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COMMON TERMS

ADA Americans with Disabilities Act

COG Council of Government

CPM Community Planning Matrix

EPRI Electric Power Research Institute

EVSE Electric Vehicle Supply Equipment, common-
ly referred to as Charging Station

ICE Internal Combustion Engine

kwWh Kilowatt Hour

MPO Metropolitan Planning Organization

NCDOT North Carolina Department of Transportation

NCDMV North Carolina Division of Motor Vehicles

NCSEO North Carolina State Energy Office

NCSU North Carolina State University

NEC National Electric Code

PEV Plug-in Electric Vehicle

TCCC Triangle Clean Cities Coalition

TICOG Triangle J Council of Governments

Term Definition

Charging Station Device that transfers power to a PEV while
providing proper grounding, shock protection,
overload protection and general communica-

tion®.
Electric Vehicle The official term for electric vehicle charging
Supply Equipment | infrastructure, more commonly referred to as
(EVSE) charging stations.

Internal Combus- | Generate mechanical power by burning a lig-
tion Engines uid fuel (such as gasoline, diesel, or biofuels)
or a gaseous fuel (such as a compressed
natural gas). They are the dominant power
source used in on-road vehicles today?.

Plug-in electric Derive all or part of their power from electric-
vehicles ity supplied by the electric grid. Common
examples include the Nissan LEAF, and
Chevy Volt.
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EXECUTIVE SUMMARY
The North Carolina Plug-in Electric Vehicle (PEV) Roadmap is the first state-wide readiness plan address-
ing PEV adoption. Many stakeholders assisted with contributing to this plan, and as such, this plan is
geared to a variety of audiences. Recommendations are included in this plan for:

«State, regional, and local governments and elected officials

*Academia, including universities, colleges, community colleges and K-12 programs

*PEV Industries and Industry Associations

*Non-profits, research and consulting industries

«Civic, environmental and advocacy groups

*General public

The NC PEV Taskforce and partners in the NC PEV Readiness Initiative: “Plugging-in from Mountains to
Sea (M2S)” are responsible for plan education and awareness and the monitoring of implementation of
the plan. The NC PEV Roadmap is not being adopted by a state-wide decision making body, instead, the
Roadmap is designed to serve as a guide where the implementation is completed through the stakehold-
ers of North Carolina. This approach is reflected in the plan’s recommendations, which provide examples
on how stakeholders can help to implement the plan. All recommendations are suggested actions for PEV
readiness and should not be considered mandatory.

The U.S. Department of Energy (DOE) funded effort, “NC PEV Readiness Initiative: Plugging-in from
Mountains to Sea (M2S),” provided resources for members of the NC PEV Taskforce with contributions
from the five Taskforce working groups to create the NC PEV Roadmap. In a parallel effort, the M2S
project included the development of four community PEV readiness plans in the Asheville, Charlotte,
Piedmont Triad and Triangle regions. Information and findings were routinely shared between the state
planning and community planning efforts and the plans have been designed to cross reference each other
throughout each document.

Key Accomplishments and Findings

The NC PEV Taskforce approached PEV readiness planning through a structured process where five in-
dividual working groups covered specific topics. The U.S. DOE’s suggested areas for review were worked
into each working group’s set of tasks.

Stakeholders

Stakeholders for the NC PEV Roadmap were organized through the NC PEV Taskforce. Interested par-
ties were able to participate in a variety of ways through attending the quarterly taskforce meetings, the
monthly working group meetings. In addition to participating in the state-wide readiness plan, stakeholders
could participate in one or more of the community readiness plans. Engaged stakeholders consisted of
state and local governments, elected officials, electric utilities, local fleet managers, PEV industries, Clean
Cities Coalitions, local media, non-profits, civic groups, local businesses, universities and colleges, com-
munity colleges and local property owners and developers.

Key findings from Stakeholder involvement included:
» Benefits provided by PEV adoption could help to address existing goals from various organizations
(e.g., air quality, public health, reduced dependence on petroleum, economic development, etc.);
* Engaged stakeholders are key to implementation; and
* The NC PEV Roadmap will need to be widely released in order to ensure the maximum amount of
participation and implementation.
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Vehicles (Chapter Three)
Triangle J Council of Governments led the Vehicles Working Group which documented the long history
that North Carolina already has with PEV activities including hybrid electric school bus projects and active
electric vehicle enthusiast groups. The Vehicles Working Group worked with the NC Division of Motor
Vehicles to collect data on registered PEVs in North Carolina (see map below). Moving forward, the Ve-
hicles Working Group recommends to:
» Partner with key organizations such as the Electric Power Research Institute (EPRI), auto manufac-
turers and work collaboratively through the NC PEV Taskforce;
» Maintain and build on partnerships established with the NC Department of Motor Vehicles (NCDMV)
to collect regular updates on registered electric vehicles; and
» Work through collaborative efforts to such as Clean Cities Coalitions to build business cases for
fleet managers.

Registered Plug-in Electric Vehicles in North Carolina by County (August 2012)
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Figure 1 Registered Plug-in Electric Vehicles in North Carolina by County, August, 2012. The boundaries of the community PEV
readiness plans are highlighted in by the blue line. Map created by Land-of-Sky Regional Council
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Infrastructure (Chapter 4)

Members of the Infrastructure Working Group, led by Duke Energy Carolinas and Progress Energy Caro-
linas, covered several topics related to charging station considerations including identifying and map-
ping all public and private charging station installations in the state, collecting cost data for installations
of charging stations, documenting best practices, and provide guidance for macro and micro installation
considerations. The following include key points and observations:

» Based on existing charging station installations, North Carolina is well positioned for early adoption of
PEVs. Data collection found that there are already 355 public and 176 private charging points at 228
locations throughout the state (see map below).

» There is still more work that needs to be done to address charging access, reduce costs and com-
plexity and develop business models.

» The cost of installing charging stations can vary widely depending on many factors including location,
charging station options, site features, permitting fees.

» Flowcharts were developed for residential, commercial, and workplace scenarios to help decision
makers choose which power level is best suited to their application (AC Level 1, AC Level 2, DC Fast
Charging).

» Considerations of future charging needs to implement and address a more fully developed plug-in
electric vehicle market. Projections were made utilizing modeling developed through the Electric
Power Research Institute (EPRI).

All Charging Sites in North Carolina (August 2012)
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Figure 2 Registered Plug-in Electric Vehicles in North Carolina by County, August, 2012. The boundaries of the community PEV
readiness plans are highlighted in by the blue line. Map created by Land-of-Sky Regional Council
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Policies, Codes and Standards (Chapter 5)
Centralina Council of Governments led the Policies, Codes and Standards Working Group to explore
policy considerations at the state, regional and local level. Members of this working group heard from
state and national leaders in PEV readiness. Key findings from this group included:
+ Recommending state and federal guidance for Americans with Disabilities Act (ADA);
» Recommending local governments to explore adopting municipal codes to regulate parking at elec-
tric vehicle charging stations;
* Recommending local governments to review and consider adopting revised zoning and historic dis-
trict regulations to specifically cover electric vehicle charging stations; and
* Reviewing leading municipal permitting processes for electric vehicle charging stations. The Char-
lotte/Mecklenburg permitting office can process permits for residential charging station installations
immediately through their online permitting systems.

Education and Outreach (Chapter 6)
The Education and Outreach Working Group, led by Advanced Energy, focused on four key topic areas
including: education, outreach, training, and marketing. They recognized that messaging will vary depend-
ing on the audience, so key messages were developed for target audiences in North Carolina. As the
working group covered the topic areas they documented key findings for the NC PEV Roadmap. A few
examples are listed below:
* The NC PEV Taskforce can serve as a resource to North Carolina by developing and providing re-
sources to community champions;
» Develop training materials to reach the local workforce, including: first responders, installers, inspec-
tors, auto mechanics, fleet managers;
» Engage media outlets in PEV readiness planning and initiatives;
» Coordinate with organizations who can reach key audiences. Examples include schools, museums
and training centers; and
» Explore hiring a marketing firm to help create and implement a state-wide PEV awareness campaign.

Incentives and Economic Development (Chapter 7)
The North Carolina Solar Center/NC State University and The North Carolina Department of Commerce
led the Incentives and Economic Developing Working Group. This working group focused on increasing
the state’s economic development opportunities through vehicle electrification and also researched key
incentives which could boost PEV adoption. Key findings and accomplishments of this working group
included:
* Documenting existing PEV industries in NC and hosting two roundtable meetings with industries;
» Creating and administering a survey to identify which types of incentives would be most beneficial to
fleet managers; and
» Creating an incentives paper which includes an analysis of state incentives in the southeast and pro-
viding recommendations for incentives for North Carolina (incentives paper included in the appendix
of this plan).
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Electric Utility Considerations (Chapter 8)
All electric utilities are a key stakeholder in the preparedness for PEVs. North Carolina enjoys the benefit
of actively engaged and progressive electric utilities. In preparation of the NC PEV Roadmap, each utility
partner assisted with providing content for the development of the NC PEV Roadmap. The utilities coordi-
nated the PEV planning efforts by providing information for incorporation into a matrix. Key findings from
the utility involvement are listed below:
» The utilities are each actively engaged in PEV planning through research based projects and policy
planning.
» The utilities are providing resources to rate payers in the state on electric vehicle considerations
through public outreach and educational programs.

Conclusion

Moving forward, the North Carolina stakeholders will ultimately implement the NC PEV Roadmap. Be-
cause this document is not being adopted by a decision making body, it should not be considered a man-
date. Instead, the NC PEV Roadmap is designed to serve as a guide for PEV readiness for the state. The
NC PEV Taskforce will continue to engage stakeholders and will routinely monitor the state for implemen-
tation.
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INTRODUCTION

With more than 9.6 million residents, North Carolina is ranked the 10th most populous state in the coun-
try®. North Carolina has experienced high growth rates in recent years, more than 18.5 percent which
is twice the national average®, and projections anticipate a continued population increase. The Office of
State Budget and Management project the population to increase to more than 11.6 million by the year
2030°.

The high growth rates are undoubtedly due in part to the Raleigh, which was one of the first three cities
state’s many quality of life benefits including a moderate invited to join Project Get Ready, a Rocky Mountain
climate, excellent educational institutions, quality health Institute Initiative, was noted as a “prime target for
care, nearby recreation and tourism opportunities, and a low FREEEIESSNEENEROR Vs

cost of living®. All of these reasons make NC is a great place > A progressive utility;

to live and work. Similar factors have placed North Carolina > University presence;

as one of the leading states in the nation in plug-in electric > Ready and willing local government

leaders; and
Proximity to Research Triangle Park.

vehicle (PEV) readiness, with nationally recognized leading
cities such as the Cities of Raleigh, Durham and Charlotte.

(Source: City of Raleigh Brochure for Project Get Ready Activities)

Purpose of the North Carolina PEV Roadmap
The NC PEV Roadmap is intended to serve as a comprehensive guide to prepare North Carolina for the
adoption of PEVs and contains recommendations for multiple stakeholders, all of which have a distinct
sphere of influence in which they can produce recommendations.

Vision and Implementation
The following addresses the intended use of the NC PEV Roadmap as a resource and guide for imple-
mentation.

Vision
The NC PEV Roadmap serves as both an analysis of existing conditions and provides a vision of how the
state can move towards PEV readiness.

Implementation

The recommendations in the Roadmap provide examples of how local and state stakeholders can help
to implement the plan. Because the plan is geared towards many stakeholders, implementation will occur
through outreach and monitoring implementation activities.

The NC PEV Roadmap was created by the NC PEV Taskforce and funded through the U.S. DOE grant
for PEV planning titled “NC PEV Readiness Initiative: Plugging-in from Mountains to Sea.” The Roadmap
is a comprehensive PEV readiness plan for the state and is intended to be publicly releasable and repli-
cable. As such, all processes and tools for creating the Roadmap have been documented and included in
the plan. The NC PEV Roadmap intends to:

» Provide a structured approach to preparing the state for PEV readiness;

+ Build on ideas and initiatives from participants in the plan development process;

» Ensure successful adoption and implementation of electric vehicle initiatives; and;

* Motivate stakeholders in NC to engage in PEV initiatives.

NC PEV ROADMAP: INTRODUCTION
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A NCPEV

TASKFORCE

North Carolina PEV Taskforce

The NC PEV Taskforce was established in 2011 as an
initiative of the North Carolina Department of Commerce
and Advanced Energy to serve as a collaborative stake-
holder led initiative to help accelerate the adoption of
PEVs in NC. The Taskforce and its five working groups
researched and contributed to the individual sections of
the state readiness plan.

NC PEV Readiness Initiative:
Plugging-in from Mountains to Sea (M2S)
In the fall of 2011, the NC PEV Readiness Initiative:
Plugging-in from Mountains to Sea (M2S) was launched
due to a grant from the U.S. DOE for PEV readiness
planning. The grant enabled the creation of five PEV
readiness plans including:

» A State-wide Roadmap for North Carolina; and

* Four Community Readiness Plans in the Asheuville,

Charlotte, Piedmont Triad and Triangle Regions.

The State Roadmap and the four Community Readi-

ness Plans can be found at the Taskforce website www.
NCPEVTaskforce.org.

Organization of this Plan

Goals of the NC PEV Taskforce:

e |dentify and address barriers to PEV adoption

¢ |nvolve existing and potential industry partners

e Recruit new industry

e Prepare NC to take advantage of future funding
opportunities related to PEVs
Create a PEV roadmap for NC to document
Taskforce progress and recommend policy
options

MOUNTAINS TO SEA

NC PEV Rea Initiative

Research and findings from the NC PEV Taskforce and the five working groups make up the individual
sections of the NC PEV Roadmap. While completing the plan, working group leads developed task lists,
which incorporated elements from the U.S. DOE’s recommendations for PEV planning. Each section of
the plan was completed by the working group leads/M2S project partners associated with the topic area,
and the sections provide an overview of the working group process, research and recommendations.

