Annex D: Summary of Day One Presentations

All of the Day One speakers that addressed specific topic areas used brief PowerPoint
presentations (not including welcoming remarks or closing comments). All of those that have
been made available for this report are included in this Annex on the following pages. The
following is a summary of the Summit Day One speakers, to serve as an index for the
presentations included in this Annex:

Keynote Presentation

1) Electric Vehicle Safety Integration — Robert C. Lange, Vice President for Vehicle Engineering, Exponent

Session: The Big Picture
2) Review of U.S. National Electric Vehicle Safety Standards Summit: October 2010 — Casey Grant, Fire

Protection Research Foundation
3) Update on Federal Regulatory Policy — Phil Gorney, National Highway Traffic Safety Administration
4) Trends with the Electric Vehicle Market —Aaron Tweadey, PwC’s PRTM Management Consultants

Session One: Vehicles/Batteries

5) Progress & Gaps on Vehicle Battery Safety Standards — Rajesh Nagappala, General Motors Corporation
6) Vehicle Battery Safety Standards Update — Bob Galyen, Magna e-car
7) Progress & Gaps on Vehicle Research —Ted Bohn, Argonne Laboratories

Standards Implications of Current Battery Research — Alvaro Masias, Ford Motor Company

Session Two: Emergency Responders
8) Electric Vehicle Safety Training for Emergency Responders — Andrew Klock, Emergency Responder

Electric Vehicle Training Project
9) Case Study Review of Multiple Electric Vehicle Fire — Bob Duval, NFPA Senior Fire Investigator
10) Enforcement Officials Update —Jon Nisja, Office of Minnesota State Fire Marshal

Session Three: Built Infrastructure

11) The ANSI Electric Vehicle Standards Panel: Importance of Linking Standards Together— Jim Pauley,
Schneider Electric, EVSP Co-Chair

12) Electric Vehicle Charging and Electrical Safety Codes and Standards —Lonny Simonian, California
Polytechnic State University

13) National Electrical Code Update — Mark Earley, National Fire Protection Association

14) Utility Perspectives — Seth Gerber, Consumer Energy

15) Electric Vehicle Supply Equipment (EVSE) Standardization — Ken Boyce, Underwriters Laboratories

Session Four: Support Services and User Perspective

16) Electric Vehicle Towing, Road Service and Recovery — Bill Giorgis, Michigan Towing Association
17) Lithium lon Batteries: Property Insurance Perspective — Rich Gallagher, Zurich Services Corporation
18) Clean Cities and Electric Vehicles — Carl Rivkin, National Renewable Energy Laboratory
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Eponent’

SAE Electric Vehicles

September 27, 2011
Bob Lange
Exponent
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FE¥ponent’ e

Motor vehicle Safety

Parties with Interest

* Roadway users

= Motor vehicle manufacturers,
safety resparchers, &
proctitioners

= Government insthutions
(legiskatbve, administrative,
Judicial, law enforcement,
transpurt and health officials)

® Non-governmental insotions
(NGOs)

& Public health

The Public Health Model
*® Infury Triangle
* Environment
= Host
* Vehicle
* FPublic Health Frocess
= Injury Data Collection &
Analysis
* Countermeasure Concepts -
Research & Technology
Inventory or Invention

Eponent’

Maotor YVehicle Safety 1966 ta 2009 — 50% Improvement

* Countermeasure

S ¥ st recprmdlers Development & Vehicle

& Medical comunity Integration
* Rmdway desigers und builders * Countermeasure Deployment
* Taxpayers * Fredback

e

i

Motor Vehicle Injury Reduction Technologies

Safery Toranalogy Fierirsensss

s 14

E¥ponent’

Common Bequirements - All

Systems and Components

*  Reliable fumetion over the omtire
vehiclelife

*  Raguiatory and Intemal
pafarmance & Dedgn Conditions
Control external inflamees {road,
wternal mviranment, service use
Toads, customer actions, .}
Control sy stem Level interface)
interactions
Minimize mass for fuel eeonomy
Be feasible to manufactare

* e fenmihietn asoembie

*  Befeasibleto service

+  Satisly requirements for unkt-to
unit unifeemity and varinhibty

Vehicle Requirements, Systems & Integration

What is New about Electric
vehicles?

* Energy storage methods

= High voltage sources

* Haitery chemistry

* Battery crushwurthiness

= High power electrical lines and

connections

Service cansiderations
Energy recharging process
Information and knowledge
transfer to afected parties

Efponent”’
!

Summary

= Lithium ion battery technology is complex
= Not all the potential failure causes are known
= Experience is lacking with large-format batteries
* Field experience
* Real-world exposure risk data
* Real-world environmental risk data
= During use
= End of original life evele
= End of life dizposal

E¥ponent” '
U

At
New Consi

Fire protection and
suppression

= battery storage and
handling,

incident response in the
event that a battery goes
into thermal runaway

= fire suppression

= control of a fire

derations in

the EV VDP |
Industrial health

= zeneing and mitigation
of hazardons gas
potentially vented from
= ztored battenes,
* batteries undergoing
thermal runaway or
= batteries exposed to
fire.
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New Considerations in the EV VDP

= Storage facility = High Voltage Exposure
* Racking/shelvingtypeand = Fire Suppression and response
Proivcols S
* Volume ofbatieries = Fire/exp losion management
* State of charge . ik
considerations . i:' :fi:if;;'my
* Modulesand packs S :
A * Charging/discharging
* Storage of potentially Adlity
damaged hatteries

S * Toxicgasdetection and

i mitiga
Oeﬂs'l:dvelm:bs = Storage facility
o gikier &
* Ventilation it i
: * Charging/discharging
= Detection systems facility
= Fire

= Toxic off gassing

E¥ponent”’ (N & 4 ',‘.- e i\# :

New Considerations in the EV VDP

= Operator & Responder Training
= Incident response
= Equipment
= Personal protection
= Firefighting
= Protocols
= Firefighting
= Hazardous fumes/vapors/gases
= Fluid/material spills

Engineering Criteria Development — Some Collision
Load Cases: Fixed Barriers, Moving Barriers, Rigil Barriers,
Deformable Barriers, Full Alignment, Overlap Alignment, etc.

What Is a Safety-Related Defect?

= A safety defect is defined as a problem that exists
in a motor vehicle or item of motor vehicle
equipment that:

= poses an unreasonable risk to motor vehicle safety,
and

= exists in a group of vehicles of the same design or
manufacture, or items of equipment of the same type
and manufacture

E*ponent ' 4

Safety Act —- Manufacturers’ Responsibilities
= Report:

= consumer complaints on seme systems,
= property and injury claims,
= fatal injuries
= Remedy Safety Defects
= Remedy Non- Compliance C onditions
= Provide remedy at no cost to consumers
= Remedy Without Charge — Three Options for
Manufacturers
= Replace product
= Repair product
= Repurchase
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REVIEW OF THE

SAFETY STANDARDS SUMMIT

21-22 OCTOBER 2010
DETROIT, MICHIGAN

U.S. NATIONAL ELECTRIC VEHICLE

Presented at 2™ Annual EV Safety Standards Summit
Tuesday 26 September 2011; Detroit, MI
Casay C. Grant, P.E.
Resaarch Director
Fire Protection Research Foundation
Quincy, MA USA

HE
1RE PROTECTION
RESEARCH FOUNDATION

U.S. National Electric Vehicle
Safety Standards Summit

* Two day Summit
— Dates: 21 & 22 October 2010
— Location: Detroit, MI

* Co-Hosted by NFPA and SAE

m 8AE International’
NFPA

U.S. National Electric Vehicle
Safety Standards Summit

U.S. National Electric Vehicle
Safety Standards Summit

Purpose of Summit

— Identify relevant fire and electrical safety codes,
standards and specifications.

— Identify gaps within these codes, standards and
specifications.

— Identify related gaps in research, training or
communications which stem from OEM safety
manual development and deployment.

— Develop base elements for an action plan for

standards development and deployment
activities.

* Areas addressed at the summit:

— Codes and Standards and OEM Manuals
addressing safety in the vehicle.

— Codes and Standards addressing the
infrastructure surrounding the electric vehicle
(recharging stations, home recharging, battery
storage, etc...).

— Codes and Standards addressing emergency
response to vehicle emergency events.

— Other related Codes and Standards (user

community specifications, insurance industry
standards, etc...).

U.S. National Electric Vehicle
Safety Standards Summit

U.S. National Electric Vehicle
Safety Standards Summit

* Final Action Plan Considerations
— Vehicle Charging Infrastructure
— Battery Hazards Identification and Protection

— Training for Emergency Responders and
Enforcement Officials

Ny

e

* Report Available at:
— www.EVSafetyTraining.org
— www.NFPA org/Foundation

Examples of Concepts Addressad at Summit
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U.S. National Electric Vehicle
Safety Standards Summit

U.S. National Electric Vehicle
Safety Standards Summit

VEHICLES

Reguiations: More on Federal Level
Codes/Standards:

SAE and others

EMERGENCY

BULLT
RESPONDERS INFRASTRUCTURE
Regulations: Self Reguiated ‘Regulations: Mars on Statsfl ocal Level
Codea/Standards: NFPA and others CodearStandards: NFPA and others

Key Areas Identified in Summary Observations

- Charging Infrastructure
Battery Technology

Key Vehiie festures that Addres Concerm of
Emergency Respardons

{EXTVT=E serminingand impecion
Training and [ducation
Aftermarket Vehicles and Components

U.S. National Electric Vehicle
Safety Standards Summit

U.S. National Electric Vehicle
Safety Standards Summit

Topics Identified for Action Plan Consideration

3) Training for

Emergency Responders and

Enforcement Officials

NEXT: Detroit, MI; 27-28 September 2011
* Recap of First Summit from Oct 2010

— Identified standard gaps are being filled by
ANSI member organizations like SAE, UL,
NFPA, NECA and NEMA.

— Strong partnerships have been formalized
between the auto manufactures, standards
development organizations and the
inspection, enforcement and safety agencies.

