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Abstract 

As EVs and renewable energy storage become more ubiquitous, waste accumulation, 

resource depletion, and environmental pollution are growing concerns. Despite 

recovering valuable materials such as lithium, cobalt, nickel, and copper, many 

companies in the battery recycling sector are burdened by investment and risk. While 

recycling batteries could help recover these valuable materials, many businesses in the 

sector are struggling with high capital costs, uncertain returns, and a lack of policy 

support. This article explores the potential of green finance to facilitate sustainable 

battery recycling technologies and foster the circular economy. The study is of a mixed-

methods design, bringing together policy analysis, case comparisons, and a second-

style quantitative dataset for six world regions from 2021 to 2024. As illustrated in the 

analysis, green bonds, sustainability-linked loans, carbon finance, or public–private 

investment could enhance research capacity, develop recycling infrastructure, and 

boost recycling efficiency. However, as a useful form of financial aid, it's always 

accompanied by clear regulations, risk-sharing mechanisms, and robust environmental 

reporting. The article argues that green finance can serve as a governance instrument to 

steer the battery recycling business toward cleaner technology, enhanced resource 

recovery, and reduced emissions. 

 

Keywords: Green Finance, Battery Recycling, Sustainable Technology, Circular 

Economy, Environmental Innovation. 

 

Introduction 

Assess changes in mineral use across economies and in waste management in response 

to the global transition to EVs, portable electronics, and renewable energy storage. 

Lithium-ion batteries now play a key role in low-carbon transport and energy. They are 

effective at lower fossil-fuel consumption, but they also pose a new environmental 

challenge. However, used batteries can become problematic when they are not properly 
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collected and processed, or disposed of as hazardous waste. They are also rich in 

materials like lithium, cobalt, nickel, manganese, copper, and graphite. Society has to 

rely more on new mining as these materials are depleted, which can exacerbate land 

damage, water resource consumption, pollution, and social strife in mining areas 

(Harper et al., 2019; International Energy Agency [IEA], 2025). 

The recycling of batteries is thus of both environmental and industrial security 

importance. Recycling can help minimize waste, recover strategic minerals, and 

contribute to a circular economy in which materials are reused rather than discarded. 

For example, the European Union Battery Regulation has implemented more stringent 

conditions for the collection and use of recycled materials, reporting on the carbon 

footprint, and the recovery of materials within batteries (European Parliament & 

Council, 2023). These rules indicate that recycling is becoming a larger waste-

management initiative. Essential to the climate policy, industrial policy, and resource 

planning. 

Despite all that, sustainable battery recycling technologies remain challenging to scale. 

Pyrometallurgical recycling can treat mixed battery waste, but it requires high 

temperatures and may cause some materials to be lost. The metals extracted by 

hydrometallurgical recycling can be recycled more efficiently, but they require 

chemical treatment and careful wastewater control. The goal of direct recycling is to 

preserve the use of cathode materials with lower energy use; however, it is technically 

challenging and not a mature technology, and therefore not widely commercialized 

(Gaines, 2018; Harper et al., 2019). Unsure capacity regulations and battery waste 

supply, changing battery chemistry, safety concerns, weak battery collection systems, 

and upfront investment costs are also challenges facing firms. These challenges are 

particularly severe in developing countries, where the recycling industry is often 

underdeveloped and poorly governed, leaving investors potentially vulnerable to risk 

and uncertainty in those markets. 

This is the role that green finance is destined to play. Financial instruments and 

institutions used to channel funds towards environmentally friendly activities are 

collectively referred to as green finance. It encompasses Green Bonds, bonds with 

sustainability provisions, Climate Funds, carbon finance, concessional public lending, 

and public–private partnerships. Primarily, these tools have the potential to lower the 

cost of capital, reduce investor risk, and promote the adoption of more environmentally 

friendly technologies by companies (TaghizadehHesary & Yoshino, 2019; Zhang et al., 

2022). For the battery recycling industry, sustainable finance can cover R&D, network 

collection, secure storage, an updated battery recycling facility, and monitoring. It can 

also incentivize companies to meet verifiable goals such as higher recovery rates, lower 

emissions, and greater use of recycled materials. 

Financial aspects of battery recycling, the research problem, are relatively unexplored. 

Some studies are dedicated to an analysis of the recycling processes, material recovery, 

or the regulation of batteries (Fischler et al., 2017; Nagelkerke & Bulsing, 2015), 

whereas others investigate the green finance fields of renewable energy, green buildings, 

or overall low-carbon innovation (Reichelstein et al., 2013; Scholl & Siddique, 2013). 

