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USED AUTOMOBILE BATTERIES AS A NEW 
DEVELOPMENTAL AND ECOLOGICAL 

CHALLENGE 
 Abstract: In order to reduce the consumption of fossil fuels 

and the risks of climate change, the automotive industry 
gradually make for cleaner and more sustainable 
technologies. Based on that, electric vehicles are one of the 
possible solutions. This represents a new, both developmental 
and ecological challenge for the whole community. 
Paper present different technologies of electric vehicles as 
well as the technologies for their charging. Legislation is an 
unavoidable factor but it is not sufficiently regulated by 
responsible bodies. While batteries presents main part of 
electric vehicles and their recycling and reuse are analyzed in 
the paper with example of their management strategy. 
Keywords: Electric Vehicle, Technology, Battery, Charging, 
Recycling 

 
1. INTRODUCTION 

 
Much has changed in the road 

transportation sector in recent years. While 
conventional automobiles powered by internal 
combustion engines (ICE) continue to dominate 
the automobile market, the electrification of 
transportation, including passenger vehicles as 
well as public transit, is occurring at an 
increasing pace. Given that electric vehicles 
(EVs) that are powered by clean energy 
produce no tailpipe emissions, the 
electrification of transportation offers an 
opportunity to reduce greenhouse gas (GHG) 
emissions from the transportation sector, as 
well as local air contaminants [1]. 

As the representative of energy-saving and 
environmentally friendly vehicle, EVs have 
become the inevitable trend of development of 
the automobile industry [2]. To date, over 1.15 
million EVs are on roads in the world [3], and 
their international sales will reach the range 
between 5.2 million and 19.8 million in 2020 
[4]. 
 
2. NEW TECHNOLOGIES AND 
TRENDS IN VEHICLE 
PRODUCTION 
 

With ever increasing concern on 
environmental protection and energy 
conservation, there is a fast growing interest in 

EVs from automakers, governments and 
customers. As electric propulsion is the core of 
EVs, it is a pressing need for researchers to 
develop advanced electric motor drives for 
various classes of EVs, including the battery, 
hybrid and fuel cell vehicles [5]. 

In general, there are three types of EVs. 
The primary difference in these vehicles is 
related to their propulsion systems: 
Conventional hybrid electric vehicles (HEVs) – 
HEVs are a form of conventional automobile 
that is propelled by an ICE, as well as an 
electric motor and battery, which can provide 
additional power to the drive wheels during 
acceleration and to maintain speed. In HEVs, 
the ICE sends power to the electric motor and 
recharges the battery. As a result, ICEs do not 
need to work as hard to propel the vehicle, and 
can also be smaller than their traditional, non-
hybrid counterparts, which increases fuel 
efficiency. HEVs operate entirely on fuel and 
their batteries cannot be charged by plugging in 
to the electricity grid through a power outlet.  
Plug-in hybrid vehicles (PHEVs) – PHEVs 
contain similar features as battery electric 
vehicles, but are also supplemented by an ICE. 
Therefore, they provide for both the benefits of 
an EV and the capacity of a traditional 
automobile. PHEVs can run solely on 
electricity, generally for around 60 kilometers 
on a full charge, but also employ an ICE as a 
backup. When the electric battery is drained of 
its energy, the ICE powered by gasoline or 
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diesel takes over and can either propel the 
vehicle or recharge its drained battery. This 
type of EV produces tailpipe emissions when 
the ICE is operating but has significantly 
improved fuel economy over traditional ICE 
automobiles and is not limited from a range 
standpoint.  
Battery electric vehicles (BEVs) – BEVs are a 
form of plug-in EV propelled entirely by 
electric motors, which receive power through 
specialized lithium batteries. These batteries are 
primarily charged when the vehicle is not being 
driven and must be recharged once they are 
drained. The power train of a BEV consists of a 
battery, a power convertor and electric motor 
instead of an engine, transmission, belts and 
pulleys. BEVs fully displace ICEs in favor of 
electric motors, and thus they do not consume 
petroleum, nor emit tailpipe emissions in their 
everyday operation.  
Without recharging, most BEVs operate within 
a range capacity of between 100-200 kilometers 
depending on the vehicle; however, some 

higher-end models have a range more than 300 
kilometers [1]. 
 
2.1 Charging infrastructure trends  

Together with the growing adoption of 
EVs, the technology and infrastructure to 
charge them is developing as well. In several 
European countries, public sector has taken the 
lead in installing infrastructure where PHEV 
and BEV drivers can plug in to charge. EV 
charging has some marked differences from 
conventional ICE refueling, and as a result, 
drivers show a different charging behavior. 
Technological developments improving the 
driving range of BEVs, as well as an increasing 
availability and speed of charging 
infrastructure, could change charging behavior 
and the need for charging infrastructure in the 
future [6]. 

