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Presenter
Presentation Notes
Welcome to the course on lithium-ion batteries and systems.
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01
Course Overview

Presenter
Presentation Notes
Before we being with the course, we will dwell into what this course entails
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Instructor Introduction
Course Overview

Name: Jesus Penalver
Title: Technical Specialist
Background and experience

Presenter
Presentation Notes
And what better way to start than to know your instructor. I am Jesus Penalver. You can call me Jesse or JP. I have secured my Bachelor’s in Electrical Engineering from SDSU. I have worked at Toshiba for over 10 years and have served in several roles during this time, such as AE, Sales Manager LATAM, Product Manager, and now Technical Specialist. 
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• Format: 7 Sections and Q&A and Assessment
• Certification: IACET
• Duration: 90 minutes
• Holistic Conceptual Development
• Miscellaneous: Safety, refreshments and restrooms

Course Overview

Presenter
Presentation Notes
The course is broken down in 7 sections followed by a Q&A session before we begin our assessment. We will have an oral exam where I will randomly call upon any of you. You can get help from the other students if you get stuck, but attempt the answer by your self first. For the sections we will use a holistic approach, in that we will start at a 10,000 ft level and then start zooming into specifics. Once we have established our basic building blocks, then we will work our way back up to larger systems.Point out safety, refreshments and restroom as it relates to the site.90 minutes is a long time, so I will try to make this as humorous as possible. Unfortunately, my sense of humor can be dry at points and obscure at others. However, I will do my best to make sure all of you are awake for the duration of this course.3 arching things you want the students to walk away from:Safety, Amount of Cycles, and Temperature
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Presenter
Presentation Notes
This is the order of the sections that we will cover.
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Q&A
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Assessment and Evaluation
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LTO Modules and Systems

Presenter
Presentation Notes
This is the order of the sections that we will cover.
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02
Battery Basics

Presenter
Presentation Notes
We will start with the basics of batteries and energy storage in general. 
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At the conclusion of this section, participants will be able to:

• List different energy storage mechanisms.
• Outline the layout and working of a standard lithium-ion battery.
• List different lithium-ion chemistries.
• List different standards affecting battery installations.

Learning Objectives

Battery Basics

Presenter
Presentation Notes
In this sections of the course, you should try to see where lithium-ion batteries fit amongst all batteries and all energy storage devices and understand what really makes a battery tick. You should also try and familiarize yourself with the different standards as they pertain to lithium-ion battery installations.
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Energy Storage Mechanisms

Battery Basics

• Flywheels – Kinetic 
Energy Storage

• Hydro – Potential Energy 
Storage

• Batteries – Specifically 
Electro-Chemical 
(Electrolytic) Energy 
Storage

Pumped Hydro

Batteries

Flywheels

Presenter
Presentation Notes
There are several different methods of storing energy. Flywheels employ kinetic energy storage, while a pumped hydro dam is utilizing potential energy storage. Batteries on the other hand are the most common and most accessible form of energy storage.
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What is a battery?

• A chemical energy storage device.
• Has a positive end (cathode) and a 

negative end (anode).
• Both electrodes are suspended in 

electrolyte (transport medium).

Battery Basics

Presenter
Presentation Notes
To review, a basic battery has 3 indispensable component: a cathode, an anode and electrolyte. There are some common batteries that you might have come across.
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What do they have in common?

• Aluminum
• Zinc
• Lithium
• Carbon
• Nickel
• Lead

Battery Basics

Presenter
Presentation Notes
These are all elements and are anode/cathode materials for batteries.
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What is a lithium-ion battery?
As defined by UL: 

A lithium-ion battery is an energy storage device in which lithium ions move 
through an electrolyte from the negative electrode (the “anode”) to the positive 
electrode (the “cathode”) during battery discharge, and from the positive electrode 
to the negative electrode during charging. The electrochemically active materials 
in lithium-ion batteries are typically a lithium metal oxide for the cathode, and a 
lithiated carbon for the anode. The electrolytes are typically a non-aqueous liquid, 
but can also be gel or polymer. A thin (on the order of microns) micro-porous film 
separator provides electrical isolation between the cathode and anode, while still 
allowing for ionic conductivity. 