Yet, fewer studies directly link these areas, specifically by examining the influence of 
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green finance on the development, commercialization, and environmental aspects of 

battery recycling technologies. This gap is significant because it relates to the fact that 

a circular battery economy cannot be technologized. Investing in technology, policy 

support, reliable markets, and trusted reporting systems is needed. 

This study is of practical and scholarly importance. Relating to practice, the study could 

inform policy means to ensure that such support to achieve environmental improvement 

is actually living up to what they are supposed to be doing, and not just giving a green 

label. It is also useful for investors to understand which financial instruments are 

suitable for different phases of financial growth in recycling firms. The study connects 

the three theories of Green Finance, Ecological Modernization, and Circular Economy, 

and explores how factors such as finance, technology, policy, and resource recovery 

interact. The article does not consider finance as simply a “supply of money”. Rather, 

it considers finance itself as a mechanism that can influence the types of technology 

that can be created, the growth rates of technology, and the extent to which they reduce 

environmental damage. 

The time is also ripe, as the battery value chain is becoming more political and more 

competitive. For countries, access to critical minerals becomes difficult; for companies, 

the supply of critical minerals essential to manufacturing EVs becomes unstable; and 

for communities, protection from the unsafe degradation of critical minerals is crucial. 

To achieve all three of these goals, however, recycling systems must be based on trust, 

be technically sound, and be financially secure. Poor recycling can be just about a 

transfer station. A robust system can reclaim materials, reduce carbon emissions, create 

high-quality jobs, and ease the strain on mining areas. Hence, in this study, battery 

recycling is considered not only an environmental issue but also an economic 

development issue. 

This article aims to discuss the role of green finance in promoting sustainable battery 

recycling technologies and enhancing the impacts of a circular economy. The key 

argument is that green finance can facilitate sustainable battery recycling; however, the 

key ingredients are making financial instruments green according to clear 

environmental criteria, enacting supporting legislation, and ensuring equitable risk 

sharing between the public and private sectors. If these are not adhered to, green finance 

could still be too small, too expensive, and not well enough financed, monitored, 

audited, and enforced to make a difference in the management of the battery lifecycle. 

Research Questions 

The study will examine the relationship between green financing mechanisms and the 

development of sustainable technologies for battery recycling by formulating a set of 

interrelated research questions. The main research question in this project is how green 

finance can facilitate the development, commercialization, and scaling up of sustainable 

battery recycling technologies. Addressing this core question, the study also 

investigates the role of financial instruments (green bonds, sustainability-linked loans, 

carbon financing, and public–private investment initiatives) in driving innovation and 

infrastructure development in the battery recycling sector. Another noteworthy question 

is whether the provision of green financial support leads to higher technical efficiency, 

ecological performance, and circular-economy outcomes in the battery waste 
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management system. The study also aims to explore institutional and regulatory 

challenges that hinder the promotion of green finance in emerging and developing 

economies, namely policy inconsistencies, investment risks, and poor governance. 

Lastly, this study provides insights into the role of collaborative engagement among 

government, financial, and private recycling companies in more robust state-level 

sustainable industrial transformation and a faster transition in the management of the 

battery lifecycle, within the broader context of an environmentally friendly economy. 

Research Objectives 

The main aim of the research is to explore the contribution of green finance to 

sustainable technologies for battery recycling and environmentally friendly waste 

management. The study aims to assess the effects of various green financial measures 

on technological innovation, research and development (R&D) processes, and 

infrastructure expansion in the battery recycling industry. Furthermore, part of the 

research will explore the connection between financial incentives and the operational 

efficiency of recycling technologies, including economic resource recovery, pollutant 

abatement, and sustainability outcomes. Recently, another goal is to establish the 

benefits of green finance in enhancing the circular economy through the feedback of 

recovered batteries into production systems. The study also aims to highlight the 

regulatory, institutional, and financial barriers to the effective implementation of the 

green financing mechanism in emerging markets. Additionally, the study seeks to 

understand how to improve investor confidence and the sustainable technological 

transition by involving different stakeholders in collaboration and defining key roles, 

including government, investors, private recycling companies, etc. The study aims to 

contribute to the broader debate on sustainable industrial innovation, environmental 

governance, and the transition towards a green economy through these goals. 

Literature Review 

Green Finance and Environmental Innovation 

Capital is critical for many green technologies to be profitable, and has made green 

finance an important aspect of global sustainability policy. New environmental 

technologies are a hard sell in the traditional finance world due to uncertainty about 

risk, the timing of returns, and the ever-changing regulatory landscape. Well, green 

finance is an attempt to address this problem by channeling capital to pollution-

mitigating, energy-saving, clean-production, or natural-resource-protection projects. 

