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Future of Mobility Depends on ...

* Transportation options ...
personal and public

* Population density and traffic
congestion

* Preferences of the ‘millennial
generation’

* Fuel availability and cost

* Regulation ... emissions and
environmental impact
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Future of Mobility Depends on ...

80% want to live where
they have a variety of
transportation options

* Transportation options ...
personal and public

* Population density and traffic

congestion 75% say it is likely they will

live where they do not need

* Preferences of the ‘millennial a car to get around

generation’ | , |
66% said access to high quality

transportation is one of the top
3 factors in where to live

* Fuel availability and cost
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J
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 Regulation ... emissions and

environmental Impact 54% would move to another

city for more and better
transportation options

Survey by Rockefeller Foundation and Transportation for America;
Millennial generation defined as born 1983-2002 (~80M Americans);

Boston, New York, San Francisco, Chicago, Boulder, Austin oo
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Future of Mobility Depends on ...

Weekly Retail Gasoline and Diesel Prices

* Transportation options ...
personal and public

* Population density and traffic
congestion L

* Preferences of the ‘millennial
generation’
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— U.S. Regular All Formulations Retail Gasoline Prices

Regular Gasoline
Prices
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* Fuel availability and cost

(dollars per gallon)
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 Regulation ... emissions and

environmental impact ﬁ
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Future of Mobility Depends on ...

* Transportation options ... -
personal and public . o
« Population density and traffic e
congestion S T

* P refe re n Ce S Of t h e l m i I I e n n i a I LIGHTWEIGHTING LEADS FUEL EFFICIENCY TECHNOLOGIES
g e n e ra t i O n ’ UGHTWEIGHTING AND USE OF LGHTWEIGHT

Source: NHTSA Final Rule - 2011

49% STRUCTURAL MATERIALS

FLV ENGINE EFFIDENCY PROGRAMS

ELECTRIFYING THE VEHICLE

* Fuel availability and cost S

| F788 DOWNSIZING VEHICLES

* Regulation ... emissions and T oo
environmental impact

3% INCORPORATING SOLAR AND OTHER TYPES OF POWER INTO THE VEHICLE

OTHER* includes: transmission modifications, low-rolling-resistance tires and
developing autonomous driving systems.

Base: Allrespondants;multiple answers permitted (=820}

QUESTION: WHAT TECHNOLOGY IS YOUR COMPANY FOCUSED ON TO HELP
THE INDUSTRY MEET 2025 STANDARDS?

Source: 2014 WARDSAUTO, DuPont Automotive Trends Benchmark Study, conducted by Penton Research
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Role of E-Mobility ... societal perspective

Decrease vehicle emissions and
street-level pollution

Utilize multiple power
generation sources with
decreasing emissions

Contribute to local/regional
energy management

— Manageable load (e.g., smart
charging, demand response)
— Energy storage/intermittent power

* Ancillary services, integration with
distributed/renewable energy

* ‘Behind the meter’ integration
with smart buildings/renewables
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Federal Incentives for Development/Manufacturing

e Battery and electric drive
component and system
development

e Component and system
manufacturing facilities

* ‘Beyond lithium-ion’ research in
materials/battery chemistry

m 2.4B USD cost share invested in components
Q:tf' and manufacturing facilities
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Federal Investments in Charging Infrastructure

------------

@) B_W-:m $ 15.0M

@) E $ 30.5M
o% 5 43.0M
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Federal/State Purchase Incentives

Walworth

Up to $14,500 total PEV and |
‘oplar
residential EVSE incentives in the
. . Woodstock — i
State of lllinois* ol e umwnm?
Mafengo Crystal L.;k v!am_”nda Mundelem
Type Incentive Benefit 8 ot i
- the Hills

PIug-I_n $2,500 to $7,500 tax credlt.for ] s

Fed Electric purchasing an EV, depending on 2
" Vehicle vehicle’s battery capacity and
Tax Credit weight Sycamore
Alternative = Dkalb StCharles 85
: _Cogttand '
" (F:E\I/;/ ehicle 5094 rebate up to $4,000 for  Geneva = Whaator ‘E'
: purchasing an electric vehicle <. Batavia warrenville -
& Alternative -_ it
. okl North Aurora Napervi

Fuel Rebates sman inckley ¥ aps

Electric Covers 50% cost of installation

Vehicle and equipment for a Level 2 SandWigh ~ Plano 3 ton '

IL  Supply charger station, up to $3,000 per  telanc Somenaus R Pl HomerlGIe; ANy il ok v e
Equipment  non-networked station; double Millington “CrestHill \ ' rratiage
Rebates for networked station Shendan . Newerk Shorewood S NewL T H F;g: S bt

) ) i Park Forest ~ Height:
Electric Annual registration fee Franktor P2 _{_ " steger A Mermilvile  Valpare

L Vehicle (EV) discounted to $18 for EVs, w—G Ll o
Registration  compared to $101 for a 50, T 4 Midewin National Cedar Lake
Fee Reduction conventional car B8 Marseilles Morris jigtorase Frakie I

Seneca Coal City Wiimington Lowell
.r:;\: Mazon Erajoion Ve Grant Park
* Incentives vary by State Bracevilie P
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PEV Sales ... 1% US market share by Q1 2015

U.S. cumulative sales of plug-in electric vehicles

by monthly sales of all-electric cars (BEVs) and plug-in hybrids (PHEVs)

(December 2010 - December 2014)
300,000

275,000

Nissan Leaf
®mPHEVs = BEVs EV sales leader

250,000

225,000

Ny GM Volt

125,000

PHEV sales leader

100,000

Public access:

