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Motivation & Context

e Rapid growth of electric vehicles
* Surge in end-of-life battery flows
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Context * Pressure on logistics and sustainability
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SECOND

Problem
Definition

The
popularity of
EVs
worldwide

EVBs

165

Shorter First
Life than EVs

When
batteries
leave
vehicles, they
are still
valuable

Ko

SOH (70-
80%)
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valuable, especially
because they
contain critical raw
materials such as
SSSSSS SOH te”S us hOW ‘healthy’ the b ||th|um’ nickeL and

cobalt.

Problem
Definition

100% SOH — brand new battery

. Over 12
 million EVBs
70-80% SOH — still usable (second life) | will reach .
end-of-life by |
2030. '

<70% SOH — end-of-life / recycling
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Resea rch Ga pS
« High operational costs
« Lack of coordination among

Research Gap StakehOIderS

- Fragmented and inefficient

networks
« Uncertainty in return quantity and
quality
« Limited infrastructure for
collection and processing

TTTTT

Challenges in Current Reverse Logistics and
CLSC Systems
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Research Gap
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Resea rch Gaps '

From an optimization perspective

 Limited ability to incorporate collaboration among multiple actors
e Shared use of logistics infrastructures is rarely considered

From a business model perspective

 Circular business models are conceptually well-developed, with limited integration of
sharing economy principles

 However, they mainly lack quantitative validation

* Their economic and operational feasibility remains uncertain
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To incorporate multi-stakeholder collaboration into reverse 01
logistics systems. g

02

To design a feasible use-oriented business model
shifting from ownership to service.

To develop a quantitative
framework evaluating economic
and environmental performance
of shared logistics networks.

03

To assess the impact of
sharing economy on:
recovery costs

network efficiency

To provide decision-support insights for

adopting sharing economy practices in EVB
industry.
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— Circular Use recycled materials and develop
Economy Pre-use Phase Redesio alternatives (e.g., Na-ion).
Innovative design cdesign
Proposed (Prevention)
Approach . . o
D 0 B e T T e Employ in less demanding applications.
Refurbish or remanufacture battery packs
= (repair or rebuild).
g
k= -
5 Recycle
2 Encorm Pyrometallurgy, hydrometallurgy, and
&) ergy . .
2 Disposal direct recycling.
Z Post-use Phase Landfill
5 Application of material Generate energy by incinerating plastics
o and organic materials.
- Dispose of batteries selectively.
— Non-selective and uncontrolled disposal
Linear of batteries.
Economy

Electric vehicle battery waste hierarchy model.

Source: Mahboubi, A., Keivanpour, S., & Lamghari, A. (2025). Promoting circular systems in electric vehicle batteries: A use-oriented business model with sharing economy and reverse logistics integration. International Journal of Green Energy.
https://doi.org/10.1080/15435075.2025.2553177
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FIFTH

Proposed
Approach

Sharing Economy + Reverse Logistics = Shared
Reverse Logistics

This study: Sustainable SRL
business model

Mahboubi, A., Kazemi Miyangaskary, M., Keivanpour, S., & Lamghari, A. (2025). The sustainable shared reverse logistics framework: A blueprint for EV battery recovery. Circular Economy and Sustainability.

https://doi.org/10.1007/s43615-025-00623-2
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FIFTH

Proposed
Approach
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Sustainable KPIs
based on TBL —<
objectives

Shared
Reverse

—

Economic KPIs —

Environmental

KPIs

Social KPIs
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s Logistics

Financial viability (ROI for sustainable practices)
Revenue from shared activities

Utilization rate of shared assets: percentage of time-
shared resources

Number of partnerships for sustainability

Cost savings from shared resources

CO2 emission reduction through shared use

Energy efficiency of shared spaces (e.g., warehouses,
plants)

Percentage reduction in waste from shared products or raw
material

Recovery, return, disposal rate

Number of trips

Lifespan of products

Reduction percentage in duplicative assets due to sharing

Social impact indicators (e.g., number of new jobs)
Community-based indicators (e.g., number of community
engaged members)

Number of users who gained access to shared resources

Transportation Sharing

Facility (or Capacity) Sharing

Used Parts Sharing



Battery
Swapping
System
(BSS)

Battery-
as-a-
Service
(EEER))

access the
product
without
owning it.




These models shift from ownership

to access =>more efficient and
Results & Key circular use of EV batteries. BSS BaaS

Insights

Battery is provided as a

Users exchange depleted .
service, separate from the

Battery batteries for charged ones. :
Swapping vehicle.
System
(BSS)
Users Examples:
access the Example: * Pay-per-use battery
product e Swap stations for EVs e Subscription-based battery
without Sk
Battery- owning It. Kev Ideas: Key Ideas:
as-a- v L * Customers buy the EV
Service e Reduces charging time .
(Baas) * Enables shared battery without the battery
: e Battery is managed by a
infrastructure

service provider
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Mathematical Optimization Model (MILP) BaaS
 Trade-off: Economic & Environment Objectives

max Z, = Z |Re, — (FC; + FLC, + SC, + RLC, + IC,)] Baseline
teT

Forward Inventory

Cost

Revenue Logistics Cost

Max
Profit

1

min Z, = Z (GHGE'™t + GHGE™")
teT

Min GHG
emissions

X 2



SIXTH

Results & Key
Insights

Criteria BSS Baa$
Infrastructure Ownership-
System Type sharing based model
Profit +0.5% to +0.6% +11%
Improved via
GHG Emissions -2% to -4% higher recovery
efficiency
Recovery . Slight ~4x increase
Volume improvement
Battery Flow : .
Control Medium High
Coordination Shared Centralized
Level infrastructure coordination
Overall Moderate Strong
Performance improvement improvement




uture is not just electric...
Is circular and shared.

Conclusion
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