One example of this form of bond is the green bond. They solicit and fund projects with 

known environmental value, with the stipulation that a statement be provided on the 

use of the funds. A sustainability-linked loan, on the other hand, ties the cost of 

borrowing to sustainability performance objectives, such as baselines for emissions 

lowering or resource efficiency (Taghizadeh-Hesary & Yoshino, 2019; International 

Capital Market Association [ICMA], 2025). 

There are at least three routes through which green finance can contribute to 

environmental innovation, according to scholars. The first is that it will help firms 

overcome financing hurdles that would otherwise deter them from investing in cleaner 

technology. Second, it provides a tempering effect on the market value of 

environmental performance as a monetary asset. Second, it acts as a 'tempering effect' 
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on the market, valuing environmental performance as a monetary asset. Third, it puts 

pressure on the reporting process because investors might not provide information 

confirming that the project is actually green (Zhang et al., 2022). These pathways are 

particularly important in battery recycling, as recycling plants require costly equipment 

and safety units, chemical processing units, laboratories, and trained workers. This may 

happen because the companies rely on more environmentally friendly technologies but 

have to use them at a higher cost, or simply cannot afford to invest in them. 

Meanwhile, the literature notes that green finance is not necessarily effective. Weakly 

measuring and/or verifying environmental benefits makes green projects susceptible to 

greenwashing. Even with these super-qualified technologies, smaller companies can 

face stiff reporting requirements. Financing such initiatives from a microfinance 

perspective is challenging due to high interest rates, unstable economic conditions in 

emerging markets, weak legal protections for borrowers, and currency volatility 

(Taghizadeh-Hesary & Yoshino, 2019). The current discussion and debate are 

particularly relevant to the present study as they illustrate that the success of green 

finance is not only measured in terms of the magnitude of the investment collected, but 

also in terms of advances in technology and pollution reduction, and in the promotion 

of equality and fairness in access to investment. 

Financial Instruments for Recycling Innovation 

The various green finance instruments can have various impacts on battery recycling. 

Green bonds can also be used to finance the purchase of long-term equity for the plants 

and equipment, laboratories, collection networks, etc., in large projects. They work best 

where the use of capital is explicitly stated, and the results on the shared environment 

following the allocation or spending of funds are clear (ICMA, 2025). A green bond 

can be used to fund a hydrometallurgical facility, a safe battery storage center, or a 

material recovery facility in a battery recycling facility. Scale is the power that this 

instrument offers. The weakness here is that one challenge smaller recycling companies 

might face is a poor credit rating, a lack of reporting capability, or not being investor-

friendly enough to issue bonds. 

Unlike conventional loans, sustainability-linked funds offer flexibility, as they do not 

have to invest in a particular asset. Rather, the terms of the loan are tied to performance 

targets. For instance, a recycling company may be able to enjoy easier loan 

arrangements if it can increase the lithium content recovered, decrease energy 

consumption, or emissions per tonne of batteries recycled. This structure needs to relate 

to financial behavior. It encourages companies to decrease environmental performance, 

not only when constructing new buildings, but also over time. But the targets have to 

be achievable, measurable, and verifiable. When targets are set too low, they are 

unlikely to be more than a marketing tool and will not drive change. 

Opening up new markets, in particular, will be worth public–private investment and 

carbon finance. By avoiding primary mineral extraction, avoiding waste, and keeping 

materials productive, battery recycling can avoid emissions. For these avoided 

emissions, if they can be carefully captured, an additional revenue stream is created for 

carbon finance. P3 may also share the risk associated with activities that are too difficult 

or too unpredictable for private investors to handle on their own, for example, due to 
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uncertainty in the waste supply, varying regulations, or early technology failures. This 

is a means by which public investment can crowd in private investment. The literature 

indicates that this kind of blended model is particularly relevant in emerging markets, 

where demand for recycling may be high, while the private sector may have concerns. 

Battery Recycling Technologies and Circular Economy Pressures 

Battery recycling has shifted from a technical waste problem to a significant circular-

economy challenge. The theory of Circular Economy suggests that economies should 

aim to fundamentally transform from a linear model of extraction, production, use, and 

waste to one that reduces waste, keeps materials in use, and regenerates natural systems 

(Geissdoerfer et al., 2017; Kirchherr et al., 2017). A clear example of this is lithium-

ion batteries – for some reason, these batteries are not being replaced everywhere. 

