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l. INTRODUCTION

On behalf of the U.S. Department of Energy’s (DOE) Vehicle Technologies Office (VTO), | am pleased to submit the Annual
Progress Report for Fiscal Year (FY) 2013 for the Vehicle and Systems Simulation and Testing (VSST) Program activities.

Mission and Objectives

VSST advances Light Duty (LD), Medium Duty (MD), and Heavy Duty (HD) vehicles and systems to support DOE goals of reducing
petroleum consumption, and reducing Green House Gas (GHG) emissions in the Transportation Sector of the United States. To help
reach those goals, the VTO conducts R&D programs implementing strategies to help maximize the number of Electric Vehicle (EV)
miles driven, and increase the energy efficiency of transportation vehicles.

VSST’s mission is to accelerate the market introduction and penetration of advanced vehicles and systems with research and
development (R&D) that significantly impacts Petroleum Displacement, GHG Reduction, and Vehicle Electrification Goals. Figure I-1
below outlines the outcome objectives that VSST uses to fulfill its mission. Figure -2 lists the primary processes and examples of
tangible R&D project objectives that contribute to one or more VSST outcome objectives.

Enable superior outcomes for VTO
R&D Programs by evaluating
technology targets

Accelerate the design, development,
and market introduction through
advanced design tools, analysis, &

procedures.

Accelerate the market introduction
and penetration of advanced vehicles
Provide stakeholders with data and and systems that significantly impact

analysis to support decision making Petroleum Displacement, Green
House Gas Reduction and Vehicle
Electrification goals.

Accelerate Codes & Standards
Development for Electric Vehicles

Develop technology for auxiliary
systems that improve vehicle
efficiency and promote market
acceptance.

Figure I-1: VSST Outcome Objectives and Mission.
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Primary Processes

Sample Project Objectives

Develop, distribute, and use
advanced modeling and
simulation tools to evaluate

efficiency potential of

technologies

Conduct vehicle evaluations
to guide future R&D and
validate component &
system models.

Support development and
adoption of codes and
standards for electrified
vehicles

Support Industry
development,
demonstration, and market
introduction of advanced
vehicle efficiency
technologies

Investigate systems
optimization strategies and
enabling technologies to

enhance vehicle efficiency,
robustness, and

effectiveness

Provide updated Autonomie
simulation tool to OEMs

Develop a model of the Ford Focus
BEV using Autonomie and validate
using test data from Argonne’s
Advanced Powertrain Research
Facility (APRF)

Benchmark Ford C-Max PHEV on
Laboratory Dynamometer

Demonstrate at least a 30% reduction
in long-haul truck idle climate control
loads with a 3-year or better payback
period by 2015

Evaluate safety, performance, and
communication to support functional
requirements and standards

verification for DOE-OVT FOA 667

Improve Freight Efficiency of HD
Trucks by 50% compared with a
model year 2009 highway truck

Develop & lab demonstrate a 6.6 KW
wireless power transfer device at
>85% efficiency

~

Increase electric range by 10%
during operation of the climate
control system through improved
thermal management while
maintaining or improving occupant

thermal comfort )

s

)/

Figure I-2: VSST Primary Processes, Project Objectives, and Outcome Objectives.

Outcome Objectives

Enable superior outcomes for VTO
R&D Programs by evaluating
technology targets

Accelerate the design,
development, and market

introduction through advanced

design tools, analysis, &
procedures

Provide stakeholders with data
and analysis to support decision
making

Accelerate codes & standards
development for electric vehicles

Develop technology for auxiliary
systems that improve vehicle
efficiency and promote market
acceptance
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Major Accomplishments for FY 2013

The accomplishments listed below are grouped into categories that facilitate mapping the accomplishments to the VSST outcome
objectives of Fig I-1. Where appropriate, each highlight contains one or more links to a project report that describes the work that
contributed to the accomplishment.

o Developed and applied engineering procedures to address vehicle operations that adversely impact the energy
efficiency of Light Duty EVs

o Developed and used procedures to evaluate regenerative braking effectiveness that enable original equipment
manufacturers (OEMs) to enhance regenerative braking controls; the analysis identified and characterized sources of
inefficiency during vehicle decelerations (Level 1 Benchmark of Advanced Technology Vehicles, Benchmarking of
Advanced Technology LD Vehicles: MY 2012 Ford Focus Battery Electric Vehicle)

o Characterized auxiliary loads that reduce EV range; the analysis is useful for guiding R&D efforts that investigate
technology solutions (Assessment of Climate Control Settings and Loads on Energy Consumption for HEVs, PHEVs
and BEVs in Freezing or Hot Sunny Environments)

e Evaluated the contributions of advanced component technologies to vehicle system performance

o Evaluated alternative energy storage systems for increasing Hybrid Electric Vehicle (HEV) market penetration; the
Cooperative Research and Development Activty (CRADA) with Ford Motor Company created a test platform for
evaluating devices provided by system suppliers (Lower-Energy Energy Storage System (LEESS) Component
Evaluation)

o Evaluated the impacts of low temperature combustion (LTC) technology on fuel economy and engine-out emissions;
researchers completed a simulation study comparing the fuel economy benefits of LTC to those of port fuel injection
and spark ignition direct injection (Evaluation of the Fuel Economy Impact of Low Temperature Combustion (LTC)
Using Simulation and Engine-in-the-Loop)

o  Benchmarked seven advanced-technology production vehicles ranging from conventional to plug-in hybrids (Level 1
Benchmark of Advanced Technology Vehicles)

o  Completed field evaluations of HEV Class 7 box trucks, Class 3 & 4 light aerial HEV bucket trucks, and Class 7
delivery trucks; the study defines a set of usage requirements for a micro-turbine series hybrid powertrain system
(Medium and Heavy Duty Field Testing)

o Developed technologies and designs that address objectives

o Reduce petroleum consumption by HD trucks by reducing aerodynamic drag (Aerodynamics and Underhood Thermal
Analysis of Heavy / Medium Vehicles,DOE’s Effort to Improve the Fuel Economy of Heavy Trucks through the Use of
Aerodynamics).

o Improve convenience of recharging EVs; the Wireless Power Transfer (WPT) projects developed lab prototypes of
high power chargers for LD vehicles (Wireless Charging for Electric Vehicles (FOA-667), High Efficiency, Low EMI and
Positioning Tolerant Wireless Charging of EVs)

o Integrate EVs with the Power Grid; the Codes and Standards support projects enabled availability of two Smart-Grid
Electric Vehicle Supply Equipment (EVSE) technologies for commercial application; Pacific Northwest National
Laboratory (PNNL) technology was integrated into a commercial smart-grid charger and Argonne National Laboratory
(ANL) made its Society of Automotive Engineers (SAE) standard compliant communication module available for
commercial license(Grid Connectivity Support, Vehicle to Grid Communications Field Testing)

o Extend the range of EVs in warm weather by increasing the efficiency of the Climate Control subsystem; researchers
collaborated with a Vehicle OEM to identify zonal cooling configurations that cut energy consumption by up to 16.7%
for constant climate control settings, and up to 41.3% with reduced blower settings (Electric Drive Vehicle Climate
Control Load Reduction)

o Provided stakeholders with data and analysis

o Developed and disseminated analysis and reports based on real-world plug-in electric vehicle (PEV) charging
behaviors and PEV usage reported by EV Project assets; PEV charging behavior data was collected from 12,065
Level 2 EVSE and Direct Current Fast Chargers (DCFC) located in seven Transportation Electrification early adopter
regions in the United States. During FY 2013; the project disseminated more than 500 reports that characterize the
charging and EV usage patterns within the 3.5 million charge events (EV Project and ChargePoint Data Collection and
Dissemination)

Helped the United States (U.S.) Package Delivery Industry to assess alternatives for reducing petroleum consumption

Assessed the viability of Electric Delivery Vehicles for Federal Express (FEDEX) (FedEx Collaboration for Improved
BEV Delivery Vehicle Using Specific Usage Information)

o Tested, analyzed, and quantified the benefits of advanced Medium Duty and HD fleet vehicles in real world operations;
evaluations with FedEx (Electric Hybrid Cargo Trucks), United Parcel Service (UPS) (Hydraulic Hybrid Delivery Vans)
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and Frito Lay (Fully Electric Delivery trucks), will help to optimize designs and deployment of vehicles (Medium and
Heavy Duty Field Testing)

e  Fostered superior outcomes from VTO component research programs by providing system level requirements

o Established a mechanism to infuse system level requirements into a DOE component R&D program; the project
supported DOE Advance Power Electronics and Electric Motors (APEEM) group modeling activities that taught electric
machine and power electronics designers how to use a vehicle simulation tool (Autonomie) to evaluate electric
powertrain technologies at the vehicle system level (APEEM Components Analysis and Evaluation)

o Established requirements for a thermoelectric generator (TEG) to provide cost-effective power for hybrid electric
vehicles (HEVs) by analyzing the fuel-saving potential of auxiliary power sources on a midsize vehicle over different
drive cycles (Establishing Thermo-Electric Generator Design Targets for Hybrid Vehicles)

e Accelerated the development of numerous codes & standards for EVs such as

o SAE J2953/1 PEV-EVSE Interoperability Requirements standard (final), and SAE J2953/2 PEV-EVSE Interoperability
Procedures standard (draft)

o Sections of two National Institute of Standards and Testing (NIST) standards that address sub-metering of electricity
for EVs

o SAE J2847/3 Communication between PEVs and the Utility Grid for Reverse Power Flow (Codes and Standards
Support for Vehicle Electrification)

o Supported ANSI Electric Vehicle Standards Panel publication entitled ‘Standardization Road Map for Electric Vehicles
(Version 2.0)' that contains a consensus list of gaps and priorities for future EV standards developments (Codes and
Standards and Technical Team Activities, Codes and Standards Support for Vehicle Electrification)

e  Provided tools that accelerate development of advanced vehicles by OEMs and enable assessments on the impact
of advanced component technologies on system performance

o Enhanced and maintained the Autonomie simulation environment to support the DOE, the user community, and
hardware-in-the-loop/rapid control prototyping projects(Autonomie Maintenance)

Achieved milestone to have all major U.S. vehicle OEMs holding licenses for Autonomie

Developed comprehensive thermal models and controllers-for vehicle components such as the engine, battery, and
cabin system- that are compatible with Autonomie (HEV Thermal Model Development and Validation)

o Developed CoolCalc modeling tool to help quantify the impact of advanced load reduction technologies for HD trucks
(CoolCalc Rapid HVAC Load Estimation Tool)

o  Developed an air conditioning (A/C) component model that improves the robustness and accuracy of the fully-detailed
A/C system model (A/C Model Development).
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I.LA.1. Approach and Organization of Activities

VSST groups its projects into Focus Area Activity categories that implement its primary processes (from Figure I-2). In FY 2013
these Focus Areas were Vehicle Modeling and Simulation, Component and Systems Evaluations, Laboratory and Field Evaluations,
Codes and Standards, Industry Projects, and Vehicle Systems Optimization.

Projects within each Focus Area typically produce outputs in one or more of the following forms: data, analysis, reports, tools,
specifications, and procedures. The outputs from one project s are often used as the inputs for one or more projects in other Focus
Areas. The integration of computer modeling and simulation, component and systems evaluations, laboratory and field vehicle
evaluations, and development and validation of codes and standards is critical to the success of the VSST Program. Information
exchange between focus area activities enhances the effectiveness of each activity (illustrated in Figure I-3).

Components
/Systems
Evaluations

Vehicle
Systems
Optimizations

Codes and
Standards

Lab & Field Vehicle
Vehicle Simulation &
Evaluations Modeling

Industry
Projects

Figure I-3: VSST Activities Integration—Arrows represent information flow between activity focus areas that enhances effectivenets
of individual activities.