 
Table 1 - Electric powertrains: Charging infrastructure archetypes [6] 

 Gasoline/Diesel Hydrogen Battery   
Fueling gasoline 
or diesel at a 
petrol station 

Fueling 
hydrogen at a 
hydrogen 
refueling station 

„Wired“ 
charging using a 
plug 

Battery 
swapping 

Induction 
charging 

Description Conventional 
gasoline or diesel 
refueling 

Hydrogen 
refueling 
(similar to 
natural gas 
refueling) 

Plugging station 
using a cable 
and plug 

Replacing a 
battery for a 
fully charged 
one at a spec. 
swapp. stat. 

Battery in the 
car is charged 
by wireless 
induction 
charging 

Time needed1 5 min 5 min 4-8 hours, 
20-30 min 

5 min ~2-8 hours2 
Suitable for 
which power-
trains 

ICE, HEV, PHEV, 
REEV (gasoline) 

FCEV, REEV 
(hydrogen) 

PHEV, BEV 
suitable for 
plug-in charging 

Special BEVs 
suitable for 
baterry 
swapping 

Special BEVs 
suitable for 
induct. charg. 

Example car All ICEs Hyundai ix35 
(FCEV) 

Renault Zoe 
(BEV) 

Ren. Fluence 
(Special) 

N/A (few pilot 
cars) 

Current 
availability in 
Europe 

Widely: ~131000 
stations 

Very limited: 
~80 stations 

Limited: 
˃20000 (slow) 
˃1000 (fast) 

Very limited: 
~50 stations 

 

1Time needed for full refueling or recharge. For fast charging of battery, time to reach 80% of battery 
capacity is commonly used 
2Since induction charging is still in pilot stage, common duration and power level are not yet established, 
power levels of 22kW have been achieved 
SOURCE: Europia, Fuel Cell Today, Public Sources, McKinsey 

Practice says that, in underdeveloped 
countries, customers of this types of vehicles 

are initially forced to plug-in cars from home 
chargers. Concerning our country is concerned 
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that Serbia needs about 1,000 chargers until 
2020. The Serbian Chamber of Commerce [7] 
as launched an action to gather everyone to first 
define the legal framework and the standards 
that must be fulfilled by those who charge the 
chargers. 

 
3. LEGISLATIVE ASPECT 
 Taking into account the effects of human 
activities on the environment has become one 
of the criteria for assessing decision-making 
process in the industrial world. In this context, 
the automotive industry is fully involved, as it 
was among the first industries subject to 
environmental regulations. Directive 
2000/53/EC [8] lays down requirements for the 
treatment of end-of-life vehicles (ELV) in 
Europe. In addition, Directive 2006/66/EC [9] 
sets the legal framework for the treatment of 
batteries and accumulators in Europe. This 
directive requires particularly for electric 
vehicle batteries the implementation of:  A dedicated collection system at no cost to 

the end user.  A system of treatment, recycling and 
disposal of batteries waste [10]. 
European Parliament Directive 94/2014 

[11] requires the development of new 
technologies and innovations to improve air 
quality in populous areas and urban and 
suburban environments. 

 Figure 1 - Planned emission standards in 
select regions [6] 

  
Each member state should determine the 

infrastructure for charging electric vehicles at 
collective parking lots near residential blocks 
and municipalities by the end of 2020. A 
charging place that allows the power transfer of 
low power for an electric vehicle is equal to 3.7 
kW, or equal to or less than 22 kW installed in 
private houses. Place for charging high power 
is greater than 22 kW for an electric vehicle. 
Countries should decide whether the pumps are 
small or large power. 

One of the lot of aims of the EU is 
negotiation with the member states that by 
2020, will be introduced in Europe 8 to 9 
million electric vehicles, but the targets vary 
from country to Member State. For example, 
France targets 2 million electric vehicles on the 
road by 2020, Germany 1 million by the same 
year, Spain has set itself the task of reaching 
that number by 2024, the Netherlands has set 
itself the target of 200 000 electric cars by 
2020; The ambition is to reach 1 million of 
these cars only 5 years later until 2025. Tending 
to these goals are difficult for most countries 
but this is only a signal for a strong 
commitment and support for the adoption of 
electric cars by large governments [12]. 

 
4. MANAGEMENT STRATEGY 
 

The general life cycle of a product 
includes the process of extraction of raw 
materials, manufacturing, usage, and end of 
life. In terms of the high potential for energy 
storage and recycling, waste EV Lithium ion 
batteries (LIBs) life cycle should be extended 
by implementing a treatment strategy 
comprising reuse in EVs, cascaded use in 
stationary applications, recycling, and final 
disposal (see Figure 2.) 

 

 Figure 2 - Strategy of waste EV LIBs treatment [13] 



 

96 M., Vulić, E. Desnica, A., Pavlović    

 
Reuse in EVs: in the case of waste EV 

LIBs still met service requirements, they could 
be reused in EVs.A system of treatment, 
recycling and disposal of batteries waste [10]. 

