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Abstract 

The transition from fossil-fuel-based internal combustion vehicles to electric vehicles plays a key role to 

decarbonize road transport and mitigate climate change. Even though this transition is still in its infancy, it is 

important to consider not only its environmental benefits but also its potential side-effects. The current electric 

vehicle fleet is expected to increase from 2.4 million in 2020 to 81 million in 2050 (Slowik et al. 2020), when 

more than half of all new cars sold are predicted to be battery-electric vehicles (BEVs). End-of-life (EOL) BEVs 

and their components (particularly the batteries) are far more challenging to manage than their fossil-fueled 

predecessors as they contain large amounts of chemical substances that constitute potential hazards to the 

environment and human health and safety. 

The paper discusses relevant topics for understanding future risks of transition to electric mobility in the Global 

South countries, which include the international used vehicle fluxes; waste management challenges for EoL BEV 

and its lithium-ion batteries (LIB); environmental and human health impacts of EoL LIBs disposal and policies 

and regulations for the e-vehicle life cycle. Recommendations to support the development of science-based 

policies to close regulation gaps of the used electric vehicle international trade flow, avoid pollution-shifting and 

guarantee a sustainable transition to e-mobility in the Global South countries are given. As a conclusion, an 

integrated approach from international and national stakeholders is fundamental to guarantee strong policies and 

regulations as well as to support the development of a sound management of EoL EV and LIBs in the Global 

South countries and help pave the way to a global circular economy.  

Key words: e-mobility; electric vehicles; waste management; circular economy; lithium ion batteries; used 

vehicles trade. 

1. Introduction 

The urge to mitigate climate change and limit the global temperature increase to 1.5 °C as foreseen in the Paris 

Agreement has led the world to aim for a net-zero greenhouse gas emissions (GHG) by 2050 (Slowik et al. 2020). 

Considering that 25% of the GHG emissions comes from the transportation sector (Quinteros-Condoretty et al. 

2021), the transition from fossil-fuel-based internal combustion vehicles to electric vehicles (EVs) plays a key 

role to decarbonize road transport. As a result, governments, vehicle manufacturers and civil society worldwide 

are acting to speed up this transition and phase-out internal combustion vehicles. As other alternatives such as 

green hydrogen powered engines are currently not suitable for the mass market, electric vehicles will in the 

foreseeable future form the backbone of efforts to decarbonize motorized private transport. It is expected that the 

annual global EV sales will grow from 2.4 million in 2020 to 81 million in 2050 (Slowik et al. 2020).  

The electrification of private passenger transport began in the late 1990s with the introduction of mild hybrid 

vehicles (MHVs) that recuperate energy when breaking. These vehicles typically combined a small electric motor 

and battery with an internal combustion engine. Plug-in hybrid electric vehicles (PHEVs) can be considered the 

next evolutionary step in which batteries were improved and thus electric driving ranges increased while 

combustion engines were maintained for long-distance travel. Purely battery-powered electric vehicles (BEVs) 

are the ultimate goal of the e-mobility transition as they completely avoid local emissions and as electric engines 

are highly efficient. Moreover, electric engines require less maintenance than internal combustion engines or 

hybrid systems, which enhance the benefits for such transition.  
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Although EVs are mainly produced and consumed in the United States of America (USA), European countries, 

China, Japan, and South Korea, it is foreseen that the market will expand worldwide (Jones et al. 2020). 

Furthermore, used electric vehicles from the Global North have already started to enter the established 

international trade flow of used vehicles, as an example, the export of used EV from the EU increased 82% in the 

period from 2017 to 2020 (UNEP 2021). Many governments in the Global South promote the import of used EVs 

to decarbonize their vehicle fleets in an affordable way (i.e Mauritius, after introducing policies to promote import 

of hybrid and electric vehicles, registered a sales uptake of used hybrid vehicles from 43 in 2009 to 14.754 until 

May 2020) (UNEP 2020). Nevertheless, the potentially grave negative environmental impacts of the disposal of 

used EV and their batteries in the destination countries of the Global South, have not yet been investigated (Preeti 

and Sayali, 2021). According to Castro et al. (2021), most published studies that aim to predict the future fleet of 

electrical vehicles worldwide do not investigate scenarios in developing countries of the Global South. 

The transition towards electric mobility leads to significant reductions in local emissions, air pollution and 

potentially reduces the CO2 footprint of road transport. However, less focus is typically given to the environmental 

and health impacts electric vehicles have at end of the product lifecycle.   

To understand the environmental and health risks derived from the production and disposal of end-of-life (EoL) 

electric vehicles and their batteries, it is important to know their composition. The batteries in e-vehicles account 

for minimum 15% of the vehicle's weight and are at least 25 times heavier and 10 times larger in comparison to 

fossil fuel combustion engines (Besselink et al. 2010), and only increasing with size as greater driving range is 

sought after. Thus, this component should receive special attention. Lithium-Ion Batteries (LIBs) are currently the 

most common form of energy storage in EVs due to their high energy density when compared to other batteries 

available in the market (Wang et al. 2020b). LIBs contain high amount of scarce metals such as lithium and cobalt 

as well as toxic materials such as copper, nickel and lead and organic chemicals and toxic electrolytes, which if 

not properly handled its EoL may negatively impact the sustainability of electric mobility (Steward et al. 2018). 

Nickel is an example of heavy metal present in LIB. It can account for up to 14,84% of the battery mass (Winslow 

et al. 2018) and when leached into the soil it may lead to inhibition of plant growth (Bhalerao et al. 2015) and can 

cause health impacts such as cancer of the respiratory tract depending on the length of exposure and dose (Genchi 

et al. 2020).  

Safe management of EoL LIBs requires a complex and well-structured waste management (treatment and recycle) 

system. However, most LIBs recycling companies are located in China, South Korea, the European Union (EU), 

Japan, Canada and, the USA (Melin 2019) and recycling capacities are limited or non-existent in most developing 

countries across Africa, Latin America, Oceania, and Asia (Gollakota et al. 2020), where the number of EVs may 

increase due to the expected rise of used EV trade. Thus, this waste stream could develop into major environmental 

and public health hazards, particularly in the Global South where recycling and disposal capacities are lacking, 

and environmental regulations and their enforcement are not yet in place.   