An example of beneficial data exchange is the increased accuracy of predictive simulation models for advanced technology
vehicles made possible by empirical test data that characterizes a vehicle’s real world performance (In the example case Lab & Field
Vehicle Evaluations activities feed information to the Vehicle Simulation & Modeling Activity). Another example is that the credibility and
scope of Lab and Field Technology Evaluation studies benefit from real world performance data that is collected from thousands of
advanced technology vehicles from the Vehicle Electrification Demonstration Projects (under Industry Projects Activity).

VSST provides an overarching vehicle systems perspective in support of the technology R&D activities of DOE’s VTO and
Hydrogen Fuel Cells Technologies Program (HFCTP). VSST uses analytical and empirical tools to model and simulate potential vehicle
systems, validate component performance in a systems context, verify and benchmark emerging technologies, and validate computer
models. Hardware-in-the-loop testing allows components to be controlled in an emulated vehicle environment. Laboratory testing
provides measurement of progress toward VTO technical goals and eventual validation of DOE-sponsored technologies at the
Advanced Powertrain Research Facility (APRF), for LD and MD vehicles, and at the ReFUEL Facility, for HD vehicles. For this sub-
program to be successful, extensive collaboration with the technology development activities within the VTO and HFCTP is required for
both analysis and testing. Analytical results of this sub-program are used to estimate national benefits and/or impacts of DOE-
sponsored technology development (illustrated in Figure 1-4.).
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National Benefits and Impacts (DOE/EERE)

Modeling & Simulation
+ Reference Vehicle Definition
« Analytical Tool Development
« Technology Verification

Lab Testing
APRF/ReFuel

Fleet Testing
Industry/Government

US Drives Targets
Industry, Government, &
Lab Collaboration

Component & Systems
Evaluation

* HIL System Integration

« Technology Validation

AUTONOMIE

Laboratory & Field

Vehicle Evaluation Dyna_mic V_ehicle
« Vehicle Component Testing Simulation
* Model Validation HIL

Control Software

Codes & Standards
Development

« Technical Support
« Enforcement

VISION
Benefits Fleet Penetration

Energy Security
Petroleum Displacement
Greenhouse Gas Reduction

New Technology Penetration GREET

Well-to-Wheel
Efficiency & Emissions

Coordination Collaboration

Figure I-4: VSST activities providing estimates of National benefits and impacts of advanced technologies.
During FY 2013, VSST activities were organized into the six focus areas that are described below.

1. Modeling and Simulation

DOE has developed and maintains software tools that support VTO research. VISION, NEMS, MARKAL, and GREET are
used to forecast national-level energy, environmental, and economic parameters including oil use, market impacts, and
greenhouse gas contributions of new technologies. These forecasts are based on VTO vehicle-level simulations that predict
fuel economy and emissions using VSST’s Autonomie modeling tool. Autonomie’s simulation capabilities allow for accelerated
development and introduction of advanced technologies through computer modeling rather than through expensive and time-
consuming hardware building. Modeling and laboratory and field testing are closely coordinated to enhance and validate
models as well as ensure that laboratory and field test procedures and protocols comprehend the needs of new technologies
that may eventually be commercialized.

Autonomie is a MATLAB-based software environment and framework for automotive control system design, simulation and
analysis. This platform enables dynamic analysis of vehicle performance and efficiency to support detailed design, hardware
development, and validation. Autonomie was developed under a CRADA with General Motors and included substantial input
from other OEMSs, and replaces its predecessor, the Powertrain Systems Analysis Toolkit (PSAT). One of the primary benefits
of Autonomie is its Plug-and-Play foundation which allows integration of models of various degrees of fidelity and abstraction
from multiple engineering software environments. This single powerful tool can be used throughout all the phases of Model
Based Design of the Vehicle Development Process (VDP).

2. Component and Systems Evaluation

Hardware-in-the-loop (HIL) simulation provides a novel and cost effective approach to isolate and evaluate advanced
automotive component and subsystem technologies while maintaining the rest of the system as a control. HIL allows actual
hardware components to be tested in the laboratory at a full vehicle level without the extensive cost and lead time of building a
complete prototype vehicle. This approach integrates modeling and simulation with hardware in the laboratory to develop and
evaluate propulsion subsystems in a full vehicle level context. The propulsion system hardware components: batteries,
inverters, electric motors and controllers are further validated in simulated vehicle environments to ensure that they meet the
vehicle performance targets established by the government-industry technical teams.
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High energy traction battery technology is important to the successful development of plug-in electric vehicles (PEVs). To
support the evaluation of advanced prototype energy storage systems, in FY 2013 Idaho National Laboratory (INL), with
assistance from Oak Ridge National Laboratory (ORNL) continued to developed and implement the Electric-Drive Advanced
Battery (EDAB) test platform. This test-bed allows advanced battery packs to be evaluated in real-world operating conditions in
an on-road vehicle that emulates a variety of electric-drive powertrain architectures.

3. Lahoratory and Field Vehicle Evaluation

This section describes the activities related to laboratory validation and fleet testing of advanced propulsion subsystem
technologies and advanced vehicles. In laboratory benchmarking, the objective is to extensively test production vehicle and
component technology to ensure that VTO-developed technologies represent significant advances over technologies that have
been developed by industry. Technology validation involves the testing of DOE-developed components or subsystems to
evaluate the technology in the proper systems context. Validation helps to guide future VTO research and facilitates the setting
of performance targets.

The facilities that perform Lab and Field Testing activities include the Advanced Powertrain Research Facility (APRF), INL
Transportation Testing Facilities, the National Renewable Energy Laboratory

(NREL)'s ReFuel, and Thermal Test Facilities, and ORNL's Vehicle Systems Integration Lab (VSI).

The APREF is equipped with-dynamometers (for testing integrated components such as engines, electric motors, and
powertrains), and a thermal chamber (for testing BEVs, HEVs and PHEVs in temperatures as low as 20°F, up through 95°F).

INL’s transportation testing facilities encompass the Advanced Vehicle Test and Evaluation Activity ((AVTE), for Light Duty
Vehicles) Facility, the Heavy Duty Transportation Test Facility, and the Energy Storage Technologies Laboratory. AVTA'’s
capability to securely collect, analyze, and disseminate data from multiple field tests located throughout the U.S. is critical to
VSST Lab & Field activities.

NREL'’s ReFuel facility is equipped with dynamometers (for testing MD vehicles and components). NREL’s Thermal Test
Facilities include capabilities for LD vehicle cabin thermal studies and outdoor HD vehicle cabin studies. NREL also has
facilities for testing subsystems (such as Energy Storage Systems (ESS) and EVSE) and functions as the VSST data collection
and evaluation hub for MD and HD vehicle fleet tests.

ORNL's facilities for integrated testing include the Advanced Engine Technologies (E.g., advanced combustion modes,
fuels, thermal energy recovery, emissions after-treatment), Advanced Power Electronics and Electric Machines (E.g., motor
drives, components, power electronics devices, advanced converter topologies), and Vehicle Testing and Evaluation (E.g.,
chassis and component dynamometers, integrated powertrain stands, test track evaluations, field operational testing).

The AVTE, working with industry partners, conducts field and fleet testing to accurately measure real-world performance of
advanced technology vehicles via a testing regime based on test procedures developed with input from industry and other
stakeholders. The performance and capabilities of advanced technologies are benchmarked to support the development of
industry and DOE technology targets. The testing results provide data for validating component, subsystem, and vehicle
simulation models and hardware-in-the-loop testing. Fleet managers and the public use the test results for advanced
technology vehicle acquisition decisions. INL conducts light-duty testing activities. In FY 2013, INL continued its partnership
with an industry group led by ECOtality North America. Accelerated reliability testing provides reliable benchmark data of the
fuel economy, operations and maintenance requirements, general vehicle performance, engine and component (such as ESS)
life, and life-cycle costs. These tests are described below.

Baseline Performance Testing

The objective of baseline performance testing is to provide a highly accurate snapshot of a vehicle’s performance in a
controlled testing environment. The testing is designed to be highly repeatable. Hence it is conducted on closed tracks and
dynamometers, providing comparative testing results that allow “apples-to-apples” comparisons within respective vehicle
technology classes. The APRF at ANL is used for the dynamometer testing of the vehicles.

Fleet Testing

Fleet testing provides a real-world balance to highly controlled baseline performance testing. Some fleet managers prefer
fleet testing results to the more controlled baseline performance or the accelerated reliability testing.

During fleet testing, a vehicle or group of vehicles is operated in normal fleet (field) applications. Operating parameters
such as fuel-use, operations and maintenance, costs/expenses, and all vehicle problems are documented. Fleet testing usually
lasts one to three years and, depending on the vehicle and energy storage technology, between 5,000 and 12,000 miles are
accumulated on each vehicle.

For some vehicle technologies, fleet testing may be the only viable test method. NEVs are a good example. Their
manufacturer-recommended charging practices often require up to 10 hours per charge cycle, while they operate at low speeds
(<26 mph). This makes it impractical to perform accelerated reliability testing on such vehicles.
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Accelerated Reliability Testing

The objective of accelerated reliability testing is to quickly accumulate several years or an entire vehicle-life’s worth of
mileage on each test vehicle. The tests are generally conducted on public roads and highways, and testing usually lasts for up
to 36 months per vehicle. The miles to be accumulated and time required depend heavily on the vehicle technology being
tested. For instance, the accelerated reliability testing goal for PHEVs and BEVs is to accumulate 12,000 miles per vehicle in
one year while the testing goal for HEVs is to accumulate 160,000 miles per vehicle within three years. This is several times
greater than most HEV's will be driven in three years, but it is required to provide meaningful vehicle-life data within a useful
time frame. Generally, two vehicles of each model are tested to ensure accuracy. Ideally, a larger sample size would be tested,
but funding tradeoffs necessitate only testing two of each model to ensure accuracy.

Depending on the vehicle technology, a vehicle report is completed for each vehicle model for both fleet and accelerated
reliability testing. However, because of the significant volume of data collected for the HEVSs, fleet testing fact sheets (including
accelerated reliability testing) and maintenance sheets are provided for the HEVs.

4. Codes and Standards Development

A comprehensive and consistent set of codes and standards addressing grid-connected vehicles and infrastructure is
essential for the successful market introduction of Electric-Drive Vehicles (EDVs). The VTO is active in driving the development
of these standards through committee involvement and technical support by the National Laboratories. The VTO also supports
activities of the U.S. DRIVE’s Grid Interaction Tech Team (GITT), a government/industry partnership aimed at ensuring a
smooth transition for vehicle electrification by closing technology gaps that exist in connecting vehicles to the electric grid. In FY
2013, GITT worked with Pacific Northwest National Laboratory (PNNL) and ANL to participate in SAE and NIST standards
development for connectivity and communication for grid-connected vehicles.

Codes and Standards work objectives in 2013 included: (1) Identify gaps in technology and recommend enabling solutions
through the creation of proof-of-concept hardware/software and validation of proposed approaches. (2) Provide direct support
of SAE standards committees and global cooperation/harmonization for EV initiatives for Interoperability, communications,
enabling technologies, and test procedures.

During FY 2013, VSST pursued codes and standards objectives at the strategic and tactical levels. At the strategic level,
VSST helped develop a strategy for addressing the needs of a diverse set of stakeholders via development of the Electric
Vehicle Roadmap V2.0 by the American National Standards Institute (ANSI). The EV Roadmap V2.0 provides the EV
community with a current status of all PEV charging infrastructure/Smart Grid-related standards (and a prioritized list of gaps).
At the tactical level, VSST supported National Laboratory staff led and served on SAE committees that developed standards
that address communications, interoperability, security, safety, and performance of PEVs and EVSE. Support included J1772
for connector standards, SAE J2836, J2847, J2953, and J2931 for EV-Grid communication standards, and investigations to
support development of EV Wireless Charging Standard J2954. PEV powertrain performance support included validation and
development of testing procedures for J1634 and J1711. VSST researchers also contributed to SAE J2953 PEV-EVSE
Interoperability standards development.

