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Fuel Cell and Lithium-ion battery hybrid energy storage
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Series Hybrid Power Train
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Onboard Energy Storage Systems
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Ammonia Opportunity

Ammonia
SYUESE

Ammonia
storage

Energy
production




Progetto SAVIA

Regione Toscana

3 re
. ,‘!))

e - EOOIRR=CEoi]
. . = OIS A
] I, 4
I

e — !
" 42
' | ’ :
.. ! 1
. & 4 ‘
. M AN e A
. ' i ‘B Ll
A . 5 ) i B S A S
g '-_ L — - <3
F |’ l,. <, : , -~
o . P
| Ot -
:
i 31 L

~ B

AuroBas Srarims

R

Series hybrid power train

- ICE powered with NH; and a tiny quantity of H,
used to recharge the battery (range extender)
- H, is produced onboard by NH; cracking
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Battery Management System

» Cell voltage,

temperature and

current measurement « Data/Event logging
« Main switch control « Communication w/
 Charge equalization other sub-systems
« Thermal management  Diagnostics

Protection & System
Lifetime ext. integration

Battery
state
estimation

 State-of-Charge estimation (SoC)
» State-of-Health estimation (SoH)
» Residual useful life (RUL)
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BMS Functions Partitioning and Mapping

» Cell voltage,
temperature and

current measurement - Data/Event logging
« Main switch control < Communication w/
« Charge equalization other sub-systems Physical battery
» Thermal management * Diagnostics partitioning

Protection & System
Lifetime ext. integration

Battery
state
estimation

L Pack
» State-of-Charge estimation (SoC)

 State-of-Health estimation (SoH)
» Residual useful life (RUL)

Mapping
BMS functions >
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BMS Hierarchical Platform

Internal isolated
CAN bus
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External CAN bus

Vehicle Management System

PMU (Pack Management Unit)
MMU (Module Management Unit)
CMU (Cell Monitoring Unit)

PPS (Pack Protection Switch)
MBS (Module Bypass Switch)



H, BMS

« 11x NMC cell per module

 4x modules

H, BMS architecture

PMU x1
MMU
CMU x11
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H, BMS

Active charge equalizer based on a highly efficient
Buck-Boost DC/DC converter with a supercapacitor as energy tank

F. Baronti et al. “High-Efficiency Digitally-Controlled Charge Equalizer for Series-Connected Cells
based on Switching Converter and Super-Capacitor” in IEEE Trans. on Ind. Informat., 2013
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12V BMS ENEN

4x LiFePO, cell per module e

Balancing bus




Conclusions

- Experiences and expertise in H, Fuel Cell related
technologies:

s Power management in hybrid power train
o Battery Management Systems
s System integration and testing

« Willing to share our know-how and to contribute to
new projects

Federico Baronti
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Welcome: The Energy Storage Technical Committee
(ES-TC) of the |IEEE Industrial Electronics Society
(IEEE-IES) was established in 2013 in order to
promote research in the field of energy storage
technologies, as well as the management and
integration of energy storage systems (ESSs) into the
emerging industrial applications, such as electric
vehicles (EVs) and renewable energies.

Mission: The ES-TC aims at providing an open, multi-
disciplinary and dynamic environment to foster the
aggregation and collaboration among experts from
academy and industry interested in testing, modeling,

Energy Storage Technical Committee
IEEE Industrial Electronics Society

Contact

IS

managing, and deploying energy storage systems. The main focus is on rechargeable batteries and
suner-canacitors. but attention is also drawn to other innovative enerav storane technoloaies. An

Thanks for your attention!

Contact: For more information regarding the ES-TC activities, please visit the other pages of the
website. Feel free to contact the TC secretary, Habiballah Rahimi Eichi ( hrahimi@ncsu.edu), if you are

interested in contributing to the ES-TC.
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