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About  UTFPR

Beginning its work in 1909 as the 'School of 
Apprentice Artisans’;

It has approximately 35,000 students;

It has 13 campuses across Paraná State;

One of the largest multi-campus universities 
in Brazil and has the largest offering of 
public places in engineering courses in the. 
country.

2Source: https://www.utfpr.edu.br/
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A b o u t  U T F P R  C a m p u s  Po n t a  
G r o s s a

It has 11 under graduation courses;

It has 8 graduate programs with 8 Master 
Degree courses and 2 Doctorate Degree 
courses;

The Department of Electrical Engineering 
offers:

- Bachelor of Electrical Engineering;
- Bachelor of Mechatronics 

Engineering;
- Industrial Automation Technology 

Degree;
- Master in Electrical Engineering.
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Source: https://www.utfpr.edu.br/



About  LEV

Vehicle Electrification Laboratory:
- Automotive Batteries;
- Automotive Power Electronics;
- EV Charging Infrastructure.
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In t r oduct ion

The Age of  E lect r i f ica t ion  and I ts  Chal lenges  - Wor ld

Exponential growth of the Electric Vehicle 
(EV) market

Increase in the volume of batteries 
reaching end of primary life

Significant residual capacity (70–80%) in 
EV batteries

Environmental impact of disposal and the 
need for sustainable solutions
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Source: https://www.iea.org/reports/global-ev-outlook-2025



In t r oduct ion

The Age of  E lect r i f ica t ion  and I ts  Chal lenges  - Braz i l

Source: https://abve.org.br/abve-data/eletrificadosmhev/

Annual Growth Of Electrified Light 
Vehicles Sales in Brazil (2012 -2024)

There is strong market 
attractiveness in the sale of 
hybrid EVs driven by the 
successful national strategy of 
FLEX-FUEL hybrid vehicles
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In t r oduct ion

Bat tery  Energy  Storage  System (BESS)  – Growing Market

Source: https://www.iea.org/commentaries/scenarios-in-the-world-energy-outlook-2025

Growth in battery energy storage 
system capacity

Increase in new solutions

Rising demand for renewable energy

Application potential

8
Notes: GW = gigawatts; STEPS = Stated Policies Scenario; NZE = Net Zero Emissions by 2050 Scenario; Other  

EMDE = Emerging market and developing economies other than China



In t r oduct ion

Second- l i fe  BESS – A New Solut ion

Economic: Most of the manufacturing cost has already been “paid” during the battery’s first life in 
a vehicle.

Environmental: Lower demand for raw materials, reduced carbon footprint, and waste reduction.

Technical: Modular and scalable architecture and lower performance requirements outside EVs.
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Automot ive  Bat ter ies

EV Bat tery  Assembly

Cell-Module-Pack Structure.

Cells can have different formats.

Modules help simplify manufacturing, 
improve serviceability and manage termal 
behavior. 

Wide variety of arrangements.
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Source: Amir Khajepour, M. Saber Fallah, and Avesta Goodarzi, Electric and Hybrid Vehicles: Technologies, 
Modeling and Control—A Mechatronic Approach (New York: John Wiley & Sons, 2014)



Automot ive  Bat ter ies

EV Bat tery  Assembly

Types of Cell Packaging
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Source: https://www.maxworldpower.com/cylindrical-cell-vs-prismatic-cell-vs-pouch-cell/



Automot ive  Bat ter ies

EV Bat tery  Assembly

Types of Cell Chemistry
- NMC, LFP, and NCA 

are the most commonly 
used chemistries in 
electric vehicle batteries.
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Source: Miao, Y.; Hynan, P.; von Jouanne, A.; Yokochi, A. Current Li-Ion Battery Technologies in Electric Vehicles and Opportunities for 

Advancements. Energies 2019, 12, 1074.



Automot ive  Bat ter ies

EV Bat tery  Assembly

Renault Kangoo Z.E.
 - Battery pack: 48 modules;
 - Module: 4 cells (2S2P).

13Source: https://imprensa.renault.com.br/release/item/novo-kangoo-ze-
autonomia-maior-recarga-mais-rapida-e-mais-simples/pt



Automot ive  Bat ter ies

Operat ing  Condi t ions  of  Bat ter ies  in  E lect r ic  Vehic les
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Second - l i fe  Bat ter ies

Def in i t ion

It is the use of the remaining capacity of a vehicle battery in other 
applications, preferably stationary applications.