The consumer markets for EV's transcend national boundaries. ANL was employed in international cooperative initiatives to
adopt international EDV standards and promote market penetration of grid-connected vehicles (GCVs). Many new technologies
require adaptations and more careful attention to specific procedures. ANL supported development of interoperability validation
procedures and opened the SmartGrid Joint Interoperability Center as the U.S. base for International cooperative work between
the EU and U.S. Energy R&D Laboratories.

Codes and standards were also developed for sanctioned sporting regulations to stimulate rapid vehicle technology
development and to educate consumers about the benefits of fuel efficient technologies. The Green Racing Initiative features
teams using advanced fuels with significant renewable percentages in ALMS racing to include all but two Grand Touring
category cars and two Le Mans Prototype cars. Green Racing worked with the American Le Mans Series (ALMS) to strengthen
and improve the visibility of the green racing program through the development and application of scoring protocols. The Green
Racing Initiative supports technology advancement through motorsports competition, and promotes market acceptance of
advanced vehicle technologies.

5. Vehicle Systems Optimization

This focus area involves research and development on a variety of mechanisms to improve the energy efficiency of light,
medium, and heavy duty vehicles. Projects in this focus area involve reducing the aerodynamic drag of vehicles, thermal
management approaches to increase the engine thermal efficiency and reduce parasitic energy losses, the development of
advanced technologies to improve the fuel efficiency of critical engine and driveline components by characterizing the
fundamental friction and wear mechanisms, and fast and wireless charging technology development.

Aerodynamic Drag Reduction

The primary goal of this focus area is improving the freight-efficiency of vehicles. Aerodynamic drag reduction, thermal
management, and friction and wear are the main focuses of this area. Reduction of aerodynamic drag in Class 8 tractor-trailers
can result in a significant improvement on fuel economy while satisfying regulatory and industry operational constraints. An
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important part of this effort is to expand and coordinate industry collaborations with DOE and establish buy-in through CRADAs
and to accelerate the introduction of proven aerodynamic drag reduction devices into new vehicle offerings.

The primary approach in drag reduction is through the control of the vehicles flow field. This is can be achieved with
geometry modifications, integration, and flow conditioning. During 2013 the goal of the research was to develop and design the
next generation of aerodynamically integrated tractor-trailer.

Thermal Management

Thermal management of vehicle engines and support systems is a technology area that addresses reduction in energy
usage through improvements in engine thermal efficiency and reductions in parasitic energy uses and losses. Fuel
consumption is directly related to the thermal efficiency of engines and support systems. New methods to reduce heat related
losses are investigated and developed under this program.

FY 2013 Thermal Management R&D focused on exploring:
e  The possibilities of repositioning the class 8 tractor radiator and modifying the frontal area of the tractor to reduce
aerodynamic drag.
e The possibilities of using evaporative cooling under extreme conditions of temperature and engine load.
e Assess use of nanofluids for cooling of power electronics.

Friction and Wear

Parasitic engine and driveline energy losses arising from boundary friction and viscous losses consume 10 to 15 percent of
fuel used in transportation, and thus engines and driveline components are being redesigned to incorporate low-friction
technologies to increase fuel efficiency of passenger and heavy-duty vehicles. Research to improve the fuel efficiency and
reliability of critical engine and driveline components included:

o  Experimentally investigating fundamental friction and wear mechanisms.
e  Modeling and validating the impact of friction on components and overall vehicle efficiency.
e Developing advanced low friction technologies (materials, coatings, engineered surfaces, and advanced lubricants)

e Developing requirements of a high power density driveline system that can be applied across many of the vehicle
types regardless of the powertrain or fuel type

Fast and Wireless Charging

Electrification of the transportation sector will be enabled by adoption of vehicle charging technologies that minimize costs
in terms of time and money while maximizing energy throughput, battery life, safety, and convenience.

6. Industry Awards

Industry projects for FY 2013 include the categories of PHEV Technology Acceleration Deployment Activities,
Transportation Electrification, SuperTruck, Wireless Charging, and Zero Emissions Cargo Transport (ZECT). Two new projects
in the category of ‘Energy Load Reduction and Energy Management, Advanced HVAC Equipment, & Cabin Pre-Conditioning’
were awarded during FY2013. These technology development and demonstration projects were awarded through DOE’s
competitive solicitation process and involve resource matching by DOE and Industry.

Major projects that were conducted by the National Laboratories and Industry partners in support of these areas in FY 2013
are described in this report. The reports describe the approach, accomplishments and future directions for the projects. For
further information, please contact the DOE Project Leader named for each project.
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I.A.2. Future Directions for VSST

Near-term solutions for reducing the nation’s dependence on imported oil, such as PHEVSs, will require the development,
integration, and control of vehicle components, subsystems, and support systems. These solutions will require exploration of high
capacity energy storage and propulsion system combinations to get the most out of hybrid propulsion. Analysis and testing procedures
at the national labs will be enhanced to study these advanced powertrains with simulation tools, component/subsystem integration, and
hardware-in-the-loop testing. DOE-sponsored hardware developments will be validated at the vehicle level, using a combination of
testing and simulation procedures.

In FY 2014, the VSST will continue activities in the area of vehicle simulation and modeling, and laboratory and field testing
including further baseline performance testing of conversion and original equipment manufacturer (OEM) electric-drive vehicles. Field
and laboratory testing will continue to be integrated with modeling/simulation activities, including validation of simulation models for
advanced vehicles tested in the APRF. Fleet evaluation of plug-in vehicles will continue, with continued emphasis on evaluation fleets of
OEM production vehicles.

In addition to the HEV and PHEYV activities, a full range of simulation and evaluation activities will be conducted on the BEVs as
they are brought to market by OEMs. Because EVs are dependent on a robust charging infrastructure for their operation and ultimate
consumer acceptance, VSST will greatly increase efforts to address issues related to codes and standards for EVs, charging
infrastructure, and vehicle/grid integration.

VSST will pursue the objective of using less energy for cabin climate control of Light and Heavy Duty Vehicles. This work will
contribute to progress on reaching the EV Everywhere Blueprint's ‘Efficient Climate Control Technologies Objective’ and the VSST
2015 target objective to Increase freight efficiency of heavy duty vehicles by 50%, through system-level innovations’.

VSST will also be deeply involved in the collection and analysis of data from the American Recovery and Reinvestment Act of 2009
(ARRA) Transportation Electrification Demonstration projects. These eight demonstrations will placed several thousand electric drive
vehicles and recharging stations in service, and VSST will direct the collection an analysis of data from these units. In addition to
performance, reliability, and petroleum displacement results, VSST will use the data to determine the impact of concentrations of
electric drive vehicles on the electricity grid, as well as the changes in operators’ driving and recharging patterns as they become more
comfortable with this new technology.

Vehicle systems optimization work in the areas of aerodynamics, thermal management, and friction and wear will continue. The
focus of these activities will revolve around cooperative projects with industry partners with the goal of bringing developed technologies
to market quickly. New efforts will be supported to conduct evaluations of methods to improve thermal heat transfer efficiencies and
reduce parasitic loads with coordination from industry partners. Additionally, activities to develop solutions for wireless power transfer
and fast charging of electric-drive vehicles, while evaluating the market barriers and technology impacts for deploying this infrastructure,
will continue to ramp up within the Vehicle Systems Optimization area.

Inquiries regarding the VSST activities may be directed to the undersigned.

%%%

Lee Slezak

Technology Manager

Vehicle and Systems Simulation and Testing
Vehicle Technologies Program
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Il. THE EVEVERYWHERE GRAND CHALLENGE

ILA. Background

In March 2012, President Obama announced the EV
Everywhere Grand Challenge—to produce plug-in electric
vehicles (PEVs) as affordable and convenient for the
American family as gasoline-powered vehicles by 2022.
Realizing the promise of PEVs is one of the grand challenges
of this era. Today, our transportation system is dependent on
internal combustion engines and oil. In fact, 93% of our
transportation fuel is derived from petroleum and much of this
is imported. PEVs can decouple personal mobility from oil, cut
pollution and help build a 21st Century American automotive
industry that will lead the world.

America is the world’s leading market for electric vehicles
and is producing some of the most advanced PEVs available
today. Consumer excitement and interest in PEVs is
growing—in 2012, PEV sales in the U.S. tripled, with more
than 50,000 cars sold, and a plug-in electric vehicle (the
Chevrolet Volt) beat all other vehicle models in Consumer
Reports’ owner satisfaction survey for the second time. In
2013, PEV sales are on pace to nearly double prior year
sales, with nearly 100,000 annual sales of PEVs projected.

PEVs have won critical acclaim with awards such as 2011
World Car of the Year (Nissan Leaf), 2013 Motor Trend Car of
the Year (Tesla Model S) and 2012 Green Car Vision Award
Winner (Ford C-MAX Energi). To maintain this leadership,
strong growth in the U.S. PEV sector will need to continue.

The Department of Energy (DOE) developed an EV
Everywhere “Blueprint” document that provides an outline for
technical and deployment goals for PEVs over the next five
years (Blueprint). DOE will pursue these targets in cooperation
with a host of public and private partners. The technical
targets for the DOE PEV program fall into four areas: battery
R&D; electric drive system R&D; vehicle light weighting; and
advanced climate control technologies. Some specific goals
include:

e Cutting battery costs from their current $500/kWh to
$125/kWh

o Reducing the cost of electric drive systems from $30/kW
to $8/kW

1

¢ Eliminating almost 30% of vehicle weight through light

weighting

These numbers represent difficult to reach “stretch goals”
established in consultation with stakeholders across the
industry—including the EV Everywhere workshops held during
the summer and fall of 2012. When these goals are met, the
levelized cost of an all-electric vehicle with a 280-mile range
will be comparable to that of an ICE vehicle of similar size.
Even before these ambitious goals are met, the levelized cost
of most plug-in hybrid electric vehicles—and of all-electric
vehicles with shorter ranges (such as 100 miles)—uwill be
comparable to the levelized cost of ICE vehicles of similar
size. Meeting these targets will help to reduce the purchase
price for plug-in electric vehicles

The EV Everywhere Blueprint document also describes
the deployment programs related tocharging infrastructure and
consumer education. Efforts to promote home, workplace, and
public charging can also help speed PEV deployment.

EV Everywhere Technical Targets

DOE defined EV Everywhere technology targets using an
analytical framework that evaluated the performance of
component technologies as well as vehicle cost and
performance. We synthesized data about future vehicle
potential by using expert projections of component technology
to create virtual vehicles of the future via computer modeling
and simulation. The range of vehicle costs and efficiencies
made possible a comparison of the degree to which the
portfolio of these technologies must progress, in both
performance and cost terms, to yield PEVs that are cost-
competitive, as measured by the initial vehicle purchase price
and the fuel expenditure accrued over a 5-year ownership
period. Ultimately, an analysis of this balance yielded technical
targets at the technology progress frontier: EV Everywhere
targets are consistent with what experts see as very
aggressive but still possible within the EV Everywhere
timeframe.