Cascaded use in stationary applications: 
for the most part, waste EV LIBs’ residual 
capacity amounted to less than 80% of their 
initial capacity, so they failed to meet the 
criteria for automotive service. There was still 
sufficient energy and power capacity, and could 
be employed for cascaded use in less 
demanding applications such as renewable 
energy storage [13]. 

Recycling: for the waste EV LIBs that 
were not accessible for cascaded use, valuable 
materials in them should be recycled and 
utilized to the greatest extent. The valuable 
materials obtained could be used as raw 
materials in the manufacturing of new EV 
LIBs. 

Final disposal: after the recycling process 
of waste EV LIBs, residual wastes may be toxic 
and harmful, so they should go through final 
disposal without causing more pollution 
problems [4]. 
 
4.1 Lithium ion batteries predictions  

Due to their lightweight, high energy 
density, and long cycle life, lithium ion 
batteries (LIBs) have been considered as a 
promising energy storage solution and widely 
applied in EVs [14]. Generally, LIBs are 
considered to have reached their end of life in 
EV application when losing more than 20% of 
their original capacity [15], and the average life 
span could be anywhere between 5 and 10 
years [16].  
 

 Figure 3 - Predictions of LIBs 2017-2030. [18]  
With LIBs reaching its end of life, a large 

number of waste EV LIBs have been entering 
the waste stream. It was estimated that the 
global annual quantity and weight of waste 
LIBs would surpass 25 billion units and 
500,000 tons, respectively, in 2020 [17]. 

Projected market demand for lithium-ion 
batteries used in electric vehicles from 2017 to 
2030 (in gigawatt hours) is shown in Figure 3. 
[18]. 
 
4.2 Recycling process of Lithium ion 
batteries  

With the rapid development of lithium ion 
battery and electric vehicles in recent years, the 
recovery of lithium battery has also become a 
hot area of research [19]. 

In summary, the process of recycling 
combines two stages (see Figure 4.). At the first 
stage, mechanical recycle process (also known 
as physical process), includes disassemble, 
crushing, screening and separation. The 
purpose of this process is returning of lithium-
ion batteries out of electric vehicles and 
separation  

 Figure 4 - Recycling process for spent LIBs 
[20] 

 
4.3 Seceond-life electric vehicle bateries  

Batteries are the most expensive 
component of an electric car. Upon retirement, 
the electric vehicle batteries could still retain 
70-80% of their initial capacity. Recycling the 
retired batteries is still at a cost today and 
entails extra energy and potential pollution. 

Meanwhile, more and more companies are 
exploring how to extract value by repurposing a 
second-life for those retired but still capable car 
batteries in less-demanding applications such as 
stationary energy storage. Major automotive 
companies like Nissan, Renault, BMW and 
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BYD all have launched various projects and 
business initiatives on second-life batteries. 

In IDTechEx’s brand new report „Second-
life Electric Vehicle Batteries 2019-2029“, a 
forecast is included on the available capacity 
from second-life batteries over the next ten 
years, together with a comprehensive analysis 
on the potential applications, current status of 
industrial implementations, the regulatory 
landscape, key technologies, business models 
as well as the value chain of second-life 
batteries [21]. 
 

 Figure 5 - Second life electric vehicle battery 
annual available capacity [22] 

 
As an example of good practice we aim a 

promising recycling process to exploit the full 
potential of a circular economy which was 
developed in the German research project 
LithoRec [23]. The LithoRec process aims at an 
economically viable and ecologically 
compatible recycling of lithium-ion batteries 
from electric vehicles. It comprises three 
subsequent recycling steps: disassembly, 
mechanical conditioning, and 
hydrometallurgical conditioning. After 

discharge, the batteries are disassembled to cell 
level. In addition to the cells, reusable or 
recyclable components and parts like 
electronics or electronic conductors are 
recovered. In mechanical conditioning, the 
batteries are shredded. Volatile organic matter 
(electrolyte with conducting salt) is separated 
for disposal. The coarse-grained fraction is 
further grinded, screened, and sorted. Amongst 
others, aluminium, copper, and cathode coating 
fractions are recovered. Subsequently, in 
hydrometallurgical conditioning, the cathode 
coating containing the active material is 
conditioned with various electro-chemical 
processes to regain lithium for a direct reuse in 
active material production [24]. 
 
5. CONCLUSION 
 It is inevitable that EV batteries in the near 
future present big environmental and recycling 
challenge. Therefore as soon as possible is the 
necessary to take all measures, both legislative 
and management strategies in order to 
adequately prepare for the challenges that EV 
batteries will put in front of the ecological 
community. Beside that, not less important 
aspects are technologies of making lithium 
batteries for EVs as well as the world's lithium 
reserves which should to pay close attention. 
All this tells that a serious challenge is set in 
front of us in the near future. 
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