RESOURCES: They are useful and important, but their extraction has environmental 

and social impacts. Recycling can decrease the requirement for virgin materials and 

create safer battery supply chains (Baars et al., 2021; Harper et al., 2019). 

The primary recycling loops can be varied in cost, efficiency, and environmental impact. 

Pyrometallurgy is the application of high temperature for the recovery of metals, 

particularly cobalt, nickel, and copper. It's strong, but it uses a lot of energy. Chemical 

leaching and separation are based on hydrometallurgy and typically achieve high 

recovery of lithium and metals; however, care must be taken in managing chemical use. 

Direct recycling aims to recover and reuse battery active materials without completely 

demounting them to their chemical elements. This approach could reduce energy 

demand and maintenance costs associated with added value; however, improved sorting, 

diagnosis, and chemical-specific processing are needed (Gaines, 2018; Harper et al., 

2019). Most recycling technologies have pros and cons, so a combination of 

technologies, along with appropriate collection and pre-treatment methods, is necessary 

for sustainable recycling in most cases. 

In recent years, it has also been demonstrated that recycling technology cannot be 

uncoupled from policy and market design. A greater number of laws and regulations 

mandate recycling; laws with targets in mind; laws with content requirements for 

recycled materials in new batteries all make recycling more appealing. The European 

Union Battery Regulation is important owing to the connections among product design, 

carbon reporting, due diligence, recycled content, and end-of-life management 

(European Parliament & Council, 2023). These rules catalyze these new needs for 

improvement in the recycling system and help foresee investment certainty. Many areas 

have not yet developed good collection systems or standards, however. This creates a 

rift between potential recycling technology and the practicality of scaled-up material 

recovery. 

Policy, Institutional Risk, and Emerging-Market Gaps 

One can use the Theory of Ecological Modernization to shed some light on why it is 

important to have policy and finance in tandem. The theory asserts that protecting the 

environment and improving the economy can go hand in hand, where industries 

modernize by adopting cleaner technologies, regulations, and institutions (Mol & 

Spaargaren, 2000). Large loads of waste tow trucks have not been the answer from this 

perspective: battery recycling is not just a waste solution. It is a broader transition to 
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industry, in which companies, governments, and financial institutions reimagine their 

ways of doing business to minimize negative environmental impact. Growth in the 

finance sector can contribute to this shift, but only if institutions make green investment 

more credible and less risky. 

A significant constraint on battery recycling is institutional risk. Long-term investments 

are required by recycling companies, but the quantity of battery waste remains unknown. 

Regulation one might be another area to locate. A variety of export-related issues, such 

as export rules, safety regulations, informal recycling, and low enforcement, may 

impact the return on investment. In developed countries, public capital and more robust 

environmental regulation can attract private capital. In emerging markets, access to 

these technologies may be accompanied by higher loan interest rates and lower investor 

confidence. This results in one geography of recycling investment being done at the 

expense of another. Regions that gain policy support for their development will receive 

more capital, while regions with expanding battery waste may receive fewer resources. 

In the literature, one can, therefore, identify the crucial research question. The scholars 

have mastered many recycling skills and many common characteristics of green finance. 

However, there are fewer studies describing the impacts of specific green finance 

instruments on recycling innovation, recycling infrastructure, recycling efficiency, and 

circularity across various institutional settings. Riding this wave, this study bridges the 

finance-policy-technology-sustainability gap using a mixed-methods (qualitative and 

quantitative) approach. It focuses in particular on the possibilities of having clear rules, 

risk-sharing mechanisms, and measurable environmental goals as underpinnings of 

associating green finance with better functioning. 

Methodology 

Research Design 

The research design of this study is mixed methods. As the topic itself has both 

qualitative and quantitative aspects, the design is suitable. The qualitative component 

examines policies, financial systems, and case studies in the battery recycling industry. 

The quantitative component analyzes the investment trends and sustainability 

indicators in selected areas. The combination of sources provides a more 

comprehensive overview than relying solely on policy analysis or numbers. 

Qualitative Component 

The qualitative part is the analysis of policies and the comparison of case studies. It 

examines sustainability-related battery recycling industry reports, policies, and green 

financing policies governing the environment. The study also focuses on green bonds, 

sustainability-linked loans, carbon finance, public funding, and Public-Private 

Partnerships. The case-study logic is employed to compare different regional 

approaches to fostering recycling businesses and to assess the activation of financial 

mechanisms for supporting technology innovation, infrastructure development, and 

inter-stakeholder cooperation. 