The complete set of EV Everywhere technical targets are
presented in the Blueprint document.


http://www1.eere.energy.gov/vehiclesandfuels/electric_vehicles/pdfs/eveverywhere_blueprint.pdf
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I.LB. 2013 Highlights

VSST achieved sub-objectives for achieving the goals of

(a) Extending Vehicle range by reducing and managing

auxiliary loads, (b) Integrating EVs into the Electrical Grid, and

(c) Accelerating Market Penetration of EVs by supporting

Table II-1: VSST EV Everywhere Achievements for FY 2013.

Codes and Standards Development. Table II-1 below provides
an executive summary of the accomplishments and the R&D
project reports that contain the details.

Goals & Accomplishment Benefit Where to find the Details of
Objectives P R&D Activities
Extend Range by Developed new Heating Ventilating Reduces Industry costs to evaluate A/C Model Development., HEV
Reducing and and Air Conditioning (HVAC) candidate strategies for improving EV Thermal Model Development

Managing Auxiliary
Loads

component models compatible with
Autonomie.

range. Validated HVAC component
models enable virtual system design
experiments to determine impact of
candidate technologies.

and Validation.

Extend Range by
Reducing and
Managing Aucxiliary
Loads

Quantified the impact of cabin climate
control systems on the energy
consumption of a HEV, PHEV, and
BEV at different temperature settings
and in different ambient temperature
environments. (E.g., EPA 5 cycle label
fuel economy test conditions.)

Test data and analysis provide
researchers with the information
needed to focus development of
technology solutions that minimize the
impact of hot and cold temperatures on
EV range.

Assessment of Climate Control
Settings and Loads on Energy
Consumption for HEVs, PHEV's
and BEVs in Freezing or Hot
Sunny Environments

Foster Integration of
EVs into Electrical
Grid

Publish Real-World EVSE Data
Collection Products Usage informing
decision makers on consumer
demand patterns. During FY 2013,
VSST researchers generated more
than 527 reports, fact sheets, special
analysis, white papers, and technical
papers.

Increases market efficiency for adoption
of EVSE technologies. The empirical
information fills the knowledge gaps
that hinder accurate prediction of
demand for EVSE equipment & public
infrastructure. Accurate predictions are
critical for infrastructure planning and
business model assessments.

EV Project and ChargePoint
Data Collection and
Dissemination

Foster Integration of
EVs into Electrical
Grid

Fast DC Charging Communications
Module Technology made available
for incorporation into commercial
product. Invention is a Spin-off from
Codes & Standards R&D.

Accelerates market penetration of Fast
Charging by providing validated
communication solution for OEMs and
EVSE suppliers. Building block for
communication with the Smart Grid.

Codes and Standards Support
for Vehicle Electrification

Foster Integration of
EVs into Electrical
Grid

Advanced Technology R&D
incorporated into commercial product.
Aerovironment has introduced a
commercial Smart Grid Charger.

Accelerates market penetration of
EVSE with Smart Grid capability.
Device minimizes impact of EV
charging on Electric Grid Resources.

SAE Standards Development
Support.

Eliminate Barriers to
EV Market
Penetration by
supporting Codes &
Standards
Development

ANSI published the EV Codes &
Standards Roadmap Version 2.0. This
effort was supported by DOE funding.
The Roadmap is the collaborative
product from a series of workshops
that engaged stakeholders from
multiple domains. The document
provides a consensus perspective of
codes and standards gaps for EVs
and priorities for addressing the gaps.

(1) Facilitates development of
standards and codes by several
organizations. (E.g., IEC, NEMA, NIST,
NFPA, SAE, and UL.)

(2) Facilitates market access and cross-
border trade.

(3) Facilitates achievement of
regulatory objectives. (E.g., NHTSA
Quiet Car rule making.)

(4) Fosters understanding of issues
related to EVs and EVSE technology
and proposes solutions.

(5) Provides stakeholders with a
resource that anticipates future
deployment of new and related
technologies.

Codes and Standards and
Technical Team Activities,
Codes and Standards Support
for Vehicle Electrification
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II.C. Planned Activities

Using less energy to achieve comfortable climate control
in PEVs will allow for a smaller, less expensive battery, and
thus contribute to lowering the cost of PEVs (assuming travel
distance is held constant). Currently, these climate control
loads on a PEV can double vehicle energy consumption,
effectively halving vehicle range. EV Everywhere will focus on
the following specific research areas:

o ENERGY LOAD REDUCTION AND ENERGY
MANAGEMENT strategies can minimize energy
consumption by reducing the thermal loads that the
systems must address. Advanced windows and glazing,
surface paints, advanced insulation, thermal mass
reduction, and ventilation and seating technologies can
better control heat transfer between the passenger cabin
and the environment, minimizing the thermal loads that
the Heating, Ventilation and Air-Conditioning (HVAC)
systems must address to ensure passenger comfort.

e ADVANCED HVAC EQUIPMENT, such as advanced heat
pumps or novel heating/cooling subsystems, can reduce
the auxiliary loads. Innovative heating and cooling
concepts to achieve passenger comfort, such as infrared
and thermoelectric devices and phase change materials,
can also reduce energy requirements.

e CABIN PRE-CONDITIONING while the vehicle is
connected to the grid can reduce the amount of energy
needed from the battery upon initial vehicle operation to
either pull-down (hot conditions) or raise (cold conditions)
the temperature in the cabin. Another approach to cabin
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pre-conditioning is to utilize waste heat generated within
the battery and/or charging circuit during charging.

In support of the EV Everywhere Grand Challenge, DOE
released a Funding Opportunity Announcement (FOA) in
March 2013, soliciting proposals in the areas of energy
storage, electric drive systems, lightweight materials, and
auxiliary load reductions.

DOE announced the selection of 38 awards from the FOA
in September 2013. These projects were initiated in
September 2013 and will be described in more detail in next
year's annual report.

In the area of advanced climate control to reduce auxiliary
load energy consumption, two projects representing a DOE
investment of $4 million were awarded. Reducing the impact
of heating and cooling on plug-in electric vehicles can
significantly increase all-electric driving range. The Halla
Visteon project will develop, integrate, and demonstrate an
efficient heating and cooling system as well as other novel
solutions to achieve and maintain passenger comfort using
less battery power. The Delphi Automotive project will develop
and integrate a new heating system for vehicles and
demonstrate a significant reduction in the energy used for
passenger cabin heating in electric vehicles. These two
projects are focused on developing innovative heating and
cooling technologies that reduce battery demands and
improve range by 20 to 30 percent.
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INDUSTRY

PHEV TECHNOLOGY ACCELERATION AND DEPLOYMENT
ACTIVITY

lIlLA.  Chrysler Town & Country Mini-Van Plug-In Hybrid Electric Vehicle

Abdullah A. Bazzi, Principal Investigator

Chrysler Group LLC

800 Chrysler Drive

Auburn Hills, MI USA 48326-2757
Phone: (248) 944-3093

E-mail: aab5@Chrysler.com

Lee Slezak, DOE Technology Development
Manager

Phone: (202) 586-2335;
E-mail: Lee.Slezak@ee.doe.gov

John Jason Conley, NETL Project Manager

Phone: (304) 285-2023
E-mail: John.Conley@netl.doe.gov

DOE Award Number: DE-EE0004529
Submitted to: U.S. Department of Energy—
National Energy Technology Laboratory

lIl.LA.1. Abstract

Phase | Project Objective

Demonstrate 25 minivans (RT) in diverse geographies
and climates, spanning from Michigan, California, and
Texas and across a range of drive cycles and consumer
usage patterns applicable to the entire NAFTA region
Run the vehicles for 2 years with relevant data collected to
prove the product viability under real-world conditions
Quantify the benefits to customers and to the nation
Develop & demonstrate charging capability

Develop and demonstrate Flex Fuel (E85) capability with
PHEYV technology.

Support the creation of “Green” Technology jobs and
advance the state of PHEV technology for future
production integration

Develop an understanding of Customer Acceptance &
Usage patterns for PHEV technology

Integration of PHEV technology with Renewable energy
generation
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Phase Il Project Objective

Demonstrate the viability of the high voltage energy
storage system with a new cell technology for a new
production application

Test advanced Li-lon Battery technologies, charging
systems, and Electrified Powertrain Control Systems

Major Accomplishments
Vehicle Build & Test

Utilized the standard Chrysler Group LLC Vehicle

Development Process for a production intent program

o Designed and built all development and test vehicles

o Augmented development process with modified
testing procedures to address specific plug in Hybrid
Technologies

Successful completion of the demonstration fleet vehicles.

Deployed 23 Chrysler Town & Country Minivan PHEVs

Deployed Chrysler Town & County Minivan PHEVs were

returned to Chrysler Group LLC. The returned vehicles

completed an inspection and preparation work for the high

voltage battery upgrade was initiated

Corrective actions for three PHEV issues observed in the

field were identified

Development activities for the upgraded battery pack

remain on-track. Cell design was completed and they are

being shipped for module development and battery pack

characterization

o Completed Internal Chrysler Group LLC technology
assessment of battery pack upgrade and vehicle
retrofit plan

o Completed directional setting of battery pack design

Deployment Fleet

The close out of Phase | included returning the deployed
Chrysler Town & Country Minivan PHEVs to Chrysler
Group LLC and then decommissioning the vehicles.
Vehicles built during Phase | of the project are being
decommissioned using one of the following five strategies:
o Retrofitted for development vehicle and deployment
fleet

Pulled for Service Parts

Saved for Full Vehicle Replacement

Scrapped Completely

Used for Development

Chrysler Group LLC is implementing a new battery cell
technology

O O O O


mailto:aab5@Chrysler.com
mailto:Lee.Slezak@ee.doe.gov
mailto:John.Conley@NETL.DOE.GOV
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Future Activities

o Execute validation testing of 4 retrofitted vehicles with
upgraded high voltage batteries

world class vehicles from concept to market. The Chrysler
Town & Country PHEV is following the CPCP process.
Fundamental principles include:

FY 2013 Annual Progress Report

o Initiate deployment of retrofitted vehicle to Chrysler Group o

LLC development team and begin data collection.

% %

<>

% %

lIl.LA.2. Technical Discussion

Introduction

Voice of the Customer-Dictates product decisions

o Timeline Compression-Enables speed to market
o Flexibility-Allows for unique vehicle program
characteristics
o Consistency of Execution—Facilitates continuous
improvement
o Clear Performance Indicators—Drives accountability

¢ Interdependencies Identified—Aligns activities across
functional areas

The Chrysler Product Creation Process (CPCP) defines
the strategy and method used to execute the development of

Vehicle Decommissioning Strategy for Minivan PHEV

; Current Chrysler
4 Minivan PHEV Fleet
£ (25 Deployed &
o 9 DV Vehicles)
! | I I
Vehicles Retrofitted Vehicles Used for @ Vehicles Saved for Vehicles Pulled for @ Scrapped
For Development & Development Full Replacement Service Parts Completely
0%Demo Fleet 100% 100% 100%
(4 Vehicles) (6 Vehicles) (2 Vehicles) (5 Vehicles) (17 Vehicles)
1 1 1
\1( Bring PHEV vehicles to : l./Use vehicles for : 1. Remove Graphics : \,( Remove Graphics ' ‘{Remove Graphics
CTC, Remove Electrovaya technology development: 1 2. Remove Battery pack '\7 Remove Battery pack )/Remove Battery pack
Battery, sendto EElab, | =+ Battery Cell | (sendthemto MAGNA |  (send them to MAGNA : (send them to MAGNA
remove battery modules : Characterization : after modules are sent to : after modules are sent to : after modules are sent to
— ship to Electrovaya, send 1 » Calibration 1 ELECTROVAYA) 1 ELECTROVAYA) 1 ELECTROVAYA)
) the remaining pack to : Development : 3. Store vehicle at a Chrysler : . Remove all PHEV service : {Scrap vehicle through CTC
g Magna ! Instrumentation ! LLC secured facility | parts (majority from the |
= 2. Install new Magna Battery : ‘/Scrapveh\c\e through CTC : 4. Scrap vehicles through : first 5 vehicles) and send :
= pack 1 after work is completed 1 Chrysler Group CTC when 1 to SHVTC 1
3. Perform first run; Update : : project is completed : 4./Scrap the remaining :
Graphics , , , vehicle through CTC after |
4. Distribute to Chrysler 1 1 1 parts have been removed 1
Group LLC internal , ' ' i
development team ' H H ,
5. Scrap vehicles through : : : :
Chrysler Group CTC when | 1 1 1
project is completed : : : :
\ ~ J ’ ’
Includes the Phase Il Magna/JCl
Upgrade Battery Pack

Figure lll-1: Minivan PHEV Decommissioning Categories with Major Steps.

