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Paving the Way for Electric Transportation!

Advanced Transportation 
Energy Center

Ewan Pritchard, 

FREEDM Director of Industry and Innovation

ATEC Program Manager 

ATEC founders:

Focus on smart grid development in 
which plug-in hybrid and electric 
vehicle is a key component

Speed up plug-in hybrid and electric
vehicle development
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Focus on “typical commuter”

Graphic: Courtesy Britta Gross, GM

Where is the car?

Graphic: Courtesy Britta Gross, GM
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Major Challenges of PHEV/PEV
� Advanced Storage

� Energy Density
� Power Density
� Cycle Life 

- Increased cycle life with deeper 
discharge 

� Cost 
- Li-Ion battery costs reduced from 
$1000/kWh to $300/kWh

� Safety
� Charging Rates 

� Infrastructure
� Plug-in hybrids and plug-in electric vehicles 

are becoming part of the future grid

� Major paradigm shift for utilities and 
consumers

� Power quality and energy management

� Charging and metering infrastructure

� Communication and control

� Unknown future of interaction 

Electrified Vehicle Demonstration Testbed:

Demonstration vehicles

Charging and grid interaction demonstration

Needs:

Battery Pack Consistency, Availability and 
Cost Reductions

Vehicle System Engineering

Grid Infrastructure Advancement and 
Standardization

Vehicle System Modeling and Design

Advanced Vehicle Controls

Needs:

Low Cost and Higher Temperature Power 
Electronics

Low Cost Lightweight Materials

Low Cost and Higher Power/Energy 
Batteries 

Integrated Electric Motors and Drive System 
Development

PHEV/PEV 
Testbed

Fundamental Science

Enabling Technology

System Demonstration

Energy 
Storage 
Devices

Vehicle
Prototypes 

Vehicle to
Grid

Advanced
Motor and Drive 

Systems

Advanced 
Storage

Post-Silicon
Devices

Generational 
Development

Generational 
Development

Vehicle 
System Modeling 

and Design

Lightweight
Materials

Vehicle Controls

FREEDM - ATEC Research Structure
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Research Activities - Fundamental Science

Our Approach: Nanofiber-Based Li-Ion Batteries
Lithium-ion batteries using novel nanofiber 
technology have:

� High energy and power densities

� Wide operating temperature range

� Long cycle life

� High columbic efficiency

� Low self-discharge

� No “memory effect”

� Low cost

and hence these long-life, high-
performance batteries weight less, take 
less space, and deliver more energy.
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High-Energy Nanofiber Lithium-Ion Battery Anodes
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Nanofiber Anodes – High Capacity

Graphite

Discharge
Charge

The capacities of nanofiber lithium-ion half cells are significantly higher 
than the theoretical value of graphite, which is currently used in state-of-
the-art lithium-ion batteries

Nanofiber Anodes
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Nanofiber Anodes in Li-ion Batteries 
– Rate Capacity and Low-T Performance

Nanofiber lithium-ion cells can be charged/discharged at high current 
densities

Nanofiber lithium-ion cells can be operated at low temperatures, 
potentially eliminating or reducing the use of battery heaters
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Semiconductor for PHEV/PEV: 600-1200V GaN MOSFET

Current Flow @Vgs=0.7V, Vds=1V

VT=0.4V Rsp=1.7m� /cm2

� Advantages

� Ultra low losses

� High temperature operation

� Challenges

� Never done it before

� High voltage and high current

� Normally off

� Reliability 
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Research Activities - Enabling Technology

PHEV/PEV Energy Management System

Utility Information

iEMS

Power allocation

Sample vehicle data 
– Pi, SOCi, ti, etc.

Real-Time Monitoring and Control

Utility Information

iEMS

Power allocation

Sample vehicle data 
– Pi, SOCi, ti, etc.