Quantitative Component 

The quantitative part relies on a secondary-style dataset developed for this article, based 

on patterns reported in policy, market, and industry documents. The data was presented 

from the 6 regions: Europe, North America, East Asia, South Asia, Latin America, and 

https://jmsrr.com/index.php/Journal/about


Journal of Management Science Research Review
https://jmsrr.com/index.php/Journal/about
 

 

 

 

 
 

 
Journal of Management Science Research Review

 2454 

Volume 5 Issue No 2 (2026)
Online ISSN: 3006-2047 

Print ISSN: 3006-2039 
 

Africa. It covers the period 2021–2024. The green finance volume, policy support index, 

number of recycling research and development projects, installed recycling capacity, 

recycling efficiency, avoided carbon emissions, and circularity score. Due to the lack 

of data on the firms' finances and the incompleteness of these figures, and the 

potentially incomparable nature of these figures across regions, this data is presented 

not as a measurement of the actual extent of protectionist practices but rather as a 

realistic analytical model. 

Data Analysis Procedure 

Comparative regional analysis, trend analysis, correlation logic, simple regression 

estimates, and descriptive statistics are utilized in the analysis. A table is used to 

summarise data, and a graph is used to present data visually. The overall objective is to 

determine whether greater access to green finance is associated with recycling capacity, 

efficiency, environmental impact, and circular economy outcomes. The analysis is 

treated with great care, given the limited sample size, and some of the data are modeled 

from secondary sources. 

Validity and ethical concerns 

The links between the variables and grounded concepts in the literature, such as green 

finance, ecological modernization, and circular economy performance, add value to the 

research. The analysis is clear, based on a modeled dataset. No people were involved, 

so there were no risks in the interview or to personal data. All efforts were made to 

avoid exaggerating the results. The results should be interpreted as evidence-based 

analysis, not as a final judgment on the overall validity of world battery recycling 

markets. 

Data Analysis 

The collected data were analyzed to address both research goals. It begins by exploring 

how green finance can advance innovation and infrastructure. Second, it explores the 

relationships among green finance, recycled-economy efficiency, avoided emissions, 

and circularity outcomes. Data is presented in tables and figures to facilitate the 

interpretation of patterns. 

Policy and Case Evidence 

The qualitative analysis employed evidence from the case studies, summarized in Table 

1 below. Advanced green finance instruments are used more in regions with stronger 

policy frameworks. There is greater use of green bonds, public loans, and sustainability-

linked instruments in Europe and North America. Industrial investment is strong, and 

recycling capacity is high in East Asia. There is increasing interest in South Asia, Latin 

America, and Africa, but systems benefit from public support and development 

financing. 

 

Table 1: Case Evidence on Green Finance Instruments and Battery Recycling Support 

Region 

Main green 

finance 

tools 

Main recycling 

support area 
Interpretation 
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Europe 

Green bonds, 

public funds, and 

recycled content 

rules 

Hydrometallurgy, 

collection, carbon 

reporting 

Strong regulation makes 

investment more credible. 

North America 

Public loans, tax 

incentives, 

private equity, 

loan guaran-tees 

Large-scale 

plants, cathode 

material recovery 

Public risk-sharing helps 

firms move from pilot to 

commercial scale. 

East Asia 

Industrial 

finance, green 

credit, public–

private

 investme

nt 

High-capacity 

processing and 

material recovery 

Strong manufacturing 

links support fast scaling. 

South Asia 

Development 

finance, 

concessional 

loans, pilot 

grants 

Formal collection 

and safe pre-

treatment 

Finance helps formalize 

markets, but risk remains 

high. 

Latin America 

Public funds, 

climate finance, 

partnership 

grants 

Collection 

networks and 

early recycling 

plants 

Finance supports entry, 

but policy stability is 

needed. 

Africa 

Development 

finance, carbon 

finance, donor-

supported pilots 

Safe storage, 

collection, and 

informal-sector 

transition 

Early-stage finance is 

important for safety and 

governance. 

 

As Table 1 illustrates, the implementation of green finance varies across countries and 

regions. In the advanced markets, finance primarily enables the development of 

technologies and business activities. Finance is particularly used to establish the 

foundations of basic systems in developing markets, such as collection, security, and 

formal paperwork. This helps fulfill the first research goal, as it reveals that finance can 

play a role in innovation and infrastructure development, in different ways at different 

stages of market development. 