Results

Federal Test Procedure Results
Table lll-1: Minivan PHEV Federal Test Procedure Results.

Conclusions

Chrysler LLC has completed initial builds of the upgraded
high voltage battery to be used in the Chrysler Town &

RANGE

Objective Target

Status

EAER 14
(Based on
simulations)

EAER 10

Procedure RIGIY

California
Exhaust
Emission
Standards and
Test
Procedures, as
amended
December 2,
2009
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Country Minivan. Critical design reviews for the high voltage
battery pack system was conducted successfully. Testing of
upgraded battery pack is currently in process. Four vehicles
will be retrofitted with the upgraded battery pack and
decommissioning of vehicles will continue to follow the five
step plan.
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lll.LA.3. Products Tools & Data

1. Vector Cantech—Canalyzer equipment utilized for data
collection and software development (communication
between vehicle controllers)

Publications

o A High Efficiency Low Cost Direct Battery Balancing

Circuit Using A Multi-Winding Transformer with Reduced 2. ETAS-Equipment utilized for software development and
Switch Count. IEEE APEC 2012, Orlando, FL, Feb. 5-9, drivability / emissions calibration
2012 3. Security Inspection utilized for upgraded infrastructure

environment (increased bandwidth requirements and
storage requirements) for implementing Microstrategy
vehicle logging and data analysis

o Annual Merit Review. Washington, DC. 4. Bright Star Engineering—Data Recorder Modules (DRM)
for each vehicle and monthly cellular access.

Public Presentations

Patents

¢ None to Report
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lI.LB. Development of Production-Intent Plug-In Hybrid Vehicle, using

Advanced Lithium-lon Battery Packs with Deployment to a

Demonstration Fleet (DE-FC26-08NT04386)

Mr. Greg Cesiel, Principal Investigator
General Motors

30001 Van Dyke Avenue

Warren, MI 48090

M/C: (480) 210-240

Phone: (586) 575-3670

E-mail: greg.cesiel@gm.com

Lee Slezak, DOE Technology Development
Manager

Phone: (202) 586-2335

E-mail: lee-slezak@ee.doe.gov

Jason Conley, Principal Investigator:
Phone: (304) 904-7590
E-mail: john.conley@netl.doe.gov

lll.B.1. Abstract

Objective

Overall Objectives

e The primary goal of the project is to develop the first
commercially available, OEM-produced plug-in hybrid
electric vehicle (PHEV). The performance of the PHEV is
expected to double the fuel economy of the conventional
hybrid version of the same vehicle. This vehicle program,
which incorporates advanced lithium-ion battery packs
and features an E85-capable FlexFuel engine, seeks to
develop, fully integrate, and validate the plug-in specific
systems and controls by using GM’s Global Vehicle
Development Process (GVDP) for production vehicles.
The Engineering Development related activities include
two physical builds that produced 29 mule vehicles and 29
integration vehicles for internal deployment at GM.
Continued work includes engineering tasks for the
development of a new thermal management design for a
second generation battery module.

FY2013 Objectives

o Phase Il of the proposed project captures the first half or
Alpha phase of the Engineering tasks for the development
of a new thermal management design for a second
generation battery module. This new design will
incorporate reduced complexity, thus allowing for a more
cost efficient design. Thermal management of batteries is
essential to propulsion system performance. Effective
thermal management ensures the maintenance of proper
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operating temperatures thus increasing range, reliability
and durability.

Major Accomplishments

o Battery module selected design part procurement
complete to allow module assembly for testing

e Module testing initiated, enhanced and completed with
satisfactory results

o Additional development from test results reviewed and
module design refinement accomplished

o Final technical review with DOE Technology Development
Manager and NETL Program Manager completed in
Washington, DC with GM Engineering Team

Future Achievements

On September 30, 2013, all project work for this PHEV
Technology Acceleration project was completed. The
remainder of the work to complete for this project is the final
Program Management reports. This work will be complete by
December, 2013.

% % % % %

lll.B.2. Technical Discussion

Introduction

Engineering Development of Year 1 Mule Vehicles

The first phase of the project captures the first half of the
Engineering tasks for the development of key plug-in
technologies. This involves the development of components
and subsystems required for a PHEV and fully integrate them
in a production vehicle.

Approach

Engineering Development of Year 1 Mule Vehicles

This development includes Charge Depletion
Development, Lithium-lon Battery Development, Battery
System Integration, Charger Development, Powertrain
Systems Integration, and Vehicle Integration.


mailto:greg.cesiel@gm.com
mailto:lee-slezak@ee.doe.gov
mailto:john.conley@netl.doe.gov
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Results

Engineering Development of Year 1 Mule Vehicles
The PHEV vehicle development team coordinated the above

mentioned development testing working towards final designs.

At the end of the Mule Vehicle phase, the vehicle packaging
and component designs were nearly production intent.

Conclusions

Vehicle and Powertrain Development

All development was completed to the extent required to
meet all required Vehicle Technical Specifications (VTS)
requirements. This type of development testing will ensure
that the vehicle will meet all Federal Motor Vehicle Safety
Standards (MVSS).

Introduction

Engineering Development of Year 2 Integration Vehicles

The second phase of the project captures the second half
of the Engineering tasks for the development of key plug-in
technologies. This involves the development of components
and subsystems required for a PHEV and fully integrate them
in a production vehicle.

Approach

Engineering Development of Year 2 Integration Vehicles

This development includes Charge Depletion
Development, Lithium-lon Battery Development, Battery
System Integration, Charger Development, Powertrain
Systems Integration, and Vehicle Integration.

Results

Engineering Development of Year 2 Integration Vehicles
The PHEV vehicle development team coordinated the above

mentioned development testing working towards final designs.

At the end of the Integration Vehicle phase, the vehicle
packaging and component designs are intended to be
production intent.

Conclusions

Vehicle and Powertrain Development

All development was completed to the extent required to
meet all required Vehicle Technical Specifications (VTS)
requirements. This type of development testing will ensure
that the vehicle will meet all Federal Motor Vehicle Safety
Standards (MVSS).
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Introduction

Battery Thermal Development of Alpha Module

Phase Ill of the proposed project captures the first half or
Alpha phase of the Engineering tasks for the development of a
new thermal management design for a second generation
battery module.

Approach

Battery Thermal Development of Alpha Module

The engineering team developed a battery module design
based on multiple design concepts. Through detailed design
and engineering analysis, a module concept was selected.
The module performance will be demonstrated through the
following testing parameters: thermal, vibration, aging and
sealing.

Results

Battery Thermal Development of Alpha Module

The selected battery module prototype parts were procured
and testing was started. The concept design was deemed
manufacturable, cost effective and performance requirements
were met. Design elements are being considered for future
applications subject to vehicle packaging constraints and
vehicle performance requirements.

lll.B.3. Products

Publications

1. Plug-In Charging Symposium (San Jose, CA)—
July 22nd, 2008

2. California Air Resources Board (CARB) vehicle
demonstration (Milford, MI)—Sept 9, 2008

3. EPA vehicle demonstration (Milford, MI)—Oct 30, 2008
Hollywood Goes Green Event—Dec 8, 2008

5. North American International Auto Show (NAIAS)—
Jan, 2009

Patents

To date, there have been 25 subject invention disclosures
and six patents issued. As the contents of these patent
applications are not yet subject to public disclosure, GM
respectfully refrains from further disclosure regarding these
inventions. GM looks forward to sharing the contents of the
patent applications once they are publicly available.

Tools & Data

N/A
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TRANSPORTATION ELECTRIFICATION

lil.C.

Interstate Electrification Improvement Project

Jon Gustafson, Principal Investigator
Cascade Sierra Solutions

4750 Village Plaza Loop

Eugene, OR 97405

Phone: (541) 852-4343

E-mail: jgustafson@cascadesierrasolutions.org

Lee Slezak, DOE Program Manager
Phone: (202) 586-2476
E-mail: lee.slezak@ee.doe.gov

I1.C.1. Abstract

This Department of Energy (DOE) demonstration project
will accelerate the reduction of petroleum consumption and
associated emissions and greenhouse gases by (1)
implementing transportation electrification at fifty sites along
major interstate corridors and (2) by providing a rebate
incentive (up to 20%) for battery operated and/or shore power
enabled idle equipment on medium and heavy-duty trucks.
Both Truck Stop Electrification (TSE) connections and grid
appropriate equipment rebate promotions will be implemented
at the travel centers. The project adopted the market title
“Shorepower Truck Electrification Project” or STEP project, in
March, 2011.

Objectives

o Overall Objectives

o ldentify, finalize selection and secure contracts to

build 50 TSE sites.

o Design and produce build plans for each TSE site.
Develop the marketing plan for rebates and introduce
the rebate program to the trucking industry.
Complete site development by July, 2013.

Conduct grand openings at all locations.

Distribute all rebates by July, 2013.

Monitor utilization.

Report on all program component requirements.
Manage DOE funding to accomplish program goals.

o

O O O O O O

e FY 2013 Objectives
o Recruit remaining number of trucks/fleets into the
project and complete rebate operations.
o |dentify the remaining sites for development to
complete the fifty (50) truck stop power goal.
o Launch marketing systems to promote utilization with
the rebated truck fleets.
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o Form a data collection and analysis alliance with
National Renewable Energy Laboratory (NREL).

Major Accomplishments

e Completed rebate incentive awards for 4,482 vehicles.
e Processed 177 adaptor kit applications with 113 kits
installations completed and confirmed.
o Administrative procedures and policies were formulated
for operating and managing all 50 sites. Local contractor
relationships were established to repair and maintain each
site.
o Completed inspections at 50 sites and identified a punch
list of items for completion and/or correction prior to final
contractor payment.
o Completed all infrastructure development
o Designed and completed system construction at 50
locations on July 30, 2013.

o Installed system software to operate pedestal power
and support data collection on August 30, 2013.

o Powered all sites by September 23, 2013

o Commenced data tracking on January, 2013

o Completed grand opening events at all 50 truck stops.

e Collected 31,100 hours of data on site utilization from
Janurary 1, 2013 to September 30, 2013.

Future Achievements

o Stabilize network software and increase system-wide
uptime to 95%.
o Support truck stop promotions and retail staff training.
o Finalize data metrics and stabilize data collection to
support the final TSE project study.
o Fully support the analysis activities of NREL.
e Promote maximum utilization.
o Increase power utilization up to a steady 10,000 hours
per week system wide.
o Update software to achieve 95% system reliability
targets.
o Expand participation of independent owner/operators
and fleets.

% % % % %
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lll.C.2. Technical Discussion

Background

The Department of Energy awarded Cascade Sierra
Solutions (CSS) the charge to lead an initiative to develop a
large-scale truck stop electrification infrastructure within the
United States. The geographic scale of the project was
nationwide with a focus on nine trucking corridors that span
different regions of the country. Across all corridors, CSS was
tasked with facilitating the installation of electrification
infrastructure at 50 truck stops to be distributed evenly across
the corridors.