To guarantee an adequate waste management system for end-of-life vehicles (ELV) and EoL LIB, policies and 

regulations are fundamental to establish the path to a circular economy approach (Maletz et al. 2018; Friege and 

Dornack 2019), to enhance reuse, recycling and appropriate disposal of EoL LIBs, as well as to promote the 

extended producer responsibility (EPR), and to create awareness of the society to properly dispose of EoL LIBs 

(Zhao et al. 2021), however empirical understanding on which to base these policy changes still lags behind the 

current implementation of EV transport and infrastructure.  

Thus, the goal of this paper is to discuss four key topics relevant for understanding future risks of transition to 

electric mobility in the Global South, namely 1) international used vehicle fluxes and its policies and regulations; 

2) waste management challenges for EoL LIB including the environmental and human health impacts of EoL 

LIBs disposal and policies and regulations for the e-vehicle life cycle. In the end, recommendations for future 

research priorities for ensuring a more sustainable e-mobility transition are made. 

2. Used vehicle global trade  

A report by United Nations Environment Programme (UNEP), which investigated 146 countries, showed that 

between 2015 and 2018, 14 million used light-duty vehicles were exported worldwide, and around 80% of the 

vehicles went to low- and middle-income countries. The greatest exporters of used vehicles during that period 

were the EU, accounting for 54% of the exported vehicles, Japan (27%), and the USA (18%) (UNEP 2020). It is 

important to point out that the UNEP report did not include data on exports of used vehicles from South Korea, 

India, Thailand, China, or Canada, among others. Since 2019, China opened for export of used vehicles and the 

country aims to implement policies to promote such international trade (MOFCOM 2021).  

The main destinations of used vehicles from the EU are West and North Africa; Japan exported mainly to Asia 

and East and Southern Africa, and the USA mainly to the Middle East and Central America. Africa imported the 



   

 

   

 

largest number in the period studied followed by Eastern Europe, Caucasus and Central Asia (EECCA), Asia-

Pacific, the Middle East, and Latin America (LAC). Figure 1 shows the distribution of the main exporters and 

importers of used vehicles (UNEP 2020). 

 

Fig. 1 Distribution of exporters and importers of used vehicles (based on UNEP, 2020) 

According to Coffin et al. (2016) one of the reasons which justifies the more significant flow of used vehicles 

from high to low-income countries is the higher vehicle depreciation rate in high-income countries. Studies 

indicate that this higher depreciation rate is related to more stringent environmental policies (Storchmann 2004). 

Older vehicles tend to be more polluting, and therefore governments seek to apply strict rules to reduce the older 

automobile fleet (Lepoutre 2020). In high income countries, a combination of costly motor vehicle inspections, 

registration/road taxation, and high labour costs for service and repairs increases the overall maintenance costs of 

cars, leading to higher depreciation rate (Grubel 1980; UNEP 2020). Another relevant issue is the automobile’s 

industry planned obsolescence business strategy, which influences the consumers to change vehicles more 

frequently not only due to technical issues but also due to changes in the vehicle's style (Pineda and Salmoral 

2017). In many cultures, vehicle’s ownership is associated with a social class and status, this notion, enforced by 

the vehicle industry marketing campaigns (Mattioli et al. 2020), is another driver for higher exchange rates of 

vehicles among high income classes. Over the past two decades, several countries of the Global North have 

incentivized (through direct subsidies to buyers) the replacement of older vehicles by new cars. Recently, financial 

purchase incentives have focused on advancing the uses of hybrid and battery electric vehicles (Hardman et al. 

2017; Zhou et al. 2014). Thus, these factors lead to a high amount of disposable used vehicles available for export 

in high-income countries which can be sold at a better price in low-income countries (Roychowdhury 2018).  

Furthermore, many high-income countries have legislative framework that establishes strict rules to scrape, 

recycle, and dispose ELV. In this sense, exporting used vehicles can be more profitable and cost-effective than 

scrapping, recycling and disposing them (Lepoutre 2020). 

The price difference is another important factor for the import of used vehicles in low-income from high-income 

countries. Since the used vehicles have less value in high-income countries, it is more attractive to be sold at low-

income countries, which have greater demand for low-cost cars (Kołsut 2020).  

The international trade of used vehicles from high to low-income countries allows easier access to greater variety 

of vehicle types and brands at lower costs (Coffin et al. 2016) and fleet renovation in low-income countries 

(Roychowdhury 2018).  However, when not well regulated, low-quality used vehicles can cause environmental, 

health, and road-safety problems in the destination country (UNEP, 2020).  

According to UNEP (2020), aiming to achieve cleaner vehicle fleets at more affordable costs, countries have been 

recently establishing incentives to import used hybrid electric (HEV) and EV vehicles. Even though the overall 

quantity is still low, the number of internationally traded used HEV and EV has been growing considerably (UNEP 

2020). Examples of legislations to enforce import of used HEV and EV will be detailed in Section 2.1.1 of this 

paper. In addition, considering that used vehicles export countries, such as the Netherlands and Japan, have 

committed to phase out sales and registrations of new internal combustion engine cars and to set goals to establish 

a non-emission vehicle fleet (Wappelhorst 2021), it is expected that EV will enter the global trade flow of used 

vehicles from the high to low-income countries.  

Characterization and prediction of international trade flow of used vehicles is extremely challenging due to 

difficulties to obtain reliable and compiled data, this is partially explained due to a lack of appropriate registration 

and the existence of grey and illegal markets for used vehicles (Kołsut 2020). For example, a recent evaluation of 

ELV in Europe found that 35% of the vehicles that left the registered stock were unaccounted for and with 



   

 

   

 

unknown whereabouts (Williams et al. 2020). The same report detected that these vehicles were probably exported 

without registration or dismantled and not reported in the EU (Williams et al. 2020). To overcome this data gap, 

different database can be analysed and crosschecked such as regional, national, and international import and export 

data, vehicle registration, de-registration as well as manufacturers, collectors, recyclers, and scrapper reports.    

Lack of data on the volume, condition, and remaining lifespan of EVs being imported and exported, and the 

capacity for importing countries to handle EoL materials sustainably, limits the possibility to mitigate future 

environmental and health risks that may arise from the transition to e-mobility, particularly in the Global South.  

2.1. Used vehicle global trade policies and regulations   

Even though international trade of used vehicles is an established market, stronger and multilateral regulation is 

still required from importing and exporting countries (Roychowdhury 2018). Many importing countries from the 

Global South have limited or no regulations regarding standards to import used vehicles, whilst few Global North 

countries have restrictions on the export of used vehicles (UNEP 2020). In Africa, more than 60% of vehicles 

added annually to the continents fleet are used vehicles, 40 out of 54 countries were rated with weak and very 

weak regulatory environment for trade of used vehicles (UNEP, 2020). Regulations for this market are 

fundamental to avoid that polluting and ELV cause environmental and safety hazards in the destination country 

(Roychowdhury 2018).  