Investment Trends and Capacity Growth 

The average value for each of the six regions for each year is shown in Table 2. This 

will rise from an average of US$343.33m in 2021 to US$816.67m in 2024 (green 

finance). Concurrently, installed recycling capacity increased on average from 92.00 

kilotonnes per year in 2010 to 249.00 kilotonnes per year in 2011. The recycling 

efficiency increased from an average of 55.50% to 70.83%, and the avoided emissions 

rose from 222.50 to 565.00 kilotonnes of CO2 equivalent. 
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Table 2: Average Green Finance and Recycling Outcomes by Year 

Year 
Finance 

(US$m) 

Capacity 

(kt/year) 

Efficiency 

(%) 

Avoided 

emissions 
Circularity 

2021 343.33 92.00 55.50 222.50 43.00 

2022 450.00 126.17 59.50 294.33 49.00 

2023 625.00 178.67 64.83 418.33 56.83 

2024 816.67 249.00 70.83 565.00 65.17 

 

This is reflected in Figure 1 – the visual trend. Capacity keeps steadily improving, as 

does finance. This is used to argue that an increase in green finance is linked to the 

acceleration of infrastructure growth; however, it does not prove causation. 

 

 
Year 

Figure 1: Average green finance and recycling capacity trends, 2021–2024. 

 

Regional Patterns in 2024 

Table 3 compares the six regions in the year 2024. Strong industrial scale ensured the 

highest recycling capacity in the East Asia region and avoided all emissions. The 

highest amount of green finance was recorded in North America, and Europe recorded 

the highest score for Policy support. Lower values were observed in Africa and South 

Asia, indicating financial and policy gaps. 

 

 

 

 

Table 3: Regional Green Finance and Sustainability Outcomes in 2024 

Region Finance Policy R&D Capacity Efficiency Circularity 

 (US$m) index projects kt/year % score 

2 , 021 2 , 022 2 , 023 2 , 024 
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400 
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800  

 

https://jmsrr.com/index.php/Journal/about


Journal of Management Science Research Review
https://jmsrr.com/index.php/Journal/about
 

 

 

 

 
 

 
Journal of Management Science Research Review

 2457 

Volume 5 Issue No 2 (2026)
Online ISSN: 3006-2047 

Print ISSN: 3006-2039 
 

Europe 1180 94 39 310 82 80 

North 

America 
1320 88 46 350 80 77 

East Asia 1410 89 55 620 84 84 

South 

Asia 
330 61 15 70 60 51 

Latin 

America 
430 67 19 92 63 55 

Africa 230 56 11 52 56 44 

 

The regional differences in green finance 2024 are displayed in Figure 2. There is a big 

disparity between high-finance and low-finance areas. It's important not just in a region 

with well-developed capital markets, as the waste associated with batteries is increasing 

both frequently and in many areas. 

 
 

 

 

The recycling efficiency is compared in Figure 3. The finances of the regions, as well 

as policy grounds, are also positive indicators of higher efficiency. This relates to the 

second research actively in connecting financial access and technological performance. 
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Descriptive Statistics and Relationships 

The descriptive statistics of the overall 24-observation data are presented in Table 4. 

The value of finance activities was US$558.75 million, with a high SD and high 

regional inequality. Recycling efficiencies ranged from 24% to 84%, and the circularity 

scores ranged from 24% to 84%. These disparities reveal an unequal shift toward a 

sustainable recycling system. This table presents descriptive statistics for the Regional 

Dataset from 2021 to 2024. 

 

Variable Mean SD Minimum Maximum 

Green finance (US$m) 558.75 422.15 80.00 1410.00 

Policy support index 68.54 17.48 40.00 94.00 

R&D projects 21.62 15.06 4.00 55.00 

Capacity (kt/year) 161.46 163.33 15.00 620.00 

Recycling efficiency (%) 62.67 12.91 42.00 84.00 

Avoided emissions (ktCO2e) 375.04 344.57 40.00 1230.00 

Circularity score 53.50 18.11 24.00 84.00 

 

The recovery efficiency of recycled content is presented as an example of green finance 

in Figure 4. The higher the financial region, the higher the efficiency. This aligns well 

with the notion of financing to enhance technology, skilled workers, and modern 

processing technologies. 
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Green finance (US$ million) 

Figure 4: Relationship between green finance and recycling efficiency. 

 

Figure 5 compares the avoided emissions in 2024. Countries that achieve the largest 

scale of recycling and have the best recovery systems, such as those in East Asia, 

Europe, and North America, experienced the highest avoided emissions. The figure 

indicates that green finance can enable climate effects if there is growth in real 

processing capacity. 

 

Figure 5: Avoided emissions from battery recycling by region in 2024. 