15Source: Illa Font, C.H.; Siqueira, H.V.; Machado Neto, J.E.; Santos, J.L.F.d.; Stevan, S.L., Jr.; Converti, A.; Corrêa, F.C. 
Second Life of Lithium-Ion Batteries of Electric Vehicles: A Short Review and Perspectives. Energies 2023, 16, 953



Second - l i fe  Bat ter ies

How to  dea l  w i th  i t?

A three-step approach:

- First step: battery pack disassembling;

- Second step: classification (estimating SoH);

- Third step: BESS designing.
16



Second - l i fe  Bat ter ies

Fi rs t  S tep:  Why not  use  e lect r ic  vehic le  bat tery  packs  
d i rect ly,  w i thout  d isassembly?
The vehicle’s Battery Management System (BMS) is proprietary (OEM-specific)

- It is designed for communication with the vehicle (CAN, ECU, etc.);
- Related problems: fail to start , enter protection mode, operate unsafely, etc.

Performance can be limited by the weakest module/cell
- Modules exhibit uneven degradation (heterogeneity)

Safety Concerns 
- Increased risk of localized failures;
- Increased risk of thermal runaway.

Lack of Design Flexibility
- Voltage and capacity levels can not be changed, not matching BESS requirements. 17



Second - l i fe  Bat ter ies

Fi rs t  S tep:  Bat tery  Pack  Disassembl ing

Stage dedicated to the safe and 
controlled disassembly of battery 
packs, ensuring the integrity of 
components and compliance with 
technical and safety requirements.
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Second - l i fe  Bat ter ies

Second Step:  C lass i f ica t ion  (Est imat ing  SoH)

Stage dedicated to 
assessing the aging level 
of the modules. The 
extracted modules are 
evaluated and classified 
based on electrical, 
thermal, and state-of-
health (SoH) criteria, 
aiming to determine their 
suitability for second-life 
applications.
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Second - l i fe  Bat ter ies

Thi rd  Step:  BESS Designing

At this stage, the qualified 
modules are integrated 
into a prototype battery 
energy storage system 
(BESS), enabling the 
technical, operational, 
and economic validation 
of the proposed solution.
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Second - l i fe  Bat ter ies

State -of -Hea l th  (SoH)  Est imat ion

SoH estimation methods can be categorized into the following main groups:
- Direct Methods (Measurement-Based)

- E.g.: Internal Resistance, Coulomb Counting
- Model-Based Methods

- E.g.: Equivalent Circuit Model (ECM), Kalman Filter
- Data-Driven Methods

- Artificial Neural Networks (ANN), Machine Learning
- Hybrid Methods

- ECM + ANN
- Advanced Diagnostic Methods

- Electrochemical Impedance Spectroscopy (EIS) 21



Second - l i fe  Bat ter ies

State -of -Hea l th  (SoH)  Est imat ion

Internal Resistance Method
- Offline method;
- Requires precision equipment to measure internal resistance;
- It is based on an empirical expression and may present significant error 

for a given cell type;
- Depends on the knowledge of the internal resistance of a new battery, 

which can be a limiting factor for second-life applications;
- Fast to execute, but with low accuracy.
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Second - l i fe  Bat ter ies

State -of -Hea l th  (SoH)  Est imat ion

Coulomb Counting Method
- Offline method;
- It is based on counting the charge delivered (during the charging process) or 

withdrawn (during the discharging process) from the cell;
- The implementation algorithm of this method does not require high 

computational effort;
- Slow to execute, but with high accuracy.
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Second - l i fe  Bat ter ies

State -of -Hea l th  (SoH)  Est imat ion

Kalman Filter Method (EKF/UKF)
- Online method;
- It  requires accurate model (model-based);
- It is robust to noise;
- It presents medium-high computational cost;
- It has high accuracy.

24Source: CORRÊA, Paulo Henrique Strauss. Estimação do Estado de Carga (SoC) e do Estado de Saúde (SoH) por filtro de Kalman estendido considerando a perda de capacidade 
em baterias de veículos elétricos e híbridos. 2025. Dissertação (Mestrado em Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

State -of -Hea l th  (SoH)  Est imat ion

Artificial Neural Network Method
- Online/offline method;
- It requires large dataset;
- It presents high computational cost;
- It has high accuracy.