Nowadays, Global North countries in general do not have in place a robust system to avoid export of used vehicles 

that are at its EoL and have low environmental and safety performance (Scherger and Hornborg 2021). Strong 

export rules are necessary to guarantee appropriate verification, inspection, certification in a transparent manner 

before any vehicle is traded to avoid shifting waste burden to Global South countries (Roychowdhury 2018). 

As an example, the EU, which is one of the main exporters of used vehicles to Global South countries (UNEP 

2020), has no specific regulation that defines criteria regarding the environmental performance of used vehicles 

to be exported (Velten et al. 2020). A critical point regarding the European regulation is the need to have a clearer 

definition to distinguish used vehicles and ELV, owing to the fact that different rules apply for each category 

(Scherger and Hornborg 2021). The Correspondents' guidelines No 9, which represents the common 

understanding of all EU Member States on how Waste Shipment Regulation (WSR) should be interpreted aims 

to clarify the distinction between waste vehicles and used vehicles. According to the guidelines, used vehicles are 

not considered as waste if it is an operational used vehicle, a repairable used vehicle or if it is a vintage vehicle 

according to national provisions (EU 2011). The guidelines list several criteria and indicators to support the 

identification of ELV. However, the Correspondents' guidelines No 9 are not legally binding and leave space for 

different interpretations of when to define the vehicle as ELV or used vehicle. This interpretation gap may lead to 

export of ELV vehicles to Global South countries, which lack stringent import regulations (Scherger and Hornborg 

2021). It is important to state that according to the EU WSR, exports of ELV from the EU destined for disposal 

are prohibited.  

Regarding the regulation of importing used vehicles in the Global South, in general, there are four main 

approaches: a complete ban, a ban on vehicles beyond a certain age, higher tariffs for used vehicles, and an import 

license requirement to legally import a used vehicle (Coffin et al. 2016). Another instrument to regulate import of 

used vehicles are fiscal instruments. The most common fiscal measures adopted include incremental and fixed 

taxes on age, engine size, and emissions ratings. Lower duties or exemptions for specific low and no emissions 

vehicles, especially hybrid and electric vehicles are becoming more popular worldwide, including in developing 

vehicle markets, which are aiming to achieve cleaner vehicle fleet (UNEP 2020). Countries that had banned the 

import of all used vehicles, such as Egypt and Bhutan, are now allowing import of used hybrid EVs or BEVs 

(UNEP 2020). Examples of countries with import incentives for EV are shown in Table 1. 

Table 1 Incentives for import of used EV based on UNEP (2020) 

Country Incentive 

Moldova Incentivizes electric vehicles through exemption from registration and 

circulation/road tax.  

Mauritius Introduced reduced tax levies for hybrid and electric used vehicles.  

Mongolia Exemption of excise tax or air pollution tax on used hybrid vehicles. 

Sri Lanka Tax reduction for HEV and BEV, and higher taxes for diesel and petrol 

vehicles. 

Ukraine Exempted VAT and excise tax on BEVs.  

Costa Rica  Incentivizes the import of electric and hybrid vehicles.  

Fiji Imposes no excise duty on BEVs.  



   

 

   

 

Lebanon Reduction of road-usage and excise taxes by 20 percent for HEV and 0 

percent for BEVs.   

 

The above-mentioned incentives for the import of used HEV and BEV have accelerated the quantity of imported 

used EV. Mongolia, which is the main destination for used hybrid vehicles exported from Japan, tripled the 

importation of hybrid vehicles from 2012 to 2016 (UNEP 2020). The import of such vehicles is expected to 

continue growing, however the country lacks the capacity to treat, recycle and dispose end-of-life EV and their 

batteries. The most common route is to treat and to dispose them informally and irregularly causing air and soil 

pollution (Yu et al. 2017). Another aspect is that even though Mongolian legislation imposes higher taxes for 

import of used vehicles above 10 years, this has not been enforced and most of the imported used vehicles exceed 

the age limit. Often the vehicles arrive to the country with dammaged batteries and it is common that dimantlers 

in Mongolia change the broken battery cell to extend the lifetime of the vehicles, whitout following the original 

producer procedures and under risky conditions for the workers (Yu et al. 2017).  

Sri Lanka’s taxation scheme resulted in more than 100,000 hybrid vehicles and about 6,000 battery electric 
vehicles by end of 2017, being most of these imported as used vehicles. Interesting to note that even though a rise 

on BEV was observed between 2015-2017, the trend did not continue due to lack of charging infrastructure, 

concerns in battery life, and recycling (UNEP 2020). Sri Lanka has approved national solid waste management 

policies, however, most of the wastes generated and collected are disposed in open irregular dumpsites and there 

are no appropriate recycling capacities (Pariatamby et al. 2020). The example of Mongolia and Sri Lanka shows 

that even though Global South countries are supporting the import of used electric vehicles they have not yet 

evaluated the negative environmental impact that end-of-life electric vehicles and their batteries may cause when 

handled inappropriately. 

In conclusion, importing and exporting countries need to act together to structure and promote a well-governed 

trade regulation for used vehicles to prevent dumping of ELV in the import countries and shifting of responsibility 

of disposal from the Global North to the South (Roychowdhury 2018). According to Roychowdhury (2018), 

regulation strategies include limitation of vehicle’s age; stringent inspection system with corresponding protocol 

in exporting and importing countries to avoid export of EoL vehicles; international cooperation to support 

development of scrappage and ELV management systems in importing countries, and involvement of different 

stakeholders along the waste management chain such as government, manufacturers, distributors, retailers, and 

recyclers (formal and informal). Global South countries must acknowledge the challenges to manage ELVs and 

their batteries and create strategies to develop adequate waste management systems.  

3. End of Life E-vehicles: management and future risks 

3.1. Critical resources and components in electric vehicles and their batteries  

End-of-Life (EoL) electric vehicles (EV) and their batteries contain significant amounts of materials that are 

hazardous for the environment and human health, but at the same time constitute a source of valuable secondary 

raw materials (Tarrar et al. 2021; Restrepo et al. 2019; Xu et al. 2016; Cucchiella et al. 2016). To guarantee proper 

recovery, reuse, and recycling of these materials, and to understand the potential environmental and health impacts 

of the disposal of electric vehicles and their batteries, it is important to understand their composition (Andersson 

et al. 2017).  