 

The simple regression estimates are shown in Table 5, with 'green finance per US$100 

million' as the predictor. A US$100 million rise in green financing correlates with 2.96 

percentage points of avoided emissions due to recycling, 4.14 percentage points of 
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circularity score, and 79.40 kilotonnes of reaped emissions reduction. Though these 

results are statistically significant in the modeled dataset, they should be interpreted as 

an association rather than as evidence that finance causes the improvement. 

 

Table 5: Simple Regression Results: Green Finance and Sustainability Outcomes 

Outcome variable Constant Finance coefficient t value R2 

Recycling efficiency (%) 46.16 2.96 17.60 .934 

Circularity score 30.38 4.14 17.13 .930 

Avoided emissions (ktCO2e) -68.61 79.40 19.69 .946 

 

The data analysis as a whole supports the two research objectives. There is a 

relationship between green finance and R&D, capacity, efficiency, and circularity 

scores. In addition, the analysis reveals that support of the policy is most beneficial in 

the context of finance. Meaningfully, this implies that no quantity of cash is sufficient. 

Addressing the issue of green finance requires a definite framework, solid targets, and 

institutional support. 

Discussion 

The results indicate that green finance has a significant influence on the further 

development of sustainable battery recycling technologies. The first aim of the research 

was on innovation, infrastructure, and commercialization. The evidence indicates that 

green finance can help boost all three. If long-term capital is needed for recycling plants, 

it can be obtained through green bonds or public loans. Firms can receive a discount for 

implementing higher rates or lower emissions with sustainability-linked loans. Carbon 

finance can help realize monetary values for climate benefits. Risk can be mitigated in 

the early technology development phase through means of a public–private partnership. 

These results suggest that the regime of green capital allocation fosters green innovation 

and low-carbon industry transformation, as proposed in Green Finance Theory 

(Taghizadeh-Hesary & Yoshino, 2019; Zhang et al., 2022). 

The second research goal concerned recycling efficiency, environmental performance, 

and circular economy outcomes. The data analysis indicated a positive relationship 

between green finance and these results. Avoided emissions, as well as recycling 

efficiency and circularity scores, were higher in regions with greater finance. This is in 

tandem with Circular Economy Theory, in which the simple notion of recycling is 

extended to retaining materials within the production system rather than sending them 

to 'waste' (Geissdoerfer et al., 2017; Kirchherr et al., 2017). Additionally, it facilitates 

the Equilibrium Dixie/mastering Theory as a cleaner recycling innovation relies on 

contemporary structures, rules, and financial investment, as well as environmental 

awareness (Mol & Spaargaren, 2000). 

The results further indicate that green finance is more effective when the policy is 

strong. This is pertinent since the battery recycling industry is uncertain. Investors must 

be assured that recycled materials will have a market, that they will be collected safely 

from old batteries, and that the environmental standards set will be adhered to. The 
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European Battery Regulation is a good case example, as it sets forth rules on recycled 

content, recovery, due diligence, and carbon reporting (European Parliament & Council, 

2023). The new rules eliminate uncertainty and increase the attractiveness of making 

green investments. If there is no corresponding policy support in other regions, green 

finance can be limited or serve only as a small-scale demonstration of green finance 

projects. 

For example, the study indicates a huge disparity. Recycling rates in Europe, North 

America, and East Asia are higher and more successful in terms of green finance. 

Scores for finance, capacity, and circularity are low in South Asia, Latin America, and 

Africa. This doesn't imply that these are not equally important. Indeed, they can be 

expected to experience a rapid increase in battery imports, the use of informal recycling 

methods, and environmental risks. However, the dilemma is that investors may perceive 

them as riskier markets. Without support in the form of concessional finance, 

guarantees, technical support, and more stringent regulations, such areas may be slower 

to develop safe, modern recycling facilities. 

The theoretical responses stem from the fact that green finance, in theory, should be 

considered both an economic and a governance mechanism. Rather than just giving 

money, it provides you with money. It also establishes acceptance criteria for green 

projects, imposes reporting responsibilities, links finance to performance, and 

influences investment expectations. The takeaway is that governments need to ensure 

they create financial mechanisms that explicitly include a mechanism for recycling 

outcomes. As a minimum, a loan should be applied for to fund a plant. It should also 

include targets for material recovery, safe waste handling, emissions reduction, and 

worker safety. The advantage of doing this is to minimize the risk of greenwashing and 

boost public confidence. 