The initiative sought to incentivize up to 5,000 truck
drivers to purchase and install the equipment necessary to
retrofit their trucks to accept electrification connections. The
objective of the electrification initiative was to jointly provide
truck drivers and truck stops with the necessary infrastructure
to power truck cabin amenities with affordable electricity and
to reduce or eliminate idling as a truck battery power source.

At present, the adoption of truck stop electrification is
hampered by the lack of evidence of profitability for the truck
stops; they are reluctant to invest in infrastructure that most
truck drivers are not asking for. Truck drivers have different
issues: they are unaccustomed to using electric power; or
there is not a STEP site along their regular route; or fleet
drivers must pay for power out of pocket—diesel is reimbursed
but not power. Owner operators express a strong desire to
use grid power because their profit margins are so narrow.
Their biggest complaint is that there aren’t enough sites with
grid power.

Proliferation of a robust truck stop electrification
infrastructure would provide considerable environmental,
economic and even national security benefits for the United
States as it reduces the country’s dependence on oil and
provides a clean power source. These benefits make this
project a national priority for the DOE.

Introduction

Three Basic Components

Three program components are necessary to study how
and when long distance trucks use electric power during
mandated rest periods: rebates, infrastructure construction,
and data collection/analysis:

Rebate Program Component

The rebate program produces a study fleet willing and
able to use electric power rather than idle the main engine
using diesel fuel for cabin power. It incentivizes truck owners
to install idle reduction equipment modified for grid power on
trucks by offsetting a portion of equipment cost. Truckers
apply to CSS for a rebate of 20% of the cost of qualified idle
reduction equipment and agree to participate in the program
over an 18 month period stopping whenever possible at the 50
truck stops equipped with power pedestals. The program
equipment includes diesel Auxiliary Power Units (APU’s),
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battery HVAC systems, cargo cold plate systems, and Truck
Refrigeration Units (TRUS).

CSS processes the trucker’s rebate application for
approval and when approved notifies the truck owner to
proceed with the installation. When the unit is installed, the
installer submits certified completion documents to CSS which
then approves and submits the invoices for DOE rebate
funding.

Adaptor Kits are offered to truckers who agree to
participate in the program. Installation of an adaptor kit makes
the truck grid power capable. Owner operators with older
vehicles are enthusiastic about the kits and self install them.
Preliminary results alo indicate they are also more likely to use
them.

Construction/Infrastructure Component

The construction component creates a source of electricity
specifically designed for truck application at a location where
trucks typically idle engines for power. Installation of electric
power pedestals is intended to give truckers easy access to
grid power during mandatory rest periods, especially at
outside temperatures above 80 degrees or below 40 degrees.

Shorepower Technologies (SPT) is a manufacturer of
Truck Stop Electrification (TSE) equipment in the form of
pedestals with multiple electrical outlets, TRU electrical outlet
modules and payment kiosks to collect payment and turn the
pedestal outlets on and off. SPT was contracted to produce
and install the electrification equipment at 50 truck stop sites
throughout the U.S. SPT subcontracted with EC Contractors
of Portland (EC) for the construction component of the
installation.

Data Collection and Analysis Component

The collection and analysis of actual utilization data
received from the rebate fleet and other users is the basis of
the utilization analysis at the end of the project. This analysis
provides insight into the desirability and feasibility of electric
power as a substitute for diesel idling power at rest stops.

SPT and CSS collaborate on an internet-based data
collection system tied into the STEP pedestals. CSS has an
agreement with NREL for NREL to analyze the data and
report their analysis each month. This portion of the project
began when the first pedestal came on line and began
sending data to SPT and CSS in January, 2013.

Data collection is tied to the rebate program where
individual owner/operators or fleet drivers provide information
about their trucks, their company and their routes driven. Each
profiled truck is assigned a unique identification (STEP ID)
number. When ordering power at the STEP pedestal, the
driver signs in with his/her STEP ID creating a pedestal
connection report tied to a specific truck. Over a study period
of 18 months, connection reports will be collected in a variety
of sample groups and analyzed.
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Approach

The three components of the project were divided
between CSS and SPT according to background capabilities.

CSS is lead in grant administration, project management
and promotion of incentives to trucking companies that choose
to save fuel by using grid power.

SPT is the lead in recruiting travel centers to receive
power pedestals, manage construction and operate the
network to sell power to truckers. SPT also collects connection
reports for the database.

CSS qualifies and enrolls trucks into the rebate program,
supplying up to 20% of the cost of the equipment acceptable
for the project. Once installed, CSS profiles the trucks as to:
routes driven; idling history; engine make and model; miles
driven; and fuel mileage experienced, and inputs this data into
the project database according to the assigned STEP ID
number,

Additionally, CSS manages agreements with a group of
equipment manufacturers/installers whose equipment on
board trucks makes use of electric power. Each of these
manufacturers (or their dealer) entered into agreements to
take the incentive payment along with the trucker’s payment
for the purchase and installation of the equipment, thereby
reducing the price paid by the trucker to acquire the
equipment.

For actual site construction SPT selected an electrical
contractor with the capacity to operate across the U.S., finding
local subcontractors to do the actual work. EC Contractors of
Portland, OR provided detailed construction design
engineering services and permitting on all the sites. EC
competitively bid work locally and insured that federal rules
were followed by all sub-contractors. When work was
completed, EC commissioned the sites and performed
operational tests prior to site acceptance by SPT and CSS.

SPT located fifty (50) sites having a history of 100 long
haul trucks parked there overnight. After five year lease
agreements were completed at each of the 50 sites, a
construction plan and local sub-contractors were assembled to
complete site development. Each site was inspected, and its
completion celebrated with a grand opening.

With 50 sites developed and 4,482 trucks ready for grid
power, utilization is ready to be measured and analyzed. The
metrics kept for each truck connection include: hours plugged
in, kilowatts of power drawn, date and location of use,
purchase cost, and outside temperature and weather
conditions. The data analysis will characterize the study fleet
by average use of grid power, by truck type, site location, time
of year, outside weather conditions, and duty cycle.

Results

Construction and Infrastructure

Status

All major site construction was completed in this quarter.
There are three priorities now being addressed:
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(1) Correcting deficiencies in pedestal protection (bollards,
barriers) to prevent damage to power pedestals and power
panels from trucks backing into parking spots;

(2) Constructing railings and removing trip hazards to
increase user safety;

(3) Managing and addressing a punch list of items to be
corrected that were discovered during site inspections.

Accomplishments in 2013

All 50 STEP sites were inspected. In Q4, site acceptance
inspections were completed at five site locations in Maryland,
two in Virginia, three in New York and two in Texas.

With 765 total items on the current punch list, 73% have
been resolved. For eleven sites, all punch list items were
completed and/or resolved.

Plans for resolution

Construction documentation comprises the largest portion
of the punch list at this time. CSS will continue to collaborate
with SPT to support, manage and monitor repairs. CSS will
continue efforts to verify SPT's efforts independently through
contacts with host site personnel.

Operations and Management
Status

Administrative procedures and policies are now in place
for operating and managing all 50 sites; local contractor
relationships are being established for the repair and
maintenance of the sites. Contractors are also being trained to
troubleshoot and repair the IT network. SPT is communicating
with host sites with chronically low power utilization and
network problems. SPT is taking corrective actions remotely or
via local contractors.

Accomplishments in 2013

The New York Energy and Research Development
Authority (NYSERDA) funded a $200,000 construction match
for three sites in New York.

Challenges

Based on inspections, multiple sites have limited
protection for pedestals and power panels and pedestal
access needs to be improved. Power pedestals and power
panels need to be protected from impacts due to trucks
backing into parking spaces and hitting them. Trip hazards,
standing water, and pedestals located on terrain that slopes
away steeply need correction.

Plans for resolution

CSS has made a commitment to correct pedestal
protection and user safety regardless of cost or code
requirements even in instances where damage has never
occurred before. CSS identified and detailed a list of
requirements supported by cost estimates and photographs.
SPT is now in negotiations with EC Construction to correct
items for which EC is contractually responsible.

CSS is managing all of the construction-related
documents and determining how to limit liability and designate
responsible parties for future construction problems/issues.
CSS is currently obtaining the appropriate documents or
signatures, etc., for final construction close out.
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Power Network and Information System
Current Status

The SPT network operating system is maturing but each
geographical location presents unique challenges. Data that is
recorded and tracked are: kiosk uptime, connection point
uptime, KWH, customer profile and system stability.
Customers currently purchase power online or through a
payment kiosk at most locations or call an answering service
to activate a connection point remotely. There are four
different payment options: COMDATA (fleet card), SPT gift
card, authorize.net, and SPT promotional opportunities.

Accomplishments in 2013

The software and the hardware have been overhauled to
make improvements based on driver feedback which is now
taken into consideration and factored into the next engineering
phase.

For system stability, a virtual server was set up in the
cloud to facilitate all incoming transactions from kiosks and to
host web sites for public access.

Challenges

At multiple sites, there have been kiosk-to-connection
point and kiosk-to-server communication problems. Each of
these is increasingly difficult to monitor, identify and diagnose
from a remote location without local SPT staff on-site.

Plans for resolution

The following steps toward resolution are underway and
beginning to show positive results:

(1) A full-time technician remotely monitors each site and
each connection point and also travels to sites for service calls
when needed. When possible, suitable contractors near site
locations are being identified and trained on technical aspects
of the system and dispatched for service calls as needed.

(2) Stability data trends are being analyzed to find
software bugs and/or hardware faults. SPT uses identical
equipment/software that is tested in SPT's own shop to
duplicate and correct problems. Rigorous testing is being
conducted on each of the pedestal stations to ensure they are
operational and indices are in bounds.

Data Collection and Analysis

Rebate Distribution

CSS completed the awarding of 4482 STEP rebates in
April, 2013. An additional 28 approved rebates are awaiting
final submission and acceptance of documentation.

Status

The breakdown of all rebates by equipment technology
(inclusive of currently approved projects) is listed in Table IlI-2
and shown in Figure [ll-2:

Table lll-2 Rebates by Equipment Technology.

Technology # of Rebates
Battery HVAC 1,776
APU Units 1,472
TRU Units 258
Cold Plate Units 202
Evap Coolers 60
eHybrid TRU 571
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Adaptor kits 143

All rebates by technology

W Battery HVAC

H APU

u TRU

B Cold Plate

H Evap Cooler
eHybrid TRU
Adaptor kits

Figure IlI-2: All Rebates by Technology.

STEP IDs were assigned to an additional 382 vehicles
that did not receive rebated equipment this quarter. These
were for a large fleet that is collaborating with CSS on a
separate case study for the final report. STEP IDs were also
assigned to 177 vehicles that received adaptor kits, which
were also profiled in the STEP database. Of these, 113 kits
are confirmed installed and/or used.

As of this report, utilization data has been reported from
62 SPT sites. This includes all 50 STEP project sites and SPT
non-STEP locations. On a weekly basis the number of STEP
sites with utilization was 20-25 on average with a low value of
16 sites and a high value of 30 sites.

STEP ID Use:

o 82 power transactions at all SPT sites with STEP IDs
during Q4

e 67 were at STEP truck stop locations (Q3 had 43,
with 38 at STEP sites)

o 38 unique named users, 3 anonymous users

e 19 repeat users

o 10 repeat users with 3 or more sessions

o total connect time-1,185 hrs

o total KWH used-707.94

e session length: (avg KWH use)—average session
length—14.45 hrs

less than 10 hrs:

28 (3.67 KWH)

10-20 hrs: 40 (7.02 KWH)
21-48 hrs: 11 (23.7 KWH)
longer than 48 hrs: 3 (insufficient data)

Challenges

The use of a free power offer at the STEP sites to
incentivize utilization was discontinued during the quarter,
expiring at the end of August. However, the impact of the free
power offer on utilization levels was not discernible in the
previous utilization data or in other feedback from rebated

companies and drivers.