25
Source: SILVA, Cristiellen Heuko da. Estimativa do estado de carga de baterias utilizando redes neurais 
artificiais. 2025. Trabalho de Conclusão de Curso (Bacharelado em Engenharia Elétrica) - Universidade 

Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

Equiva lent  C i rcu i t  Model  (ECM)

Different approaches

26
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Second - l i fe  Bat ter ies

Equiva lent  C i rcu i t  Model  (ECM)

HPPC Test

27Source: CORRÊA, Paulo Henrique Strauss. Estimação do Estado de Carga (SoC) e do Estado de Saúde (SoH) por filtro de Kalman estendido considerando a perda de capacidade 
em baterias de veículos elétricos e híbridos. 2025. Dissertação (Mestrado em Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

Equiva lent  C i rcu i t  Model  (ECM)

Parameters Extraction

28Source: CORRÊA, Paulo Henrique Strauss. Estimação do Estado de Carga (SoC) e do Estado de Saúde (SoH) por filtro de Kalman estendido considerando a perda de capacidade 
em baterias de veículos elétricos e híbridos. 2025. Dissertação (Mestrado em Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

Equiva lent  C i rcu i t  Model  (ECM)

Validation
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Parameter Value
Chemistry Lithium Iron 

Phosphate (LFP)
Type Prismatic
Nominal Capacity 100 Ah
Nominal Voltage 3.2 V
Maximum Voltage 3.65 V
Minimum Voltage 2 V
Maximum Discharge 
Current

300 A

Source: CORRÊA, Paulo Henrique Strauss. Estimação do Estado de Carga (SoC) e do Estado de Saúde (SoH) por filtro de Kalman estendido considerando a perda de capacidade 
em baterias de veículos elétricos e híbridos. 2025. Dissertação (Mestrado em Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

Equiva lent  C i rcu i t  Model  (ECM)

Modules with Many Cells in Series
- Renault  Zoe:

- Battery pack: 12 modules;
- Module: 16 cells (8S2P).

30

Source: https://www.batterydesign.net/2016-renault-zoe-ze-40/

Source: https://insideevs.uol.com.br/news/523595/renault-zoe-eletrico-nova-geracao//



Second - l i fe  Bat ter ies

Equiva lent  C i rcu i t  Model  (ECM)

Modules with Many Cells in Series
- Thevenin Equivalent Circuit.
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Second - l i fe  Bat ter ies

Thermal  Model  (TM)

CFD (Computational Fluid Dynamics)

32Source: KRESTA, Débora Vitória Argenta. Análise térmica de baterias de segunda vida: uma abordagem utilizando modelo de circuito equivalente e simulação CFD . 2025. 
Trabalho de Conclusão de Curso (Bacharelado em Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

A 60V/2 .5  kWh BESS:  From Research Exper ience  to  
Guide l ines  for  Indust ry  

Design Specifications

33Source: GARCIA, Lucas Ricardo Amato. Sustainable energy storage: a 60 v/2.5 kwh system powered by second-life electric vehicle batteries. 2025. Dissertação (Mestrado em 
Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

A 60V/2 .5  kWh BESS:  From Research Exper ience  to  
Guide l ines  for  Indust ry  

Modular Design
- 60 V modules: enable manufacturing, testing, and 

validation with lower safety requirements;
- Versatility, customization, and scalability;
- Reduced investment and development costs;
- Flexibility to meet demand;
- Ease of maintenance, repair, and recycling;
- Uncertainty management;
- Requires a control and management unit.

34Source: GARCIA, Lucas Ricardo Amato. Sustainable energy storage: a 60 v/2.5 kwh system powered by second-life electric vehicle batteries. 2025. Dissertação (Mestrado em 
Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

A 60V/2 .5  kWh BESS:  From Research Exper ience  to  
Guide l ines  for  Indust ry  

Disassembling Process
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Second - l i fe  Bat ter ies

A 60V/2 .5  kWh BESS:  From Research Exper ience  to  
Guide l ines  for  Indust ry  

Data Acquisition and SoH Estimation
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Second - l i fe  Bat ter ies

A 60V/2 .5  kWh BESS:  From Research Exper ience  to  
Guide l ines  for  Indust ry  