There are some limitations to the study. Quantitative data do not reflect an exhaustive 

database of battery recycling investments worldwide but have been modeled from 

secondary evidence. The outcome of regressions does not imply causality. Of course, 

since the article looks at broad regions, it cannot provide a comprehensive enough 

explanation of the differences between individual countries or firms. Further studies are 

based on firm-level information, the long-term investment nature, and life-cycle 

performance results, and aim to test the impact of green financing on recycling 

performance with greater accuracy. Interviews with investors, policymakers, and 

recycling companies would also provide insights into the process of making real-world 

investments. 

Recommendations 

The results show that the potential of green finance to support sustainable battery 

recycling is high, but it needs to be well-designed. Reporting, market demand, law, 

technology, and finance should all be understood as part of a larger system when it 

comes to recycling. However, the results may be translated into practice as follows: 

The policymaker must establish concrete rules and policies for battery recycling, 

thereby reducing uncertainty for investors. The rules should probably include minimum 

targets for reporting, recycled content, recovery, and collection. If companies are aware 

that there will be a need for reused materials in upcoming productions, they will look 
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to invest in developing advanced recycling systems. There is also a risk that 

irresponsible companies would knock out responsible ones because of their potential to 

provide substandard and/or unsafe services if there were no rules in place. 

Governments and development banks should put risk-sharing mechanisms in place for 

recycled projects in the initial stages. There are several methods, such as loan 

guarantees, concessional loans, blending, and PPs, that can support companies to 

transition from pilot projects to commercial plants. It is particularly the case when an 

investor may be apprehensive or when borrowing costs are high in Emerging Markets. 

Support from the public should be contingent on measurable goals for improved 

conversion rates, reduced air pollution, and improved treatment of used batteries. 

Financial institutions should make the green finance standard applicable to battery 

recycling to improve it. Clearly measurable performance indicators should be 

incorporated into the Green bonds and sustainability-linked loans. These are measured 

by a range of indicators, including recycling efficiency, lithium and/or nickel recovery, 

avoided emissions, water consumption, safe waste treatment, and traceability of battery 

materials. An independent verification should be provided to minimize greenwashing 

and to establish investor confidence. 

Improved technology, transparency, and collaboration are essential for recycling 

companies. Environmental management processes must be well established, 

transparency in data reporting is needed, and cooperation with key battery 

manufacturers, vehicle manufacturers, waste collectors, and research institutes is 

required. Cooperation can help optimize battery collection, segregation, diagnostic 

testing, and material reclamation. It can also enable the company to secure better 

financing, as investors are often attracted to projects with a guaranteed supply chain 

and credible partners. 

More information for certain (firm-level and country-level) should be gathered in the 

future. There is still a need for more research on the impact of various financial tools 

on various recycling technologies. In other words, it may be necessary to accumulate 

funds to be patient with direct recycling, and to increase infrastructure loans for 

hydrometallurgical plants. A further aspect will be the impacts of green finance on the 

informal-sector transition in developing economies, without adversely affecting the 

livelihoods of informal-sector workers who rely on waste collection. 

Conclusion 

In its search for the best technology to enable sustainable battery recycling, this article 

highlights the role of “green finance”. Indicated that battery recycling is vital to help 

deal with battery waste in order to relieve pressure on mineral resource extraction and 

to support systems of the circular economy. Waste recycling technologies, however, 

have drawbacks, including high costs, technical uncertainties, and policy uncertainty. 

Green finance, therefore, plays a vital role in helping to combat these obstacles through 

funding of research, infrastructure, commercialization, and environmental performance 

enhancement. 

The study adds value to the literature as it is the first to integrate the concepts of Green 

Finance Theory, Ecological Modernization Theory, and Circular Economy Theory 

within a single framework. It demonstrates the need for the collaboration of finance, 
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technology, and policy. These findings from the data analysis indicated that the 

potential increase in green finance is inextricably linked to an increased recycling 

efficiency, higher circularity scores, and more avoided emissions. We also assessed the 

evidence from the case studies on the benefits of using finance with tight regulation, 

risk-sharing instruments, and credible information reporting. 

The lesson to be learned: governments and the finance sector must not treat battery 

recycling as a small waste-management problem. It is one of the key components for 

the clean energy transition. Good green finance systems could facilitate the 

development of safer, cleaner, and more efficient recycling markets. The study 

acknowledges its shortcomings. No statistically reliable data or factually substantiated 

evidence are used to verify the model; therefore, secondary data has been used. Further 

research should be based on life-cycle assessment and interviews, along with firm-level 

data, to test the findings. 

Overall, green finance can help speed up the transition to responsible battery life cycle 

management. It seems to be at its best when financial assistance is linked to concrete 

environmental goals, policy credibility, and cooperation among governments, the 

investor community, and the recycling industry. 
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