Sections of the Plan

The Community PEV Readiness Planning process involved engaging community stakeholders to explore
five different work areas associated with preparing for PEV adoption:

1.Vehicles

2.Infrastructure

3.Incentives and Economic Development
4.Policy, Codes and Standards
5.Education and Outreach

Other sections of the plan include a review of stakeholder involvement, an analysis of barriers, an over-
view of utility preparedness activities and plan recommendations.
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North Carolina’s History and Background with PEVs
Although the NC PEV Roadmap is the first state-wide readiness plan for PEVs, there is a long history of
electric vehicle readiness activities and initiatives, including:

* Advanced Energy
Advanced Energy is a North Carolina-based non-profit organization founded by the NC Utilities
Commission to investigate and implement energy conservation initiatives. Advanced Energy’s Trans-
portation Division is committed to help communities understand, plan for and implement emerging
transportation considerations.

* Electric Utilities
The electric utilities in NC have had a long history in electric vehicle readiness. A full list of these
readiness activities can be found in Chapter 8.

* Clean Cities
The National Clean Cities Programs through the U.S. DOE works to improve air quality and reduce
dependence petroleum by promoting alternative fuel vehicles through more than 100 local coalitions
throughout the nation. There are currently three Clean Cities Coalitions in North Carolina:

« Triangle Clean Cities Coalition (TCCC)
“Triangle Clean Cities Coalition is comprised of local & state government agencies, private
companies, non-profit organizations, and interested individuals who are dedicated to accel-
erating the use of alternative fuels and advanced transportation technologies to improve air
quality and energy security in the greater Triangle Region of North Carolina’.”

» Centralina Clean Fuels Coalition (CCFC)
“The Centralina Clean Fuels Coalition (CCFC), has been in existence in the Greater Charlotte
Region for over 10 years and was designated in April of 2004 in the Department of Energy’s
Clean Cities programs.”

» The Land-of-Sky Clean Vehicles Coalition (LOSCVC)
“Created in 2004 to reduce petroleum use in the Asheville, NC metro area’s transporta-
tion sector, primarily by promoting cleaner, domestic fuels and vehicles, it became the 85th
designated Clean Cities coalition in the nation on July 26, 2012. The LOSCVC serves a five
county area in western North Carolina, including Buncombe, Haywood, Henderson, Madison
and Transylvania counties. It is housed at the Land of Sky Regional Council, which is the
Council of Governments for the Asheville region. It has more than 100 stakeholders includ-
ing the Eaton Corporation, Brightfield Transportation Solutions and other entities promoting
electric drive transportation. The PEV Committee developed the Asheville Area PEV Plan in
2012 that lays out strategies for accelerating PEV adoption in the region®.”

* NC Solar Center/NC State University
The mission of the NC Solar Center’s Clean Transportation Program is to “increase the use of alter-
native fuels and advanced transportation technologies. Working with government, non-profits and
businesses, the Clean Transportation team is helping diversify fuel supplies and support cleaner,
more vibrant local and state economies®.”

* North Carolina’s Research Triangle Clean Tech Cluster (RTCC) (Information provided by RTCC)
“RTCC was formed to market and expand the region’s presence in cleantech, particularly smart grid,
advanced transportation, water technologies, renewable energy and energy efficiency. The RTCC’s
three-fold mission is to: innovate to make the Research Triangle region’s clean technology compa-
nies more successful, accelerate the growth of the region’s clean technology economy, and sustain
and grow a world-class clean technology cluster. The RTCC’s work plan focuses on building global
networks for research and business development, supporting and connecting the region’s burgeon-
ing entrepreneurship community, talent attraction and targeted workforce development, and facilitat-
ing industry-led discussion of effective public policies. The RTCC works closely with partners around
the world - including Singapore and regions in France, Germany, Austria, Denmark, Italy and Spain
- to showcase the Research Triangle Region’s cleantech assets and facilitate connections between
our local experts and cluster contacts worldwide®.”
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 FREEDM and The Advanced Transportation Energy Center (ATEC)
ATEC is part of the Freedm Systems Center on North Carolina State University’s (NCSU) Centenni-
al Campus. ATEC’s mission is to “develop fundamental and enabling technologies that will facilitate
the electric power industry to actively manage and control large amount of plug-in hybrid vehicle
(PHEV) and PEV. ATEC will also develop battery and power electronics technologies to help the au-
tomobile industry develop better and more efficient PHEVs and PEVs, hence allowing our nation to
move away from gasoline based vehicles. ATEC will also educate the public about the advantages
of PHEV and PEV through its outreach program in collaboration with industry sponsors*2.”

Other notable programs and initiatives in North Carolina include:
» Sustainable Transportation Education Program (STEP)- more information housed in the Education
and Outreach section
» North Carolina Center for Automotive Research (NCCAR)- more information housed in the Vehicles
section
» EV Challenge- more information included in Education and Outreach section

A detailed overview of existing initiatives is outlined in each section of the NC PEV Roadmap.

Goals of the North Carolina PEV Roadmap

The NC PEV Roadmap will not be adopted by a decision making authority and will not be implemented by
any one agency; instead, this plan is intended to serve as a guide for stakeholders to implement appli-
cable sections of the plan. This approach is reflected in the goals outlined below:

* Goal 1: Prepare NC for PEV adoption through active stakeholder engagement
» Goal 2: Enable NC to become a leader in electric transportation
» Goal 3: Foster the acceleration of PEV adoption through a structured approach to
readiness activities
» Goal 4: Align the benefits of PEVs with other initiatives in NC to maximize effectiveness.
Examples include economic development, clean air and water initiatives, and petroleum reduction
initiatives
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STAKEHOLDER ENGAGEMENT: STATE AND COMMUNITY PLANNING

The NC PEV Taskforce is a collaborative stakeholder organization committed to advancing PEV initiatives
in North Carolina.

NC PEV Taskforce

The NC PEV Taskforce was formed in the Spring of 2011 by the North Carolina Department of Commerce
and Advanced Energy. Advanced Energy serves as the co-chair of the Taskforce along with NC Depart-
ment of Commerce. Steering Committee members organized the kick off symposium for the taskforce by
the fall of 2011.

Steering Committee

The Steering Committee is comprised of stakeholders who have actively been engaged in PEV initia-
tives in North Carolina including the electric utilities, state, local and regional government entities, PEV
industries, non-profits, academia, employers, businesses and research entities. Members of the Steering
Committee volunteered to lead the working groups for the Taskforce.

The roles of the Steering Committee included monthly collaboration between working group leads and
planning quarterly taskforce meetings.

Taskforce Members
The Taskforce is a collaborative partnership of stakeholders in North Carolina. Examples of Taskforce
members included:

+ State, Regional and Local Government (staff and elected officials)
* PEV Industries

» Civic Organizations

* Business and Employers

* Universities, Colleges, and Community Colleges

* Nonprofit Organizations

* Electric Utilities

Working Groups
The NC PEV Taskforce consisted of five working groups led by NC PEV Taskforce Members:

Working Group Working Group Lead

Vehicles Triangle J Council of Governments (TJICOG)

Infrastructure Progress Energy Carolinas and Duke Energy
Carolinas

Education and Outreach Advanced Energy

Policies, Codes and Standards Centralina Council of Governments (CCOG)

Incentives and Economic Development NC Solar Center/NC State University and the
North Carolina Department of Commerce

Working Groups were formed based on attendance and survey responses from the October 2011
Symposium and grew based on outreach and education.
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NC PEV TASKFORCE MEETINGS

The NC PEV Taskforce held four meetings during
the PEV readiness planning process, three in-
person and one teleconference. Taskforce meet-
ings marked the first collaborative opportunity to
gather participants in the state to discuss PEV
related topics.

October 2011: Symposium

The first Taskforce meeting was held in October
2011. This meeting marked the first state-wide
gathering of participants to discuss PEV related
topics. Symposium attendees participated in fa- :
cilitated discussions on barriers and opportunities Figure 3 Taskforce Symposium

surrounding PEVs in the state.

Event ltem Activity

Date October 27, 2012

Location Raleigh, NC, McKimmon Center, NCSU
Number of Attendees 100

Theme * First Taskforce Meeting

* Engage Stakeholders
« Identification of Barriers and Opportunities for PEV in NC

Agenda * Introduction to Taskforce

¢ Introduction to Working Groups

- PEV 101

» Breakout Sessions- facilitated discussion on issues surrounding working
groups

Takeaways * First gathering of stakeholders in NC around the topic of PEVs

 Participants formed base for five working groups

» Working Group leads received a comprehensive list of barriers and opportu-
nities to explore over the following year
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March 2012: Webinar
The second Taskforce meeting was held in March via a live broadcast teleconference, where participants
were able to engage with members by attending the meeting via one of four locations in the participating

communities for the M2S project including Asheville, Charlotte, Piedmont Triad and the Triangle.

Event Item Activity

Date March 20, 2012

Location Live Broadcast Locations: Asheville, Charlotte, Winston-Salem, Research
Triangle Park

Number of Attendees 95

Theme Cross Community Collaboration (between community PEV readiness planning
efforts)
Agenda * PEV Planning in the Greater Seattle Region: Presentation from the Puget

Sound Regional Council
» Working Group Updates (working groups presented on their progress)
« Community PEV Readiness Planning Updates
* Cross Community Collaboration

Takeaways * First Report for Working Groups
» Opportunity for Communities in M2S project to receive state-wide update
and to share information

NC PEV ROADMAP: NC PEV TASKFORCE
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June 2012: Piedmont Triad
In June, the Taskforce held an in-person meeting which marked
the first in-person meeting since the kick off symposium in
October 2011. The Steering Committee chose to host the sec-
ond meeting in the Piedmont Triad for the following reasons:
» Central location in the state, located approximately 1.5
hours from Triangle, Charlotte and the Asheville Com-

munities

» The Piedmont Triad was in the beginning stages of
PEV readiness preparations and the Taskforce meeting
served to leverage the efforts and bring together local in

stakeholders.

PEV readiness preparations and the Taskforce meeting served
to leverage the efforts and bring together local in stakeholders.

Figure 4 June NC PEV Taskforce Meeting

Event Iltem Activity

Date June 19, 2012

Location Kernersville, NC (located between Greensboro and Winston-Salem in the
Piedmont Triad Community)

Number of Attendees | 89

Theme » Elevate PEV Awareness in the Piedmont Triad
« Half-way Point for M2S Project
» Update from PEV Manufacturers

Agenda * Welcome from Local Mayors
» Update from Nissan North America
» Panel Session with Working Groups (incorporating live audience polling)
» Panel Session with Community Readiness Plan Leads

Takeaways Received real-time feedback from meeting participants from panel sessions

September 2012: Charlotte

The September NC PEV Taskforce meeting was originally scheduled to be a live webinar, however the
meeting was able to be held at the Charlotte Convention Center through a partnership with the 2012
High-Efficiency Truck Users Forum (HTUF) organized by Calstart. The September Taskforce meeting
marked the one year anniversary of the Taskforce and was the last meeting before the NC PEV Roadmap
and four community readiness plans were released.
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Event Item Activity

Date September 19, 2012

Location Charlotte, NC

Number of Attendees | 82

Theme » One year anniversary of the Taskforce (first meeting held October 2011)

+ Last meeting before the State PEV Roadmap and the four Community
Readiness Plans are released
« Focus on Infrastructure

Agenda » Welcome from Local Mayors

» Trends in Electric Vehicle Charging Presentation by NEMA

* Electric Vehicles in Stock Car Racing — Petty Enterprises

» Working Group Panel Session (live audience polling)

» Charging Station Installations: Experiences and Lessons Learned
« Community PEV Planning: Break Out Sessions

Takeaways Received feedback on final recommendations for state readiness plan (via live
polling devices)

Barriers and Opportunities Identified for the Statewide Readiness Plan

In planning for PEV implementation, both barriers and opportunities must be addressed. North Carolina
is not unique in that there are significant barriers and untapped opportunities. Taskforce members have
helped to identify and address barriers and opportunities during the planning process for the M2S project.

The NC PEV Roadmap is centered around five key elements, and each element had a designated work-
ing group where members began to address barriers through the PEV planning process. Taskforce mem-
bers participated in a facilitated exchange, at the first taskforce meeting, where they identified key barriers
and opportunities for PEV implementation. These results were compiled and supplied to working group
leads to address during the planning process.

For the NC PEV Roadmap, these initial discussion points were revisited and evaluated to review progress
made and can be found in Appendix 3.

Key Barriers and Opportunities

North Carolina’s biggest barriers as perceived by the taskforce members, centered on a need for stan-
dards, knowledge and policies. Although all barriers have not been addressed, most have been explored
by working groups and recommendations are included in the Policies, Codes and Standards section of
this roadmap. Education and outreach stands out as a topic area that overlaps many of the other topic
areas. For example, education and outreach is a key component of accelerating the purchase of PEVs (a
topic discussed in the Vehicles Working Group).