-“Safety Issues for Lithium Ion Batteries”, Underwriters Laboratories, 2013

Battery Basics

Presenter
Presentation Notes
Read above definition. Explain in simpler terms.
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Lithium-ion Battery Basics
Battery Basics

S

Presenter
Presentation Notes
Explain the ion transfer mechanism. Expand on the concepts from the last slide. Ask students to try and demonstrate this.
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Common Lithium Chemistries

• LCO – Lithium Cobalt Oxide
• High specific energy: mobile phones, laptops, etc.  Slow charging, limited life (~1000cycles) 

• NMC/NCM/MCN – (Lithium) Nickel Manganese Cobalt
• Taylor for high energy or medium power: EV, power tools, e-bikes. Slow charging, good life (~4000 

cycles).

• NCA – (Lithium) Nickel Cobalt Aluminum
• High specific energy: Medical devices, industrial, fast charge possible, limited life (~1500 cycles) 

• LiPol/LiPoly - Lithium Polymer
• Low energy density, the electrolyte is porous-gel-like (v ‘liquid’): mobile phones, laptops, toys. Have 

great form factor (can have several shapes), expensive and limited life (~1000)

Battery Basics

Presenter
Presentation Notes
Explain the naming convention of lithium chemistries and how LTO is the only one which is named after anode material. Explain the typical applications of each and history.
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Common Lithium Chemistries

• LFP/LiFePO4 – Lithium Iron Phosphate
• High specific energy: EV. Fast charging, long life (~5000 cycles)

• LMO/LMNO – Lithium Manganese Nickel Oxide
• High specific power but can be adjusted for high specific energy or longevity: power tools, medical 

instruments, HEV. High charge, limited life (~1000).  

• LTO – Lithium Titanate/Titanium Dioxide
• High specific power, ESS-PV farms, grid stabilization, EV, heavy vehicles. Fast charge/discharge, 

very long life (20,000 cycles).   

Battery Basics

Presenter
Presentation Notes
Explain the naming convention of lithium chemistries and how LTO is the only one which is named after anode material. Explain the typical applications of each and history.
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03
LTO Chemistry

Presenter
Presentation Notes
Now we move on to the specifics of the LTO chemistry. We are starting to descend to a 10 foot view and really starting to get into the weeds in this sections. 
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At the conclusion of this section, participants will be able to:

• Differentiate between other lithium-ion batteries and an LTO battery.
• Describe the ways lithium batteries catch on fire and how LTO 

batteries avoid/prevent those ways.
• Define C-rates, energy density, power density, battery SOC, EOL, 

and BOL.

Learning Objectives

LTO Chemistry

Presenter
Presentation Notes
The objective here will be to cover the topology of LTO anodes and how this leads to emergent properties as a result. We will look at each of these properties and compare that to a non-LTO lithium battery at a high level. Your take-aways should be the differences in these chemistries and how they will ultimately affect the application. Also, we will brush up on a few definitions necessary to make those comparisons. 
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LTO Chemistry

Carbon 
Free!

Contains 
Carbon!

SCiB™ is within the family of lithium-ion batteries (LIB); 
However, SCiB™ exhibits greater benefits compared to the rest of LIBs

S

I

S

I

Presenter
Presentation Notes
The main difference is the absence of carbon in the anode material. Explain physical properties of carbon and why this valance bolsters the thermal runaway effect.
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LTO (Lithium Titanate) Structure

LTO Chemistry

• Octahedral lithiated 
structure

• Rigid lattice spinel –
not layered nor olivine

• Special emergent 
properties owing to 
morphology

Non-lithiated LTO Lithiated LTO

Presenter
Presentation Notes
Point out the difference between channel-based ion transfer process and a lateral, multimodal ion transfer process and its topological and morphological advantages.
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LTO Chemistry
Safety

• Growing concerns 
about lithium battery 
fires

• Several high profile 
incidents

• Causes a difficult to 
extinguish metal/ 
chemical fire

• Standards put in place 
by NFPA, UN, UL, 
IEEE, etc.