Electrical vehicles are complex products, which can have an array of arrangements depending on, for example, 

its energy source, motor propulsion and auxiliary subsystems (Vidyanandan 2018). EVs can be categorized as 

Battery Electric Vehicle (BEV); Hybrid Electric Vehicle (HEV); Plug-in Hybrid Electric Vehicle (PHEV) and 

Fuel Cell Electric Vehicle (FCEV). BEVs are EVs in which batteries power electric motors as the only drive train. 

The batteries in BEVs typically have a mass of several hundred kilograms, and thus contain substantial amounts 

of their constituent materials. EVs that employ both an internal combustion engine (ICE) and an electrical power 

train to power the vehicle are known as HEV. In this case, mild and plug-in hybrid vehicles (EHVs/PHEVs) can 

be distinguished. Both use an ICE and an electrical power train, whereas MHVs only recuperate energy during 

the breaking process, on the other hand, PHEV can use electric propulsion over longer distances and can charge 

their batteries directly from an external power grid. FCEV refers to an EVs that uses a fuel cell, instead of batteries, 

or in combination with a battery or supercapacitor to power an electric motor (Un-Noor et al. 2017). These 

different arrangements influence EV composition; a key aspect is the battery size which depends on the electric 

driving range and other factors, and which is the smallest in MHVs (a few kilograms) and the largest in BEVs (up 

to several hundred kilograms). 

 

The composition of vehicles is constantly changing, due to (a) the ever-growing amount of embedded electric and 

electronic systems and (b) constant advances in battery technologies (Cucchiella et al. 2016; Wang et al. 2020a). 



   

 

   

 

According to Restrepo et al. (2019) the composition of the resulting electric and electronic wastes is still poorly 

understood, which hinders the development of recycling and recovery strategies for critical materials present in 

ELVs.  

Numerous batteries technologies and chemistries exist today for EV propulsion. Studies show that LIB offer 

several advantages over other available batteries, including lead-acid, nickel-cadmium, and nickel-metal hydride 

(Kotak et al. 2021). One of the most important advantages of LIB for its use in vehicles is their relatively higher 

energy density, which is a result of lithium being a very light metal (Mossali et al. 2020). Its relative 

electrochemical advantages include higher cell voltages, no required maintenance, and typically lower self-

discharge rates when the battery is not in use (Quinteros-Condoretty et al. 2021). From 2010 to 2019, LIBs 

constituted more than 99% of the EV battery market (Slowik et al. 2020). Even though LIBs are the dominant 

battery technology in EVs as well as in portable electronic devices, they have several disadvantages, including 

their sensitivity to heat and pressure (resulting in fire and explosion hazards), their composition (use of toxic and 

rare materials, their considerable mass and size when used in EVs, and their high but rapidly decreasing costs 

(Steward et al. 2019).  

Table 2 provides an overview of the metal content in common types of LIBs, which are classified according to 

their cathode chemistries, lithium-iron phosphate (LFP), lithium- manganese oxide (LMO) and nickel-manganese-

cobalt (NMC) batteries (Winslow et al. 2018). 

 

Table 2 Metal content of lithium-ion batteries, based on Winslow et al. (2018) 

Material LFP (%weight) LMO (%weight) NMC (%weight) 

Aluminium 6,50 21,70 22,72 

Cobalt - - 8,45 

Copper 8,20 13,50 16,60 

Iron/Steel 43,20 0,10 8,79 

Lithium 1,20 1,40 1,28 

Manganese - 10,70 5,86 

Nickel - - 14,84 

 

Even for a specific battery type, the exact amount of each battery component varies among different manufacturers 

and models (Winslow et al. 2018). As batteries typically range from more than 200 kg in small and compact cars 

to more than 500 kg in large sedans and sport utility vehicles (SUVs), it becomes clear that they contain 

considerable amounts of lithium and other mineral resources (Winslow et al. 2018). With the aim to deliver various 

types of vehicles (i.e different sizes and utilities), as shown in Fig 2, a general increase in battery weight can be 

seen coupled with the increased power (Ajanovic and Haas 2018).  

   
Fig. 2 Evolution of EoL LIBs and battery weight, based on Toyota (2012), Richa et al (2014), Thomas (2015), 

Mohan et al (2020), Tracy (2017), Hawkins (2021). *Toyota Prius is an PHEV 
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By the year of 2050 it is expected that the demand of lithium will increase by 965% and of cobalt by 585% when 

compared to the production of 2017 mainly due to the growing low-carbon energy technologies (Sovacool 2021), 

posing a risk to the depletion of natural resources. Thus, it is fundamental to establish routes to guarantee recovery 

and recycling of these materials and to avoid that they will be lost in landfills or in dumpsites, aiming to minimize 

extraction of raw materials. 

 

3.2. Waste management challenges 

It is expected that the annual global EV sales will grow from 1.4 million in 2017 to 21.5 million EV being sold in 

2030, which consequently will cause an exponential growth of used batteries in future years (Dai et al. 2019). 

According to Dai et al. (2019), it can be estimated that the resultant waste derived from this EV boom would 

amount to 0.8 million metric tons by 2027. Richa et al. (2014) estimated that 0,33 to 4 million metric tons of LIBs 

from EV are expected to reach EoL between 2015 and 2040. In light of these numbers, it is clear that the vehicle 

sector is a significant source of waste due to its high volume and the presence of hazardous and critical materials 

in EoL EVs and their batteries (Cucchiella et al. 2016). Their inappropriate management can ultimately impact 

the sustainability to the e-mobility transition (Steward et al. 2019).  

Waste management chains for EoL vehicles include activities, material, financial, and information flows between 

stakeholders such as vehicle users, collection centers, authorized dismantling facilities, shredders, recycling units, 

remanufacturing facilities, second-hand markets, and industrial landfills sites (Karagoz et al. 2020). All these 

actors must work in a dynamic and synchronized way to guarantee a successful closed loop system.  

The waste management hierarchy concept, first defined by the European Council Directive 75/442/EEC on 15 

July 1975, is comprised of reduction (prevention), reuse, recycle, recovery, and disposal. Reduction and 

prevention of waste generation should be priorities in waste management activities. To reduce the quantity of EoL 

EV vehicles generated, planned obsolescence in the industry of electric vehicles has to be diminished. 