NC PEV ROADMAP: NC PEV TASKFORCE

26



Coordination with Other Statewide Plans

While the NC PEV Roadmap marks the first statewide plan for PEV readiness, other plans in the state
have recommendations calling for the promotion of electric vehicles. Coordination between plans will
ultimately yield the greatest success for the NC PEV Roadmap. The list below contains a few examples of
plans or planning efforts that identify electric vehicle integration as a method to help achieve one or more
of their goals:

» Healthy North Carolina 2020: A Better State of Health
NC Department of Health and Human Services: http://publichealth.nc.gov/hnc2020/
Goal- encourage policies to promote electric vehicles because of the environmental health benefits

* North Carolina Department of Transportation 2040 Plan
http://www.ncdot.gov/performance/reform/2040Plan
This plan identifies the adoption of electric transportation as a way for NC to become a leader
through embracing green technology while achieving environmental and quality of life benefits.

» Southeast Diesel Collaborative
Part of the Environmental Protection Agency’s National Clean Diesel Campaign
Has three focus areas: Public Fleet, Freight, and Non-road®®

* NC Tomorrow
A collaborative partnership including the NC Regional Council of Governments, the NC Depart-
ment of Commerce, U.S. Department of Housing and Urban Development and SAS Institute. These
stakeholders are working to develop a NC Strategy for Comprehensive Economic Development.
The economic development impacts from PEV technology is already being realized in North Caro-
lina due to the efforts of the NC Department of Commerce’s leadership in the NC PEV Taskforce'“.

+ State Fleet Petroleum Displacement Plan
The Session Law 2005-276 State Budget Appropriations mandates that state agencies, universities
and community colleges with state-owned vehicle fleets achieve a 20 percent reduction or displace-
ment of petroleum products?®®.

* NC Department of Environment and Natural Resources
(Division of Air Quality and Division of Water Quality)
Increased integration of electric vehicles can help to improve air quality and water quality in the
state.

Coordination hetween State Roadmap and Community Readiness Plans

Community PEV Readiness Plans: Asheville, Charlotte, Piedmont Triad, Triangle

This plan is intended to serve as a state-wide plan, documenting coordinated efforts of the community
readiness plans created through the NC PEV Readiness Initiative: Plugging-in from Mountains to Sea.
Community Readiness plans were created in the Asheville, Charlotte, Piedmont Triad and Triangle areas
of NC In each case, the local readiness plans were led by the local Council of Governments (COG).

The intention of the readiness process was for the stakeholders to share information between the state-
wide readiness plans and local readiness plans.
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Community Readiness Assessments

At the beginning of the community planning process, a community readiness assessment was completed
for each partnering region as part of the M2S project. Partners returned to review the assessment upon
the completion of the plan to track the progress made. In all cases, the communities increased their score
for readiness.

The Asheville, Charlotte, Piedmont Triad and Triangle all completed the community assessment process
by assigning a “readiness score” to each element of the U.S. DOE’s suggested topics for readiness plan-
ning.
Scores were applied to a total of 11 planning elements and were assigned the following criteria:

0 = Not Started

1 =Activities Begun

2 = Significant Progress

3 = Completed

Partners each reviewed and completed the assessment table once the process was complete and found
that in all cases the score was increased. Table 1 provides these results.

Table 1. Community Readiness Assessment Scores

Charlotte Asheville Piedmont Triad

18.0 24.0 18.0 24.0 16.0 22.0 0.5 15

The Community Readiness Assessment Table is included in Appendix 1.

Key Findings of Community PEV Readiness Plans
Each community had key findings that differentiated their community from the others. Table 2 provides
some of the key and distinct findings.
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Table 2. Key Findings

Greater Asheville | Tourism

Area The greater Asheville area is one of the top tourist destinations in North
Carolina, attracting people throughout the year. The Asheville PEV
Readiness Plan explored ways they could integrate electric vehicles into
their tourism economy.

Greater Charlotte |Local Business Involvement

Area Charlotte’s growth over the last few decades is due in large part to the
strength of its business community. The Charlotte PEV Readiness Plan
looked at ways to harness existing involvement of the business commu-
nity with PEVs to continue accelerating the growth.

Piedmont Triad Building Consensus with Engaged Stakeholders

The Piedmont Triad, which includes the Cities of Winston-Salem, High
Point and Greensboro undertook a more foundational approach to PEV
readiness due to not having an official organized effort in place before
the M2S project started. They found that their stakeholders are eager to
become engaged in PEV readiness planning and will continue involve-
ment moving forward.

Greater Triangle | State-wide Focus

Area The Greater Triangle is located in the state capital causing many of the
stakeholders to have a state-wide focus. Leaders in the Triangle PEV
readiness efforts found they can apply the resources developed locally in
the Triangle to entities across the state.

Conclusion

The focus of the NC PEV Roadmap and the four community readiness plans in the Asheville, Charlotte,
Piedmont Triad, and Triangle was stakeholder engagement. The Roadmap harnessed the existing col-
laborative efforts of the NC PEV Taskforce to serve as a structure for development of the plan. Parallel
efforts of the state and community readiness plans allowed for a unique opportunity to share information
during the planning process which helped to shape the outcome of both the roadmap and the community
readiness plans.

Stakeholder involvement will be a key factor in moving forward to build on the recommendations and
findings from the state roadmap and community readiness plans. The NC PEV Taskforce will assist with
building awareness through continued efforts in 2013.
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INTRODUCTION TO PEVS

PEVs have continued to gain in popularity in the U.S. and in North Carolina and numerous models, many
by vehicle manufacturers, have come to the market or will in the near future. Therefore, it has become
increasingly challenging for buyers to be knowledgeable about all the available vehicle technologies and
options.

The Vehicles Work Area of this readiness plan covers goals related to tracking the number and types of
PEVs in operation in the North Carolina and making information available about PEVs to both govern-
mental planners and potential PEV drivers. The information contained in this topic area helps to define the
context for other topic areas of this plan as it shows the current extent of PEV deployment as well as fu-
ture projections. Stakeholders involved in this part of the planning gave feedback about the suitability and
cost-benefit comparison of PEV use versus the use of conventional internal combustion engine (ICE) or
hybrid vehicles. They also helped develop strategies to keep local fleets and other stakeholders informed
and interested in PEV adoption.

North Carolina’s Existing Initiatives

North Carolina is a leader in electric vehicle planning and implementation with Raleigh listed among the
best prepared cities in the U.S. according to a recent report by Roland Berger strategy consultants and
RMI*". North Carolina is a key market for the rollout of PEVs in part because of its long history with this
technology. While in 1890, PEVs outsold gasoline cars 10 to 1 nationwide®, many point to the modern
electric car era beginning in 1990 with California’s Zero Emission Vehicle (ZEV) Mandate® and GM’s
response in producing the EV1. The EV1 was mostly leased in California in response to the mandate, but
they made their way out to drivers in North Carolina as well.
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Mass produced PEVs were not the only option open to industrious North Carolinians seeking to adopt
this technology. In the late 1980s, NC PEV Readiness Plan partner Advanced Energy began their re-
search with PEVs by converting a Pontiac Fiero and Chevrolet Van to battery operated vehicles, and then
continued to grow into this area of research with the Plug-In Hybrid Electric School Bus Project in 2001.
By 2009 the Triangle Electric Auto Association had signed its bylaws?® to become a chapter of the national
EV enthusiast group called the Electric Auto Association (EAA). Two other NC chapters of the EAA, Triad
Electric Vehicle Association & Coastal Carolinas Wilmington, provide evidence of excitement about elec-
tric vehicles throughout the state?:.

With our history of enthusiasm for PEVs and our current leadership in adopting the technology, it was
fitting that on March 7, 2012 at the Daimler Truck factory in Mt. Holly, NC, President Obama launched
‘EV-Everywhere,” the second grand challenge of the U.S. DOE. This competition encourages American
scientists, engineers, and businesses to work together to “produce a five-passenger affordable American
electric vehicle with a payback time of less than five years and sufficient range and fast-charging ability to
enable average Americans everywhere to meet their daily transportation needs more conveniently and at
lower cost?2. " North Carolina’s patrticipation in programs like EV-Everywhere and in developing the com-
prehensive M2S PEV Readiness Plan will maintain its leadership in this sustainable technology.

Market Introduction The limited initial availability of the
As of December 2012 the PEVs available for purchase and in Focus Electric in NC did not stop one
use in NC include: man from Charlotte, NC who purchased
* Chevrolet Volt a Focus Electric from a dealership in
* Nissan LEAF New York and may have become the

* Mitsubishi i-Miev

» Ford Focus EV

» Several other small-production models by Tesla, Fisker,
Coda and Think

first retail customer to receive their car in
the US on May 26, 2012°°.

Ford has also released a PEV with the all-electric version of the Focus. Despite initial announcements in
November 2011 that Raleigh-Durham, NC would be among the first markets for a rollout in late 20112,
this vehicle has only been distributed to dealerships in California, New Jersey and New York with plans to
add another 13 states to that list in 201224,

Several other models are expected to be deployed soon, including:
* Prius (PHEV)
Launched in 15 states in March of 2012; should be in all 50 states in 20132
* Ford C-Max Energi (PHEV)
Should begin “arriving Fall 2012 in 19 U.S. markets, followed by a nationwide launch in all 50 states
in early 20132™

For a full and up-to-date accounting of what new vehicles are coming out and when, visit the “Plug-in
Vehicle Tracker” at http://www.pluginamerica.org/vehicles
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Auto Manufacturer Input

Several of the major auto manufacturers responded to requests to engage with the NC PEV Taskforce
and the Vehicles Working Group. Through this planning process they sent representatives to meetings
to outline the current deployment status of their vehicles, described their collaborations with utilities and
other related industries, and provided their perspectives on the beginnings of the modern PEV market in
NC and nationwide. This open exchange of information from several auto manufacturers helped to pro-
vide a reliable context for the markets and the technologies that are being developed during this planning
process.

Dealerships, Rental Agencies and Rideshares

Dealerships obviously play an integral role in increasing the availability of PEVs in the state. A long list of
dealerships have participated in the planning process and have supported educational events such as
ride-and-drives and training for first responders as well as offering valuable insights into the current barri-
ers and solutions to PEV adoption.

Beyond buying or leasing a PEV there are several other routes available to North Carolinians for trying
out a PEV. Car rental agencies such as Enterprise Holdings are currently investing in PEVs and charging
stations. Focusing initially in California, Enterprise has plans to place the Nissan LEAF into all markets
where Nissan will support it?°. Through their WeCar car-sharing program, Enterprise has already made
four Chevy Volts part of their normal fleet available to students at Duke University in Durham, NC who
participate in the program®.

Public Technical and Financial Support

The U.S. DOE promotes alternatives to petroleum usage in vehicles through the Clean Cities program.
There are currently nearly 100 Clean Cities Coalitions in the country®! and three that work in North Caro-
lina are among the primary contributors to this plan. Through forming a central point for technical assis-
tance and collaboration on grants, these Coalitions bring together stakeholders from the public and pri-
vate sectors and have displaced millions of gallons of petroleum that would otherwise have been burned
in this state. All of these programs are housed in NC COG, each of which are dedicated to supporting
the local governments in their multi-county regions through planning, technical, and financial assistance
through grant administration®2. Several of these Councils of Government have been engaged throughout
this planning process and have given their support to this plan.

Working on a statewide level, the NC State Energy Office and the NC Solar Center have also helped
stakeholders through creating or coordinating vehicle purchase grants, and other programs and projects
designed to increase the use of alternative fueled vehicles such as PEVs. There are also several re-
search organizations in North Carolina that are dedicated to improving the knowledge and technologies
that PEVs and their infrastructure depend upon. Two of these are the Advanced Transportation Energy
Center (ATEC) which is focused on developing vehicle battery and power electronics technologies®3, and
Advanced Energy'’s Electric Transportation program which is committed to helping people “understand,
plan for and implement electrified transportation.” Advanced Energy has led this arena with several
ground-breaking initiatives like the Plug-in Hybrid School Bus Project and the PEV Usage Study®** and
they are a co-author of this plan.
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NC PEV Taskforce: Vehicles Working Group

Goals and Objectives

During the first working group meeting, the group identified several possible goals, and many of the initial
ideas for this topic area overlapped with those of other NC PEV Workgroups. Finding effective ways to
promote vehicles, for instance, would fall under the Outreach Workgroup and figuring out which incen-
tives work for first-time adopters would fall under Incentives. While it was possible for the Vehicles Work-
ing Group to merge or partner with these groups to pursue these aims, it was decided it would remain

an independent group while pursuing the following more fundamental goals and then join in with other
workgroups if time allowed.

Goal 1: Reduce the barriers to PEV adoption in NC that pertain to the vehicles themselves.
Objective: Compile a list of barriers and discuss with local and national experts.

Goal 2: Increase the available information about PEVs in the state, both now and on an ongoing basis, as
a foundation for other PEV planning efforts.

Objective: Establish communications with the North Carolina Department of Motor Vehicles (NCDMV) and
determine what information is available.

Goal 3: Predict the future of PEV deployment in NC in terms of the number, type, and uses of PEVs.
Objective: Establish contacts with Original Equipment Manufacturers (OEMs) and other experts request
deployment information or other estimates.

Working Group Members

Most members of the NC PEV Taskforce volunteered to be a part of the Vehicles Working Group at the
launch meeting on October 27, 2011. Several others joined the working group over the course of the suc-
cessive months of plan input. The final member list is included in the beginning of this document.

Members of this working group included representatives from private vehicle, equipment, and technology
firms as well as public educational, governmental and planning organizations from across the state.

Focus Areas
This workgroup decided to align its focus areas with those of the U.S. DOE sample plan, and then to add
in other focus areas as needed to tailor the plan to the state.

» Assess and propose reductions to barriers to PEV adoption in NC that pertain to the vehicles them-
selves, such as vehicle availability, battery life, vehicle range, vehicle performance and total cost of
ownership.