Presenter
Presentation Notes
Address general customer concerns about fires and lithium-ion batteries’ culpability in causing those fires. What does thermal runaway mean to you?The common failure modes are overcharging, deep discharging, and failure of temperature regulation. Mention the standards and remind the students that we will revisit those in a few minutes and see how each one affects ESS installation process.
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Properties

LTO Chemistry

Safety

Longevity Wide 
usable 
SOC

Fast 
Charge

Reliability

Wide 
Temp. 
Range

Presenter
Presentation Notes
List the six properties listed above.
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LTO Chemistry
Safety

• Internal Shorts
–Degradation
–Contamination

• External Shorts

Causes of fires in lithium batteries

Presenter
Presentation Notes
The causes we mentioned previously are the enablers, but what actually fails are these three things. We need to contain these three things to avoid fires at the battery cell level.
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LTO Chemistry
Safety

No Lithium metal deposition, even in cold conditions with 
high input power, and over a long cycle 

I

Presenter
Presentation Notes
First we will look at internal shorts caused because of degradation. As a battery charges and discharges, it expands and contracts. Over time, this causes physical degradation of he anode and cathode material. In a lithium-ion battery with a carbon anode, the lithium particles deposit themselves on the anode and grow over time. These dendrites are like stalactites and stalagmites in a cave. Once the connect, the cut through the separator and a cause a short circuit.
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Safety

LTO Chemistry

• Clean Room 
Manufacturing 
Environment

• Complete isolation 
between anode and 
cathode material

Presenter
Presentation Notes
There are internal short that are put in place during manufacturing. Having a clean room environment eliminates such concerns by creating complete isolation between anode and cathode material.
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Resistance to Short Propagation
In the event of internal short, LTO phase transformation prevents large 

current flow, causing self-isolation and preventing propagation.  

Separator

Anode layer (LTO) Cathode layer

High
Conductive 

LTO

Low
Conductive

LTO

Transform

LTO anode (              )
Gradual discharge causes lower 
temperature rise
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Sudden discharge causes rapid 
temperature rise
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Thickness Stability Enables Long Cycle Life
LTO anode Carbon Anode

Voltage

Thickness 

Thickness

Voltage

Charge Discharge
Degradation by
expansion/contraction

SCiBTM is stable after repeated charge/discharge
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Material & Structure of SCiBTM
SCiB™ is within the family of lithium-ion batteries (LIB),

But SCiB™ offers excellent performance compared to other LIBs

Material

Structure Lid (terminals, gas vent)
Current collector

Jelly roll
(electrodes & separator)

Insulator

Aluminum Can
(To be welded with lid)

Anode Voltage

SCiB(20Ah) LTO 2.3V

Competitor A Carbon 3.6V

Competitor B Carbon 3.3V

Competitor C Carbon 3.7V
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Low Internal Resistance
Very low internal resistance in SCiB™ enables it high rate performance.
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Safety

LTO Chemistry

Lateral 
Surface

Ø 75mm

Presenter
Presentation Notes
There are several tests done on the battery to simulate external short. The one pictured on this slide is a crush test.
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Safety

LTO Chemistry

No Carbon = No Fire

Presenter
Presentation Notes
Seeing is believing. Show the videos one by one. Non-propagating.



40© 2018 Toshiba International Corporation 

LTO Chemistry
Cell/Battery Related Definitions

C-rates: Inverse proportion of nominal capacity of a battery with regards to 

charge time.

Power Density: Total usable power stored in a given volume.

Energy Density: Total usable energy (power over time) stored in a given 

volume.

SOC: State of charge or the percentage of power stored in a battery as it 

relates to the nominal capacity.

BOL: Beginning of life.

EOL: End of life.

Presenter
Presentation Notes
Explain above definitions as necessary.
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Fast Charge

LTO Chemistry

LTO has a very short dis/charge time.
-Only 6 minutes to up to 80% of capacity.