2t Al Elaciric Vehicie
Salety Standards Surmmil

v e e (8 pr—

Contact Information:
Casey Grant
Fire Protection Research Foundation
One Batterymarch Park, Quincy, MA USA 02169-7471
Phone: 817-984-7284  Emall: cgrant@nipa.org
FPRF Website: www.nfpa.org/foundation
THE

FIRE PROTECTION
RESEARCH FOUNDATION
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Li-ion Based Rechargeable Energy
Storage System Safety Performance
Measurement in Automotive
Applications

NHTSA Office of Applied Vehicle Safety
Crashworthiness Division

Phillip Gorney

The National Highway Traffic Safety Administration (NHTSA)
is an agency within the Department of Transportation (DOT)

NHTSA's mission

... to save lives, prevent injuries and reduce economic costs
due to road traffic crashes through education, research, safety
standards, and enforcement activity.

Electric propulsion represents a measureable and
growing technology segment necessary for achieving
reduced U.S. dependence on foreign oil, reducing green
house gas emissions from mobile sources, and may be
used by the vehicle manufacturers to meet increasingly
stringent fuel economy standards

No ...
But there are many new challenges based on recent

advancements in Rechargeable Energy Storage Systems (RESS)
based on Lithium-ion Technology

Lithium-ion (Li-ion) offers both greater energy and power density
than previously developed rechargeable batteries, which is
necessary for automotive applications. However, as power and
energy are increased so does the exposure to certain safety
risks.

--- Page 55 of 104 ---




Safety risks associated to this Li-ion RESS technology are
different
when compared to Internal Combustion Engine vehicles

How Do We Mitigate or Eliminate Safety Risks?
Identify the potential failure modes

* What are the Variables and their relationships?

* Under what Conditions do they occur?

* What is the Likelihood of the failure?

+What is the Severity of the failure?

Measure the failure modes within the accepted scope of
the problem
* Generate data to quantify and compare

Assess the acceptability of the risks
» Standards w

Implement control mechanisms
* Information and Training
* Regulations

Conditions for Safety Risk
Assessment and Research

|\//

Conditions for Safety Risk
Assessment and Research

i

L Normal Use
>

* 150K - 175K miles

e, = 15 Years of Service
= Wide range of
Environmental
Conditions

Conditions for Safety Risk
Assessment and Research

k/ Charging

» 5000+ Charge Cycles
for PHEV and BEV

= Continuous Charge
and discharge HEV

* In-home, overnight,
and unattended

Charging

Conditions for Safety Risk
Assessment and Research

Storage
* Thermal

* Environmental
* Limited Control System

Normal Use
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Conditions for Safety Risk

Assessment and Research

Fault and Abuse
Mechanisms

* Mechanical

=Crush

= Penetration

= Shock and Vibration
» Electrical

- Short circuits

» Overcharge/over discharge
* Thermal

« Exposure to heat & fire

= Temperature cycle

Charging

Normal Use

Conditions for Safety Risk
Assessment and Research

RESS Handling and
Recycling

» Service and Repair

» Crash and Post Crash
» Discharge

* Recycle or Reuse

Conditions for Safety Risk
Assessment and Research

Crash and Post-Crash

* Electrical Shock &
Isolation

* Fire (Crash scene,
transportation, storage)

= 15t and 2™ responder info
« Storage

= De-energize for recycle

Methods for Safety Risk

A

4 ment and Research

Control
System Performance

Failure Modes and Effects Analysis (FMEA)

An FMEA is an analytical tool which
identifies, lists, and ranks all potential
failures and their corresponding effects
of the product or process under
investigation, in this case Li-on based
RESS Safety Performance

Failure Modes and Effects Analysis

In this project, 16 engineers and scientists
collaborate from varying perspectives and
disciplines to identify the failure modes,
then level of risk associated with particular
failure modes is determined by considering:-
* The effects the failure will have when it
occurs (Severity), and

* The chance that the causes of failure will
be present (Occurrence}, and

* The ability to detect when the error
condition is present (Detection) so that the
consequences of the failure are reduced or
avoided.
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Failure Modes and Effects Analysis

The results of this FMEA will be used to
perform a gap analysis to existing
standards and test procedures (including
the work plans of the NHTSA research
program) for thoroughness. It will also be
used as a base component for NHTSA's
control system performance project.

Battelle Memorial Institute

Columbus, CH

Draft Report December 2011

Calendar Year 2012

* Industry Review

* Peer Review

Test Procedures Development

Develep and document repeatable vehicle level safety
performance tests procedures.

= Addressing critical potential failure modes

= Building upon the body of existing standards

Data generated from these test procedures will be used to
establish comparable conditions to accurately measure the
effects of the failure modes generated by both normal and
abnormal abuse conditions.

* Repeatable

* Quantifiable

= Comparable

= Directly associated to safety risks for accurate analysis

Test Procedure Development

o
A HONDA m

DAIMLER TOYOTA

2 Contract Awards Finalized (Sept 2011)
24 Month Performance: October 2011 - October 2013

Analytical Tools Development
Control System Performance Modeling

Develop a high-level analytical tool set to evaluate and/or define
potential minimal control system performance requirements.
Use these analytical tools, conceptually based on probability or
criticality functions, to measure control redundancy and passive
protection performance for each of the control sequences which
may result in a failure mode identified in the FMEA.

* Development partnership - not yet finalized
= Timing - kick-off in 2012{24 months)
+ Based upon probability and/or eriticality functions derived from fault
tree analysis (FTA) and control logic flow diagrams
= Separate tools for HEV, PHEV, and BEV applications
= Potential for adaptation to HIL analyzer for testing/comparing OEM
systems

Other Information and Collaboration Efforts

+ Informational research from OEMs on design features and
safety processes

* Special testing and assessment with DOE/National
Labs/DOD

+ Coordination activities with DOE EERE and DOD TARDEC
and NHTSA Traffic Injury Control on public information and
training

Questions?

Thank You
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21 Annual EV Safety
Standards Summit

rends with the Electric
Vehicle Market

wgement Consulting

i Agenda

Background and Introduction to PwC's PRTM Management Consulting

PRTM xEV Market Perspective

= xEV Market Growth and Emission Compliance

+ Key Adoption Barriers - Affordability, Range and Infrastructure
« EV Safety Implications

Saptort 27, 200

Background and
Introduction to Pw(C’s
PRTM Management
Consultants

' PRTM Has Over 35 Years of Operational Strategy
Experience Across Industry Value Chains

Major commercial aned
erment sectors:

» Over g5 yearsaf Fyp—
o i Operational
and i (ot Ao Aarospa e
«Over 2,000 clionts and b T
10,000 projects ofabifity,
MT Lof new standards for Comumer s0d Auted
= go level of repeat marvet leadersnip
business re—
= Focus on bands-on i
implementation
[rm— I
s Caangeg W o
Pwc's PRTM
S | 4w Muregeinent gep | Eovees
[— “Comsuting fwesary
S -
e
St 21,2071
e n

" PRTM Has Built Deep eMobility Expertise and
Thought Leadership Across the EV Value Chain

- Co-Author of 2US
Electrificaion Roadmaps for the
Electrification Coaltion

= Wond Bank China Study

« Frequent Pubiications, Press

References and Confer

"PRTM xEV Market
Perspective
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Multiple Mega-Trends Converge to Drive Vehicle
Electrification and Disruptive Change...

Megatrends ...Will Cause Electrification of

and Drivers... the Vehicle Propulsion...
Globai New Sales Penutration
Global Climate
Gther ICETach
e
Ot uie)
Ol Prioe snd b Blug-ins = Disruptive Tech
Inoependence + Smrart Charging
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Urte

+ High Baftery Cast
+ New OEM Product Entries
+ New Customer Segments

- "Eco-Systom™
Partnerships
00 2015 w0 2005 2030
S P Ao o s e
St 77

Achieving 2025 Fuel Economy Targets Will
Require Radical Adjustments to OEM Portfolios

P
¥ £pa 2025 Target

806
500
500 -
4000
3500
awed e
£9A 2016 Taget

=

3
-

Flast Average mcramantal Cout (Sehec)

1500
1001 40s
's0c ) "
=
Baseiing Boosted 8-5pd. Welht  Aero Adnwnal WEV  PHEV EVZ020
GOl Trams Baosiing 020 2020
[ Fiser Average Fust Economy (MPG) —— incremaneai Cast
Puwision T wm we e  am m dm

Septmrin 31 30T

Fois Potentially Causing a Massive Value Chain Shift
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Value Growth Opportunities Will Also Be
Presented Deep Within Segment or Component
Value Chains

Example - Battery
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Five Key Factors Will Determine xEV Adoption —
Progress To Date is Mixed
Demand Supply
Batteries - Technology & Cost
+ Dinmatic Cost Curve Siope
Teshnical Performance
* * Secondary Lifs

Vehicie Aftordability/TCO
B - Gowsmmant ncaives

Infrastruchire Investments -
Billians Aequired

+ Who Wil Funa?

+ Long Paynack Pencas

= Tachnics! infegration —|nto Gna and Vehices
» Business integranion and Proftabiliy
 Faltieaf eguiatery Algrment

Progress/ & 0T
Risk SIS @ ssws s -7

i
| Electrification is Likely To Be the Most Cost

Effective Solution in the Long Run

KEV per Mile Opefating Cost Comparison
81 b}
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TCO Benefits in Certain Fleet Segments Show the
Potential for Adoption Leaders

Fleet Electrification Potential By Fleet Segment

+ Base Case Piug

TCO Party 2018+
» Cross.Cver @

5/ kW &> $3.50 | Gal
Segmants - Faster Payback
» Miane “Swast-Spol” for Optmal TCO

+
» Dpecational Optimizalion snd Potental (acenive
Enable Payback for GEVa by 2012 for Mos!
Commerial Segments
+ Longe Dumarsrep tesded for EVe
+ Dplimizad battery capacey forlow Bihong
ree segmants
» Therus incantive Stucture
for Pagr Ca vough Clas

Short-Term Pressure to Reduce Cost to Close
Pricing Gaps to ICE Technology

C.D Segment 1EVs Pricing in US without
Go

Prkce Pt vemment Incentives
]
=
- @ o=
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=
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Levei of Electrification (Battery Size)

Sdirrca’ PRTM Anatysis

Need for Drastic Battery and EV Drivetrain Cost
Reductions to Enable TCO Parity

Battery System Cost Reduction Other EV Component Cost
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* Cost Reduction In Next 10 Years to Large
Extend Driven by Operational
improvements
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Scie Improv, Bandard Soure
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« Operational lmprovements and Design
Intogration/Commeonization Are Key

Vehicle Electrification Will Require Changes to All
Major Systems and the Vehicle Architecture Itself

EE Archileeture

Improvements in Range
Impact Consumer Accep

and Charging Time Will
tance and Infrastructure

LS. Consumer Charging lalvastructure Requirements.
soon s

%

Sectnta 37,200

Broader Consumer Acceptance Will Require More
Than Just Reduced Cost and Basic Charging

Hano Mode!