» Establish regular communications with the NCDMV to collect information on the number, type, and
location of registered PEVs in the state, both now and on an ongoing basis.

* Collect information from the Original Equipment Manufacturers (OEMSs) on their plans for further
PEV deployment in NC

» Assess current usage of PEVs in public and private fleets in NC and estimate future usage.

* Collect information on the usage patterns of current PEV users.
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PEV Planning
In order to address focus area number one and begin to identify and resolve the barriers to PEV adoption
in North Carolina, the group invited several experts to come and speak.

Expert Input

The first expert to speak to our group was in March from the Electric Power Research Institute (EPRI),
and they brought us quickly up to speed on what their general PEV research has shown and specifically
on their total cost of ownership. EPRI is currently updating an in-depth analysis they conducted in 2011
of the total costs to a vehicle owner of a PEV versus a similar internal combustion engine vehicle. Their
analyses focused on a suite of currently-available vehicles including the Chevrolet Cruze, Nissan LEAF,
Chevrolet Volt, Mitsubishi iMIEV, Plug-in Prius, Lexus 250h Sedan, Honda Civic CNG, and the Honda Fit.
Initial results found a surprisingly low payback period for the LEAF of only two-to-six years, when factor-
ing in ticket price, tax credits and operations and maintenance costs which included the reduction in fuel
costs. The 10-year total cost of ownership for the Chevrolet Volt is also competitive with other models
across other fuel types and drivetrains (see Figure 6).
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Figure 6 Chart created by Electric Power Research Institute
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Auto manufacturers Ford, GM, and Nissan also responded to requests to engage with the NC PEV Task-
force and the Vehicles Working Group. In April, a representative from General Motors spoke to the Ve-
hicles Working Group to outline the current deployment status of the Chevy Volt and new models that are
on the way. They also explained their collaboration that began in 2007 with the EPRI and over 50 utilities
nationwide to better understand and address technical issues such as Vehicle-to-Grid interfaces, as well
as to align messaging and policy priorities and develop business opportunities. This is the largest existing
collaborative effort of its kind. This alignment of priorities and perspectives across electricity producers,
researchers and users seems to be an excellent model to assist the advancement of PEVs nationally, and
in many ways it is being emulated locally by the NC PEV Taskforce. Other insights offered by GM include
their perspective that current DC fast charging technologies, even if implemented on a massive scale
along highways, will still not enable convenient long-distance BEV driving. In their expert opinion, BEV
users are unlikely to want to stop several times to recharge on a long trip, even if only for 20-30 minutes
at a time.

In their June meeting, the Vehicles Workgroup heard presentations from both Ford & Nissan. In advance
of Nissan’s presentation to the quarterly general meeting of the NC PEV Taskforce, Nissan talked to the
workgroup about their experiences with the LEAF and their new models being developed. They also dis-
cussed some legal and logistical challenges associated with lease options for municipal fleets such as the
ways that multi-year leases and municipal fiscal years don’t align. There are opportunities as well such

as volume discounts and reduction of risk if technology changes faster than the life of the vehicle. Ford
discussed their general rollout plan for the Focus Electric, and similar to GM, their focus on partnerships
for research and development of business and policy options. Ford partnered with Best Buy to provide an
at-home charging installation service and with Microsoft to help PEV owners reduce electricity charges by
charging at off-peak hours through their Value Charging system. Sensing a shared business interest and
target audience, Ford has even partnered with Sunpower, a company that installs rooftop solar systems.
Sunpower works with interested Ford PEV owners to install solar systems that can help to offset the
electricity used by a PEV. One of the areas Ford and Nissan differed was in their support of different stan-
dards for DC fast-charging plugs. Nissan supports the existing CHADEMO solution developed in Japan,
while Ford and other North American and European automakers support the new SAE J1772 ™ combo
connector DC fast charging standard. Currently the two solutions are not compatible.

Estimate of Personal PEV Deployment

While collecting and considering expert input, the task that the workgroup identified to cover first was to
work with the NCDMV to pull data on the number of registered PEVs in the state. Once the data on the
current number of PEVs in the state was collected, it would form a useful baseline for several other areas
of the plan. While straightforward on its surface, this process was complicated by several factors including
the number and size of transportation administration and planning organizations in North Carolina, as well
as the necessary privacy protections associated with vehicle registration information.

The first data the workgroup received was from the NCDOT. Because it was based on a query that pulled
all of the registered vehicles coded with an “electric” fuel type, it included what appeared to be small low-
speed neighborhood electric vehicles (NEVs) and golf carts, as well as vehicles known to be gasoline-
powered. Since the vehicle registrations and title applications data that form the basis for this data can be
entered by NCDMV employees at more than 100 Vehicle and License Plate Renewal Offices throughout
the state, as well as by any automobile dealer through an on-line form®®, it is not surprising there was
some variability in the way vehicles were classified by fuel type. The work group did not think it was an ac-
curate representation of the current numbers of PEVs in the state and began looking for another source. A
second dataset from the NCDMV provided the workgroup with a much more filtered set of results, yet this
report was unofficial and limited to only a few counties.
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Finally, with the help of Advanced Energy, the workgroup found that the Data Control Unit of the Traf-

fic Records Branch of the NCDMYV is the entity responsible for determining eligibility and responding to
requests for information on registered vehicles. Eligible entities are defined by general statute. Once the
workgroup contacted the Data Control Unit®¢, the process for proving eligibility and requesting the regis-
tered vehicles data was clearly and professionally explained and managed.

Through this office, Advanced Energy paid for data on the Chevy Volts and Nissan LEAFs for five of the
Triangle counties as a preliminary test of the system. The data that came back was well-organized and
seemed to be consistent with other preliminary estimates.

Through this channel, workgroup leads at the Triangle J Council of Governments were approved to re-
ceive a free government-to-government download of all of the PEV models that were then available in the
state (July, 2012) on the address level. Our previous experiences as well as discussions with workgroup
members allowed us to craft a specific data request aimed at providing the most complete and accurate
representation of PEVs in the state that was possible, given that there was no specific code for high-
speed plug-in vehicles. Due to a backlog of requests, the data took 5 weeks to arrive. As of mid-August
2012 there were 719 registered PEVs in North Carolina. 646 of these were privately owned or leased.
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As might be expected, PHEVs which can

use either gasoline or electricity have spread
farther throughout the rural areas of the state
where there is less public charging infrastruc-
ture. With that in mind it is interesting to note
that there is still a significant presence of
BEVs in rural areas in the eastern and western
portions of the state. This may underscore the
patterns that most PEV users do most of their
charging at home.

In the future, the NC PEV Taskforce will be
able to model future data update requests

on this initial effort with an updated list of the
makes and models of PEVs available in the
state at that time. Other states are employing
different data request methods such as re-
guesting and sorting the list entire the vehicle
identification numbers (VINs) for all registered
vehicles in the state. This would likely produce
slightly different results, and may reduce some
of the variability and errors associated with
self-reported information. This system would
also be much more time and technology-
intensive and the need for increases in ac-
curacy would need to be weighed against that
increased investment.

Projected Estimate of Personal PEV Deployment
EPRI has modeled the growth of the PEV
market at the county level in the U.S. over the
next 20 years. This model has a high degree
of error (of somewhere around a factor of
ten), but it can be used as a starting point for
discussions about what we can expect future
PEV deployment to look like.

Analysts seem to agree that the PEV market
in the state will grow slowly over the next few
years, but it is expected to pick up dramati-
cally. Uncertainty in the degree of this increase
grows when factoring in the possible impacts
of increases in the costs per gallon of petro-
leum, but the increase itself is not often ques-
tioned given historical patterns®.

Registered Plug-in Electric Vehicles in North Carolina by County (August 2012)
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Registered Battery Electric Vehicles in North Carolina by County (August 2012)
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Registered Plug-In Hybrid Electric Vehicles in North Carolina by County

(August 2012)
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Figure 11

The current distribution pattern of PEVs in NC is expected to remain largely the same over the next 10-25
years, with the greatest gains felt in metropolitan regions and those along the Interstate 40 and Interstate
95 corridors. Please note the increasing numbers of PEVs denoted by the colors in the maps above.
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Projected Number of Registered Plug-in Electric Vehicles in North Carolina by County: 2020
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Figure 12

Projected Number of Registered Plug-in Electric Vehicles in North Carolina by County: 2030
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Figure 13

By 2020, EPRI estimates that there will be over 94,000 total PEVs in North Carolina, and this number

increases to over 768,000 by 2030. Assuming that the percentage of PEVs owned by individuals instead
of fleets will remain constant at 90 percent, the estimate of personal use PEVs in 2020 is expected to be
over 84,000 and in 2030 over 691,000.

Validation of EPRI’'s model can be achieved only within its large given error range. That said, the model
predicts that there will be 848 PEVs in North Carolina by the end of 2012, which is relatively close to what
is expected given there were 719 PEVs as of August 2012, which left the entire last quarter of 2012 for

further growth.
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Estimates of Current and Future Fleet Deployment

The same NCDMYV data that we relied on to estimate the number of personally-owned PEVs can be used
to estimate the number of PEVs that are owned by fleets. NCDMV records show that as of mid-August
2012, 50 of the 719 registered PEVs in North Carolina (seven percent) were fleet vehicles. Similarly, the
same EPRI model and modifying calculations used to find the projections for personally-owned vehicles in
the future can be applied to fleet estimates with the same level of confidence.

By 2020, EPRI estimates that there will be over 94,000 total PEVs in North Carolina, and this number
increases to over 768,000 by 2030. Assuming that the percentage of PEVs owned by fleets will remain
constant at 10 percent, the estimate of personal use PEVs in 2020 is expected to be more than 9,000 and

more than 76,000 in 2030.

Fleet adoption of PEVs may be expected to grow faster
if the business case can be made to them. If EPRI’s total
cost of ownership study is correct and PEVs can have a
two-to-six year payback period, then they can be ex-
pected to save a fleet a significant portion of their opera-
tions maintenance costs over a 10 year duty cycle. With
their economies of scale, fleets may find it easier than
individuals to overcome the higher initial purchase price
for PEVs in order to take advantage of overall savings.
Some of the largest commercial fleets such as Frito Lay
and FedEx are already using PEVs for medium-duty de-
livery trucks. With 275 and 87 all-electric trucks deployed
respectively in the U.S. by the end of 201238, these two
companies are helping to make that business case for all
commercial fleets. In one dramatic and recent example
from the public sector, the Pentagon has announced
plans to purchase 1,500 Chevrolet Volts* over the next
few years.

Responses to a survey of fleet managers In North
Carolina conducted by the NC Solar Center show that
NC fleets may have begun to see this business case al-
ready. Out of 242 respondents, close to 40 percent said
that they either had a high level of interest in purchasing
PEVs or that they already had purchased them. Only 12
percent had no interest.

Projected Usage Patterns of PEVs
North Carolina will learn about usage patterns of PEVs

Owner Type Classifications of Registered PEVs:
The determination of Owner Type was completed
through sorting the NC PEV registration information by
owner names and addresses and then applying the
following assumptions:

e When an individual’s name was used for one
vehicle, this was considered a privately owned
vehicle. (No individual had more than 2 vehicles
registered to their name.)

When a company name was included, it was written
into the last name field. These were all considered
private fleet vehicles unless:

e The company was a dealership in which case
the record was classified as a lease vehicle.

e The company was a rental car company, in
which case the record was classified as a
rental fleet vehicle.

Business names and addresses were used to verify
the business type online in cases of uncertainty.
When a government or government agency was
included, it was also written into the last name
field. These records were all classified as public
fleet vehicles.

When the vehicles were owned by a financing
institution, or there was no name listed in the
record, these vehicles were listed as an “unknown”
owner type.

through PEV Consumer Usage Study conducted by Advanced Energy. This multi-year study launched in
2011 intends to leverage both of the DOE/Blue Skies and North Carolina State Energy Office consumer
adoption initiatives. The study will build upon the strong momentum created through the implementation of
these initiatives, which helped deploy public and workplace charging infrastructure across North Carolina
and incentivized the purchase of 40 PEVs. The vehicle usage data obtained through this program will help
determine how typical drivers use PEVs and evaluate any changes in operating behaviors over time. This
study will quantify how, when and where PEVs are used and how they impact the electrical grid. Results
from the study will support planning activities related to charging, usage clustering, and electrical load
characteristics. This study will also provide information that will highlight changes in ‘range confidence’ as
consumers become more familiar with their vehicles and the availability of charging infrastructure within

their usage corridors.
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As of November, 2012 the study has collected 10 months of data and produced over 300,000 electric
miles driven, two billion data points and displaced over 10,000 gallons of gasoline. Preliminary results
find that over 67 percent of participants are charging both at work and at home. Additionally the maximum
daily miles traveled has increased as users become more comfortable with the range of their vehicles.
The study has also found that there are distinguishable differences in charging patterns between those
with and without home charging stations. Additional data will be released as the study continues. For
more information on the PEV Consumer Usage Study visit www.AdvancedEnergy.org/transportation/pro-
grams_and_initiatives.

According to data collected by the Idaho National Labs collected through the EV Project, the average dis-
tance a BEV owner travels per day is 30.8 miles, which is within the range of the average daily commute
in North Carolina.

EREVs such as the Chevy Volt can be expected to have different driving patterns as they are not as
range-limited. According to VoltStats.net, a voluntary subscription site that automatically downloads basic
driving information from the OnStar systems on members’ Volts, the 27 Volt-driving members in North
Carolina have driven over 203,000 miles since November of 2011, 80 percent of which have been in
all-electric mode (per monthly average)*. Monthly records spanning from November of 2011 to October
of 2012 show an average overall MPG of 207.7, although this does not take into account the energy cost
of the all-electric miles as the EPA estimated 94 combined MPG does*. Still this is an important figure
for the personal economy of the Volt driver in NC, and the basis for the competition among Volt owners
recorded on this website to try to go the farthest between fill-ups.