Unfortunately, according to Pineda and Salmoral (2017), due to the fast development of technology present in 

electric cars, including software updates, a future with more obsolescence is foreseen.  

 

Fig. 3 Lithium-Ion Battery Life Cycle 

Furthermore, in accordance with a circular economy concept, it is essential that EVs and their components are 

designed to allow reuse, safe recycling, and minimal disposal. For such, proper labelling and classification of the 

components and material used, standardization of formats and structure, as well as a design which allows simple 

disassembly of components are fundamental (Mossali et al. 2020). This is particularly important for the batteries, 

for which the concept of “battery passports” has been proposed to better inform recyclers about the composition 

and structure of battery cells and packages (Bai et al. 2020). Due to the fast development and constant changes in 

the composition and technologies of LIBs, it is extremely challenging to establish a robust governance that will 

cover all battery types available in the medium and long term.   

The collection of EoL EVs and their components is a fundamental step in the waste management process. For 

EoL LIBs, which currently mostly originate from portable electric and electronic devices, the collection rate is 



   

 

   

 

still low, accounting for less than 20% in 2016 in the EU and estimated to be around 5% in North America 

(Larouche et al. 2020). Even though high collection rates are key to guarantee sequence of further waste 

management strategies, not many studies have been analyzing this area (Melin 2019). Research addressing 

collection aspects for the reverse logistic for EoL LIBs is relevant to investigate best practices and to avoid 

irregular destinations. 

On the other hand, reuse and recycling alternatives for EoL LIBs have been extensively analyzed (Bobba et al. 

2018; Pagliaro and Meneguzzo 2019; Casals et al. 2019; Kotak et al. 2021; Baars et al. 2021; Zhu et al. 2021).  

To define the reuse and recycling step, it is important to understand the ageing process of the lithium-ion battery, 

which will be a key factor to define the best alternative in the waste management chain. LIBs’ degradation differs 

according to the materials used in the anode, cathode, electrolyte, separator, and collector and even depends on 

the fabrication process (Casals et al. 2019). Other factors that influence battery lifespan include the vehicle usage 

pattern, charging frequency, and general conditions of the road (Volan, Vaz, and Uriona-Maldonado 2021). LIBs 

from different types of EVs (BEV, PHEV, HEV) have different aging patterns (Baars et al. 2021). A LIB is 

generally replaced from EV when it has lost at least 20% of the initial capacity. Consequently, reused batteries 

usually start their second life with 80% or less of their original capacity (Casals et al. 2019). However, a battery 

can finish its first life due to ageing as well as from accidents. In any case, a technical battery assessment is 

fundamental to guarantee safety in its second life (Kotak et al. 2021).   

If the battery is appropriate for reuse, it can be either directly reused, dismantled to the module, or dismantled to 

the cell level (Kotak et al. 2021). According to Kotak et al. (2021), direct reuse offers lower cost but reduces the 

alternatives for LIBs’ reuse, whilst dismantling until the cell level is the most versatile alternative but more costly 

due to technical modifications, testing, and implementation of new control systems. Possibilities to reuse EoL 

LIBs include different stationary electric energy storage systems (ESS), such as large-scale electricity and grid 

distribution and medium to small scale installations for energy management, power reliability, and transportation 

applications (Melin 2019). In Global South countries, a very promising strategy would be to reuse the batteries to 

guarantee energy access in rural areas. Considering the multiple alternatives to reuse EoL LIBs and the many life 

cycles it can have, the difficulty to trace and predict when, where, and how will be the destination of EoL LIBs in 

Global South countries is highly amplified.  

Advantages for reusing EV Batteries in the Global South include local independence from international battery 

manufacturing regions, local job creation, reducing the overall resource consumption for production of batteries, 

reducing the maintenance costs of electric vehicles when replacement of battery is required (GIZ 2021). 

Difficulties to reuse EV batteries are related to the many different (and constantly changing) types, chemistries, 

and designs of batteries which enhance the challenge to test and identify alternatives for reuse, low quantity of 

batteries available for larger solutions, and preference for new batteries (GIZ 2021). 

In a circular economy perspective, after second (or even third) life vehicles and their components are recycled. In 

general, EoL vehicles have high recycling rates of bulk materials (steel and aluminium) and hazardous 

components. However, scarce metals embedded in the vehicles are prone to be lost to carrier metals, construction 

materials, and even to landfills (Andersson et al. 2017; Yano et al. 2019). According to Andersson et al. (2017), 

information of scarce metal recycling rates from ELV is still missing.  

The main drivers for recycling of EoL LIBs from electric vehicles include the objective to diminish environment 

and safety hazards; reduce the carbon footprint of EVs; reduce EV costs related to raw material and landfill 

disposal; reduce reliance on mineral extraction; reduce reliance on specific suppliers and generate local economic 

activity (Beaudet et al. 2020). 

Recycling of EoL LIBs is a complex cost and energy intensive industrial process (Mossali et al. 2020). Several 

technologies are available based on mechanical methods in combination with pyrometallurgical and/or 

hydrometallurgical methods (Sobianowska-Turek et al. 2021).  According to Kotak et al. (2021), the main 

recycling option is hydrometallurgical recycling, which is usually accompanied by a pre-processing method that 

can be mechanical or a pyrometallurgical method. The most sought metals in these processes are cobalt and nickel 

due to their economic and ecological benefits (Sobianowska-Turek et al. 2021). The efficiency of the recycling 

process depends on the technology adopted, and according to a review carried out by Melin (2019), lithium and 

cobalt recovery efficiencies are usually more than 90%.  

Global recycling capacity of LIBs in 2016, was distributed in European Countries, Asia and North America. 

European countries host about 47% of the total capacity, and China alone hosts about 32% (Steward et al. 2018). 

It is fundamental to investigate and develop solutions that can be safely and effectively applied in Global South 

countries due to expected growth of such waste stream. An aspect that is important to consider is that so far, EoL 



   

 

   

 

LIBs may have not yet reached a considerable amount that makes it economically feasible to implement recycling 

industries in many Global South countries. For the short term, solutions where the battery could be safely reused 

and have its life extended are extremely relevant. In addition, structuring regional recycling hubs aiming to achieve 

economies of scale can be a solution. Such recycling hubs are an alternative not only to guarantee economic 

feasibility but also environmental protection and generation of income for the population. 

The main technical and financial challenges to boost LIB recycling include the need to guarantee a high-quality 

material output and supplier reliability; competitive collection and recycling costs and revenues when comparing 

to raw material extraction; and low environmental footprint of the technologies (Beaudet et al. 2020).  