® coolness Factor"
&¥ Mission Criticality

e
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@ Affordability/Cost

& System Integration

Performance
Requirements
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End-End System Integration Plays a Pivotal Role
— Challenge Is Integration of Two Domains

Integration with the Grid - Integration with the EV

Summary and Implications

Technology and legislative trends are aligned to driv
in electri| ion — A wide range of forecasts exists, hov

cant growth

« Among the pessimistic industry forecasts
U.5. EV/PHEV pare of more than 1M in

small relative to the overall U.S. vehicle pare, 1M vehicles on the
ill drive the need for significant industry consideration of many
related items including:

« Charging safety (user, service personnel, pedestrians)

= Vehicle service safety (OEM autherized and independent)

likely to be a

= Vehicle-vehicle crash safety (oecupant, first responder, and vehicle
transport)

Vehicle-pedestrian safety

Vehicle / battery safety
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Progress and Gaps in Vehicle Battery
Safety Standards

September 27, 2011
Rajesh Nagappala, General Motors Company

2ND A

Global Automotive Regulations

* FMVSS8305 — Update published June 2010
High Voltage Electrical Isolation
Retention of HV components

N DOT: Transportation Requirements
Based on type of technology

* ECE R100 — Update 2012

* China QC/T 743 - Lithium-lon Batteries for electric vehicles
= Korea — Article 18-3
Driving Battery Safety Test

E_M Generai Wotors Company

SAEJ2929 contd..

General Requirements and Considerations:
« During Normal operation:

m failure
m failure

utarm

- Manual Dis GM
UM Generat Motors Company

Purpose:

= Provide an update, on battery safety standards and
regulations applicable to electric vehicles

GM  Generaimitors company

Battery Standards

+ SAE J2929 - Electric and Hybrid Vehicle Propulsion

Battery System Safety Standard - Lithium-based

Rechargeable Cells

Published: February 2011

a minimum set of C ra lithium-
t e use in a
as an energy storage system
powertrain

w General Malors Company

Battery Standards

= SAEJ2829 - Future Considerations:

In process in the near future

tandards

+ UL2580 Batteries for Use in Electric Vehicles
~InPre = pletion in 2011

EM Bavarors campy
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Battery Standards Su mmary

= 1SO 12405 Electrically propelled vehicles . Some Battery safety standards are now in place

~ 12405-1 Tests for high-power battery packs and systems Progress continues to be made to further expand
High Power applications, published standards and regulations related to battery
- 12405-2 - High energy application, final process safety
— 12405-3 - Safety
New approved project

= |[EC 62660 -2 Reliability and abuse testing for lithium-ion cells
that are used for EV propulsion both in BEV and HEV

GM  Ganerai Moters Company 11 e —"
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2nd Annual Electric Vehicle Safety Standards

Summit
Hosted by SAE Intemmational and National Fire Protection Association

September 27-28, 2011
Detroit Marriott Renaissance Center - Detroit, Michigan-Cabot Room

Vehicle Battery Standards Update:
“Progress & Gaps on Battery Safety Standards”
Robert L. Galyen, Chairman
SAE International Battery Standards Steering Committee

President Global Battery Business Magna E-Car Systems

Scope

« The Battery Standards Steering Committee reports to the SAE
Moter Vehicle Council. Particular emphasis is currently bein
placed on advanced Hybrid and Electric Vehicle traction batteries
due to rapidly growing market demand.

+ The Steering Committee is responsible for creation, managing and
coordinating the activities of all the Committees for transportation
sector and includes both starter and traction batteries.

Each individual Committee is responsible for developing and
maintaining SAE Standards, Recommended Practices, and
Information Reports related to that Committee's field of specialty
within the transportation battery technology area for which it is
assigned.

+ Standardization should cover all aspects of the system, pack,
battery. module and the cell, for the interfaces to various types of
transportation applications.

Transportation Sector

= Automobile

= Heavy truck & bus
= Rail

« Off road

= Agriculture

Battery Standards Steering Committee

Code - C ittee Name — C: i Chair

TEVVBC1 — Safety Committee — G. Ressler

TEVVBC2 - Testing Committee — R. Howlett

TEVVBC3 - Labeling Committee — M. McGory

TEVVBC4 - Battery Transportation Committee = T. DelLucia

TEVVBCS - Battery Size Standardization Committee — R. Marks

TEVVBCE - Starter Battery Committee — R. Gruenstern

TEVVBCT —Truck and Bus Battery Committee — G. Fritz

TEVVBCS - E- Fuel Gauge Committee — J. Tinnemeyer

TEVVBCE - Advanced Battery Concepts Committee — D. Prettenhofer

TEVVBC10 - Battery Recycling Committee — T. Ellis

TEVVBC11 — Small Task Battery Committee — A, Williams

TEVVBC12 - Battery Test Equipment Committee — T. Hartman

TEVVEC13 - Battery Terminology Committee — P. Wyatt

TEVVBC14 — Battery Materials Testing Committee — M. Richards
o TEVVBC15 — Secondary Battery Use Committee — A, Holland
SAPMCTEVVECTS - p Appli Committee —T

Battery Safety Committee

= Chairman - Galen Ressler of General Motors

« Scope:
Create and maintain standard test procedures for all
battery safety aspects

» Progress:
J2929 Electric and Hybrid Vehicle Propulsion Battery
System Safety Standard issued March 2011
New revision in progress with emphasis on:

+ Expansion and enhancement of topics currently in document
such as thermal propagation, etc.

Hybrid Battery Testing Committee

+ Chairman: Richard Howlett of Nilar Battery Company

+ Scope:
Publish new or update existing SAE Standards
Identify existing standards that meet functional testing required
and identify missing testing standards

« Progress
J1798 Performance Rating of Electric Vehicle Battery Modules
J2288-Life Cycle Testing of Electric Vehicle Battery Modules
J2758-Determination of the Maximum Available Power from a
Rechargeable Energy Storage System on a Hybrid Electric
Vehicle
J2289-Electric-Drive Battery Pack System: Functional Guidelines
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Battery Labeling Committee

« Chairman: Mark McGory of Jamac Label

« Scope:
Provides labeling guidelines at all levels; component,
sub-component, subsystem and system-level
architectures

= Progress:
J2936 Vehicle Battery Labeling Guidelines ready for
first comments
Expect voting to occur in October
First responders section
+ Registry section (needs ownership and site)
- Manual section (owners manual contents per legislation)

Battery Transportation Committee

+ Chairman: Tom De Lucia of A123 Systems

+ Scope:
J2950 is a recommended practice (RF’Q that aids in the
identification, handling, and shipping of new and used un-
installed lithium ion battery systems to and from specified
locations. J2950 is based on and references existing US and
International hazardous materials (dangerous goods
transportation regulations, which are the only methodologies
to be used to establish transportability of new battery
systems. This RP also provide recommendations regardin;
the transportability of used and damaged batteries. This RP is.
not a substitute for proper training, which is required by
regulation, and or study of national and international
regulations

« Progress:

J2950 will be submitted for committee vote in the beginning of
OCctober. If no issues arise it should be available for general
distribution sometime in November,

Standardization Committee

« Chairman: Richard Marks of Environmental
Transportation Solutions

« Scope:
Provides for common battery designs through the
description of dimensions, termination, retention,
venting system, and other features

= Progress:
Paralleling ISO/ITEC on Li cell standards
SAE will develop Li module standards but some feel
too proprietary to share; efforts continue
Almost 50 members meeting for 1+ yrs.

Starter Battery Committee
« Chairman: Robert Gruenstern of Johnson Controls
« Scope:
The Starter Battery Committee will create and maintain
standards for the fitment, use and testing of all energy
storage devices used in the starting function of
transportation vehicles

« Progress:

Existing J-Document Update & Reissue

- U537 Storage Batteries (reissued)

+ J2185 Life Test for Heavy-Duty Storage Batteries (Motor Vehicle Councll
Balloting)
J1485 Test Procedure for Battery Fiame Relardant Venting Systems
(under review by Commiltee)

New J-Documents

- J537 Storage Balferies (revised) expand scope anticipate new

P-Y.7 -1 chemistries

- J2981 — Creating new J Document for Starter Battery Standards

Truck and Bus Battery Committee
« Chairman: Greg Fritz
« Scope:
Identify existing standards and make
recommendations where new standards could be
developed. Whenever possible, include truck and bus
battery pack specifications into automotive standards
and create new standards, when necessary.
= Progress:
ARoadmap has been created and the Committee has
been separated into working groups for each of the
major battery pack technical areas. Liaisons have
been established with the SAE Truck & Bus Hybrid
Safety and Advanced Drivetrain & Hybrid Steering
Committees, as well as the CALSTART Electric Truck
ame= Users Group. ATechnical Infermation Report (TIR)
=M=,  will be published in 2012.

Electronics Battery Fuel Gauge Committee

« Chairman: Joern Tinnemeyer of Cadex

« Scope:
This document covers the recommended practices
associated with reporting the vehicle’s (hybrid and pure
eleciric) battery pack performance details to the
automobile user. These practices detail the accuracies,
error conditions and diagnostic requirements responsible
for delivering an accurate assessment of the amount of
available electrochemical fuel.

« Progress:
Committee has agreed on a generalized system
architecture
Practice wiill include elements of the vehicle energy
management system down to the cell level
Initial draft has been written — significant areas still need
more detail
Goal is completion by Q1 2012
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Advanced Battery Concepts Committee

» Chairman: Dave Prettenhofer of A&D

« Scope:
Identify and keep Battery Standards Committees
abreast of new technologies which we must stay
informed before market commercialization.

= Progress:
Expect Information Report on upcoming
technologies that require the attention of other
committees, (Safety, Standards, etc.)