For fleet PEV users in NC, the majority of their vehicles travel less than 50 miles per day and then return
to a common parking area*. According to this usage pattern, any of these vehicles that are used for light-
duty applications could easily be replaced by BEVs, especially as larger truck and SUV-style BEVs such
as the Ford Transit Connect Electric and the Toyota Rav 4 EV are coming onto the market.

Lithium Production and Battery Recycling

North Carolina has a long history with the lithium needed to manufacture the batteries used on most
production PEVSs. In the early 1950s, and for most of the following 50 years, a mine in Kings Mountain,
North Carolina produced most of the world supply of Lithium**. The original company that owned the
Kings Mountain mine is now owned by Rockwood Holdings of Princeton, NJ, which continues to mine
lithium around the world. Representatives from Rockwood Lithium presented to the NC PEV Taskforce on
June 19, 2012 and affirmed that lithium mining in NC is still possible, depending on the future price of the
material. Raleigh is also home to Umicore — a branch of an international materials technology firm. Among
other interests, Umicore recycles the large lithium batteries used in PEVs“*. With this kind of internation-
ally significant trade in new and recycled lithium, NC may be well-placed for economic development as
PEV markets increase around the world.

Conclusions

The auto manufacturers were very knowledgeable and supportive of our planning efforts. They will
continue to be valuable partners as we move forward with the implementation of this plan and as new
vehicles and technologies are developed. EPRI is another leader in the field of PEV research and has
made significant contributions to this plan through its authoritative estimates of the current total cost of
ownership and future PEV adoption. The NC PEV Taskforce should continue to partner with them both
directly and through our utility partners to stay apprised of the most current objective assessments of PEV
technology and markets.

NC PEV ROADMAP: VEHICLES

42



Data from the NCDMV tracking the number, types and locations of registered PEVs in the state will con-
tinue to underpin our future efforts in planning for the adoption of electric vehicles. Other states involved
in similar planning efforts have had much more difficulty in getting data on the number of registered PEVs.
In conversations facilitated by RMI, NC was held up as one of a small number of states that have been
successful. As mentioned previously, some of these states track PEVs through VINs instead of by make
and model, and some must get the whole database of all registered vehicles and narrow the list down for
themselves. It is not uncommon for these organizations to have to pay an annual fee to get this data. In
this context the NCDMYV stands out as a leader in the country for having a clear data request system in
place that is backed up by state law, and provides understandable and reliable data. The NC PEV Task-
force could help to share the NCDMVs best practices with other states and partners including the Ameri-
can Association of Motor Vehicle Administrators (AAMVA).

In the future, the NC PEV Taskforce may be able to assist the NCDMV in various ways and continue to
build a mutually beneficial relationship. One challenge that the NCDMV faces is to track vehicle data in a
reliable and consistent way while this data is being entered in more than 100 separate local DMV offices
and in hundreds of auto dealerships across the state. The introduction of PEVs with various different pow-
er trains and fuel types adds another layer of complexity. One example of the errors that can result from
this distributed system in categorizing the fuel type of the Chevy Volt. Of the 429 Chevy Volts registered
in the state, nine percent of the time they are listed as all-electric, 68 percent of the time they are listed

as gasoline-only, and only 24 percent of the time they are listed correctly as hybrid-electric and gasoline
vehicles.

The NCPEV Taskforce has already begun an education campaign across the state to inform PEV us-

ers and auto dealers in the differences between the types of PEVs. This may help on the local level to
increase the accuracy of data entry at vehicle registration. Another step that could be made to improve
accuracy would be to add a “plug-in” code to the fuel type or another field on the registration form. This
would simplify the classification of a variety of vehicles as well as the process of finding those vehicles

in the database once entered. Online systems that have built-in verification software have already been
discussed by groups like the NC Traffic Records Coordinating Committee*. As it seems that no new
developments have been posted by this group this year, it is unknown whether this recommendation is be-
ing implemented. If this system has not yet been implemented, the support of the broadly representative
NCPEV Taskforce may help the NCDMYV justify the required investments.

Finally, the NC PEV Taskforce could help to develop and advertise a new way to market blocks of Green
energy that would help to promote the use of electric vehicles. One of the stumbling blocks that many
would-be EV drivers have is that our nation’s electricity grid has the reputation for being dirty. Scientific
studies such as one recently published by the Union of Concerned Scientists*” shows that in many areas
of the U.S. switching from a fuel-efficient hybrid to an all-electric PEV reduces greenhouse gases overall.
Despite this research, some people will have the perception that driving a gasoline car is still cleaner than
an electric car that is powered by a grid they perceive to be “dirty”. While this impression may change with
increased outreach and education, for now it points out a market opportunity. In NC, utility customers can
purchase 100 kilowatt-hour blocks of green energy from a non-profit that's supported by the utilities called
NC GreenPower. Each block costs $4 per month. This means that in NC it is possible to drive solely on
green electricity for only $1 per 74 miles.

Supporting Calculations:

» 1 gallon of gasoline = 33.7 kw-hr

* 99 mpg equivalent for a 2012 LEAF

* 99 miles/33.7kwh = 2.94 miles per kWh for a 2012 LEAF
http://www.fueleconomy.gov/feg/Find.do?action=sbs&id=32154 Considered a conservative estimate (EPA
5cycle test - http://www.plugincars.com/nissan-leaf-finally-gets-official-epa-label-106486.html)
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As this program could directly address the perceived obstacle of the “dirty grid” at low cost to consumers,
it could help OEMs and dealerships make the case to prospective buyers in NC. With their help, this could
become a program offered through dealerships and even added into a PEV lessee’s monthly payment.
This marketing strategy can be easily replicated in other states with public or private green energy pro-

grams similar to NC Green Power.

Recommendations
The following recommendations were derived from the expert presentations to the Vehicles Working
Group and the discussions that followed during and after our meetings.

Table 3. Vehicles Working Group Recommendations

R.1 | Continue to build a relationship with the NCDMV and explore Ongoing High
how to work in complementary ways

R.2 | Publicize data on current and expected prevalence of NC PEVs | Short-Term High
and EVSE to demonstrate that the technology is feasible and
accessible.

R.3 | Share the business case for PEV usage with public and private | Short-Term High

fleet managers among the NC Clean Cities Coalitions to in-
crease early adopter market.

R.4 | Work with PEV dealers to create a package for prospective Short-Term High
PEV owners that allows them to offset all of their vehicle-based
electricity use with blocks of green energy.

R.5 | Work with the NCDMV to add a “plug-in” code to the fuel type Short-Term Medium
tracking field at vehicle registration.

R.6 | Work with the NCDMYV to create an online system for vehicle Long-Term Medium
registration to diminish user error.

R.7 | Continue to engage with MPOs and other planning entities in Mid-Term Medium

the state to align priorities, provide mutual support, and avoid
overlapping efforts.

Term Description

Short-Term 1to 2 years

Mid-Term 3to5years

Long-Term 6 to 10 years

On-going No set start or
end time
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INFRASTRUCTURE

The transportation sector has already been proceeding down the path of electrification for more than a
decade as evidenced by the growing adoption of standard hybrid electric vehicles (HEVS) such as the
Toyota Prius. Although these vehicles still source all of their energy from an internal combustion gasoline
engine, the incorporation of larger batteries, an electric motor, and associated components has helped
improve fuel economy while advancing the technology and making it more affordable. PEVs take elec-
trification a significant step further by storing electricity provided by the local electricity grid onboard the
vehicles. This provides a critical diversification of energy sources that can power the transportation sector
using cleaner, cheaper, and domestic energy. However, it also introduces a paradigm shift in how vehicles
are fueled or charged in this case. This document will focus on the background, activities, best practices,
as well as existing and future charging station needs to fuel plug-in electric vehicles in the state of North
Carolina.

NC PEV Taskforce: Infrastructure Working Group

Goals and Objectives
The objective of the NC PEV Taskforce Infrastructure Working Group was to develop recommendations,
best practices, and forecasts related to electric vehicle charging infrastructure deployment to enable
widespread plug-in vehicle adoption in the state of North Carolina. The following goals were outlined to
support the team’s objective:
» Pull together educational information and resources regarding charging technology/vendors.
» Develop educational information and resources regarding the installation of charging infrastructure
including best practices, flowcharts, and solution providers for all customer types.
» Develop ideal charging location considerations, macro and micro, to meet customer needs.
» Assess current market deployment of charging infrastructure and forecast future market needs along
with ideal ratios of public stations related to future vehicle adoption.
» As available, collect current costs of installing charging infrastructure and provide recommendation
to reduce costs as needed.
» Assess potential impact of PEVs on the grid and provide recommendations to address future grid
impact concerns.
« Identify a range of infrastructure solutions and business models along with any recommendations to
improve the marketplace.

Members and Backgrounds

In late 2011, the NC PEV Taskforce Infrastructure Working Group was formed to address questions and
issues related to providing adequate charging infrastructure in the state of NC to support plug-in vehicles.
The working group members included individuals from a wide variety of sectors, all who volunteered to
participate in varying degrees over the course of the project. Thanks to all of those who contributed to the
success of this initiative. The full list of working group members is included in the beginning of this plan.

Guest Speakers and Contributors
On several occasions, guest speakers were invited to provide their perspective and lessons learned on
charging infrastructure. These speakers include:

» Barbara Rogers with Ford Motor Company

» David Peterson with Nissan North America

» George Bellino with General Motors

» Stephanie Cox with Ecotality

* Morgan Davis with the Electric Power Research Institute (EPRI)

» Marco Palmeri, consultant for EPRI

* Rob Schurhoff, consultant for EPRI
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Deliverables

The following deliverables were developed by the team and will be covered in detail through the remain-
der of this chapter. Note that although the wording may be different, these deliverables incorporate the
key elements of the suggested U.S. DOE’s PEV planning guidance:

1. Complete a market assessment on charging infrastructure deployments throughout North Carolina
today and future forecasts out through 2030, both at the state level and at the community level.

2. Develop resources on charging infrastructure technology, features, considerations, and vendors.

3. Provide best practices for installing charging infrastructure including known codes and information on
optimal location within a specific site.

4. Develop optimal “macro” state level guidance for locating public infrastructure and an ideal ratio of
stations to vehicles to accommodate the market while minimizing investment.

5. Preliminary assessment and estimates of the cost of local installation of charging stations by category
and suggestions to minimize costs.

6. ldentify a range of potential ownership models, value proposition, pros and cons, and potential
sources of funding/cost recovery for commercial/public infrastructure.

7. Adescription of utility, grid operator, or third-party charging service provider, policies and plans for ac-
commodating the deployment of plug-in electric drive vehicles in NC. [Note: This deliverable has been
transferred to the “Utility” section of the NC PEV Roadmap]

Introduction to PEV Charging Infrastructure

Key Charging Terms

Charger is a device to change alternating power (AC) wall power into direct current (DC) power for charg-
ing the battery. For AC charging levels defined in the SAE-J1772 ™ standard, the charger itself is located
onboard the vehicle. For DC charging levels, the charger is located within the electric vehicle supply
equipment off board the vehicle.

Electric Vehicle Supply Equipment (EVSE) provides AC wall power to the vehicle to be used by the on-
board charger. This is the external hardware and is an element in an infrastructure that supplies electric
energy for the recharging of electric vehicles or plug-in hybrid electric-gasoline vehicles. An EVSE for AC
charging levels does not include a charger despite the fact it is often referred to as a “charging station”.

EVSEs are generally found in four configurations: Pedestal, Pole, Wall Mount or Ceiling Mount.

Figure 14
Charging station configurations

Pedestal

Ceiling

Mount Mount
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SAE J1772™ is the Society of Automotive Engineers (SAE) standard for conductive charging. It sets the
industry wide standard for the charging connector and communications protocol.

SAE J1772™ AC Connector is known as the “universal
plug” designed for single phase electrical systems with 120
V or 240 V such as those used in North America and Japan.
The round 43 mm diameter connector has five pins, with 3
different pin sizes:

* AC Line 1 and AC Line 2 (have same size power pins)

« Ground Pin

* Proximity Detection and Control Pilot (have same size

pin)
The connector uses a 1 kHz square wave at +/- 12 volts gen-  SAE.J1772 Teoa Connector.
erated by the Electric Vehicle Supply Equipment (EVSE), i.e. Figure 15 SAE J1772™ AC Level 1 and
the charging station, on the pilot pin to detect the presence Level 2 Connector

of the vehicle, communicate the maximum allowable charg-
ing current, and control charging. Practically all new plug-in
electric vehicles are standardized on the J1772™ connector.

SAE J1772™ AC/DC Combo Connector is a new standard
that expands the standardized SAE connector listed above
to also include the ability to charge with low and high power
Direct Current (DC) electricity. This is enabled by the addition
of two DC pins below the existing AC pin design as depicted
in the figure below. Despite the new functionality, the vehicle
ports and connectors will maintain backward compatibility
with the AC Level 1 and 2 charging levels. The largest seven
automakers in the U.S. and Europe have all agreed upon this
new SAE standard to incorporate DC fast charging capabil-
ity in future models, some expected in 2013. Note that some
Japanese auto manufacturers are currently using a Japanese Figure 16 SAE J1772™ “Combo” Connector for
DC fast charging connector and system called CHAdeMO E]tCeane;?;nl a?nd Level 2 Charging. Courtesy SAE
and at the time of this report publishing have not agreed to

adopt the new SAE combo connector solution for DC fast

charging.

