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Electric Vehicles (EVs): key figures

Cost structure of conventional 
ICEVs and EVs. Main 
differences:
• Battery Pack
• Drivetrain

Cost. The real take-off for EVs will happen from 
the second half of the 2020s when electric cars 
become cheaper to own than ICE models. 
Manufacturing improvements, also for battery 
energy density, are set to cause a further fall of 
more than 70% by 2030.



EV and batteries: the main component

EV TYPES

1. Full electric vehicle (Tesla): charge with 

external energy source, without ICE (internal 

combustion engine). 

2. Hybrid electric vehicle HEV (Toyota): ICE 

and electric battery are complementary. 

Battery charges with kinetic energy during 

driving. 

3. Plug-in electric vehicle PHEV (Chevrolet, 

Mitsubishi, Honda, BMW): battery could be 

recharged both by an external energy source 

and by energy recovery during driving.
Battery technology for 

vehicle applications

EUROBAT e-mobility 

Battery R&D Roadmap 

2030



Remanufacturing opportunities for second-life 
modules

Second-life stationary
systems (renewable
energy, home, office)

E-mobility

Characteristics:

• Average life-time 8 years.

• Current cost 150 Euro kWh.
• Residual capacity >80% (24 kWh on average).
• Warranty for manufacturers usually for 5 years (e.g. Tesla, Nissan). 

Goal: a new process-chain for the re-use of Li-Ion battery cells under a circular
economy perspective, with a cross-sectorial approach. 

Collection and pack 
dismantling



Second-life e-mobility batteries in stationary 
applications: possibilities, opportunities

First example: residential applications. With RES (Renewable Energy Source) integration with the grid such as photovoltaic, the
electricity need can be met during the daytime. During the evening, however, when there is no PV generation, the peak
demand occurs and thus necessitates using energy storage systems such as batteries. Typical capacity: 3 – 15 kWh. Examples:
Nissan xStorage, Tesla Wall.



Second-life e-mobility batteries in stationary 
applications: possibilities, opportunities

Source: markets and markets.

The global residential

energy storage market is

projected to reach USD

17.5 billion by 2024 from

an estimated USD 6.3

billion in 2019, at a CAGR

of 22.88%.



Second-life e-mobility batteries in stationary 
applications: possibilities, opportunities

Second example: commercial and
industrial applications. Applications
as load levelling of RES-combined
electric systems can be scaled also to
bigger environments as commercial
buildings or industries. Of course,
major capacity and power are
needed. For this reason, automotive
battery packs need to be rearranged
in bigger architectures.



Second-life e-mobility batteries in stationary 
applications: possibilities, opportunities

Third example: full-grid applications. With higher shares of photovoltaic and wind-turbine electric installed in
modern power grids, it is necessary to match distributed and intermittent power generation with load demand for
all times within the entire grid.

Renault “Advanced Battery Storage” program
aims to build the biggest stationary energy
storage system using EV batteries ever
designed in Europe by 2020 (power: 70 MW /
energy: 60 MWh).



Challenges and requirements for an effective 
implementation of second-life strategies for batteries

Technical challenges:

• High variability of input product design

• High variability in the conditions of post-use batteries

• Lack of testing criteria and standard certification
procedures:

• SOH and residual life-time;

• Acceptability for re-use;

• Performance regenerated modules.

• Safety and egonomy requirements for humans.

• High quality and efficiency standards. 

Flexible and adaptable
technologies

Standard testing procedures

Decision Support System for 
performance-driven re-assembly

Human-centric and safe-by-
design systems

Automation, traceability and 
repeatibility

Availability of information 
from producers and in the use 

phase

Need to develop a new generation of Safe and Smart De-and Remanufacturing systems



Challenges in e-mobility batteries remanufacturing: 
focus on disassembly and reassembly

Substantial differences in the design of battery modules of different car manufacturers and availability of
different types of joints within the same battery make the disassembly phase complex and challenging.
Moreover, different disassembly strategies affect the reassembly feasibility and easiness.

Cylindrical

Prismatic

Pouch

TYPE OF CELLS



Challenges in e-mobility batteries remanufacturing: 
focus on disassembly and reassembly

Substantial differences in the design of battery modules of different car manufacturers and availability of different
types of joints within the same make the disassembly phase complex and challenging. Moreover, different
disassembly strategies affect the reassembly feasibility and easiness.

TYPE OF WELDING



Challenges in e-mobility batteries remanufacturing: 
focus on disassembly and reassembly

Substantial differences in the design of battery modules of different car manufacturers and availability of
different types of joints within the same battery make the disassembly phase complex and challenging.
Moreover, different disassembly strategies affect the reassembly feasibility and easiness.