Battery Recycling Committee

« Chairman: Dr. Tim Ellis of RSR Technologies
= Scope:
Development of Technical Information,
Recommendations and Standards for the recycling
of automotive electrochemical cells.
= Progress:
Enhanced labeling for improved handling and
segregation of chemistries prior to recycling , in
process
Development of uniform recycling nomenclature
and definitions, in process

Compilation of recycling methodologies and
benchmarking lifecycle costs, in progress

Small Task Oriented Vehicles (STOV)

« Chairman: Anthony Williams of E-Z-GO

« Scope:
Focusing on development of SAE Surface Vehicle
Standards to harmonize test protocols for companies
engaged in the manufacture of Small Task Oriented
Vehicle (STOV) batteries, chargers, test equipment
and independent laboratories. The Committee will
focus on Electric Vehicle and Hybrid Electric Vehicle
battery pack performance, rating, and testing
standards relevant to these applications.

= Progress:
Committee currently working on development of a
SAE Certified STOV Electric Vehicle Range Testing
Range Testing is a major “Pain-Point" for STOV and
Battery manufacturers
Goal is to have a draft test procedure in Q1 of 2012

-
L~ =N

Battery Test Equipment Committee

= Chairman: Terry Hartman of Bitrode Corp.

« Scope:
Identify minimum allowable standards for equipment
used in testing energy storage systems in
automotive type applications to include the
definition of performance terminology and
equipment safety standards.

« Progress:
Currently gathering information from industry
experts and test equipment manufacturers to
document and indentify key testing processes,
methods, and specifications. Initial document is
being generated.

Battery Terminology Committee

= Chairman: Perry Wyatt of Johnson Controls

« Scope:
Define common terminology for energy storage
systems at all levels; component, sub-compenent,
subsystem and system-level architectures including
terms pertaining to testing and measurement.

« Progress:
J1715/2 — Hybrid Electric Vehicle (HEV) and
Electric Vehicle (EV) Terminology — Energy Storage
Systems

Battery Materials Testing Committee

« Chairman: Dr. Menique Richard of Toyota

+ Scope:
Create Recommended Practices for the
measurement of the key properties of the materials
use in making batteries
It is not the purpose of the Committee to establish
criteria for the test results

» Progress:

J2983 (in-progress): Recommended Practice for
Determining Material Properties of Li-Battery
Separator
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Secondary Battery Use Committee

» Chairman: Arthur Holland of P3
= Scope:
Establish inspection standards to qualify and re-
value safe batteries for re-use and compatibility
= Progress:
The first meeting was held 23-Aug-2011

Committee members are defining specific
objectives and goals.

Start/Stop Applications Committee

» Chairman: Tracy Strickland of Exide Corp.

= Scope:
Identify gaps in existing standards and
recommended practices as they relate to batteries
used in Start/Stop applications, including:

Testing, Design, Safety, Monitoring/Control, Labeling
Develop and maintain standards and recommended
practices as appropriate based on those gaps where
not assigned to or owned by other Battery
Standards Steering Committees

« Progress:
Newest Committee

oA lopi b 1
=t 5 Developing member roster

Summary
+ The Battery Standards
Committee leads the way in
transportation batteries
standardization which will play a b “a
predominate roll in safe, cost 7
effective transportation of the *

future -

It will take a concerted effort of -
science, engineering, policy, -
testing and validation to assure

the battery systems of the

transportation sector meet

performance, life and safety

expectations of the general
#sme=  consumer and first responders
s

Contact Information

Bob Galyen — Battery Standards Steering Committee
Chairman
robert.qalven@magnaecar.com
248-836-1120 office  248-225-2794 mobile
4121 N. Aflantic Blvd. Auburn Hills, Ml 48326 USA
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Progress & Gaps on

Vehicle Research
(Issues with PEV Stds)

Theodore Bohn
Argonne National Laboratory

U5, National Electric Vshicles Saiwty Standards Summit

Overview: Vehicle Research Safety Gaps
fEnergy Storage and Vehicle Safety Covered Eewhere)

® History of PEVs, Charging Infrastructure

® PEV Related Components in Vehicles:
Motor rating methods; not all motors are created equally
Rating motors/cemponents as part of a system
Charging couplers;
Summary of Ch.
Communication req
Energy consurm

ductive, now wireless

r nomenclatur l’]
ments (PLC over Pilot wire)
metrology, on and off vehicle
feoupler diagnostics- (SAE 2836, 12847/4)

Vehicle charging,

SAE nternational”

september 37, 2011

PEV/Charging Standards History
{In 1913 there were 30,000 EVs in LUS)
Elertnt Vahatle Auswratom of Aseiics

Detroit was the first American city to use
electric taxi cabs, in 1914.

e tawl aceurmulated =46,000 miles firss

Detroit Edison & Electric Vehicles

Historical Perspective- GM Electrovair -50 Years Ago

*  Panteries in front and resr of vehicle, rear delve motor snd rear el

Fig. 1 CUTAWAY VIEW OF GENERAL MOTORS ELECTROVAIR
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Fast Forward - 30 years GM EV-1 Powertrain
Fha: 16.5KWhr (3086 Tos)
NIMIH-: 2E.2kWhr (290 lbsh

Fast Forward to 2010: Chevy Volt

e s g
a1 O st s

P

Lngung Canarater Lithiwen lon Battery

2012 Focus EV- Interesting Maintenance Comparisen

Unique Charging Needed for Each Vehicle Type

— Plug in Hybrid Electric Vehicle (PHEV)

— Extended Range

Electric Vehicle (EREV)

a a
Relative Annual PEV Energy Usage El . :
ectric Motor Ratings Standards (SAE J2907
{-2500kWhr/year or $275/year; -$23/month} 8 ( )
= PEV industry lacks consensus based definitions of electric motor usage cycles
Impulse, peak, transient, steady state
Annual Energy Usage - Electrical Appliances * Cach manufactuner uses an “adjustment factor on ratings used for industrial or
sther mokar appications, based on the non steady state use of the motar
Home Heating System 3,524 kWh {i.. “Toyota Watty' ara differant than Ford Watts, Monda Watts and Jamas Watt)
= 3 — * Drive cyties ara difined for vehiclis But mator usaga varies by topalogy/mass.
Cantral Alr Conditioning 2,796 kWh + Coaling 100p inlet LEmperalLre greatly IMPACts Motor peak fsteady SLae ratings
Refrigerator/Freezer 2,610 KWh * SAE 12908 addresses moter rating 5 part of 2 system
o Mabars may have higher comaseint rating than Battary sowes rabing, coaling
Water Heater 2,552 kWh systamn capacity or powar slectronics. Systam rating is the minimum of tha wat,
g LHEVY,
Clothes Dryer 1,078 kWh S e
Lighting 940 kWh 12y Sy
I Nisson Lagf s /i ), ar for
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End Goal: ‘Fill the Energy Bucket' Safely
Anatomy of a PHEV Battery Pack

HY Outplt Leads [orange) i
HYIL connector intanack:
a

Battery Packaging/Safety Systems:

Fused Mid-Pack Service Disconnect Mindmizes Fxposed Vohages
{142 pack vohtage), contactars- contact weld detect, (Ford Foous BV, Nissan Leaf batteries]

&

Historical Perspective on EV Charging Equipment

1900 to Today ...and Tomorrow

1913 150AMBvde coupler  1990's J1772 Conductive 2010 SAE J1772 Level 2
(30,000EVs In 1913 SAE J1TT3 Inductive 240vacl<80A (32A typ)

H

2011 SAE J2954
Vireless Charging

(3

DC Fast Charging Couplers:

JARI-ChAJEMO->SAE J1772-Hybrid Laokmont, e leverl
e to fewer Comm. Hns

o

-q""“'

Vehicle & Supply Equipment Variations

| pren PrEYV

1.5 i T 5 i BEv

Full Hybrid Plugn s witm “'::h
(doas not Hybrid Elnctiic

DC
AClevl  AGLewM2  Lovel1,283 [wwiaid

m [ [e—— ComeA BAC
V) W PO PO
1502 kM 0.2 i 1804) e shager BOYIEC

ITaer A
et}

3
{posde am Lfionatin AC Level3 Mleamte
zvy | 20 5W & 3)

Nissan Reducing DC Off-board Charging Costs-(«57500/50kw)
Is Home Charging Next?
-Impact of 20kW+ continuous load mean on distribution?

= Meight fwidth/depth {mm) 1,5

wgoon
sped quick-
= than most

Priced below $10.4
sal
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Off-board DC Charging Stations
* Carrently only Nissan Leaf and Mitsubishi IMIEY have DC charging Inkets {SOkW)- JEVS
*  SAENEC combination DC-AC charging standards are coming in 2012- vehicles 20147

« Aflegediy ¢

P
Electric Vehicle Supply Equipment (EVSE)-
Effectively a Very Safe Contactor/Coupler

O 1

B Pesey Dmersen  Prowewwy Desschen Ak rarsie 1 detedt frvasncs o thasge ponmedier

SAE J2953-PEV-EVSE Compatibility
EVSE-PEV-EUMD-Utility Test Fixture/Tools

Many Combinations of E¥s, EVSE and Utithy Regon istallstions.

Secondary Meter vs Sub-Meter

(take-away point 13 that equipment cost b minimal compared to Wbor/instaliation)

Why Sub-Metering?

& o
Where Does the EUMD Reside? Basic Concept of Bi-Directional PEV Charging
(Depends on your segment of the EV industry) Alphabet Soup of Use case Scenarios (J2836/3)
oy sircuit g the EV, but ey be
1) Unilities rend -
it £ the gl rratsr g
2} Home Owners may w . +* 10 othes PEVS)
3) EVSE manidaeturin
4) Auto manifactum
1o EUMD consump! i
P SR L Dows this mean
4 that cars will heve H
i + mn undwr-hood I
m ! canh ragistar? o m
o )
i [97®
) Bene )
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communication over pilot wire

J1772-Level 1 DC (draft)- passes DC on AC leads
Off-board Charger (lower right)- requires PLC

Conclusions

the world for

AC Ll 2
G Lt

SAEN772-DC couple:
ways;

Leve! 1-0C 36xW{B0DA], Level 2-DC SOXW {2004}, Level 3-DC
180KV {a00A}
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- Aut ml‘a turerssRartnerships

@ Alliance of Auto Manufacturers (aam)
| ® Association of Intl Auto Manuf. (ALAM)
® Auto Manufacturers
General Motors
Nissan
Ford

Porsche

® Complete electronic and
print reference data
base for responders.