SAE international

CHAdeMO DC Fast Charging is the trade name of a fast
charging solution currently adopted by several Japanese
automakers to deliver up to 62.5 kW of DC power via a spe-
cialized connector. Several early battery electric vehicles in
the marketplace that currently offer this solution as the SAE
North American standard was not in place when the vehicles
were developed. Although the European and North American
automakers have announced their plan to incorporate the
new SAE combo connected standard, it is possible that some
Japanese automakers will continue with this solution. Note

. . . e Figure 17 CHAdeMO DC Fast Charge
that all vehicles will still be capable of utilizing the SAE AC Connector in Vacaville, CA

level 1 and level 2 connector and charging levels regardless
of the DC charging solution, although the CHAdeMO option
will require a separate DC charging inlet in addition to the AC
inlet.
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Wireless Charging is a technology that utilizes magnetic resonance to charge a vehicle without a physi-
cal connection to the vehicle. Energy is transferred from a transmitting coil in the parking pad located on
the ground and converted into an electrical current by the receiving coil mounted under the vehicle. Stan-
dards are still under development for this technology although prototypes are available today from several
companies.

Inductive “Paddle” Charging uses electromagnetic fields to transfer energy between a vehicle and a
charging appliance without a direct conductive coupling. Although similar to wireless charging, this tech-
nology does not transmit through an air gap but rather utilizes a “paddle” that is inserted into an opening
on the vehicle side. This is a legacy technology used with previous generations of electric vehicles and it
is not currently used in newer vehicles.

Access to Charging Infrastructure

Using electricity to charge a vehicle and power transportation will necessitate a paradigm shift in how ve-
hicle owners are used to “fueling” their vehicles. In the past, a gasoline vehicle owner might typically wait
until the fuel gauge is close to empty and then pull into any one of numerous public gas stations. Over the
course of five to ten minutes, the driver will transfer 10 to 15 gallons of gasoline into an average light duty
vehicle providing another 250-300 miles of range. With PEVs, the paradigm will shift from infrequent and
large transfers of energy (range) to more frequent but smaller transfers of energy.

Although battery technology is rapidly advancing, batteries in PEVs still have a lower effective energy
density compared to gasoline vehicles. This means that to provide the same range in miles that drivers
are typically used to with gasoline vehicles PEVs would require a very large and heavy battery. This in
turn would drive the cost up for the vehicle and the fuel efficiency down. However, PEVs are able to lever-
age several factors that still allow them to fulfill the driving needs of most consumers:
1. Most daily driving patterns are relatively short, allowing for modest sized battery electric vehicles
(BEV) to be affordable and still provide over twice the range that drivers travel on an average day.
An EPRI analysis of a national commuting pattern survey showed that nearly 80 percent of total
daily driving distances are less than 40 miles and nearly 95 percent are less than 100 miles. Note
that with plug-in hybrid electric vehicles (PHEV) or extended range electric vehicles (EREV), there
is no effective range limit as a gasoline engine can take over once the batteries are fully depleted.

2. Vehicles spend more than 95 percent of the time parked not in use. A vast majority of this time
is at home, but also at workplace and commercial locations. All of this downtime allows a vehicle
to replenish its battery charge over a longer period of time while
not being attended by the driver. Frequent “topping off’ of a plug-in
electric vehicle can also enable greater range for battery electric
vehicles and a greater utilization of electric drive for plug-in hybrid
electric vehicles.

3. Although gas stations are numerous especially in high density
regions, a gasoline vehicle driver still depends on accessing a
public station for all of their fueling needs. Access to electricity on
the other hand is ubiquitous and while some public charging will be
necessary, the vast majority of charging will take place in the conve-
nience of a driver’s residence.

Public

So instead of weekly trips to the gas station, a PEV owner will likely just
plug in at home and charge overnight to achieve most of their fueling
needs, perhaps with the occasional charge at work or at a public station.
Figure 18 is a visual approximation from EPRI of the three main categories
of charging and their relative use.

Figure 18 EPRI Charging Pyramid
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Residential Charging

Residential charging, or charging at a fleet depot for fleet vehicles, will accommodate the vast majority of
charging needs for most vehicles. As noted before, electricity service is provided at practically every loca-
tion although access to a dedicated circuit or outlet close to a vehicle’s parking location may need to be
verified. Since residential and fleet depot charging is often dedicated to specific vehicles privately owned,
this category is normally considered “private.”

Workplace Charging

The second most utilized location for charging will likely be at the workplace. The dwell times for vehicles
are the second longest behind the home, often 8-9 hours, providing more than enough time to replenish
the electricity used on the drive to work. Many companies view providing access to charging infrastructure
for their employees as another fringe benefit and a way to differentiate themselves in the competition for
talented employees. SAS, Qualcomm, Siemens, and Bank of America are just a few major employers in
North Carolina that already provide such access to charging infrastructure at work. Although some em-
ployers may opt to make their chargers available to the public, this category is often reserved for employ-
ees and thus considered “private.”

Public Access Charging

Public charging access is represented as the tip of the pyramid — the least likely to be fully utilized, but
still fulfilling a critically important role. First, they provide peace of mind for those driving pure battery
electric vehicles by increasing the effective vehicle range of BEVs when needed and providing confidence
for those occasional trips where the total range might be tested. Second, it provides the opportunity to
replenish PHEVs and EREVs so that they can maximize their electric drive utilization and thus their return
on investment. Finally, these stations provide vital access to those who may not have access to charging
at home (e.g. downtown condos) or at work.
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Types of Charging Stations

Applications

Charging
Site

Table 4. Types of Charging Stations

Miles
Recovered
Per Hour of
Charge

EV Usage
Distance

Private Private/Public/Com-  Private Private/Public/Com-
mercial mercial

Home/Work: Home/Work/ Retall Home/Work: Highway Rest Stops/

Employee Stores/Restaurants/ Fleet Retail/Valet/Multi-unit
Parking Lots Dwellings/Fleet Depots

Approximately Approximately Approximately | Approximately

4 mi 10-20 mi 10 mi 140 mi.

Short-Mid Mid-Distance Mid-Distance Long Distance/Heavy

metro usage/no home
charging access

Standard NEMA
5-15 or 5-20 outlet

Outlet Style

Hardwired or plugged
into 240 volt NEMA

Inductive char-
ger connected

Hardwired to three-
phase power

Voltage

outlet to 240 volt
circuit
120V single-phase | 208/240V single-phase | 208/240V 208/480V three-phase
single-phase

Amperage 15 or 20 amp wall

outlet (3-prong)

20 to 50 amp circuit

30 amp circuit

Varies based on volt-
age, but often rated
20-50 kW

(%]l =@ile]g Y Cord & Plug

Connection

Hardwired or Cord &
Plug Connection

Line 1, Line 2,
and Earth Con-
nection

Hardwired

EV
Connector

J1772 AC
Connector

J1772 AC Connector

Wireless
interface that
mimics J1772
connector —
standard pend-

ing

SAE AC/DC Combo
Connector (expected
mid-2012) or
CHAdeMO

Typically comes
with the vehicle
although extras
are ~$500-900

Basic: $500 - $4,000
Smart: $2,000-$8,000

$1,000 - $3,000

$15,000 - $50,000

9 —12 hours

Charge Time
for

Typical 35
Mile Charge

2 —4 hours

3 -4 hours

15 — 30 minutes

*Note: DC fast charging
is not linear and may
take as long to add 35
as 70 miles of range
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Pros and Cons of Different Charging Station Levels

Table 5. Pros and Cons of Different Charging Station Levels

Applications

Pros

Cons

AC Level 1 EVSE

_c(;)"

*No incremental cost since it comes
with the car

Available where there is a standard
120 volt electric outlet

*Portable — easily stowed in car

*Demand impact to the grid is minimal

*No need for network interface

*Limited current up to 16 Amps (2
kW) and long charge time

*Not accessible on the grid or
recognizable for utility to do load
sharing or load balancing

*Equipment is liable to theft if charg-
ing in public

*No easy options for data logging or
restricting access

*Requires slightly more setup time
than permanently installed EVSEs

AC Level 2 EVSE

+3-5 times faster charging compared
to Level 1

*Low set up time for charging

*More feature rich, some with remote
monitoring and control

*Not as prone/exposed to theft

*Costly to install, requiring profes-
sional installation

*Not portable

*Cord management difficult and can
be maintenance prone

*More upgrades require yearly ser-
vice plans

Wireless Charging

*Easy to use with no physical connec-
tion to initiate charging

*Capable of charging at equivalent AC
Level 2 charging levels (3-6 kW)

*No cord tripping hazard

*Best suited for home and fleet use

«Slightly less efficient compared to
conductive charging and alignment
can be important

Standards not yet fully agreed
upon

+Difficult to use as a pubic stations
due to lack of system and align-
ment conformity

*Mostly an aftermarket solution cur-
rently

DC Level 2 Charging

*Fast charging under 30 minutes

+*Close connection to batteries avoid-
ing step of AC-DC conversion and
losses

*Implementation of communication
between EVSE and EV with safety
features that Level 2 does not provide

*Makes long distance commutes more
practical

*Low set up time for charging

*More feature rich, some with remote
monitoring and control

*Expensive EVSE & installation cost

*Confusion and competition over
SAE combo and Japanese charg-
ing connector

« Utility demand and new service
related charges can be significant

*Requires three-phase power

*Not portable

«Difficult business model to recoup
expenses with limited use
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Charging Station Operational Features
Charging infrastructure is available in its basic form or with a wide array of features. The basic hardware
provides all the necessary safety features and communication compliance with SAE J-1772™ to safely
and cost effectively charge your vehicle. In fact, the portable AC Level 1 cord set provided with most vehi-
cle purchases will suffice for most residential and workplace home charging requirements in many cases.
However, if you are looking to purchase and install a charging station for your vehicle or as a host site for
public use, you may wish to consider the following features offered by many vendors. Every feature will
add some cost, so be sure to fully understand the value provided and if it's worth the cost or enables your
specific need. In most cases, the features below are available for both AC Level 2 and DC Level 2 charg-

ing equipment.

Optional
Features

Cord Holder

Retractable
Cords

LED Display
Status
Radio
Frequency
Identifica-
tion (RFID)
Reader

Network
Interface
(cellular)

Table 6. Charging Station Operational Features
Pros

Keeps the cord organized and out of
the way of parking spaces, sidewalks
and streets

Enhances safety

Cons

Adds minimal cost

Keeps cord organized and out the
way of parking spaces, sidewalks and
streets

Enhances safety

More expensive than just coiling it up yourself
May require higher maintenance

Provides you the status of your charge
Energy efficient

No real standard on what colors/symbols
mean

Allows station owners/operators to
restrict usage to authorized drivers by
requiring a RFID card to initiate charg-
ing

Enhances safety and eliminates energy
theft

RFID software registers usage of the
EV Charging Station, enabling data col-
lection by user

If the charging station is for public use then
the RFID reader will require providing the
public a RFID card to utilize the charging sta-
tion

Each individual vendor network solution
requires a uniqgue RFID membership and can
results in a single driver needing many cards
Although some solutions can be managed
locally, this often requires the station operator
to subscribe to a networked service solution

Provides accurate energy and power
measurement through the station with
integrated power metering circuitry
Avoids having a separate official utility
meter and the associated added fixed
cost on the energy bill

Allows station operators to know ex-
actly how much energy and power is
consumed by the vehicles

Adds cost

Accuracy and precision can vary significantly
Requires a communication medium if not
wireless which requires extra cost and equip-
ment

When stations are wired behind a main facil-
ity utility meter, you cannot separate out the
energy/cost associated with vehicle charging
on the main bill

For private use, high level energy information
is often provided via the vehicle

Cellular network interface allows seam-
less integration network application
services from nearly any location, direct
from the station

Does not require ethernet/CAT5 cable
installation or integration with a local
router

Adds equipment cost and ongoing monthly
communication costs

Can have spotty reception in mountainous or
remote locations, or inside parking structures
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Table 6. Charging Station Operational Features

Network
Interface
(wireless)

Network
Interface
(Ethernet)

Software
Application
Services

Credit Card
Reader

Numeric
keypad mod-

ule

Wireless network interfaces allow
seamless integration network applica-
tion services from a station to a local
router and through the internet
Eliminates cellular communication and
modem charges

Does not require ethernet/CAT5 cable
installation

Adds equipment cost and likely still requires
some software application costs

Requires integration with host site router and
internet connection, which can be very difficult
unless for private use

Ethernet network interfaces allow
seamless integration network ap-
plication services from a station to a
local router and through the internet
Eliminates cellular communication and
modem charges

Hardwired and secure with no recep-
tion/wireless issues

Adds equipment cost and likely still requires
some software application costs

Requires separate conduit to run communica-
tion line and a host site server/router

Set pricing and collect fees, provide
24/7 driver assistance, control access,
display advertisements, track usage,
and diagnose the station remotely
Most often used in conjunction with
RFID controlled access

Monthly or yearly activation/subscription fee

Set pricing and collect fees without the
need of a RFID card or membership
system

High maintenance for credit card reader
Services/transaction fees can be significant
compared to cost of fuel

Set pricing, collect fees, and control ac-
cess through local synchronous codes
Can leverage user’s cell phones and
avoids costly communication hardware
and ongoing service fees

Incremental cost of keypad module and code
maintenance fee

Does not provide central data monitoring or
other features commonly associated with
other back office applications
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Charging Station Manufacturers and Pricing

The number of companies offering electric vehicle charging hardware and service is growing all the time
making it impossible to capture in this static report. Pricing is also very fluid, with some costs declin-

ing with increased competition and volume, and an array of features that can be added to the final cost.
As such, we have provided several recommended internet resources for potential consumers to further

investigate charging infrastructure vendors and research their associated hardware and service costs:

Online Resources for Charging Infrastructure Vendors
» www.goelectricdrive.com/index.php/find-an-ev-charger

» www.advancedenergy.org/transportation/evse/

Charging Infrastructure Value Proposition * www.pluginamerica.org/accessories
and Business Models

While essential to the fueling of plug-in electric vehicles, the value proposition and rationale behind who
owns and operates the charging infrastructure can vary depending on many factors. Below are a few
broad categories although variations will always exist:

Direct Private Use for a Dedicated Vehicle

This scenario is the most common since most every plug-in vehicle owner, whether the general public or
a fleet operator, will own some type of charging infrastructure to be used directly by their own vehicles. In
most cases, the actual vehicle owner will also own the infrastructure. The charging station in this case is
simply a required component of operating the vehicle and the cost should be incorporated into the overall
total cost of ownership for the vehicle. Although some charging solution is required, some owners may
opt for a low cost AC Level 1 cord set while others may value the more expensive but faster charging AC
Level 2 solution.