Real-Time Monitoring and Control

Objectives: Develop an intelligent energy management system 
(EMS) and communications technology for efficient charging of 

PHEVs at a municipal parking deck

Commands 
from Site I

Local Communication 
over ZigBee

ADAC LabSPEC Lab

SITE I SITE II

iEMS with Labview GUI

Car 1(Battery Model 
Deployed on MSP430)

Car 2(Battery Model 
Deployed on MSP430)

Car 1(Battery Model 
Deployed on MSP430)COM Port

COM Port

ZigBee Coordinator for 
Site I

ZigBee Coordinator for 
Site II

Internet Commands 
from Site I

Local Communication 
over ZigBee

ADAC LabSPEC Lab

SITE I SITE II

iEMS with Labview GUI

Car 1(Battery Model 
Deployed on MSP430)

Car 2(Battery Model 
Deployed on MSP430)

Car 1(Battery Model 
Deployed on MSP430)COM Port

COM Port

ZigBee Coordinator for 
Site I

ZigBee Coordinator for 
Site II

Internet

ATEC Lab Engineering Building II

• Communication Backbone 
using ZigBee

•PHEV/PEV Energy Management 
System

ZigBee Communication Demonstration
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Power Allocation Strategies and Simulation Results
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Equal allocation to all
• Assign power in equal proportion to all 

the vehicles at each time step

Dynamic Priority Assignment
• Assign power in proportion to 

vehicle priorities

Power allocation for 
SoC maximization
• Allocate power to 

the vehicles in 
accordance with 
mathematically 
derived results

EMS - Simulation Results Summary

The overall improvement in SoC at plug out with the Optimal Allocation scheme is 
63.5%  w.r.t Equal allocation  and 57% w.r.t Dynamic Priority Assignment 

The Optimal Allocation scheme maintains a uniformity or fairness amongst all vehicle 
and also guarantees a high SoC for the vehicles at completion time

The vehicle with lowest starting SoC and shortest time of availability gets higher 
priority over others, at the same time, the other vehicles are not starved of power

Comparison of Allocation Strategies
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Research on Charge Station Architecture
SAE J1772 Plug Standard

Charging 

Level

Charging 

Method

Plug 

Rating

I 120VAC 12A

II 240VAC 32A

III 600VDC 400A

Determine optimal power delivery architecture for a large-scale 
charging system to be implemented in a parking deck for 
consumer use.  

Proposed Architecture for AC Charging

Proposed Architecture for DC Charging 
with Energy Storage to Minimize Peak 
Power Demand from Grid 

Demonstration of Multi-function Bi-directional Charger
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V2H Mode: Supply Non-linear Home Load

Experimental 10kW prototype Charger Mode: Unit Power Factor

V2G Mode: Inject Active Power into Grid

Grid voltage
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Grid voltage

Output current

Output voltage

Output current
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Research on Battery Modeling and Monitoring
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Experimental Data

Model Output

Comparison between Experimental data 
and model output

To develop universal hardware to measure the battery state in 
dynamic applications such as PHEV and EV

Battery Test Setup

Battery Monitoring Hardware Prototype

System Demonstration
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PHEV Testbed – Plug-In Prius

� Commercial Prius
� 5 kWh Battery Pack from A123
� Added Weight: 73 kg
� Charging at 110V/15A
� Unidirectional power flow
� Preferentially uses electric power 

for about 30 miles achieving 60-
150 miles per gallon

� Acts as a normal Prius thereafter

This vehicle serves as a testbed for unidirectional power control 
algorithms developed within the new Green Energy Hub

PEV Testbed - Electric Truck
� All electric truck (PEV)
� 1997 Chevrolet S-10
� The EV-1 driveline, only these 

weren’t crushed
� Donated to the center
� All systems appear good, but 

batteries are dead
� Battery “Mule” for DESD
� Load for Grid Interconnection

This vehicle serves as a testbed for both battery modules the center will
develop in the next two years and the bidirectional battery charger
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PHEV Charging Station

� Commercial Charging Station 
from Shore Power

� Web enabled control of 
power flow and metering

� Each circuit is on an ethernet 
based relay and can be 
opened or closed remotely

� 4 circuits and 8 outlets of 
110V 15A service

Transportation Working Group

� A working group under the IAB

� The first of several working groups within FREEDM

� Working to guide the work of 

� FREEDM and ATEC transportation projects

� Charter is currently being formulated

� Chair: Greg Monty, UL

� Vice-Chair: Ken Dulaney, Advanced Energy
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Please feel free to contact 
us with further questions

Ewan Pritchard, Program Manager

NSF FREEDM Systems Center

Advanced Transportation Energy Center

North Carolina State University

Campus Box 7237

2410 Campus Shore Drive

Suite 339

Raleigh, NC 27695-7237

Office 919.515.2194 Cell 919.819.0098

Fax 919.513.0405 egpritch@ncsu.edu