® Indexed by ALL Hybrid
and Electric production
vehicles initially from
2008 - 2012 mode| years.
Ensegencs sl Guse

Earmine vamce

For every vehicle, system

and construction characteristics
and specifications, and complete
safe response procedures and
guidelines.
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Resources

)

+ 43,000Web Page Visits E &GM/NF PA Chevralet Valt Tour:
+9,500 Blog Hits i Over 2200 Flrst Responders Partichated
. = 22,000 EY Monthly
Wehsite: safetytra Newsletter Clreulztion

oad
s

d to Each State

Lomplet
+ Mass, New Yark, Atlanta
~001n Attendance at each

scheduled:
= Oregon (9f22)

= New Hampshire (8/26)
* Connectlcu (9/30)

* Marttana (10/1)

* North Carolina (10/4)
* North Bakata (10/8)

* Maryland (10f15)

* Wisconsin (10/29)

1 * Oklahatna (11/4)
= Pannsylvanla [11/19)
Thevy Valt Online Tralning: 8- * lowa (11£19)
10,000 Flrst Responders Tralned « South Carollna (11/12)

* Hawll (12/5)
+ Washlneton (2/271

Angela Burke

Project Coordinator
Quiricy MA

Ermail: Aburke@nfpa.org
{617 7
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Robert Duval — NFPA
Sr Fire Investigator
NE Regional Director

News Account

Details

April 14, 2011
0412hss

Viewr from Driveway
™
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uzuki (Converted EVY)

Chevrolet Volt

Conclusions

: The area of origin, based upon
w11:ness-sfatemants, burn patterns, demarcation
lines and areas of greatest damage, is believed

to have been in the area of the center of

the

ge closer to the vehicle parked in the south

"Abay, closest to living space of residence

B Cause: Undetermined

Suzuki Charging

Volt Ch_arging
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Electrical Vehicle Safety

Standards Summit

Enforcement Officials
Standpoint

How Does Code Enforcement Fit
Into Electric Vehicle Usage?

NFPA

S8AE nternational

Presenter

Jon Nisja, Fire Safety Supervisor

Minnesota Department of Public Safety
State Fire Marshal Division

Overall Concerns

* Vehicle Concerns:
—Power-down procedures,
—Labeling of components,
—Some standardization (or at least make it
intuitive),
—Color coding / labeling of high voltage
cables,

—Failsafes (what happens when Mr.
Murphy visits).

Overall Concerns

« Infrastructure Concerns:
—Charging disconnects,
—Auto shut-down (prevent runaway or over-
charging),
—Physical damage protection,

—Fail-safes (what happens when Mr.
Murphy visits).

Overall Concerns

* Other Concerns:
—Vehicle towing & recovery,
—Vehicle salvage,
— Battery storage and installations,
—Battery removal and rebuilding,

—Failsafes (what happens when Mr.
Murphy visits).
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How the Code Process Works

+ The term “code” in this presentation will
be used in a general sense.
+ Could be used to apply to:
—Fire Code,
—Building Code,
—National Electrical Code.

How the Code Process Works

* The codes are often written in
response to one or more tragic
experiences.

» It has been said that the codes are
written with the blood of the victims.

* The codes are trying to prevent similar
occurrences from repeating.

» Historically, codes were developed at
a national level.

g © ! /

~r~ ..
J

* Recently, more e
code develop-
ment has been
multi-national.

» Codes are typically adopted at a state-
wide level.

» Codes are typically enforced on a local
Ievel (C|ty, oounty, township, district).

--- Page 79 of 104 ---




Code Purpose

“... prescribe minimum requirements
necessary to establish a reasonable
level of fire and life safety ...".

—NFPA 1 (Fire Prevention Code) — Section 1.2.
Important points:

—Codes are “minimums” (not the ultimate}.
—Intended to be “reasonable”.

Transportation vs. Storage vs.
Use

* In most codes vehicles, equipment,
and commodities are exempt from
code requirements during transpor-
tation.

—Codes generally assume they are under
other regulatory framework (DOT,
NHTSA, etc.).

Transportation vs. Storage vs.
Use

* Once no longer in transportation,
storage and use often fall under state
and local codes.

* Some examples of how that might
apply on next few slides.

Transportation vs. Storage vs.
Use

* |n the case of electric vehicles:

—Charging of batteries would be considered
a use.

v L

Transportation vs. Storage vs.
Use

* In the case of electric vehicles:

—New battery storage would be considered
storage. . : | §

Code Impact on Electric Vehicles

» The codes will likely impact electric
vehicles in these areas:
—Charging stations: e 1]
« Residential,
+ Public,
* Private commercial.
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Code Impact on Electric Vehicles

* The codes will likely impact electric
vehicles in these areas:

—Battery storage:
* Auto parts warehouses,
= Auto parts stores,
+ Auto repair garages & dealerships,
+ Battery exchange depots.

Code Impact on Electric Vehicles

» The codes will likely impact electric
vehicles in these areas:
—Batteries awaiting recycling or disposal,
— Battery re-building,
—Battery recycling,
— Battery disposal,
—Dormant vehicles (towed, abandoned).
* Concern: remove electrical problems.

Code Impact on Electric Vehicles

» The codes will likely impact electric
vehicles in these areas:

—May require permits (typically a local
issue):
+ Installation of new systems (electrical
permit, construction permit),

«Operational permit (usually controls
how system is used).

Code Impact of Electric Vehicles

* Equipment will also need to be
maintained,

+ Are there safety features to restrict
improper use of charging equipment?

Moving Forward

= Continue dialogue and discussion with
code officials.

Continue training with emergency
responders (how to deal with EVs):
-Law Enforcement,g ELECTRIC VEHICLE
—Fire, 4 SAFETY TRAINING
—Emergency medical services,

-Towing & recovery services.

Questions
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7 Annusl Flactric wehicle Safety
Qandards Summe
Segtember 37, 3011

The ANSI EV Standards Panel - Importance of
Linking the Standards
Together

Presented by
Jim Pauley
sr. VI = schneider Electric
Co-Chair = ANS|EVSF

ANSI Electric Vehldes Standards Panel

Charge - lop Standardization Road @ m

far LS. market by end 2011 }“
® Catalog axisting standards {published, in development, under revision]

® Defing where gags exist/ Identify priorides for needed standards,

organizations that may be able to perform the work, and trget detes

= |dentify harmonfzation / coordinatfon Issues of concern and make
recommenca tors bee addressing them

= Dothe seme for related conformity assessmant programs, codes and
regulations as needed and appropriate

= |daa s o captura whatis taking placain various nftiatives and compila it
Irv ene place to provide greater darity

B EVEP will not develop standards

® EVSF will pot “re-invent the wheel” or duplicate the work of others

neider
B Tz

Roadmaps Are Already Being Developed ; Participating Organizations

5 5 ; & Amaes of Astenenite Manufaurers o Magraboy

in Other Countries - R L - s MaedesBeun

e ®  Aud A ® MipRIbie Dlntne Rasesr oh Labe
- ATH = Migaibishi Mtors orporstion
o ety Pace * Nmome Tennnges
*  CoifominPublic Utisies Commission *  Macioan Hearica Comsractoes Assn
+ Comeaxn « Hoonn ool mafactiters A
&« Coming *  Naood Fre Frotecion Assn
*  Coulomd Tecnologes, e *  Nmoond stinge of Staedwds and Tedinokgy
+ Caum « Qumamm
= DubeEnergy R o —
®  Eson *  Hooy Mounisn inditute
® Iaeon [lactes lagitute * Sl Intareatioan
*  Eleteic Power Mesorch nstitute = Sinoder Blectric
o Ganarn s o v
e *  Generd Services Adminiargion . remens
®  Geeen Dot {Tom Eoration) ing ®  SonyElectronks
*  Hubbet *  Southem {aiformis[osan
. e . T0rPower
& icemanond Ass of Eleciniodl inspecons ®  Underwriters Laboraories inc
®  lagemacosd Code Comdl ® U5, Depanmen: of Enengy
. e o vy
® [TV Iscerconn oo Sohomions: *  VirpnisTees Tranpomanse inseute
| ulabin nar [ — s
Architecture — m
Infrastructure Safety lssues ==

3 Domains [/ 7 Working Groups

= Vehicle Domain
Energy Storage Systems WG
Vehicle Companent sWa
Vehicle User Interface WG
= Infrastructure Domain
Charging Systems WG
Infrastructure Communications WoG
Infrastructure Installation WaG
= Support Services Damain

Education and Training Wo

i Wl e Y ok Tl

= General w

Conmettivity of thargers with the built infrastructure
Woltage levels ! speed of charge [ flow of electncity through the system
Impact of Envieonmental conditions
= Residential locations
Instaliation of tharging Rations, meters phgs
Power capacity assessment / Permitting
Uipgrases ta Comply with Mations! Cleetriesl Codle
Cualifications of Instabers and Inspectors
= Public Charging Locations
Signage, Lighting, Securtty, Accessibiey
Protection and Mantenance of EVSE {Security, Vandalsm, Colisions)
o rd Managenent
Battery storage [ warshousng

O Bl ke S Pl s
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Electrical Vehicle Charging and NFPA Electrical
Safety Codes and Standards

2nd Annual Electric Vehicle
Safety Standards Summit
Sept 2728, 2011

THE
FIRE PROTECTION
RESEARCH FOUNDATION

CGALPOLY .

Project Background

[n 2010, NFPA and SAE held a joint Summit on the safety aspects of the
widespread introduction of electric vehicles to the marketplace. A
critical outcome of that Summit was the identification of the need to
assess the implications of electric vehicle charging for NFPA electrical
safety codes and standards and to communicate that to the inspection
community and other audiences.

NFPA technical committees are currently addressing these impacts and
will benefit from additional information from the EV community on
emerging technologies which may impact safety.