Ideally, the amount of waste derived from EoL EV to be landfilled or incinerated would be minimum due to high 

rates of reuse and recycling (Mossali et al. 2020). The final disposal strategies of EoL LIBs around the world vary 

due to changes in number of EoL LIBs, market, legislative framework, and waste management infrastructure 

(Mrozik et al. 2021).  

According to Mrozik et al. (2021), informal disposal or reprocessing occurs due to potential profits of recycling 

activities and if the official recycling or landfilling is very costly. Such informal and illegal disposal is more likely 

to occur in Global South countries due to lack of recycling and disposal facilities as well as deficits in 

environmental laws or their enforcement (Mrozik et al. 2021). Such informal and irregular practices pose a risk 

to the environment and human health. These risks will be detailed in Section 2.2.3. 

The waste management chain for EoL EVs and LIBs in a circular economy perspective is a complex system, 

which requires social, technical, financial, and political efforts to be efficient and successful. 

3.3. Environmental and health impacts of ELV and EoL LIB 

As manufacture of electric vehicles and their batteries ramps up exponentially around the world, concerns around 

relevant environmental and health impacts are being raised. Environmental and health impacts may occur in 

different stages of LIB lifecycle (Christensen et al. 2021). Severe environmental impacts occurring in the mineral 

extraction phase such as local groundwater depletion during lithium mining observed Chile (Kaunda 2020) and 

urgent social issues such lack of safe working conditions and child labour in mining processes in the Democratic 

Republic of Congo (Sovacool 2021). With the goal to understand alternatives to ensure recovery and recycling of 

the critical materials in LIBs and thus minimize extraction, this paper will focus on the potential risks during EoL 

stage, looking at possible contaminations of air, soil, water, and human health hazards throughout the waste 

management chain of EoL LIBs. 

According to Mrozik et al. (2021), in developing countries of the Global South, EoL LIBs are likely to be illegally 

recycled because revenue of LIBs content will be profitable at least to some degree and due to the costly fees for 

appropriate recycling and disposal. Illegal and informal recycling mainly occurs manually and without proper 

infrastructure and safety measures, it poses a risk to workers’ health (Ahirwar and Tripathi 2021). Study from 

Sobianowska-Turek et al. (2021) analysed the chemical safety data sheet of the compounds present in LIBs to 

evaluate the physicochemical and toxic properties of the substances. As a result, it was shown that cathodes and 

electrolytes used in LIBs can cause i.e skin and/or eye irritation, are toxic to organs and may cause allergies and 

carcinogenic effects (Sobianowska-Turek et al. 2021). An example is the Lithium hexafluorophosphate (LiPF6), 

a common organic solvent used in LIBs, which has harmful properties such as flammability and adverse effects 

to organs and tissues. LiPF6, in contact to water at higher temperatures can lead to the formation of hydrofluoric 

acid (HF) which can be fatal if swallowed or if in contact with skin (Sobianowska-Turek et al. 2021). This 

highlights the need to guarantee safety measures when handling EoL LIBs.  

Regarding the disposal of EoL LIBs, according to Christensen et al. (2021), it is unlikely that in the Global North 

countries LIBs will be landfilled on a large scale, due not only to stringent environmental regulations but also to 

the valuable components of EoL LIBs. On the other hand, the majority of the developing nations in the Global 

South lack effective legislations and sophisticated waste management systems with capacities for dismantling and 

recycling high-tech designed batteries in a safe manner (Gollakota, Gautam, and Shu 2020). In practice, EoL LIBs 

in the global South are often recycled and disposed of informally, leading to environmental contamination and 

exposure of workers (Mrozik et al. 2021). When handled irregularly, EoL LIBs leach their contents into the ground 

and the leachate may infiltrate to deeper ground layers, polluting groundwater and can generate run-off to surface 

waters (Beaudet et al. 2020).  

Leaching occurs due to a combination of biological and chemical degradation processes and percolation of rain 

in the waste mass (Kjeldsen et al. 2002). The resulting liquid (leachate) acts as a transportation medium for 

hazardous species (Winslow et al. 2018). LIB leachates will potentially carry various pollutants such as lithium, 

cobalt, nickel, chromium copper metals (in metallic, ionic or nanoparticle forms), additives, electrolyte 



   

 

   

 

degradation products, and dissolved gases (Christensen et al. 2021). Literature review from Mrozik et al. (2021) 

showed that the toxicity of heavy metals from LIBs includes attaching, blocking, and disturbing the 

conformational structure of carbohydrates, lipids, proteins or enzymes.  

Kang et al. (2013) carried out leaching tests and life-cycle impact assessment to appraise abiotic resource 

depletion; human toxicity potential; freshwater ecotoxicity; terrestrial ecotoxicity caused by LIBs used in cell 

phones. As a result, it was shown that cobalt, copper, and nickel are the main contributors to the total hazard 

potential. It was also identified that metals such as cobalt, copper, nickel and lead, under simulated landfill 

conditions, would leach out concentrations that would exceed regulatory limits according to legislations from 

United States of America (Kang et al 2013). Cobalt containing components can be carcinogenic to humans 

(Sobianowska-Turek et al. 2021). Copper effects include persistence, bioaccumulation, toxicity and trophic 

transfer and may lead to hazards such as DNA damaging (Ameh and Sayes 2019). When nickel is released into 

the environment, it binds strongly to small solid particles and thus may accumulate in the soil (Mrozik et al. 2021). 

At higher concentration, nickel is toxic to plants leading to inhibition of growth, photosynthesis, seed germination, 

sugar transport and induction of chlorosis, nacrosis and wilting (Bhalerao et al. 2015). Regarding health impacts, 

nickel may cause lung fibrosis, kidney and cardiovascular diseases and cancer of the respiratory tract (Genchi et 

al. 2020).  

 

Fig. 4 Examples of potential environmental and health hazards of inappropriate handling of EoL LIBs. Based on 

Sobianowska-Turek et al. (2021), Mrozik et al. (2021), Christensen et al. (2021), Genchi et al. (2020), Beaudet et 

al. (2020) and Bhalerao et al. (2015). 

Aiming to understand the overall situation of environmental contamination in recycling sites around the world, 

Houessionon et al. (2021) carried out a systematic review, which investigated the concentration of heavy metal 

levels in soil, water, and sediment collected in electronic waste recycling sites. The available studies revealed that 

these areas generally present heavy metals in the environment in higher concentrations than international 

standards. In addition, the study concludes that there are knowledge limitations regarding the environmental and 

human health risks derived from this contamination and thus should be further investigated. Houessionon et al. 