Distribution of STEP IDs to drivers in some fleets has
been fragmented, incomplete or not done. Follow-up with
rebate recipients after STEP ID packets are mailed has
revealed the mail recipient is often not the contact for
distributing STEP IDs. Confirming that STEP IDs are received
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and distributed and drivers are encouraged to use them is an
ongoing process subject to delays and confusion

For drivers who have received STEP IDs, software
glitches and connectivity issues when ordering power has
been inconvenient, time-consuming or sometimes not even
possible. This discourages drivers from using the system.

The AnswerNet service that connects power by phone has
been inconsistent. Issues include failure to solicit STEP IDs in
the sign-up and difficulty capturing a user profile and starting a
power session. These difficulties have negatively influenced
drivers’ willingness to use pedestal power.

Plans for Resolution

CSS is examining customer records to find those with
STEP IDs who are not using power and CSS is supplying their
contact information to Alan Bates of SPT. He uses this data in
his outreach to users to encourage continued STEP ID use.

Graphic Analysis
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Figure IlI-3: Total Plug-in Sessions per Week.

Income from power sessions at the pedestals rose by
almost 50% in Q4 (Figure II-4). The expiration of any free
power offers for STEP ID users would seem to be a major
factor. But the use of STEP IDs when free power was
available did not occur so a causal relationship cannot be
assumed. It is more likely the increased use is a response to
the heat of summer and this is responsible for the increase in
income.
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Figure lll-4: STEP Site Pedestal Income.

Utilization records come from all sites (totals given as
Figure 11-3), 50 STEP sites and 12 additional non-STEP sites.
Utilization at the STEP sites continues to account for about
80% of the total. Even though only about half of the 50 STEP
sites have utilization records on a weekly basis, the 80%-20%
split remains consistent. About 80% of all sites are STEP
sites, suggesting the overall visitation pattern across the
network is relatively constant.

STEP Site Weekly Connect Time
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Figure lll-5: STEP Site Weekly Connect Time.

Average plug-in sessions lengths that were increasing at
the end of Q3 (late June) continued to rise slightly through
July and August, reflecting the higher use of a/c equipment
during hot summer weather. Figure 11-6 shows that Power use
and session length both peaked during Q3 in mid-August
exhibiting a strong connection to the highest ambient
temperatures of the calendar year before trending lower with
the onset of more moderate conditions in September.
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Kilowatt-Hour Use vs. Average Session Length
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Figure 1ll-6 Power Use and Average Plug-In Session Length.
Power Use and Cost of Power
Based on the utilization records, over 25,000 KWH of
power has been reported to date. Challenges mentioned
above impact power use but KWH has increased over 40%
during the fourth quarter. Average Power Costs for
Shorepower and STEP sites is provided in Table -3 Power
Costs and Power Use.
Table -3 Power Costs and Power Use.
4172013- | Connect | KWH | Total | ! | kwh
6/30/2013 | time (hrs) | used cost hp per hr
our
All
Shorepower | 8,636 | 4,878 | $6,818.00 | $0.79 | 0.56
sites
STEP sites | 6,562 | 3,790 | $1,482.72 | $0.23 | 0.58
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CSS will identify 2-5 fleets from each of the major
equipment technology categories for a more targeted analysis
of how STEP rebated equipment is used. These fleet case
studies will reveal more about how the equipment reduces fuel
consumption. One fleet has already been identified for a
study: Mesilla Valley Transportation of Las Cruses, New
Mexico.

GOAL: Increase the response rate to 25% to collect more
data on the size and composition of the rebated vehicle fleets;
contact all fleets receiving 20 or more rebates.

Conclusions

At the end of the third year of the four year project, all
sites have been developed and commissioned. A fleet of
4,482 trucks have been recruited and equipped with
electrically powered devices, and 177 drivers have received
adaptor kits, which will demonstrate use of grid power to
displace diesel. In the last year of the project, researchers are

prepared to document actual use of grid power to displace
petroleum as an energy source for trucking.

I1.C.3. Products

Publications

Project publications to date are limited to promotional
literature and operational guides.

Patents

No patents have been filed with this project.

Tools and Data

Not used.
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[I.LD. RAM 1500 Plug-In Hybrid Electric Vehicle

Abdullah A. Bazzi, Principal Investigator

Chrysler Group LLC

800 Chrysler Drive

Auburn Hills, Ml USA 48326-2757
Phone: (248) 944-3093

E-mail: aab5@Chrysler.com

Lee Zlezak, DOE Technology Development
Manager

Phone (202) 586-2335
E-mail: Lee.Slezak@ee.doe.gov

John Jason Conley, NETL Project Manager

Phone: (304) 285-2023
E-mail: John.Conley@netl.doe.gov

DOE Award Number: DE-EE0002720
Submitted to: U.S. Department of Energy—
National Energy Technology Laboratory

lll.D.1. Abstract

Phase | Project Objective

Demonstrate 140 pickup trucks in diverse geographies
and climates, spanning across the United States, and a
range of drive cycles and consumer usage patterns
applicable to the entire NAFTA region

Verify plug-in charging mode performance based on
charger and battery model

Verify AC power generation mode

Prove product viability in “real-world” conditions
Develop bi-directional (communication and power)
charger interface

Support the creation of “Green” Technology jobs and
advance the state of PHEV technology for future
production integration

Develop an understanding of Customer Acceptance &
Usage patterns for PHEV technology

Quantify the benefits to customers and to the nation

Phase Il Project Objective

Advanced Li-lon batteries demonstrated an unexpected
degradation rate which required a directional change
using a new cell design built into new packs
Demonstrate the viability of the high voltage energy
storage system with a new cell technology for a new
production application

Test advanced Li-lon Battery technologies, charging
systems, Reverse Power Flow (RPF), and Electrified
Powertrain Control Systems

o Demonstrate 24 pickup trucks in diverse geographies and
climates

Major Accomplishments

Vehicle Build & Test

o Deployed Ram 1500 PHEVs were returned to Chrysler

Group LLC.

o The returned vehicles completed an inspection and
work to integrate the upgraded high voltage battery
into the vehicles continued

o Completed design freeze for long lead items on

February 4, 2013

o Completed the critical design review for the high pack
systems on March 4, 2013

e Continued to work on two issues observed in the field,
transmission main shafts and internal communication
faults

o Development activities for the upgraded battery pack
remain on-track. Cell design was completed and the cells
are being shipped for module development and battery
pack characterization

e Completed Validation Trip from Las Vegas to Denver

September 23 through October 15t of 2013

o Performed real world validation of test cell work (hot,
cold, altitude, grades, towing)

o Verified consistent SOC reporting of Magna battery
pack performance

o Completed five technology and supplier assessment,
directional setting, and testing & integration of Phase I
Battery Upgrade

o Successfully demonstrated Reverse Power Flow and A.C

Power Generation at the launch of the Smart Grid

Interoperability Center at Argonne National Laboratory in

July 17,2013

o Achieved DOE Annual Merit Review Results greater than
the average across all of the scored categories;
approximately by one standard deviation

Deployment Fleet Activities

o Set up available test time in October at CTC and CPG to
conduct a fuel economy test on the Ram 1500 PHEV to
establish EAER-10, as it relates to the California Exhaust
Emission Standards and Test Procedures

o Completed Reverse Power Flow (RPF) rollout prior to the
deployment vehicles being returned to Chrysler Group
LLC.

o Reverse Power Flow will be activated during Phase Il and
re-validated with the Phase Il packs

o Smart Charging will be activated during Phase Il and
MPRs will be installed

o Development and feature optimization to continue at
Chrysler Group LLC
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Future Activities

e Capture vehicle fleet data to support calibration and
controls development to increase fuel economy

e Updated RPF feature to be included in 10 of the vehicles
that are redeployed

lIl.D.2. Technical Discussion

Introduction

The Chrysler Product Creation Process (CPCP) defines
the strategy and method used to execute the development of

Vehicle Decommissioning Strategy for RAM 1500 PHEV

world class vehicles from concept to market. The RAM 1500

PHEV is following the CPCP process. Fundamental principles

include:

e Voice of the Customer-Dictates product decisions

o Timeline Compression-Enables speed to market

o Flexibility—Allows for unique vehicle program
characteristics

o Consistency of Execution—Facilitates continuous
improvement

o Clear Performance Indicators—Drives accountability

¢ Interdependencies Identified—Aligns activities across
functional areas

Decommissioning Categories with Major Process Steps
-— Ram 1500 PHEV
3 Fleet
2 (140 Deployed &
o. 12 DV Vehicles)
Vehicles Retrofitted Vehicles Used for @ Vehicles Saved for Vehicles Pulled for Vehicles Scrapped
For Development Development Full Replacement Service Parts Completely
& Demo Fleet 100% 100% 100%
(34 Vehicles) (3 Vehicles) (2 Vehicles) (5 Vehicles) (108 Vehicles)
I I 1 I
1. Bring PHEV vehicles to : { Use vehicles for : 1. Remove Graphics : {Remove Graphics : !/Remove Graphics
CTC, Remove Electrovaya 1 technology development: 1 2. Remove Battery pack 1 {Remove Battery pack i % Remove Battery pack
Battery, send to EE lab, . * Map Based Fuel K (send them to MAGNA H (send them to MAGNA K (send them to MAGNA
= remove battery modules | Economy Optimization | after modulesare sentto | after modules are sentto | after modules are sent to
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Figure lll-7: RAM 1500 PHEV Decommissioning Categories with Major Steps.

Results

Federal Test Procedure Results

Table lll-4: RAM 1500 PHEV Federal Test Procedure Results.

Status
EAER 14

Objective Target

EAER 10

(Based on
simulations)

Procedure

California Exhaust Emission Standards And Test
Procedures, as amended December 2, 2009
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Ram 1500 PHEV Fleet Redeployment

#of Contract Status
Vehicles

choring pouertow| Fuet | tape | 15 | Gateway
Charging | Power Flow Fuel MPR
Yes Yes

Yes
SMUD 5 Approved Yes 7 3 0
Yes Yes
Yes Yes
Yes Yes
) Yes Yes
De.tr0|t 5 Approved Yes Yes 5 0 3
Edison
Yes Yes
Yes Yes
Yes Yes
Yes Yes
E::regy 5 Approved Yes Yes 2 0 0
Yes Yes
Yes Yes
Yes Yes
Tri-State 3 Approved Yes Yes 3 0 2
Yes Yes
National Yes Yes
Grid 2 Yes Yes 3 3 0
CenterPoint Yes Yes 5 1 0
Energy Approved Yes Yes
EPRI 1 In Process Yes Yes 1 1 1
EPRI / ANL 1 In Process Yes Yes
Chrysler 10 N/A Yes Yes 12 12 9
Totals 24 24 11 13 35 20 15

Feature Set Status

Map Based Fuel Economy:

* Phase Il will use Phase I's
implementation. Hardware
installation required during
vehicle preparation

Reverse Power Flow:

* Will be activated during Phase
Il. Phase | implementation will
be used during Phase Il. Will
have to be re-validated with
the Phase Il pack. See
Appendix for details

Smart Charging:

* Will be activated during Phase
Il. MPRs will be installed
during vehicle preparation.
Status of feature to follow

* 24 PHEVs with Smart Charging
feature

* 12 PHEVs with Map-Based
Fuel Economy feature

* 10 PHEVs with Reverse Power
Flow feature

Figure 11I-8: RAM 1500 PHEV Deployment Partners slated for Phase II.