Caw PoLy [

. Technology Review and Safety Assessment: Working with the automotive
Industry and battery and battery charging technology companies, assess
the current and emerging charging station technical specifications (Level 2
and 3 charging) to determine the implications for electrical Infrastructure
including wiring, overcurrent protection, load management, etc.

Standards Review and Gap Assessment: using the outcome from Task 1, the
NFPA standards identified above will be reviewed in the context of these
safety Impacts and a straw-man assessment of gaps and inconsistencles
will be prepared,

Warkshop Presentation: The contractor will present interim findings to the
NEC EV task force and other stakeholders at a 4 day meeting at an east
coast location. The strawman will then be revised based on this input.
Report of all Tasks: A final report of all tasks will be prepared and a
presentation made at the NFPA/SAE Electric Vehicle Summit in Detroit.

POy

-

w

S

Project Technical Panel

Panel Members

Gery Kissel General Motors Corporation
John Kovacik Underwriters Laboratories
Alan Manche Schneider Electric

Gil Moniz NEMA

Frank Tse Leviton

Mark Earley NFPA Staff Liaison

CaL oy [N

Growth of US Electric Vehicle Charging Stations

Projections for the amount of growth of US Charging Sta

varles widely, as do the forecasting entities:

* US Department of Energy’s (DOE) Alternative Fuels and Advanced
Vehicles Data Center (AFDC) website has data DOEs Natfonal
Renewable Energy Laboratory (NREL)

+ Zpryme is an independent research and consulting firm which
provides market research in developing industries

* The Center for Automotive Research (CAR)is a nonprofit
organization focused on trends and changes related to the
automobile industry

* Pike Research is a market research and consulting firm that
provides analysis of global clean technology markets
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Growth of US El

* Using data from these sources, along with their projections for the
total amount of charging stations, yields a range of 1.04 to 2.52 Plug-in
Electric Vehicles (PEVs ) per station based on the Pike Research
estimate of total charging locations

* This range is validated by Accenture, a global management consulting,
technology services and outsourcing company, which projects 2
stations per vehicle at full deployment

* Using the number of cars from each organization as a base, and then
multiplying this by 2.5 charging stations per vehicle establishes an
upper boundary for the number of charging stations

* The Pike Research data is used without modification
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Growth of US Electric Vehicle Charging Stations
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Characteristics of PHEVs, EREVs, and BEVs!

Plugin hybridelectric  Extended range Batiery electric
vehicls (PHEV)  electric vohicle (EREV) vehicle (BEV)
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Phug-in Hybrid Eledric Y ehicles (PHEV)

« Chevy Voll Extende X

= Toyota Flug-in Hybrid X

< BYD FIDM Tiybrid X

« Toyota Prius brid X

< Brieht Autowotive IDEA Phie-in X

< Ford Escape Plus-in Hybrid X

« Ford C-MAX Energi X

< BMW Vision X

T iE X

+ Codllc Comver X
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Potential NEC Impact of Charging Stations

« Battery meter (for chaging rate and vol

® Meters for power consumption

® Protection against overcharging energy storage systems to prevent failures

® Charging and discharging of PHEVs, PEVs, and other on-site energy siorage
systems

® Energy management systems

® Cord and Plug connection of the supply equipment (not the car connection) —
should there be a limit on the amperage (504, 1004, ete.)

® EV Ready building infrastructure for a charging station (including
conduit/wiring from the electrical panelboard to the charging location): this
may include a larger branch circuit capacity to support Level 2 charging

® Maintenanee that must be done for public charging stations to keep them safe

® Worker and publi during, ing/di ing (whether at home, work,

ora public charging station) could be an active smart grid component through

Demand Response; requiring some form of public indication

Cu ooy [T

# Charging and discharging of Vehicle-to-Grid storage systems

® Cord and plug connection between the utility and the EVSE (i.e., the
male end of the plug would be hot)

# Public and electrical worker safety when working on other parts of the
electrical system

® Placement of appropriate isolation switches in the system to ensure

safety
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Current Industry Specifications Summary of PEV Vehicle Specification

Standard
EPRI SAE(AC) SAE O] i Charge Power
— Bar (max rated F
120vac, |120V sinele phase, 200-450 V Vehide Type | SRUEIY | opacity / stated | S| Range
1 12A0 ];‘A Configuration current 1242164 |Rated current < 80A. |4 chyrging Capacity clarge time) Lime
1% Contiguration power 1442192 kW [Rated ponwer < 36 KW |- pogey Zeto§ Motorcycle | 44kWhr | €1.5) kW Z3bes | 43mi
e |VDCw
ihVAC 33066 B06s | 350
savac, |40V single phase 200-450 V- "p"ﬂ&w ta S00V Leaf Sodm o il i ] 6210 138 mi
% o [Baetdimca i Roted oument < 200A | e | Pranal Cootielt |y 2EWhr | (B5 1o 4TI kW G0 Shes | 5010 80 mi
Rated power Rated power =90 kW [ 1254 EV 3
1.000V [ Tesla Sports Car SEkWhr (IskwW 3.5 hrs 245 mi
Mot Finalizod**

480 VAC | Not Finalized®

* > 20 kW, single phase and 3 phase proposed
** the current standard s the potential for 200-600 VDC at a mesxirmuam of 400 amps and 240 kW
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Summary of PHEV Vehicle Specifications

Charge Power Total Range
— it vatedd ciiiee: | per ik Amount of | Amount of of | Median amount of
Y . (_ﬁ! capadity /stated | Time (Blectric Tuscation New DEV. PEV tonew | PEV registrations
Yohlds | Tvee: | Samliy charge time] | (AC Level | Onlv) S Registrations | regisirations | within Zip Code
(useable) | g ble) EPA — 1
el on e L Fresno, CA 83,000 2,000 24% 1
Vol Sedan 16 (10.4)kWhr | 3.3 [4 (2.6)] kW & hirs 375 {([35]ymi
Prius | Sedmn | 52 (G8IKWhr | [3.47 (2.53)] kW LS e 475 (14) i Berkeley, CA 14,000 2,500 18% 212
FIDM [ Sedan | 16kWhe 2] kW (8) hrs 360 (40-60) mi
x Fl d=18 =1

2hitpHien wikipecka.orglwiki/B V1
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Residential Single Meter Option

PEV Charging and Increase in Electrical Load
for PG&E Customers’

S———— e Residential: E-08 Time Of Usa (TOU) rate

PEV charging at 240V is a large load for Far My P Sl b Fimias et Bt Veruei Lo

— PGAE customers, comparable to average
paak summer load of & single home

Customers will prafer a
240V charge to shorten

recharge times
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{ amome o b 3t |
o el
1 hais 1 — ——
e ————

4nus

BEV Rochargs time

Rain o charge

G poc N

CATH

--- Page 86 of 104 ---




Residential Two Meter Option

Residential: .98 Time Of Use (TOU) rate
st rHom

o Cat oy T

Effect of Increased Deployment of PEVs & PHEVs

The geographical clustering of charging stations, charging
voltage/duration preferences, single versus multiple EV charging,
and rate structure/metering options collectively result in the potential
for a wide range of implications for electrical infrastructure wiring,
overcurrent protection, and load management

Hopefully, clarity will develop as battery technology improves,

utility costs are determined, and customer desires become more
defined
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Impact of Increased Deployment of PEVs & PHEVs

.

Dramatic inrease in load relative to typical residenfial Usage
Dramatic increase in load relative to typical commereial usage in some cases,
such as where charging is offered to customers and/or employees

Infrastructure upgrades necessitated by geographic grouping of PEVs & PHEVs
Increased communication wiring, especially if two-way power exchange
becomes common

Interface between charging stations and smart meters or EMS

Revised venting requirements due to different battery chemistries

Overcurrent profection

Load management

Harmonics induced by charging stations

Voltage flicker due to charging station load

DC charging i pecially where DC 1on or storage, such as
where Photovoltaic Cells (PV) are present

.

e s e e s e
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* NFPA 70 articles include:
o Article 210 Branch Circuits
o Article 215 Feeders
© Arficle 220 Branch Circuit, Feeder, and Service Calculations
o Article 230 Services
o Article 240 Overcurrent Protection
o Article 250 Grounding and Bonding
© Article 625 Electric Vehicle Charging Stations

® NFPA 70 articles include:
o Article 120 Establishing an Electrically Safe Work Condition
© Article 320 Safety Requirements Related to Batteries and Battery
Rooms

CaL oy [N

® Underwriters Laboratories, Ine (UL)
o UL 2202 Standard for Electric Vehicle (EV) Charging System
Equipment
© UL 2231, Standard for Personnel Protection Systems for Electric
Vehicle (EV) Supply Circuits
© UL 2251 Standard for Plugs, Receptacles and Couplers for Electric
Vehicles
o UL 2271 Batteries for use in Light Electric Vehicle (LEV)
Applications
o UL 2594 Electric Vehicle Supply Equipment
® The Society of Automotive Engineers (SAE)
© J1772 - SAE Electe Vehicle and Plug in Hybrd Electric Vehicle
Conductive Charge Coupler

Cu ooy [T

Electrical Vehicle Charging and NFPA
Electrical Safety Codes and Standard

THANK YOU!

THE

FHRE PROTECTION ~, y
R eron Cu Py
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What is the National Electrical
Code?

» Also known as the NEC ® or ANSI/NFPA 70
+ There are two electrical codes that govern electrical

National Electrical Code installation

The National Electrical Safety Code®-governs electrical and

Update c ications utility

The National Electrical Code®-governs electrical
Mark W. Earley, P.E installations in the built environment

Chief Electrical Engineer

National Fire Protection Association

National Electrical Code® Articles
History on Alternative Energy

» First edition issued in ~Article 480-Batteries

1897 —Article 625-Electric Vehicle Charging Systems
+ There have been 52 —Article 690-PV Systems
editions

—Article 692-Fuel Cells

—Article 694-Small Wind Systems

—Article 625-Electric Vehicles

—Article 705-Interconnected Electrical Power
Production Sources

» Since 1953, the NEC
has been issued every
three years

» Adopted into law

il}]:-.:—'.—v:

__-

Involvement with Electric Vehicles National Electrical Code®

+ Does not contain requirements for electric
vehicles

+ Does contain requirements for the charging
infrastructure

| —
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Article 625-Code-Making Panel 12

e T o

National Electrical Code®-2014

+ Electric Vehicles Task Group
Chair, Gery J. Kissel -General Motors
Thomas R. Brown, Intertek Testing Services
Thomas L. Hedges, Hedges Electric

- Jeffrey L. Homes, IBEW Local Union 1 JATC

John R. Kovacik, Underwriters Laboratories
Todd Lottmann, Cooper Bussmann
Jeffrey Menig, General Motors
Jose Salazar, Southern California Edison (EEI)
David Sher, City of Bellevue
Lori Tennant, Square D Company/Schneider

Current Activity

» Two Tentative Interim Amendments
+ Proposed rewrite of Article 625 for 2014
Edition

| —

625.13 Electric Vehicle Supply
Equipment Connection

NIPATO"
Naiona
TiALeg

n
s Yok Date: Sepeczver 8, 21|
Submitee: Gery Kissel, General Motors Corp.