Presenter
Presentation Notes
Based on c-rates, explain that 8C is much better than what other lithium chemistries can perform at.
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Wide Usable SOC

LTO Chemistry

*EOL = 80% 
BOL = 17k 
cycles

SCiB TM 20Ah Cell

Presenter
Presentation Notes
Explain how this graph relates to SOC and how other manufacturers play a trick. What do they not say?
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Wide Operating Temperature

LTO Chemistry

Presenter
Presentation Notes
Talk about memory effect and the benefits of having such a wide operating range for the temperature. Compare to VRLA (10 deg is half).Did you know: Samsung must be in A/C since it is only UL rated at 28 degrees C but our LTO is UL rated from 0 – 40 degrees cMention humidity as 85%. Talk about self life.
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04
Chemistry Comparison

Presenter
Presentation Notes
Having understood some basic characteristics of the LTO battery, let us see how this compares to other lithium chemistries.
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At the conclusion of this section, participants will be able to:

• List the common lithium-ion chemistries found in the market and 
evaluate the benefits of each.

• Justify the pros and cons of LTO batteries compared to other 
lithium-ion chemistries.

Learning Objectives

Chemistry Comparison

Presenter
Presentation Notes
The goal of this section is to understand how the topologies are different for each of the common chemistries and how the properties of those chemistries compare.
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Li-ion Chemistry Comparison

Chemistry Comparison

• LCO/LiCo – Lithium 
Cobalt

• NMC/NiMnCo – Nickel 
Manganese Cobalt

• LMO/LiMnO – Lithium 
Manganese Oxide

• LFP/LiFePO4 – Iron 
Phosphate

• LFS/LiFeSiO4 – Iron 
Silicate

Presenter
Presentation Notes
These are a few of the different types of cathode/anode materials. LTO is the only one named after the anode material. The rest are cathode materials.
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I

Chemistry Comparison
SCiB™ is within the family of lithium-ion batteries (LIB),

but SCiB™ offers excellent performance compared to other LIBs

Carbon 
Free!

Contains 
Carbon!

S

I

Presenter
Presentation Notes
Drive home the difference.
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What is Thermal Runaway?

As defined by NFPA 855 (2020), 3.3.20:

Battery Basics

Thermal Runaway. The condition when an electro‐chemical cell 
increases its temperature through self-heating in an uncontrollable
fashion and progresses when the cell’s heat generation is at a 
higher rate than it can dissipate, potentially leading to off-gassing, 
fire, or explosion.

Presenter
Presentation Notes
Read above definition. Explain in simpler terms.
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What is the main cause of Thermal Runaway?
What is the main trigger that causes electro-chemical batteries to go into Thermal 
Runaway?

Battery Basics

High input V on the terminals compare to its changing internal 
chemistry.  With time and cycles, internal chemistry changes and 
therefore, the “nominal” 100% SOC (float), charging voltage now 
becomes high voltage.

Presenter
Presentation Notes
Read above definition. Explain in simpler terms.
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Cell Level Li-ion Chemistry Comparison

Chemistry Comparison

Manufacturer Panasonic Samsung Toshiba
Chemistry NMC LiFePO4 SCiB LTO
Voltage 3.6V 3.3V 2.3V

Specific Energy 150Wh/kg 110Wh/kg 90Wh/kg

Charge Rate 0.7-1C 1C 8C

Discharge Rate 3C 3C 8C

Usable SOC 70% 80% 100%

Cycle Life 2000 - 4000 4000 - 5000 17000
Induced Thermal Runaway 
w/safety removed & constant high V 210° C 270° C NA

Presenter
Presentation Notes
Talk about the different characteristics above and how they impact the performance for different applications. Panasonic is Tesla.What is not mentioned is temperature and shelf life.
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Pertinent Safety Standards and Code Regulations

• UL 1642 – Cell level certification
• UL 1973 – Module and system level certification
• UL 9540 – System level certification
• NFPA 855 – Fire protection code
• UN DOT 38.3 – Lithium battery transportation standard

Chemistry Comparison

Presenter
Presentation Notes
Read the standards listed above….Now we will look at them in more detail.
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Pertinent Safety Standards and Code Regulations
Chemistry Comparison

UL 9540:
• Fluid equipment
• Hazardous spill containment
• Combustible concentrations
• Fire detection and suppression
NFPA 855 (as per Version 2020):
• Requires compliance with UL 9540A and 1778
• Maximum string capacity of 50kWh and 

maximum ESS capacity of 600kWh (group 
separation of 3 ft for 250kWh sizes,  not-
dedicated use building)