Data Acquisition and SoH Estimation
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Second - l i fe  Bat ter ies

A 60V/2 .5  kWh BESS:  From Research Exper ience  to  
Guide l ines  for  Indust ry  

SoH Estimation (Coulomb Counting)

38Source: RIBEIRO, Víctor Trucolo. Desenvolvimento de uma infraestrutura de testes para classificação de baterias de segunda vida. 2025. Trabalho de Conclusão de Curso 
(Bacharelado em Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

A 60V/2 .5  kWh BESS:  From Research Exper ience  to  
Guide l ines  for  Indust ry  

Second-life BESS Validation
- Proof-of-concept (POC) Prototype

39Source: GARCIA, Lucas Ricardo Amato. Sustainable energy storage: a 60 v/2.5 kwh system powered by second-life electric vehicle batteries. 2025. Dissertação (Mestrado em 
Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

A 60V/2 .5  kWh BESS:  From Research Exper ience  to  
Guide l ines  for  Indust ry  

Second-life BESS Validation
- PCS: Bidirectional Power Supply EA PSB 11000-40
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Second - l i fe  Bat ter ies

A 60V/2 .5  kWh BESS:  From Research Exper ience  to  
Guide l ines  for  Indust ry  

Second-life BESS Validation
- Charge/Discharge Profiles (CC/CV Charging Method, CC Discharging, 35 A)

41Source: GARCIA, Lucas Ricardo Amato. Sustainable energy storage: a 60 v/2.5 kwh system powered by second-life electric vehicle batteries. 2025. Dissertação (Mestrado em 
Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

A 60V/2 .5  kWh BESS:  From Research Exper ience  to  
Guide l ines  for  Indust ry  

Second-life BESS Validation
- Individual Cell Voltage Trajectories and Pack Imbalance (∆𝑉𝑉 ) 

42Source: GARCIA, Lucas Ricardo Amato. Sustainable energy storage: a 60 v/2.5 kwh system powered by second-life electric vehicle batteries. 2025. Dissertação (Mestrado em 
Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

A 60V/2 .5  kWh BESS:  From Research Exper ience  to  
Guide l ines  for  Indust ry  

Second-life BESS Validation
- Temperature Profiles

43Source: GARCIA, Lucas Ricardo Amato. Sustainable energy storage: a 60 v/2.5 kwh system powered by second-life electric vehicle batteries. 2025. Dissertação (Mestrado em 
Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

A 60V/2 .5  kWh BESS:  From Research Exper ience  to  
Guide l ines  for  Indust ry  

Second-life BESS Validation
- Operation under Pulsed Discharge Condition

44Source: GARCIA, Lucas Ricardo Amato. Sustainable energy storage: a 60 v/2.5 kwh system powered by second-life electric vehicle batteries. 2025. Dissertação (Mestrado em 
Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

A 60V/2 .5  kWh BESS:  From Research Exper ience  to  
Guide l ines  for  Indust ry  

Second-life BESS Validation
- Simulation Results x Experimental Results

45Source: GARCIA, Lucas Ricardo Amato. Sustainable energy storage: a 60 v/2.5 kwh system powered by second-life electric vehicle batteries. 2025. Dissertação (Mestrado em 
Engenharia Elétrica) - Universidade Tecnológica Federal do Paraná, Ponta Grossa, 2025.



Second - l i fe  Bat ter ies

Star tups  and Companies  

Global
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Second - l i fe  Bat ter ies

Star tups  and Companies  

Brazil
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Second - l i fe  Bat ter ies

Appl icat ions
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Second - l i fe  Bat ter ies

Conclus ions

Challenges vs Opportunities Framework

49

Disassembling Process: Time and Cost
Battery pack design-oriented for second-life use
Standardization across packs
Automation

Classification: SoH Estimation
Battery passport (Regulation)
AI-based solutions for modeling and estimation (Generative-AI, Transformer, 
AutoML)



Second - l i fe  Bat ter ies

Conclus ions

Challenges vs Opportunities Framework
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BESS Designing: Cost and Safety
Integrated Mechanical, Electrical and Thermal Design (Multiphysics CAD) 
Redundant Protection
RUL – Remain Useful Life
BMS Design



Second - l i fe  Bat ter ies
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Second - l i fe  Bat ter ies
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