Private Use by Employees

In this scenario, a business may decide to invest in charging infrastructure for use by its employees.

The ownership of the charging infrastructure would be separate from those who own the vehicles. In
many cases, the business may cover all of the associated costs and simply consider it part of its “fringe”
benefits. Many companies in North Carolina have already deployed charging stations in such a manner
and consider it an important benefit to attract and retain the best talent. Other businesses may pursue
this path as part of their overall strategy in reducing their environmental footprint or supporting domestic
energy solutions. Since these factors are not easily quantifiable, the business rationale will vary from busi-
ness to business. In some cases, business are exploring the option to charge a service fee to employees
that utilize the infrastructure in order to recover some or all of their investment, however there is usually
no direct profit motive and there are added costs and complexity to incorporating such mechanisms.

Municipal Public Charging Access

Several municipalities in North Carolina have deployed a number of public access charging stations to en-
courage and accelerate the adoption of electric vehicles to achieve the benefits of lower fuel costs, lower
emissions, and greater energy security in their regions. For some local governments, the deployment of
charging infrastructure fits well within their overall sustainability strategy and objectives. In many cases,
early adopters are not necessarily charged a fee to access the stations due to the early stage of adoption
and the valuable usage data gathered by the deploying entity. However, several municipalities are closely
monitoring station usage and payment system technologies in order to plan for future cost recovery if nec-
essary. Each municipality will need to weigh the value they assign to encouraging PEV adoption and how
providing a safety net of charging access aligns with providing for the public benefit.
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Privately Owned and Operated to Support Retail Business

Many retailers and other private businesses opt to install charging station not to profit directly from their
use, but to increase the sales of their core businesses. They believe that providing such an amenity will
increase their exposure, bring in new customers from a desirable demographic, and increase existing
sales while customers wait on their car to charge. Those businesses that are involved early will be the
most successful at differentiating themselves from other similar businesses and branding themselves as a
PEV friendly place for customers. Since direct cost recovery at the charging station is not usually neces-
sary, the infrastructure can be kept relatively simple and low cost.

Privately Owned and Operated as Stand Alone Business

This scenario assumes that the station owner/operator is not only attempting to recover costs but also to
directly profit from the use of a public charging station through service or access fees. This is a compli-
cated and difficult scenario as the cost of installing public infrastructure is relatively high compared to the
cost that a user would be willing to pay for a charge. Although a user may be willing to pay more if they
have a BEV close to empty, a driver will often have the cost comparison of only $1.00% to charge at home
and plug-in hybrid drivers always have the option of driving on gasoline if necessary. This provides a
relatively small window to charge consumers without charging too high a price that will reduce utilization.
This is in fact a challenge with public charging infrastructure: Despite its vital importance in supporting
PEV adoption, utilization will be relatively low (compared to gas stations) thus making cost allocation dif-
ficult. However several companies are exploring ways to find a commercially viable stand alone business
model. Some rely on a direct “fee for service” payment system while others are exploring more innovative
ideas such as membership models and supplemental advertising revenue from the station space itself.

Utility Owned and Operated for Public Benefit

In this case, a utility would own and operate public charging infrastructure for public benefit similar to
street lighting. This scenario is also complicated due to the unusual customer/asset relationship as well as
the associated regulatory, cost recovery mechanisms, and other policy considerations. Several municipal
owned utilities that operate under different regulations than investor owned utilities are currently experi-
menting with this role including Austin, Orlando, and San Antonio.

Charging Infrastructure Installation Best Practices

Following the decision to install a charging station, the next steps are:
1. Determine the best location for the charging station installation;
2. Select an appropriate charging station technology, based on the location selection; and
3. Decide the details of equipment ownership and operation.

This section outlines the various charging station installation scenarios and provides recommendations
and resources for overcoming the common challenges associated with each location type. Since much of
this work has been outlined in greater detail by Advanced Energy and others, the following is only a high
level summary and readers are encouraged to visit the resources outlined in each section for additional
information.

Single-Family Homes
Single-family dwellings are buildings that are occupied by just one household or family and consist of just

one dwelling-unit or suite. Most single family homes are free-standing and do not share property with any
other residence. Common charging station installation challenges for single-family homes include:
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Parking Location
Single-family residential parking scenarios can vary from private garages and driveways to detached
carports or on-street parking. To identify the best-fit installation location:

» Assess available vehicle charging options

» Consider the planned parking scenario and time of use.

Utility Access

Electrical requirements will vary, depending on the charging level selected. Level 1 charging utilizing a
standard 120 volt household outlet and a provided cord set is the simplest and most easily accessible
method for home charging. Although many homes may have a readily available 120 volt circuit, it is also
likely that such an outlet is often shared with other residential appliances and loads. It is recommended
that a dedicated 120 volt circuit be installed as most vehicles will draw the maximum amperage possible
(80% of a 15 or 20 amp circuit) and any additional/intermittent loads on the circuit, such as a garage
freezer, may trip the circuit breaker leaving a car uncharged. In addition, it is recommended that a stan-
dard existing residential outlet device be replaced with a new, high end “commercial” grade outlet. These
outlets are designed with more robust contact blades to handle a higher number of insertions and will help
provide added safety with the higher amperage load and high number of inserts expected with a plug-in
vehicle. A licensed electrician can help any homeowner assess their current situation and make any rec-
ommendations. Another benefit of low power Level 1 charging is that it is highly unlikely that any home’s
power panel or the utility’s distribution system would need to be upgraded.

AC Level 2 charging is an option for those wishing to charge 3-5 times faster than Level 1. AC Level 2 re-
quires specialized charging equipment, called electric vehicle supply equipment (EVSE), and a dedicated
208/240 volt circuit similar to a clothes dryer. While the 120 volt portable charge cord is often supplied
with the vehicle, the vehicle owner would need to purchase the EVSE required for AC Level 2 charging.
There are variations on how the EVSE can be wired to the circuit, including a direct hard wire or a pig-tail
cord and plug connection that can be plugged into a NEMA 208/240 volt outlet for ease in future reloca-
tions. In either case, the unit is expected to be secured as a stationary device while charging the vehicle.
Installation costs alone can vary greatly depending on the cable run length, trenching requirements, and
power panel capacity but typically range from $300 to $2,000. Most auto dealers will have a preferred
EVSE vendor and electrical contractor, but customers can also opt to call their own preferred electrician.
Note that in some cases, an upgrade to the home’s power panel or the utility’s distribution service (i.e.,
the amount of power available to the home) may be required for the addition of higher power vehicle
charging loads. Be sure to contact the utility provider to inform them of the new load and inquire into
whether a power service review is necessary. An electrician should also notify a homeowner to contact
the utility if it's determined that the home’s power panel must be upgraded to allow for another circuit. If
an electrical service upgrade is needed inside or outside the residence, installation costs can be signifi-
cantly higher.

Resources for Installation Recommendations and Best Practices:

Electric Rates + Advanced Energy’s Charging Station Installation Handbook
Many utilities offer a reduced rate for for Electrical Contractors

off-peak charging. Check with the local www.advancedenergy.org/transportation/resources

utility provider to see if a residential

time of use rate or load control incen- » Clean Cities Plug-In Electric Vehicle Handbook for Electrical
tive might be available. Contractors

www.afdc.energy.gov/publications

» DOE/Alternative Fuel Data Center — Infrastructure
www.afdc.energy.gov/fuels/electricity_infrastructure.html

* EDTA/Go Electric Drive — Home Charging
www.goelectricdrive.com/index.php/home-charging
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Multi-Family Homes

Multi-unit dwellings (also known as multi-family residences) are a classification of residential housing
where multiple housing units are contained within one building, or several buildings within a complex,
such as town homes or apartment buildings. Some multi-unit residences may contain condominiums
where one or more units are owned individually rather than rented or leased from a single building owner.
Common charging station installation challenges for multi-family homes:

Parking Location
Multi-family residential parking scenarios can vary greatly, from private garages, carports, and driveways
to on-street parking, parking lots, and decks. To identify the best-fit installation location:
» Assess the available vehicle charging options
» Consider the planned parking scenario and time of use
« If the parking space can be dedicated to the PEV owner allowing for long period charge times,
than a low power AC Level 2 or a Level 1 may be preferred.
« If the space is meant to be used by multiple tenant putting pressure on throughput, then a higher
power charging level would be preferred.

Utility Access
In addition to the information provided in the Single Family Homes “Utility Access” section, the following
clarifications would apply for multi-family unit dwellings. One difference is that installation costs will likely
be higher due to the complexity and differences of where people park, live, and have access to electricity
along with the higher likelihood of special construction needs such as trenching and paving. Another com-
plexity, as outlined later, is that electricity metering and its access point is much more complicated. Even if
120 volt outlets exist in the common grounds, it is still highly recommended to have these evaluated by an
electrician to ensure integrity and capacity, and to review with the building manager to ensure that use is
allowed and it does not cause a pedestrian tripping hazard. As before, it is important to:

* ldentify the owner of the power supply

» Develop an agreement that allows for the supply to be used

If the user does not own the parking location or power supply, it is important to gain approval from all ap-
plicable groups, such as property/building owner and/or home owner associations, prior to any installation
work.

Electrical Metering

The question of who pays for the electricity used for vehicle charging and how it is paid can be very
complex. There are several different methods for metering electricity use in multi-family residences and
determining the amount of electricity used per vehicle can be challenging.

Residential Metering: Each tenant’s electricity is metered by a dedicated electrical meter. Often the me-
ters are grouped together in one location to make meter reading easier for the electric utility. Residential
metering may make it easier to navigate the complexities of charging station installations at multi-unit
dwellings; however, this is not always the case. It may not be cost feasible to route the electricity supply-
ing your charging station through your dedicated electric meter.

Master or Group Metering: A single meter that measures electricity usage for an entire building or area
without distinguishing amongst the included areas/units. In this metering scenario, it will be difficult to
determine the electrical consumption for a single tenant’s charging station.

Common Area Metering: A meter that measures the electricity usage in common areas, such as parking
lots, laundry rooms and pool areas. It may be more cost feasible to connect a charging station to a com-
mon area meter, but as with master or group metering, it will be difficult to determine the electrical con-
sumption for a single tenant’s charging station.
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With any of these metering cases, it is very important to consult with both your building or property owner
and your electric utility to determine the best metering option for your charging station. In some instances,
residential electrical loads can be sub-metered to capture usage and facilitate proper allocation of charg-

es and billing; however, sub-metering in this manner is not always permitted.

Third-Party Approvals

If the residence is governed by a Property Manager or Home Owners Association (HOA), it is recom-
mended that they become involved early in the process to decide which changes can and cannot be
made to the property. Come prepared to discuss the benefits of PEVs and how they can benefit the
community and environment. Also, check your state’s laws and civil codes for information about install-
ing charging stations. (For example, California Senate Bill 880, which went into effect in January 2012,
restricts a home owners association’s ability to prohibit the installation of charging stations. However, this
does not mean that associations cannot control or regulate installations.)

Cost Allocation

In situations where your parking location is owned by another party (e.g., building owner), it is important to
decide in advance who will pay for the charging station equipment and installation. There are many pay-
per-use features and models that can help support cost-recovery of installation, operation and equipment
charges. Additionally, non-permanent installations (i.e. plug-mounted stations) can be easily removed

and relocated when the residence or parking scenario changes. Discuss options with the parking facility
manager and select a scenario that best fits the individual parking situation.

Electric Rates

Many utilities offer a reduced rate for off-peak charging. Depending on the building’s meter set-up an ad-
ditional meter installation and specific rate selection rate may also apply. Check with the local utility to see
if a time of use rate or demand response incentive is available.

Resources for Installation Recommendations and Best Practices:
» Advanced Energy’s Charging Station Installation Handbook for Electrical Contractors
www.advancedenergy.org/transportation/resources

» Clean Cities Plug-In Electric Vehicle Handbook for Electrical Contractors
www.afdc.energy.gov/publications

* PEV Ready Policy Checklist for HOAs, Owners and Management, Drive Clean California
www.driveclean.ca.gov

» Ready, Set Charge California: A Guide to EV-Ready Communities
www.baclimate.org
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Employee Workplace Charging
As employees begin to adopt PEV technologies, employers will be asked to provide workplace vehicle
charging opportunities. In these instances, employers will need to:

» Consider the full anticipated charging need;

» Select the appropriate installation locations and equipment; and

» Develop an employee charging policy and procedure.

