sci Total Environ 920:170930. https:// doi. org/ 10. 
1016/j. scito tenv. 2024. 170930

Zhou D, Zhou R (2021) ESG performance and stock price volatility 
in public health crisis: evidence from COVID-19 pandemic. Int 

J Environ Res Public Health 19(1):202. https:// doi. org/ 10. 3390/ 
ijerp h1901 0202

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.3390/batteries10010038
https://doi.org/10.3390/batteries10010038
https://doi.org/10.1371/journal.pone.0303933
https://doi.org/10.1016/j.scitotenv.2024.170930
https://doi.org/10.1016/j.scitotenv.2024.170930
https://doi.org/10.3390/ijerph19010202
https://doi.org/10.3390/ijerph19010202

	Enhancing ESG Practices in Lithium Battery Recycling: A Review of Current Policies and Proposed Solutions
	Abstract
	Introduction
	Statistical Analysis
	Literature Review
	ESG Impact on Stock Prices
	ESG of Lithium Batteries
	Potential Solutions to ESG for Lithium Batteries

	Conclusion
	References