1 Revise 623,13 as follows:

e -
o

125 vols,sngle plase, 15

18, 625.00,nd 625
e
(9 b inetalled 1o facitiasa any of the follewing:

& Ry ol for merchinge

. Faslias niniensss st i

W Jength o et
@ i inai

i
| place. Fhin T sheicc v gl eusipenec shal kv o exposed ive parts.

Aesile s,

625.14 Rating

Date: Septemiber 9,301 |
Submitter: Giery K ssel, General Motors Corp.

L Revise 62514 as followws:

625,14 Rating, Electric oy

for
i

j.sce, ic vehicle supol
;

o feeder shall loa permitied. e,

|-

Status of TIAs

+ Have passed all committee balloting
CMP 12
National Electrical Code® Technical Correlating
Committee
+ If issued the TIAs become proposals for the
2014 code
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Active EV Task Group Activities

625.9 Electric Vehicle coupler

625.15 Markings

625.17 Cables

625.22 Personal Protection System

625.26 Interactive Systems

625.29 Indoor sites

625.30 Outdoor sites

Proposed Article reformat

625.XX EVSE Level 1 and Level 2 Ready Circuits

| —

National Electrical Code®
Proposals

» Closing date is Friday November 4 at 5PM EST
+ Anyone may submit a proposal

+ If you believe that a change is necessary,
please submit a proposal.

|

Critical Points in NEC Processing Schedule Slmﬂﬂnmﬁ
Propasal Closing Dste INEC TCE Meeting Comment Closing.
Now.d, 2011 40 S2L AiiFiI 237.27, June 15, ‘gn. 1..7, Nov 28-Dec:

Thank you!

It can’t happen without your input!
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CountonUs

Ulility Perspeclives
Electric Vehicle Safety Standards Summit 2011

Company Prolile

~Gantonts

* The Utility
« Principal subsidiary of CMS Energy
» 7,000+ employees
= $6.88 in annual sales
Electric and Gas Service
= 1.Bmillion electric customers
= 1.7 million gas customers
= 70,000 miles of electric lines
« 27,000 miles of pipelines
* Generation
= 37,000 GWh (49% purchased)
» Fleet of 28 facilitiesiplants
= Mix of coal, natural gas and hydro -
‘Serving Michigan families and businesses since 1886

‘Serving all 68 Lower Peninsula counties

2
consumers fﬂﬂmy Penelration Load Prolile Cantanll
30% 5,000
4,500 =
: 25% £000 : o
& 3500 ——f
% 20% =% y
£ 2 300 y
5 H p
E 15% - 2500
o 2 N
E S 2000 Fer astration arly
S 10% 5 1,500 %
E & 1,000
> 5% 1
a ; 500
0% 0
2010 2015 2020 2025 2030 12AM 3AM B6AM 9AM 12PM 3PM 6PM SPM 12AM
—tow —biedum —+igh @PEVFieet - Simple Gontrol = Startat PM W Uncantroled No PEVs
3
Consumers Energy’s Approach EB

Consumers Energy is installing
charging stations at select service
centers across the state. Locations
Include: Corporate HQs in Jackson
and service centers in Jackson,
Lansing, Grand Rapids, Royal Oak
4 and Kalamazoo.

Customer Support
= PEV expert network
= Call Centerl Interactive Voice
Recognition (IVR)
= Web Site
PEV Rate Development
PEV Incentive Plan Developmen
Internal processesfworkfiow
= Customer account setup
= Time of Use (TOU) metering and

Customers will cortact us either by phone or email
- Phone: (877) 304-9246
- E-mail: electricvehicleinfogemsenargy. com

™M > =2

meter reading
= Correct billing
Grid Impacts TConsumses Erargy wil
Michigan PEV | «umums provide up o 52500 to
Taskforce erioriy cover the cost of

‘purchase, installation
and home wiring of a
charging station

SHEUEEEY

"
replsnd

= Website : wer. consumersenery comipey
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Michigan PEV Readingss e

Cantanis

* Michigan is a leader in PEV development,
facture and readi

* MPSC PEV Preparedness Taskforce

= Promote Michigan as a leader, seamless customer
transition

= Diverse stakeholders: auto manufacturers, MPSC
staff, various utilities, electrical inspectors and
contractors, environmental groups, not-for-profit
groups

« Developing

for

implementation

‘www.pluginmichigan.org

Michigan PEV Readiness e

Gl
* EVITP Electric Vehicle Infrastructure training
program (electrician training certification)

* Qutreach to Electrical tractors and insp s

* Legislative Event
“House and Senate
Energy and Technology
Committees™

* Code Change
Mi Res Building Code E3501.6.4

s By

29 Meter Recommended Configuration —

— S A separate service disconnect
— for electrical vehicle charging
systems shall be permitted.
The disconnect shall be
located immediately adjacent
to the outdoor meter cabinet.
A permanent plague or
directory shall be installed at
each service disconnect
location denoting the cther
services, feeders, and branch
circults supplying a building
or structure and area served
by each service, feeder, and
branch circult. The disconnect
shall not be required to be

disconnects for the structure.

PEVInstallations : -
IE on the new rates: 26* | P
& -
G with meters ordered: 15 | gy s
Other known buyers: ~25

“ncludes company empioyees

-m

g
Comversion Vehicle — —

Thank You!

Seth Gerber
Electric Vehicle Program Manager
sdgerber@cmsenergy.com
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Appendiy - Consumers Energy’s Rales Oplions ——
= Whole house time of use (TOU) rates

Powered By ol

* PEV charger wired into existing panel

=
= TOU rates for PEV only

Consumers Energy « Separate meter for PEV

= Standard meter and rates for all other usage

Rate Option 3 c =

Culomers may abso
Count on US = Monthly flat rate of $35 for PEV charger usage e
= Separate meter currenl resdorial e

= Standard meter and rates for all other usage

Gonsumers £ Incentive “Gartmn

& ey Wil ot cp 6 2500 0 cover tm cost o1 I PEVs adda.d to Cfmsul.ner: Energy fleet

purzhass, Installstion s home wiring of s charging satian + Hybrid elactric sendce truck
« 10 Chevrolet Valts in 2011 (first dalivery in March) JIRg
# 2 Ford Transit Connects in 2011
+ 5senice trucks part of 2011 EPRI study

First 2500 Charging station Customer

Inceniive program clstomers Installed by licensed relmburzed

spedalists available eligible for electrician up to $2500
reimbursement

[ E—

progrm _Iov. 1, 2010 Dac 31, 2012 |
15 Consumers Energy hybrid service truck 16
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Electric Vehicle Supply Equipment

Electric Vehicle Supply NEC Section 625.2:
Equipment (EVSE)
Standardization Electric Vehicle Supply Equipment. The
conductors, including the ungrounded,
grounded, and equipment grounding conductors
and the electric vehicle connectors, attachment
plugs, and all other fittings, devices, power
outlets, or apparatus installed specifically for the
purpose of transferring energy between the
premises wiring and the electric vehicle.

® .
UL actively engaged with SAE on systems UL Standards
approach to EV safety standards
F ﬂ UL has developed and published numerous
‘ What About Safety? —= product safety standards for EV infrastructure
‘ equipment, with adjustments as needed for
g technology
ﬁ";_"“tm Focus on publication of American National
Standards
[ Eropunsen gy
Ebaiund fatey - i
== g - | UL develops standards using a consensus
]-Eﬁ.f:':fﬁ:"-‘- - | process, with input from balanced stakeholders
o saz srre on our Standards Technical Panels
() =

EVSE Plugs, Receptacles, and Couplers
| g{‘,gj:(:;f::‘;’;:;'\figi::x‘;z::m ANSI/UL 2251 covers EV plugs, receptacles,
. : vehicle inlets, vehicle connectors, and
Intended to provide power to Bicakaway cotilinigs
an electric vehicle with an on- Y pling
board charging unit 7’_.'-
Rated <800 A and <600 Vac or dc
UL 2202 covers EY chargers Indoor/outdoor nonhazardous
with DC output intended to .
provide power to the on-board locations
batt
et anery Complements SAE J1772 form factor &
charge protocols
® . .
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Personnel Protection Systems &
cables

ANSI/UL 2231-1 and -2 cover

Personnel Protection

Systems that to reduce the

risk of electric shock to the

i o . user from accessible parts,

\ " in grounded or isolated

circuits for charging electric
vehicles

ANSI/UL 62 covers Type EV
cables

EVSE/infrastructure certification

EVSE subject to compliance with NFPA 70/NEC
compliance, including Article 625

UL Listing assures compatibility with NEC

UL has well-established and recognized
certification programs for EVSE equipment and
subassemblies

@ .

Ongoing EVSE Standards |nitiatives

North American harmonization

Wireless charging systems

North American Harmonization

UL, CSA and industry working to co-publish bi-
national standards for EVSE, couplers, and
personnel protection systems that will be
applicable in both the US and Canada

Target publication is January 2012

Mexico harmonization activities are
also in process for tri-national

® 8

Wireless Charging

Wireless charging is an area of great interest for
new product development

Must address safety concerns about fire & shock
hazards, human exposure, and functionality
issues

UL developing safety requirements in UL Subject
2750; SAE developing interoperability, design &
communication requirements in SAE J2954

®

Summary

EVSE safety standards are well established
Extending requirements to Canada and Mexico

Future focus is on defining wireless charging
safety and protocols, correlating with SAE
standards

@ .
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Thank you.

kenneth.p.boyce@ul.com
847.664.2318
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Electric Vehicle Towing, Road
Service and Recovery

Tow Times Magazine

Surveyed gooo Towers across U.S.A.