Conclusions

parts and vehicle scrapping has been completed for all

2. Hybrid / Plug-in-Hybrid Technology Overview—Torque
Feed forward Control for IPM Motors

Decommissioning process for removal of PHEV service

Public Presentations

vehicles. Retrofit of Magna batteries in Partner Vehicles and

CTC DV Vehicles are on schedule towards completion. RAM

1500 PHEV replacement fleet replacement contracts and
vehicles shipments to partners have been completed.

Sacramento Municipal Utility District (SMUD) in
California—b5 vehicles

Detroit Edison—b5 Vehicles

Duke Energy in Charlotte North Carolina—5 Vehicles

Patents

None to Report.

Tools & Data

Annual Merit Review. Washington, D.C.

Tri-State—3 Vehicles

National Grid placed vehicles in New York—2 vehicles
Centerpoint Energy, Houston, Texas—2 vehicles
EPRI (North Carolina and California)—2 vehicles
Chrysler Group LLC—10 vehicles

lll.D.3. Products

Publications

1.

A High Efficiency Low Cost Direct Battery Balancing
Circuit Using A Multi-Winding Transformer with
Reduced Switch Count. IEEE APEC 2012, Orlando, FL,
Feb. 5-9, 2012
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1.

Vector Cantech—Canalyzer equipment utilized for data
collection and software development (communication
between vehicle controllers)

ETAS—Equipment utilized for software development and

2.
drivability / emissions calibration

3. Security Inspection utilized for upgraded infrastructure
environment (increased bandwidth requirements and
storage requirements) for implementing Microstrategy
vehicle logging and data analysis

4.

Bright Star Engineering—Data Recorder Modules (DRM)
for each vehicle and monthly cellular access
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lILE. ChargePoint America

Richard Lowenthal, Principal Investigator

ChargePoint, Inc.

1692 Dell Avenue

Campbell, CA 95008

Phone: (408) 841-4501

E-mail: Richard.Lowenthal@chargepoint.com

Lee Slezak, DOE Technology Development
Manager

Voice: (202) 586-8055
E-mail: Lee.Slezak@ee.doe.gov

John Jason Conley, NETL Project Manager

Phone: (304) 285-2023
Email; John.Conley@netl.doe.gov

lIl.LE.1. Abstract

Objective

e CHARGEPOINT® AMERICA will demonstrate the
viability, economic and environmental benefits of an
electric vehicle charging infrastructure. With the arrival of
electric vehicles (EVs) and plug in electric vehicles
(PHEVs) late 2010, there is a substantial lack of
infrastructure to support these vehicles. CHARGEPOINT
AMERICA will deploy charging infrastructure in ten (10)
metropolitan regions in coordination with vehicle deliveries
targeting those same regions by our OEM program
partners: Chevrolet, BMW, THINK, Nissan, CODA, Fisker,
Tesla, Ford and smart USA. The metropolitan regions
include Austin/San Antonio (TX), Bellevue/Richmond
(WA), Boston (MA), Southern Michigan, Los Angeles
(CA), New York (NY), Orlando/Tampa (FL), Sacramento
(CA), San Francisco/San Jose (CA) and Washington
(DC). CHARGEPOINT AMERICA will install more than
4000 Level 2 (220V) SAE J1772™ compliant, UL Listed
networked charging ports in home, public and commercial
locations to support more than 2000 program vehicles.
ChargePoint will collect data to analyze how individuals,
businesses and local governments are using their
vehicles. Understanding driver charging behavior patterns
will provide the DOE with critical information as EV
adoption increases in the United States. Deployment of
the charging station infrastructure has begun in July 2010.

e The project will provide public and private Level 2
charging ports from which data will be collected and
forwarded to INL for compilation and analysis. The project
will leverage other company efforts and infrastructure. The
project is also working with the local press to expand
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awareness and receptivity. The first phase of the program,
which began in June 2010, involved the deployment of the
charging stations. Phase 2 will have a two-year duration,
during which time data will be collected concerning the
times of highest charging, charging rates, and load on the
grid.

Major Accomplishments

o We are extremely pleased with the progress of the
program and met the 2000 program vehicles milestone
and installed more than 4600 charging ports. We are fully
allocated our supply of charging ports and are no longer
accepting applications for free residential and public
charging ports.

o ChargePoint America program deployed over 4600
charging ports.

o Installed public and residential charging ports over
4600
o Met 2000 program vehicles milestone

o 100% of Public charging ports are deployed.

e 100% of Residential & MDU ports are deployed.

e InJune 2013, ChargePoint, Inc. announced the
completion of its ChargePoint America Program with more
than 4600 shipments and installations of its home, public
and commercial charging ports for electric vehicles (EVs).

Future Achievements

ChargePoint is planning to wrap up the program and will
continue with data collection and reporting until the end of the
program.

o Data collection and reporting will continue and data will be
uploaded to INL on a regular basis.
o INL will continue to provide CPA reports.

% % % % <

lll.LE.2. Technical Discussion

o All charging stations data is regularly forwarded to Idaho
National Labs for analysis and summary. INL released
first report on ChargePoint America program in November
2011. The vehicle charging infrastructure summary report
provides information on:

o Charging unit by state

o Charging units installed to date

o Number of charging events performed

o Charging unit usage by type (residential, commercial
and public stations)

Electricity consumed (AC MWh)

o Percent of time with a vehicle connected

[¢]
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o Percent of time with a vehicle drawing power o Average length of time with a vehicle drawing power
o Charging availability per charging event
o Charging demand o Average energy consumed per charging event
e Commercial and Residential EVSE report: Detailed ChargePoint product information can be found at
©  Number of charging events ChargePoint Products.
o Charging energy consumed Sample ChargePoint customer list can be found at;
o Percent of time with a vehicle connected to EVSE ChargePoint Ecosystem.
o Percent of time with a vehicle drawing power from
EVSE
o Average number of charging events started per EVSE lIl.E.3. Products
per day
o Charging availability Patents
o Charging demand
o Average length of time with a vehicle connected per We did not file any patents using DOE funds

charging event

h

Figure 111-9 Map of all the publicly available charging spots.

29


http://chargepoint.com/products.php
http://chargepoint.com/ecosystem-stats.php

Industry Awards—Transportation Electrification FY 2013 Annual Progress Report

lILF. Recovery Act—Strategy to Accelerate U.S. Transition to Electric

Vehicles (DE-EE0002628)

Mr. Greg Cesiel, Principal Investigator Major Accomplishments

General Motors o Customer usage of demonstration fleet maintained
30001 Van Dyke Avenue o Regular data delivery to Idaho National lab continues
Warren, MI 48090 o Quarterly reports continue to be published by Idaho
M/C: 480-210-420 National Lab

Phone: (586) 575-3670 o Al utility and residential charging stations installed by
E-mail: greg.cesiel@gm.com January 2013

e OnStar smart charging demonstrations continue
o Battery to Grid demonstration completed
o Fast Charging demonstration with Home Plug Green PHY

o DIN communication standard published and an errata was
released in January 2013

Lee Slezak, DOE Technology Development
Manager

Phone: (202) 586-2335

E-mail: lee.slezak@ee.doe.gov

Jason Conley, NETL Project Manager

Future Activiti
Phone: (304) 904-7590 uture Activities

E-mail: John.Conley@netl.doe.gov o Continue smart Charging OnStar demonstrations to
exhibit capabilities with various utilities
lILE.1. Abstract o Continue to demonstrate Application to show vehicle and

home energy consumption at PecanStreet.org subdivision
L o Continue to collect data from demonstration vehicles
Objective across the United States
Overall Objectives o  Utilize first generation vehicle information to refine the
technology and enhance adoption of the second

o The objective of this project is to develop Extended Range generation technology into the marketplace

Electric Vehicles (EREV) advanced propulsion technology
and demonstrate a fleet of EREVs to gather data on
vehicle performance and infrastructure to understand the
impacts on commercialization while also creating or
retaining a significant number of jobs in the United States. lll.F.2. Technical Discussion
This objective will be achieved by developing and

demonstrating EREVs in real world conditions with

% % % % %

customers in several diverse locations across the United Introduction
States and installing, testing and demonstrating charging .
infrastructure. Smart Charging
— The capability to identify and manage electric vehicle
FY2013 Objectives charging loads through OnStar and Power Line
¢ In 2013, we continued the project demonstration Communications (PLC) will be developed and demonstrated.
leveraging the unique OnStar telematics platform, This technology will support managing interaction with the
standard on all Chevrolet Volts, to capture the operating electric grid using the current grid infrastructure.

experience that will lead to better understand of customer
usage. The project utility partners completed the

installation of charging infrastructure that allows the Approach

demonstration and testing of charging infrastructure .

located in home, workplace and public locations. Thus Smart Charging

providing a better understanding of installation issues, OnStar’s task is to design, develop and implement smart
customer usage and interaction with the electric grid. In charging to interface with utility systems.

2013, we continued to work with the Volt owners at the The PLC portion will design, develop and implement the
electric utility company participants and continued to interface that enables communication between a smart meter
gather data for the demonstration portion of this project. and the vehicle.
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Results

Smart Charging

OnStar has been actively participating in SAE, OpenADR,
IEEE and IEC standards for developing Telematics based
smart charging standard and leading SAE PEV Hybrid
taskforce group J2836/5 dealing with customer facing smart
charging solutions. GM/ OnStar have worked with other
Automakers to create an OEM server concept. The idea is that
most Automakers agree on the best approach to interface our
respective Electric Vehicles with the Utility industry.

2013 work completed surrounded the assembly of our second
and third demonstration benches. The second bench
incorporates Smart Energy Profile (SEP) 1.0 messages using
a variety of input methods. A Utility can communicate directly
to the Itron meter or the Zighee module (if they use their own
meter) and connect to the homeplug PLC module. The
messages are then translated to the communication protocol
(CAN) used in the electric vehicle simulator. This bench
provides direct communication from the Utility and also
includes a Utility simulator if necessary. The third bench
utilizes the Utility configuration from the second bench, a
communications path has been established with an Itron
meter and work is ongoing to have this as an additional
communications path, providing a SEP 1 message that will be
converted via a modified Dreamplug module to SEP2 and
transferred through the MPRs. Modification of the Vehicle
software has commenced to support the new hardware
configuration combining the two screens of information to a
single laptop computer that is located in the vehicle.

Introduction

Fast Charging

Charging an EV battery in less than 30 minutes provides
additional opportunities for the customer to fuel with electricity
and increase petroleum displacement. Fast charging shall
support development of standard electrical and
communication interfaces between the EV and the charger
and increase the understanding of the vehicle and grid
impacts of fast charging.

Approach

Fast Charging

This approach starts with the development of a standard
DC connection interface and communication standard for fast
charging; this includes integration of this into a vehicle. From
here, the demonstration period will be utilized to collect and
analyze data to study grid impacts, vehicle impact, thermal
management, charging profiles, user ergonomics and
efficiency.
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Results

Fast Charging

The fast charge development team completed tasks for
internal development as well continuing to provide feedback to
the standards community.

GM continues to work with suppliers developing the SAE
combo standard and have confirmed interoperability with six
EVSE suppliers. Vehicles continue to be fast charged on a
daily basis exercising both the hardware and communications.

Two separate test events were held using the DC fast
charging “Combo” standard to ensure customer satisfaction.
The first event was held in the U.S. with GM and BMW as the
participating OEM’s. Charge station suppliers Eaton, Aker
Wade, IES Synergy and ABB provided charge stations for the
event. In June, a follow up event was held in Europe with
BMW, VW and GM. Charge station suppliers IES Synergy,
ABB, EVtec and Efacec participated in this event. F