(2021) pointed out that there are geographical data gaps in areas like Africa, Oceania, Europa, America and even 

Asia (except China) and that there is still a need to carry out research in developing countries. 

To minimize human health risks, capacity development for the workers and appropriate infrastructure is a 

fundamental aspect. Mapping and assessment of the risks associated with the informal refurbishing and recycling 

processes are necessary to apply adequate security measures. Regarding the mitigation of environmental risks, the 

first goal would be to avoid irregular dumping of EoL LIBs. A key aspect is to structure collection points, 

transportation system, and logistics to guarantee that the batteries will be collected and disposed in an 

environmentally friendly way. For such, a structured legislative framework, adequate technology combined with 

capacity development, environmental awareness, financial availability, and political-will are required. 

3.4. ELV and EoL LIB policies and regulations  

ELV is one of the fastest growing and most important waste streams due to its significant volumes and embedded 

materials (D’Adamo et al. 2020). Thus, aiming to protect the environment and promote a circular economy, 
countries have set legislations to regulate management of ELV. However, legislations on ELV are mostly limited 

to Global North Countries, and there is a need to develop and improve legal framework for ELV management and 

recycling for the Global South (Sakai et al. 2014). 

A literature review from Karagoz et al. (2020) undertook an extensive content analysis of published studies on 

the ELV management, in the period from 2000 to 2019. As a result, the review collected 232 studies and classified 

them based on their purpose: “Regulations review”; “Network design”; “Recycling, production & planning”; 
“Literature survey”. The least number of papers (8.19%) were classified as “Regulations review” and the focus of 



   

 

   

 

these papers included only: Italy, European Union, Greece, England and United Kingdom, China, Germany, the 

USA, Japan, Australia, Denmark, Sweden, Turkey, and France (Karagoz et al. 2020). From this result, it is 

possible to indicate two research gaps: lack of research on polices and regulations regarding ELV and more 

specifically lack of research focus on Global South countries.  

A study from Numfor et al. (2021) investigated the challenges and opportunities for ELV recycling in eight 

developing countries (Cameroon, Kenya, Nigeria, Egypt, India, Malaysia, Mexico, and South Africa), the study 

concluded that the greatest challenge encountered is poor policies and, in most cases, the absence of ELV 

management policy. This highlights the need to strengthen governance related to ELV management. 

Regarding the existing regulations concerning EoL LIB, the EU recently published a new proposal for batteries 

and waste batteries. This new regulation has come into force on January 2022 and the Directive 2006/66/EC on 

batteries and accumulators should be repealed as of July 2023. The new directive addresses specifically the 

recycling rates for EoL LIBs. It determines rules on the carbon footprint of electric vehicle batteries, requires 

technical documentation to characterize the content of materials in EV batteries, specifies the minimum amount 

of recovered materials (cobalt, lead, lithium or nickel) that should be present in the LIB batteries. The need to 

have specific amount of recycled materials present in new LIBs, aims to close the loop for such resources. 

However, it adds complexity in the global material flux and to how the producers will comply to such goals 

considering that many used batteries are exported worldwide creating an outflow of recyclable material from the 

EU (Melin et al. 2021).  

When looking to the legislative framework of EoL LIBs, in the Global North, extended producer responsibility 

(EPR) has been widely adopted as a mechanism to guarantee circularity of materials and resources from EoL 

LIBs. EPR is defined as an environmental policy approach in which a producer’s responsibility for a product is 

extended to the post-consumer stage of a product’s life cycle. This concept is based on the ‘polluter pays’ principle 
and aims to avoid environmental externalities in the product lifecycle as well as to shift the financial and/or 

organisational responsibility for treatment and disposal from the municipality to the producer. An important goal 

of EPR is to stimulate producers to incorporate environmental considerations in the design of their products 

(OECD 2001). 

Another concept intrinsically connected to EPR is the shared responsibility concept. All actors in the product 

chain including consumers must participate in order to optimise EPR schemes effects. This is a challenging aspect 

since it requires environmental awareness from society and strong law enforcement (OECD 2001).  

One practical example of how EPR is applied in the Global North is the Packaging Waste Programme in the 

United Kingdom (UK). Producers have to recover and recycle a specific percentage of their packaging waste each 

year (Gupt and Sahay 2015). Different share of responsibility is given for each stakeholder: sellers have 48% of 

responsibility, followed by packers/fillers (37%), converters (9%), and manufacturers (6%). The stakeholders can 

meet their recycling targets themselves or by collective schemes that fulfil all the obligations on their behalf for a 

fixed price (Gupt and Sahay 2015). In the case of packaging waste exported for recycling, compliance is proved 

by issuing of a Packaging Export Recovery Note (PERN), which can be issued only by accredited exporters. 

According to Gupt and Sahay (2015), the overall recovery rate increased by 68% and material-specific recycling 

rates increased by 45%–137% from 1998 to 2004. 

 

In the Global North, where there are already functioning EPR schemes, challenges appear when dealing with the 

increasing export of used products such as used vehicles (OECD 2014). This challenge becomes clear when 

looking in the collection rates of ELVs in European countries. EPR schemes in EU Member states, in the year of 

2011, had a very low collection rate of ELV ranging from 45% to 13% based on what has been put on the market. 

This collection gap in the EPR scheme is mainly explained by ELV illegal dismantling and export practices 

(Monier et al. 2014). These exports create gaps in the product chain mainly because of used products exported to 

developing countries that do not have the capacity to guarantee safe recovery and recycling of the products leading 

to cross-border pollution problems (OECD 2014).   

When looking to the legislative framework of Global South countries for EoL LIBs, according to Ferronato and 

Torretta (2019), one of the challenges faced by the developing countries in EoL batteries management includes 

lack of legislation to deal specifically with these waste fractions.  

Global South countries are either in the process of designing EPR or have inefficient legislations or lack of 

legislation enforcement (Gupt and Sahay 2015). Implementing EPR for recycling systems in developing countries 

includes many challenges such as 1) difficulties to identify producers due to the large number of products 

assembled by small shops that could not bear the financial responsibility of EPR; 2) large number of repair 



   

 

   

 

businesses due to low labour costs and greater second-hand market; and 3) existence of illegal trade market which 

includes smuggling and imitation products (Kojima et al. 2009).  