• Only applies to ESS larger than 20kWh

Test Criteria/Standard UL 1642 UL 1973

External short circuit • •
Abnormal 
charge/Overcharge

• •

Forced 
discharge/Overdischarge

• •

Crush • •
Impact (cell) •
Shock • •
Vibration • •
Heating (cell) •
Temperature cycling • •
Low pressure (altitude) (cell) •
Projectile/External fire • •
Drop •
Continuous low rate 
charging
Molded casing heating test •
Insulation or isolation 
resistance
Internal short circuit test or 
propagation test

•

Presenter
Presentation Notes
Highlight the salient features of each of these standards and explain their pertinence as to installations. We are involved & know the new UL9540A is coming. Reiterate 28 degrees vs 40 degrees ULNote: Emphasize that it is kWh not kW. 
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05
LTO Cells

Presenter
Presentation Notes
Having really looked at the fundamental building blocks of the chemistry and having seen how the different chemistries compare, lets zoom out and focus on the cell, its design, fabrication and specifications.
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At the conclusion of this section, participants will be able to:

• Describe the problems innate to li-ion cells, and how LTO 
overcomes them.

• Describe how the LTO cell is constructed.

Learning Objectives

LTO Cells

Presenter
Presentation Notes
Deleted bullet: Summarize cell specifications.Next we look at what issues cell manufacturers have to contend with and how this specific cell has overcome them to understand what the pros and cons of such a design are. We will also look at cell construction.
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Cell Design Considerations

LTO Cells

• Outgassing: The problem of cells swelling up over time or because 
of improper cycling.

• Terminal limitation: The terminal contacts limiting the flow of power 
and latency.

• Loose contacts: The connection between the terminals getting 
disturbed over time causing dropping of the load or sparks.

• Weight: The physical mass causing a limitation in terms of where 
the cells can be used.

Presenter
Presentation Notes
These are common issues. Mention how each one effects the cell.
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LTO Cells
LTO is within the family of lithium-ion batteries (LIB),

But LTO offers excellent performance compared to other LIBs

Lid (terminals, gas vent)

Membrane roll
(electrodes & separator)

Insulator

Aluminum Can
(To be welded with lid)

Current collector

Presenter
Presentation Notes
Pass out the dummy cell. Explain the construction and call out the specific components. List how this design overcomes outgassing, terminal limitation, loose contacts and weight issue. Discuss dispersion of heat as a con. Talk about other formats of cell: cylindrical (radial heat dissipation but inefficient on volume) and pouch (pop).
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SCiB Modules – 2P12S

Product Type Cell
Configuration

Specification Application

- Voltage:  18.0V - 32.4V
- Nominal capacity: 40Ah

Type 3 - 20 - Nominal energy:  1104 Wh
(20Ah cell) - Dimension:  359(W)x187(D)x123(H) 

- Mass:  approx 14kg
- Functions: cell  voltage/temp monitoring, Stationary 

2P12S    cell  balancing, CAN communication ESS

- Voltage:  18.0V - 32.4V
- Nominal capacity: 40Ah

Type 3 - 23 - Nominal energy:  1242 Wh
(23Ah cell) - Dimension:  359(W)x187(D)x123(H) 

- Mass:  approx 14.6kg
- Functions: cell  voltage/temp monitoring, 
   cell  balancing, CAN communication

High 
energy 

module
46 Ah
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SCiB Modules – 2P12S
Weight Dims

SCiB(20Ah) 30.86 Lbs 14.2”x7.4”x4.8

Pure-Lead ( 151 Lbs 24”x12.74”x4.97”

~170AH

~200Ah
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06
LTO Modules and Systems

Presenter
Presentation Notes
Now that we understand how the cells are put together, lets see how they are used to build up the module.
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At the conclusion of this section, participants will be able to:

• Describe how a LTO module is constructed.
• Define CANbus 2.0, BMS, CMU, and BMU.
• Explain the multi-layered communication protocol and how this 

affects system safety and expandability.