85 % of respondents have towed a hybrid.
48% consider towing a hybrid more difficult.
65 % have had some hybrid training.

84 % are concerned with the potential of
injury from the HV system and liability for
damage to the electical system.

16% refuse hybrid tows because of risks.

Tow Operator's Major Concerns

Towability, Recovery and Emergency Road
Service as an afterthought in design,
engineering and manufacturing. Towers are the
sole responders in g5 % of road side incidents.

Hybrid design considerations hinder quick
clearance Traffic Incident Management goals.

Low payments far warranty tows and service
with a higher risk of damage discourages tower
interest .

Tow Operator’s Major Concerns

Towing and Recovery Damage Liability

Post Incident/Crash Recovery and Transport
Electrocution Hazards, Thermal Runaway
Electric/Sensor Damage from Towing

Lack of Clear Concise Towing and Road
Service Information Availability

Towing and Recovery Damage Liability

Lack of adequate Recovery Attachment Points:

* Accessible front and rear recovery points are needed

= Suspension components are not adequate for recovery.
= Dual purpose Transport Loading and Recovery.

Low Ground Clearance:
* Loading time and labor to load and secure the vehicle.
* Loading vehicles with flat tires.

Damage to Sensors or Electric Drive Motors
* Who pays for fault indicator resets?

Post Incident/Crash Towing and Recovery

Is there a true NEUTRAL for recovery or winching?
Is there an override if the vehicle is electrically dead?

Recovery of undamaged vehicles off the road.
= Recovery damage to ground effects and suspension.
* Electric components and sensor damage or resets.

Loading and Safe Transport.

* Self energizing and moving while loading or unloading.
= Sensor faults from transport loading,

* Auto starting during transpart.
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Post Incident/Crash Towing and Recovery

Post Incident/Crash Towing and Recovery

Can the High Voltage be disconnected or disabled to
minimize the risk during transport and storage?

Severe crash damage and post crash stability.
= Electrocution risk from shorted or cut HY components.

= Chemical stability of HY battery systems. Neutralization
and secondary site contamination. Thermal runaway.

Immersion or submersion recovery.
* Risks from shallow water exposure.

* Risk to rescusfrecowery diver from submerged HV vehicle?

Is the vehicle electrically stable post extrication?
Can the vehicle be completely shut down or drained.

Post accident fire risk.

* Electrical shorts fram cuts orchafing, thermal runaway?®

Fire risk and secondary contarmination.
* Chemical contamination from burned batteries.

* Postextinguished inhalation hazards or rekindling?

Electrocution Risks

Electrical System Damage

The High Voltage system is not clearly
understood. Basic PPE requirements?

Severe weather, rain, humidity, water
exposure and electrical shorting.

Challenges in training and education for the
industry. Tower education leve|and
dissemination of information.

Damage to electrical motors from non
powered movement.

System faults from towing or recovery.

Synchronization faults from towing without
keys. Impounding or recovery winching.

Unattended engagement while loading.

Training and Vehice Handling Information

Road Service and towing information is not
readily available to towers.

Training to date has very limited penetration
in towing community with the current
information.

MNext Steps for Towing and Recovery

Manufacturer clarification of road service and
safe towingftransport/storage procedures.

Manufacturing, engineering and design
upgrades and improvement.

Industry wide dissemination of the most
current and reliable information.
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Contact Information

Towing Recovery William Giorgis
Association of America Mike's\Wrecker Service
2121 Fisenhower 2522 Hess Averue
Averue, Suite 200 Saginaw, Ml 48601
Alexardria, VA 22314 989-714-1377 Cellular
800-728-0236 bill @ mikeswrecker com
Local: 703-684-7713 Tow Times Magazine
Fax: 703-684-6720 Publisher
towserver{@aol.com @towtimes.com
Harriet Cooley, 407-327-4817
Executive Director

--- Page 99 of 104 ---




Objectives [/ ]

ZURKICH ZURICH
Lithium ion batteries @ Share the property insurer perspective on Li-ion batteries
” . @ Share information regarding a Li-ion battery project
Properly insurance perspective ® Sponscred by the Property Insurance Research Group
® Under the direction of the Fire Protection Research Foundation
September 28, 2011
Richard Gallagher
Zurich Services Corporation
Risk Engineering
§
Bioto source Wndtne & Kreitrer :
Photasourcs NTSB
i Risk Engineering
ot My 3
Property Insurance Research Group [~ ] Property insurer focus [~ ]
o N
ZURKCH ZURICH
@ PIRG members include 8 major property insurers @ Li-ion batteries in bulk storage
® CNA
@ FM Global
@ Liberty Mutual
@ Travelers
@ Tokio Marine
® Torus
@ XL GAPS
@ Zurich
¥ i
i i
H H
§ Risk Engineering i Risk Engineering F
11 gl HEN AR Bt e i '3 108201 I TR w3 a8 “
Bulk storage [ ] Bulk storage a
ZURICH’ ZURICH
@ Includes palletized storage on the floor @ Includes rack storage 15" or 20 tall
® Just-in-time delivery of packs to a vehicle assembly plant @ Cell manufacture finished goods storage
@ Battery pack assembler raw materials and finished goods
|
H
g Fhcto source FEMA
£ Risk Engineering i Risk Engineering
sz > e ozt Al i 0
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Bulk storage [/ ] Why the concern with bulk storage 2
ZURICH' ZURICH
# Includes rack storage over 20' tall @ Reports of Li-ion battery fires
@ Raw materials storage for consumer goods assembly @ Laptop battery pack failures that lead to fire
@ Large format pack held in an aging process @ LiHon batteries suspected causing cargo aircraft fires
@ These lead to the compelling question
® Can Li-ion batteries be a source of fire in bulk storage?
! f
i 1
;—: s Photo source NISE,
E Risk Engineering i Risk Engineering
0| HIGHNS VA 1 WIS 50 040N T 2520 H Ua0rgu waen0use < 3 3l 1
Resolving the compelling question e Lithium ion battery project a
ZURICH High level research goal ZURICH

Influence
codes and
standards

Research

CanLion batteries stat  Pursue a testing program
fires In bulk storage?

Share research findings
with NFPA and others

@ Understand Li-ion battery ignition sources and fire control solutions
@ Ignition sources under consideration
— Intemal ignition
~ Cell level thermal runaway with fire propagation
— Extemal ignition e
— Fires spreading to baftery storage

Develop protection
What pretection is needed? scheme Influence code making
T FTTITRT
gy
T @ A®
! | N
i i
:
& Risk Engineering i Risk Engineering
sz b a8 e s il gttt Aty 1)
Internal ignition source [ ] External ignition source
ZURICH'
@ Develop a test method to classify batteries considering factors such @ Develop commodity classifications
as! @ Cells, packs, consumer goods containing batteries
@ Avility to initiate a fire @ Understand packaging needs
— State of charge ® Identify if packaging plays an important role
@ Ability to propagate a fire ® Be aware of reignition potential
— Packaging 8 Special considerations may be needed
& Consider.

@ Cells, small packs, large packs

¢ Risk Engineering
s : T

@ Identify potential rocketing behavior

@ Do cells behave similar 1o aerosol containers
@& Develop protection approaches

@ Determine effective agents, validate approaches with large-scale testing
@ Identify envir (fire water runoff)
@ |dentify fire service challenges (battery voltage, overhaul methods)

Risk Engineering
100 K ¢ W g e winehoues < wes Ay i

--- Page 101 of 104 ---




Summary [/ ]

® General focus - property protection
# Lithiurn ion battery project focus - bulk storage protect
@ Project goals

Classify batteries for internal fire ignition
Classify hatteries as a fire protection commodity #
Understand role of packaging for bulk storage fire contr®
Understand battery behaviars — reignition, rocketing
Develop protection methods (automatic and manual
Understand environmental concerns

Phoi mitce: NTSE

Risk Engineering

o s v ey 12

Any questions? [ ]

ER011 ZA1EH ik Copora

THE PreseNTRON F Pl e Tor kDI 00K3 I MEOEES bk, PEEZE CONS 1M qUEIMed kS| CONNES | D AOINEEE Yol T
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ZNREL

Clean Cities and Electric Vehicles

2nd Annual Electric
Vehicle Safety Summit

Detroit, Ml
Carl Rivkin, P.E.
September 27, 2011

ety o 1 13, B ekt i, s g cmecy s

DOE’s Clean Cities Program

Clean Cities is the U.S. Department of Energy's (DOE] flag ship
transportation de \nlymem program. Formed in 1993 under the Energy
F‘nhcyAEt(EF‘ACS of 1992,

Replace petroleurn with alternative and renewable fuels
Reduce petroleum use through smarter driving practices, idle
reduction, and fuel-efficient vehicles

elimination measures, and congestion mitigation

100 coalitions across the US that encompass mare than 228 milion
people

Extensive information on alternative fuel te:hnulo[qies including
electricity which is classified as an alternative fue

Eliminate petroleum consumption through the use of mass transit, trip-

Support EV Deployment

Training and Education

Basic information on electrical hazards
(Link) http fhenanai afde energy gow/afdofuels/electricity html

Basic Information on EVs

{link) http: Mener afde energy gowafdoivehiclesfele ctric html

Basic Information on Stations

{linky
hitp:#wene afde energy gov/afdofuelsielectricity_locations h
tml
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AFDC Codes and Standards Resources

AFDC Codes and Standards Resources

Vehicdes
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EV Deployment

Clean Cities PEV Deployment Tools

Plug-Iin Vehicle Deployment Projects

Find information about electric drive vehicle deployment gr%eds
funded through the American Recovery and Keinvesiment Act
(ARRA) by the LS. Department of Energy and the private
sector.

For a list of EV deployment iniiatives, trade associations, and
other enterprises in the United States with a chart comparing
states with deployment initiatives, download Electric Vehide
Deployment Initiatives.

hitp:fhwww.afde energy.goviafdchehicles/slectric_daploymant ht
ml

Customer bres

INSTALLATION CHECKLIST
1 Place order

I Select charger

« Hire contractor
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