VW eGOLF EXAMPLE: screws, plugs, pins, rivets, etc.



Challenges in e-mobility batteries remanufacturing: 
focus on disassembly and reassembly

Batteries are also dangerous products to handle, where electric, thermal and chemical hazards coexist.
Moreover, uncertainties on the end-of-life state makes each battery unique.

EXAMPLE: cells barrelling during a disassembly test

A VW eGolf battery module used as sample in a
disassembly test at STIIMA-CNR labs has been
over-discharged, so that the electrolyte became
gaseous from liquid.
Due to internal pressure, Li-Ion cells had a strong
barrelling pressure release right after the removal
of the metallic case, which was keeping the system
pressurized.
The cells where then un-reusable.



Challenges in e-mobility batteries remanufacturing: 
focus on disassembly and reassembly

Different disassembly strategies affect the reassembly feasibility and easiness.
Example: metal busbars welded to the cells by laser welding.

Cu

Al



Challenges in e-mobility batteries remanufacturing: 
focus on disassembly and reassembly

Different disassembly strategies affect the reassembly feasibility.
Example: metal busbars welded to the cells by laser welding. Different cutting strategies.

A single cut in the middle of the busbar make the cells removal more difficult and risky 
but enables a single re-welding in the reassembly phase.

A double cut of the busbar make the cells removal easy but then these cells need to be 
reassembled with a new extra busbar.



Challenges in e-mobility batteries remanufacturing: 
focus on disassembly and reassembly

Different disassembly processes affect the reassembly feasibility.
Example: metal busbars welded to the cells by laser welding. Different cutting processes.

Cutting the busbar by laser increases the temperature of the busbar itself. An 
uncontrolled heat spread can degrade and damage the Li-Ion cells, also increasing the 

risk of pressure breakdown and explosion.



Challenges in e-mobility batteries remanufacturing: 
focus on disassembly and reassembly

Different disassembly processes affect the reassembly feasibility.
Example: metal busbars welded to the cells by laser welding. Different cutting processes.

Cutting the busbar by milling generates conductive chips which may create a bridge 
between Li-Ion cells poles, generating a short-circuit.



CarE-Service project

The CarE-Service project aims at

demonstrating Innovative Circular

Economy Business Models based

on advanced mobility

services exploiting hybrid and

electric vehicles. Such business

models will entail re-use,

remanufacturing and recycling of

components and materials of hybrid

and electric vehicles for applications in

the automotive sector as well as in

other sectors.



CIRC-eV Interdepartmental Laboratory Circular Factory for 
the Electrified Vehicles of the Future

Politecnico di Milano has recently supported the developent of a new Interdepartmental Laboratory, 
that will be located at the Mechanical Engineering Department, called CIRC-eV, aiming at developing

and testing new circular solutions for Li-Ion batteries re-use. 7 Departments are involved.

Smart I4.0 modular system for battery
disassembly, reassembly and mechanical pre-

treatment for recycling.

Thermally controlled room, 
frequency response
analyzer, IES 
(Electrochemical Impedance
Spectroscopy)

Battery testing, characterization, and residual
life-time analysis.

Operation monitoring
(disassembly, US welding, 
mechanical joining, cutting
and size reduction), operator 
support system, thermal
battery monitoring during
operations.



Conclusions

EVs and car-sharing

(non-ownership

business model)

Better control of post-

use cars and 

components

High Collection rates

(e.g. for batteries)

• Networking: In Europe, battery collection is regulated by Directive 2006/66/EC 

which is implemented by specific consortia, currently cooperating with recyclers. 

At the same time, automotive remanufacturers perform remanufacturing on car 

components (e.g. APRA). Shall they cooperate in the future? 

• Information sharing: To enable this new business model, new disassembly 

guidelines shall be given to car dismantlers. In general, information sharing, from 

the car/component design, dismantling to the remanufacturing is of strategic 

importance in EVs (New H2020 project DigiPrime).

• Scalability: The development of interoperable mobile processing units is 

strategic for business uptake with low investment during the market ramp-up phase.

• Certification and Safety: Without a repeatable and certified remanufacturing 

process, enabling to provide warranties on the second-life product, limited market 

attractiveness is expected.
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Remanufacturing, direct module reuse or 
recycling? Cobalt value trend

Trend of Cobalt price. Source: Attualitix. World Atlas.
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Base scenario:
• Willingness to pay= 70%

• Cobalt value = 44,86€/kg

• Decreasing trend of BOL battery 

price.

• Collection rate: 80%.
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Scenario 3:
• Willingness to pay= 70%

• Cobalt value = 44,86€/kg

• Constant trend of BOL battery price 

(equal to 150 €/kWh)
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