Cumulative sales of plug-in electric vehicles (by month)

e 9,122 stations
=) 22,849 outlets
Source:
Source: US PEV Sales 2010 2014 by Mariordo (Mario Roberto Duran Ortiz) DOE Alt Fuels Data Center
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PEV-Grid Integration an Enabler for Societal Benefits

Interoperability key to integration

the ability to charge conveniently, safely and securely ... anywhere, anytime ...
with no extraordinary actions required by the vehicle operator

e Standards were developed independently ...
harmonization or translation is required at the grid interfaces

e Test procedures and tools are needed to verify compliance

Harmonized Standards,
Test Procedures & Tools

Interoperability

EVSE-Grid
Communication

EV-EVSE
Compatibility

Energy Service
Providers
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Enabling Technologies

e Standards and technology are directly linked

e Full functional integration requires harmonization of

standards or new technology to adapt physical interfaces
and translate message protocols

* Necessitates development of metrology, communication
controller hardware and protocol translation software

Technology
Development to Enable

Grid Integration

Charge @

couplers

P

Communication controllers
& messaging protocols

Metrology;
sub-metering

P——
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Fulfilling Transatlantic DOE-JRC Agreement
e Establish cooperative centers to harmonize PEV
and battery test procedures; PEV interoperability

Facilitating Global Standards

e Aligning harmonization efforts in EU and US
— Led development of US (SAE) interoperability
standards, test procedures and tools
— Instrumental in the 'Global InterOP Team' to develop
universal requirements and ‘golden test device’

Developing Enabling Technology

e Communication control modules licensed
* Interoperability standards verification tools transferred to industry
* Engineering compact sensing, measurement and communication

Expanding to Support DOE Grid Integration
* Integrated energy management of PEVs, buildings, renewables and storage
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EV-Smart Grid Interoperability Centers ENERGY B

Harmonization of standards, technology and test procedures

ISO/IEC15118-SAE
Meeting and Testival

Standards Development

and Verification Tools

® PEV Compliance i |/ n

(SAE J1772) = ”
AC Interoperability ol

(SAE J2953) PEV test procedures

Government Automotive

Global EV Interoperability Requirements

Specifications for a ‘Golden Test Device’

Standards Organizations
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Argonne’s Interoperability Center ENErcY -

Focus on standard connectivity and communication

Developed
Interoperability
Compliance

DOE-JRC agreement
(November 2011)

Official launch
(July 2013)

Developed
Charge Coupler

Drafted SAE J2953 Interoperability Standards Compliance Tool

[requirements and test procedures] :-_::__: prw—

Licensed for
Smart charging;
Developed SpEC module High power DC
[EV-EVSE-grid communication] power system for
PEV/EVSE emulation
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Argonne’s Interoperability Center ENERGY -

Supporting Global InterOP team; PEV test procedures

2014 )

Interoperability testing; universal requirements and
non-proprietary ‘Golden Test Device’ specification

4

Prototype EU/US
AC Interoperability
Test Equipment

DC interoperability
J' =
fp o
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Recommendations to harmonize
EU and US PEV test procedures
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PEV-Grid Hardware-In-the-Loop (HIL) Lab:
Integrated control system development (Q4 FY15)

: . = _
// i \ ' Embedded Controls Lab: Communication control
Vehicle-grid integration lab: \ modules an,d interoperability compliancﬂevtools \
_= AC, DCand wireless charging; \ . / \\
standards development and — o

verification

Smart Energy Plaza: Managed
workplace charging with smart
= " building interfaces (V2B, energy
\/ storage, climate control, PV, etc.
' (Q1/Q2 FY 2015)
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Focus on Harmonized Grid Interfaces
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Utility or
Aggregator
Server

OpenADR 2 SEP2

Message Protocols

IEC 61850

ISO 15118

=

Protocol Adapters/Translators

W@

Application

VOLTTRON Agent Environment

Agents
* VIG
V2G

Physical
Interfaces

Ethernet

Modbus port

HPGP

e DER

* Transactive
Energy

e Grid
Protection

RS485 * Etc.

Other Comm.

Sensor Input
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v
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EVSE Network
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Common Integration Platform

— Layer 1
- User and HIL Interface
N
Application
Agent
Development
- System Control
- Component Drivers
J

s EVSE Network

° U.S. DEPARTMENT OF Energy Efficiency &
20 Reference control architecture: BEMOSS - Building Energy Management Open Source Software - Virginia Tech Argon ne ENERGY Renewable Energy

AAAAAAAAAAAAAAAAAA



... Enables Smart Energy Management

OEM Server 3rd Party Server

"@ B

API API API API
(Modbus) (Modbus) (Modbus) (Modbus) (XML) (XML) (OpenADR)

DER DER Meter Meter EVSE EV/OEM o
Agent Agent Agent Agent Agent Agent Agent
! 3 3 ! ! 3 3
INFORMATION EXCHANGE BUS

$ $ 1t 1 | 1 ! $
Device q q User
Emulator HVAC Discovery V1G DER Transactive Historian Information
Agent Agent Agent Management Management Energy o Agent Agent

API API API API
(Modbus) (USNAP) (sMAP) (JSON)

‘ Layer 4: Connectivity/Physical Device Layer a a

= !
‘ ' sMAP Postgr\eEQL
Database Database
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Globalization Efforts

US-EU

 EV-Smart Grid Interoperability Centers
— PEV and battery test procedures; PEV-EVSE interoperability
— Protocol translators (SAE and ISO communication standards)
— Smart charge adaptors (to network legacy ‘dumb’ EVSE)

US-Germany

* Global InterOP Team
— AC & DC interoperability requirements, test procedures and tools

US-Asia
 EV-Smart Grid Interoperability Centers (TBD)
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