Learning Objectives

LTO Modules and Systems

Presenter
Presentation Notes
In this section, we will see how a module is constructed, what communication protocols are used and how this allows for a safer and expandable system. We shall also define some basic terminology about the components and communications.
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LTO Modules and Systems

     
   

        
     

    
      

      

- Voltage:  18.0V - 32.4V
- Nominal capacity: 40Ah

Type 3 - 23 - Nominal energy:  1242 Wh
(23Ah cell) - Dimension:  359(W)x187(D)x123(H) 

- Mass:  approx 14.6kg
- Functions: cell  voltage/temp monitoring, 
   cell  balancing, CAN communication

 
 

Presenter
Presentation Notes
Pass out the module. Explain how it is constructed and laid out. Define Canbus (low latency, high integrity, resister terminated, and automotive) and CMU.
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LTO Modules and Systems

• 3 Tiered Battery 
Management 
System

• Multiple Fail-safes
• Expandable, Multi-

level Architecture
• CANbus 2.0

Presenter
Presentation Notes
Now lets look at how this all comes together to make a system.Define BMU. Explain its function.Talk about the 3 data layers. Our BMU balances out charge voltage to extend life (Not as a safety measure – Competitors NEED it as a safety measure – we are safe! 
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07
Applications

Presenter
Presentation Notes
Let us look at some different applications to see how these battery systems are used.
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At the conclusion of this section, participants will be able to:

• List two main areas where batteries are used.
• Explain how batteries are applied in different fields and industries.

Learning Objectives

Applications

Presenter
Presentation Notes
I would want for you to understand what the two major domains of applications are, and how the LTO chemistry is utilized in each one.
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Applications

Passenger Vehicle

Transit Bus Commercial Vehicles
EV

HEV

Heavy Equipment

Fit EV
i-MiEV(M)

minicab-MiEV(10.5)

Wagon R

Spacia
Swift

Presenter
Presentation Notes
Briefly cover each application and list how and why LTO is beneficial.
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Applications

Presenter
Presentation Notes
100MWh installed globally.
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SCiB Product Systems

Applications

Energy 
Management 
Systems

UPS Energy 
Storage 
System

DC Power 
Systems

Energy 
Storage Racks 
and 
Containers

Presenter
Presentation Notes
Overview the different systems and indicate what role LTO batteries play here. Spotlight on UPS application. Cover it last.
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Each cabinet has:
• 36 SCiB modules is 44.7kWh
• Support 250kVA load for 2 minutes 
• 12 year full warranty
• Built-in redundancy
• Can be matched to any UPS

Applications

Presenter
Presentation Notes
Explain the specs listed above.
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UPS Applications

The problems typical for the UPS market. Most are seeking to…

• Make the most of physical space and power capacity.

• Avoid unexpected shutdowns and expecting high power factor and 

good power quality.

• Manage assets and their connections across deployment, possibly 

remotely.

• Manage energy usage & costs.

• Reducing operating expenses.

Applications

Presenter
Presentation Notes
List the common problems faced in the UPS industry. Ask for crowd participation.
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UPS Applications
Longer Life

• VRLA = 500 cycles; Li-ion Batteries = 5,000 cycles; SCiB = 17,000 cycles
•Design life of 15-20 years, warranty 12 years

Zero Maintenance Cost
• Preventative maintenance included every 3 years to check non-battery 

components: PCBs, contactors, fuses, etc.

Temperature Range
• SCiB UPS battery operating range is higher than VRLA or other lithium 

batteries
• Lead acid life is cut in half for every 10°C increase
• The exponential savings in cooling!

Trending price to be 2.3 times more than VRLA but less expensive than a flywheel

Applications

Presenter
Presentation Notes
Review the points and how it relates to UPSs.
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08
Q&A

Presenter
Presentation Notes
Any questions?



77© 2018 Toshiba International Corporation 

09
Assessment and Evaluations

Presenter
Presentation Notes
Okay, it is time for us to begin our assessment. I hope you are ready!
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Quiz time!!!

• Define:
• SOC
• BMU
• Energy Density
• BOL
• C-rates

• Explain how the multi-level architecture helps make the system 
safer.

• What is LTO and how is it different from other li-ion chemistries?
• Explain how li-ion battery fires are caused and why LTO is a safer 

chemistry.

Assessment and Evaluations
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Quiz time!!!

• Define:
• Lithium-ion battery
• Lithiation

• Explain how a lithium-ion battery works.
• Which are some of the standards affecting lithium-ion battery 

installations?

Assessment and Evaluations
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