In developing countries, the lifespan of vehicles and batteries are widely extended and undergo many repair 

processes, which enhances the difficulty to track who should be responsible for the product after such changes. It 

is important to note that extended producer responsibility alone will not solve all problems of managing treatment 

and disposal of ELV and EoL LIB in developing countries. Other policy enforcements, such as tightening border 

controls to combat smuggled products and enforcing intellectual property rights also need to be in place (Kojima 

et al. 2009). In addition, a holistic approach to guarantee local capacity building, infrastructure, economic 

resources is required. Different actors such as research centres, non-governmental organisations, industry, local 

and international government, and workers of the informal sectors must all engage to allow a broad and assertive 

definition of the existing difficulties and together structure possible solutions. 

It is always important to highlight that policies and regulations are fundamental to establish the path to a circular 

economy approach for ELV and EoL LIB management and to enhance reuse, recovery of resources, recycling and 

appropriate disposal of EoL LIBs (Zhao et al. 2021). 

4. Conclusion and recommendations 

The transition from fossil-fuel-based internal combustion vehicles to electric vehicles plays a key role to 

decarbonize road transport and mitigate climate change. As a result, governments, vehicle manufacturers and civil 

society worldwide are acting to speed up this transition and phase-out internal combustion vehicles. It is expected 

that used EVs will enter the already established international trade flow of used vehicles from Global North to 

Global South Countries. Nevertheless, to which extent and which environmental and health impacts that this 

increase in trade flow of used EV will cause in the destination countries are still unknown.  

As seen in item 2.1, international global trade of used vehicles from Global North to Global South countries is an 

existing phenomenon that may enhance decarbonisation of Global South countries due to the growing trade flow 

of used EVs. Global South countries are already seeing that used EVs are an affordable opportunity make the 

transition to zero emission vehicle fleets (UNEP 2020). However, this market still lacks regulation to prevent 

dumping of EoL vehicles and thus lithium-ion batteries in the import countries and shifting of responsibility of 

disposal from the Global North to the South (Roychowdhury 2018). An example of such pollution shifting is the 

characteristic of vehicles imported in West Africa: the average age is of 12-16 years and around 20% of these 

used vehicles have malfunctioning engines (Agbo 2018). In addition, in general, Global South countries have 

deficient governance and infrastructure to deal with the increasing amount of EoL vehicles and LIBs. Aiming to 

support the development of science-based policies to close the regulation gap of the used electric vehicle 

international trade flow, avoid pollution-shifting and guarantee a sustainable transition to e-mobility in the Global 

South countries, recommendations for further investigation are itemized below.  

• Strategies for improvement of data availability of international fluxes of used vehicle trade  

A key aspect that needs consideration is an urgent improvement of data availability of the international trade flow 

of used vehicles. Reliable and accurate database is fundamental to allow adherent policy and decision making for 

short, medium, and long term as well as predicting and assessing future scenarios. Thus, better tracking and 

registration mechanisms as well as strategies to diminish grey and illegal market of used vehicles are important 

to be developed. To structure this database, different sources (i.e. vehicle registration and de-registration 

databases, export and import of vehicles) have to be analysed and cross-checked. 

• Develop scenarios for future used e-vehicle international fluxes from Global North to Global South 

Understanding and prediction of future used EV international fluxes and detailed case-study analysis is required. 

The development of scenarios for future volumes of international trade flows of used EV spanning from the Global 

North to the South must be carried out considering at least the age of the vehicles and its remaining lifespan; the 

expected quantity and quality of EoL LIBs generation in destination countries; the relevance of national export 

and import regulations; international agreements; and environmental and public health threats. 

• Understand the capacity of handling EoL EV and LIBs in the Global South 

 

Development of strategies for handling EoL EVs and LIBs in the Global South are required to avoid loss of scarce 

resources, guarantee workers safety, and protect the environment. To develop such strategies, understanding of 

the actual capacity and situation of the management of EoL EV and LIBs in the Global South is required. 

Legislation and policies with adequate enforcement and engagement from different stakeholders, including the 

informal sector, must be created and supported. Capacity building and learning from successful cases is 



   

 

   

 

fundamental to accelerate the path to sustainable solutions. Furthermore, regional approaches, such as creation of 

consortiums, can allow more cost-efficient and safe management of EoL EV and LIBs. Research and development 

of second use and recycling technologies of EoL LIB for the context of Global South countries are recommended. 

• Assessment and prediction of environmental and health impacts associated to EoL EV and LIBs 

in the Global South 

Determination and assessment of the possible environmental and health risks and impacts derived from the 

management of EoL EV and LIBs in Global South countries are important to support the development of technical 

strategies and policies to prevent future damages. To analyse the environmental risk, different environment 

compartments should be looked into (e.g. water, soil, and air pollution) as well as bioaccumulation of toxic 

substances in livestock and crops. Regarding the health risks, the different exposure pathways of the workers of 

the waste management system and surrounding community must be determined and investigated, aiming to 

understand the health hazards that may be caused by inappropriate handling of EoL LIBs and the possible 

measures to minimize the risks.  

• Investigation and evaluation of the international and national governance strategies for the global 

used vehicle trade flow 

It is fundamental that exporting and importing countries share the responsibility and work together to improve 

regulation and control of this market to avoid the negative impacts of exporting polluting used vehicles. Clear 

definition of the role and responsibilities of each stakeholder is needed. 

Further investigation of polices and regulations regarding EoL vehicle management in Global South countries as 

well as assessment of how they are being implemented is required. Policies such as the new EU Directive on 

batteries and waste batteries, which addresses specific recycling rates for EoL LIBs and requires technical 

documentation to characterize the content of materials in EV batteries, can serve as a model to structure an 

international framework. Nevertheless, it is important to consider the different countries’ realities when setting 

targets. An interesting strategy to develop the necessary legislative framework for managing EoL LIBs is to 

investigate the lessons learned and successful cases of similar waste streams in the destination countries. The role 

that different international players such as industry, non-governmental organizations (NGO), and research bodies 

could play to develop and apply a robust governance must be considered.  

International and national policies and regulations are fundamental to establish the path to a circular economy 

approach for EVs and LIBs, to enhance reuse, recycling, and appropriate disposal of EoL LIBs whilst guaranteeing 

a just transition to electric mobility worldwide. Sound management of EoL LIBs not only enhances the 

sustainability of EV at the end-of-life stage, but also reduces the need for further extraction of precious and scarce 

metals, guaranteeing a closed-loop system for EV LIBs. 
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