Common charging station installation challenges for workplace charging include:

Parking Location
Workplace parking scenarios can vary from on-street parking to expansive parking lots and/or multi-level
decks. To identify the best-fit installation location:

» Assess the available vehicle charging options

» Consider the planned parking scenario and time-of-use

Utility Access

In addition to the information provided in the Single Family Homes “Utility Access” section, the following
clarification would apply for employee workplace scenarios. The difference is that installation costs will be
higher due to the higher likelihood of special construction needs such as trenching and paving in a com-
mercial environment. As with the Single Family Home scenario, workplaces may have existing 120 volt
outlets however it is recommended that these be fully evaluated prior to use. An electrician should verify
that the outlet is dedicated and the outlet is robust enough for its new anticipated use, and the employer
will need to verify use is allowed by employees and that it does not cause a pedestrian tripping hazard.
This is important since most existing 120 volt outlets are for occasional lighting or landscaping use and
are not designed with plug-in vehicle use in mind.

In some cases, an upgrade to the existing electrical service may be required for the addition of a vehicle
charging load. Work with the company’s facilities manager to determine the building’s electrical capacity.
If an electrical service upgrade is needed, installation costs can be significant.

Policy and Procedures
Employers offering workplace charging also need to consider employee parking policies and procedures.
Some common questions regarding workplace charging are:
» Will there be parking restrictions? If so, how will they be enforced?
» Will users require a parking permit or pay a charging fee? If so, how will the fee be collected or
permit assigned?
» Will vehicle charging be viewed as an employee benefit? If so, what are the implications (employee
equity, tax reporting)?

Electric Rates
Check with the local utility provider to see if a special commercial time of use rate or demand response
incentive is available. Many utilities offer a reduced rate for off-peak charging. Restricting vehicle charg-
ing to off-peak times may keep electricity costs low although will also limit access by employees during
certain time periods.

Resources for Installation Recommendations and Best Practices:
» Advanced Energy’s Charging Station Installation Handbook for Electrical Contractors
www.advancedenergy.org/transportation/resources

» Clean Cities Plug-In Electric Vehicle Handbook for Electrical Contractors
www.afdc.energy.gov/publications

» EDTA/Go Electric Drive — Workplace Charging
www.goelectricdrive.com/index.php/workplace-charging
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Fleet Charging

PEV fleets can dramatically reduce business operating costs and assist compliance with government
transportation emissions requirements. For fleet charging, determine the number of charging stations
required by estimating the size and electrical requirements of your PEV fleet over the next few years.
Common charging station installation challenges for fleet charging include:

Parking Location
To identify the best-fit installation location:
» Assess the available vehicle charging options
» Consider the planned parking scenario and time-of-use

If you are considering eventual expansion of your PEV fleet, consider adding extra electrical capacity to
support future charging station locations. It is usually less expensive to install extra electrical capacity dur-
ing initial construction than to modify the site later.

Utility Access

In most fleet applications, AC Level 2 charging is recommended for fleet charging as it can minimize fuel-
ing time, maximize vehicle utilization, and efficiently make use of charging infrastructure. Typically this
would require a 208/240 volt, 40 amp circuit for each charging station. A single DC fast charger might also
suffice in the right vehicle applications where vehicles are simply rotated through the unit to keep fully
charged. On the other end, Level 1 charging or low power AC Level 2 charging may work in certain fleet
situations where the vehicles can achieve their limited fixed routes within a full charge on a daily basis
and then have sufficient time to recharge overnight. In all cases, sites should be evaluated for existing
power capacity and proximity to the nearest electrical supply panel.

In some cases, an upgrade to the existing electrical service may be required for the addition of a vehicle
charging load. Work with the company’s facilities manager to determine the building’s electrical capacity.
If an electrical service upgrade is needed, installation costs can be significant.

Electric Rates

Check with the local utility provider to see if a commercial time of use rate or load control incentive is
available. Many utilities offer a reduced rate for off-peak charging. Restricting vehicle charging to off-peak
times may help keep utility costs low.

Resources for Installation Recommendations and Best Practices:
» Advanced Energy’s Charging Station Installation Handbook for Electrical Contractors
www.advancedenergy.org/transportation/resources

» Clean Cities Plug-In Electric Vehicle Handbook for Electrical Contractors
www.afdc.energy.gov/publications

» Clean Cities Plug-In Electric Vehicle Handbook for Fleet Managers

www.afdc.energy.gov/publications/

» EDTA/Go Electric Drive — Fleet Charging
www.goelectricdrive.com/index.php/fleet -charging

* Electrification Coalition - Fleet Electrification Roadmap
www.electrificationcoalition.org/policy
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Public Charging

Charging availability at retail locations allows users to charge while they shop, dine, or are just in need of
a quick charge. Availability of vehicle charging opportunities at such locations may increase customer vis-
its and lengthen their time of stay. Municipalities may also provide greater benefit to citizens by installing
infrastructure in locations where private parking is not located nearby, such as museums, parks, libraries
and other high-traffic areas. Common charging station installation challenges for public charging include:

Parking Location
Public parking scenarios can vary from on-street parking to parking lots and decks. To identify the best-fit
installation location:

» Assess the available vehicle charging options

 Consider the planned parking scenario and time-of-use

Utility Access

AC Level 2 charging, or above, is recommended for public charging applications. Sites should be evalu-
ated for existing power capacity within the nearest panel as well as at the supplying transformer. Many lo-
cations, including parking decks, may have limited capacity beyond one or two charging stations. Planned
parking locations and those under construction will greatly benefit by planning for excess power capacity
and laying conduit for future charging infrastructure.

In some cases, an upgrade to the existing electrical service may be required for the addition of a vehicle
charging load. Work with the site facilities manager to determine the building’s electrical capacity. If an
electrical service upgrade is needed, installation costs can be significant.

AC Level 1 charging might also be considered for public charging applications where the customer’s ve-
hicles may be parked for extended periods of time. This is often the case for commercial hotels, airports,
and park and rides of any type where vehicles are typically parked the entire day or overnight. By utilizing
AC Level 1 in these cases, the same electrical requirements will be able to often serve twice the number
of vehicles as an AC Level 2 installation. This helps to reduce installation and equipment cost while also
providing for a doubling of the vehicles and spaces that can be used for vehicle charging.

Policy and Procedures
Retailers and commercial offices that offer vehicle charging opportunities need to also consider customer
parking policies and procedures. Some common questions regarding commercial public charging are:

» Will charging locations be reserved for PEV parking only? If so, how will this be enforced?

» Should PEV charging spaces be given a prime location or will that drive up cost and potentially

upset traditional customers?
» Will there be parking restrictions? If so, how will they be enforced?
» Will customers pay a fee or require a permit for parking? If so, how will the fee be collected?

Electric Rates

Business owners and municipalities should check with their local utility provider to see if a commercial
time of use rate or demand response incentive is available. Many utilities offer a reduced rate for off-peak
charging and restricting charge time accordingly may save money, although will also reduce availability to

the public. . . .
Resources for Installation Recommendations and Best Practices:

* Plugging In: A Stakeholder Investment Guide for Public Electric Vehicle Charging Infrastructure
WWW.rmi.org/pgr_resources

* Advanced Energy’s Community Planning Guide for Plug-in Electric Vehiclesntractors
www.advancedenergy.org/transportation/resources

For additional resources, see boxes on pgs. 56-60
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Charging Infrastructure Installation Costs

The cost to install electric vehicle charging infrastructure can vary greatly depending on many factors.
Costs can also be unique to regions of the country due to differences in labor rates, housing construc-
tion standards, local codes and how electricity service is planned based on typical load requirements. In
order to provide a rough estimate that homeowners or commercial host sites can expect to pay to install
a charging station, the working group solicited real world cost data from stakeholders that have deployed
charging stations within North Carolina.

Residential

For a vehicle owner seeking to utilize AC Level 1 charging, in many cases there may be no additional
costs if a dedicated outlet is available within reach of the desired parking space. For those that need to
install a new outlet or upgrade a 120 volt circuit, an electrician might charge $200 to $500 dollars depend-
ing on the specifics and assuming no abnormal construction is required. For those installing a residential
AC Level 2 unit on a 240 volt circuit, the typical cost in NC ranges between $750 and $1,500 assuming
no power panel upgrades are necessary. The average AC Level 2 EVSE installation cost (excluding the
charging station itself) based on more than 100 residential installations in NC (see below).

Residential Install Average Install Cost
Wall Mount $1,098

Pedestal Mount N/A

Insufficient electrical infrastructure and long distances from the panel to EVSE location (which determine
length of conduit run and length of conductor) will increase installation costs. If sufficient supply infrastruc-
ture is not in place, costs could range upwards of $1,500 to $3,000.

Commercial

The cost of installing a commercial AC Level 2 charging unit for use by the public, employees, or fleet
vehicles is typically between $1,500 and $5,000. Based on data collected by the working group for a num-
ber of commercial installs in the state of NC, the average cost is approximately $2,000 for a wall mount,
~$3,000 for a single pedestal unit, and ~$4,000 for a dual cord pedestal unit. Note that there is a large
range in these costs and they are very specific to the power supply and location of a given site.

Below is the typical installation costs and installation options for various unit types provided by regional
commercial unit installers. Note this data set includes both costs of actual installations as well as esti-
mates.

Table 7. Typical Installation Costs and Installation Options (EVSE not included)

Commercial Install Station Count! Avg Install Cost (per unit) Avg Install Cost (per cord)
Wall Mount 21 $2,109 $2,109
Pedestal Mount 71 $2,875 $2,875
Dual Pedestal Mount 10 $4,129 $2,064
Wheel Stops (each) $250
Bollards (each) $500
Engineering (per sta- $1,000
tion)?

Notes:

*Number of installations estimated or performed of this type

2Assumes site specific engineering drawings are available
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Installation Cost Drivers

Types of Units (Intelligent versus Non-intelligent)

The types of AC Level 2 commercial units typically installed include intelligent and non-intelligent units as
well as single and dual mounted units.

Non-intelligent AC Level 2 charging stations simply charge a vehicle and only communicate with the
electric vehicle itself. Intelligent EVSE units inherently have to communicate usage and status data either
through cellular networks, wi-fi, or hard wired data lines connected to a buildings network. For hard wired
installations, installers must run conduit for data lines, pull CAT5 cable, and perform terminations. For
wi-fi and cellular based communication, sometimes a repeater may have to be installed — especially in

a basement parking garage. Additionally intelligent EVSE units communicate with either premise based
software or web based software. Installation or configuration of this software adds additional cost. For
most web based systems, there are also the subscription costs or credit card fees.

Types of Installations (Wall versus Pedestal / Single versus Dual)

Commercial units are typically installed using pedestal mounts or wall. Wall mount units have fewer parts
and require less metal than pedestal mount units. Wall mount installations are typically less expensive
because installers do not have to trench or bore underground, remove and replace concrete structures or
contend with other obstacles such as buried irrigation lines, communication lines, etc. Pedestal mounts
also require installers to pour a concrete base which also adds cost. Additional cost considerations in-
clude landscaping and pavement/sidewalk repair.

For a dual mount installation, installers typically have to use larger conduit, double the number of conduc-
tors, multiple circuit breakers in the panel, etc.

Other factors that may influence the cost of installation include:
* Ventilation requirements
» Capacity and location of electricity service supply
 Lighting and shelter needs
» Surge protection requirements
» Permit fees (vary widely)

Cost Reduction Opportunities

Installation costs are driven primarily by the need for trenching, concrete work and signage requirements.
Installers typically see lower cost installations when the electric panel is located very close to the charging
station install site or when conduit can be run on the outside walls. If a property owner is flexible on the
exact parking space or location on a specific site, then installers can usually help them find a relatively
lower cost place to install a unit.

To minimize charging station installation costs, property owners should consider the following.

» For new construction, plan for a dedicated breaker in the electric panel for a 240 volt charging sta-
tion and pre-install conduit for future EVSEs installations. Consider additional panel capacity and
conduit runs for additional station installations in the future.

« If future upgrades are anticipated (e.g., upgrading from a non-intelligent unit to an intelligent unit)
proactively run data lines during the original installation of the non-intelligent unit to prevent having
to run data lines during the upgrade.

» Consider multiple cord set designs which only require one pedestal mount. In addition, a station
may be placed between two parking spaces to allow greater flexibility in parking.

 Locate the charging station as close to the existing electric panel as possible.

* Plan to run conduit on the outside of the wall cavity to minimize any fishing of the wiring through the
walls.

* Install a wall mount unit to minimize any concrete work. When trenching is necessary, try to utilize
landscaping areas to avoid cutting hard surfaces.
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To decrease the amount of time it takes from the start of an installation to the finish, property owners
should consider the following.
» Be clear on the location of the charging station from the very beginning and do not change the loca-
tion.
» Know whether a charging station with Point of Sale capabilities will be needed so that the correct
unit type can be installed.
» Have the installer apply for the permit at the time the assessment is complete since it may take
anywhere from a couple of days to a few weeks receive the permit.
» Ensure the installer has a valid business license in the jurisdictions where the work is being per-
formed prior to the assessment.
* Ensure that installer has the inventory on hand for the install.
* Request that the inspector perform the inspection on the same day as the install (if needed).
» Be available to provide access to the facility where the installation is to occur or the electrical rooms
which house the associated panels.

DC Level 2 Fast Chargers

DC Level 2 fast chargers can charge a typical electric vehicle 80% in approximately 30 minutes or less.
These stations usually require three phase service at either 208 or 480 volts. Because of the type of
power needed to operate a DC fast charger, few locations currently have infrastructure that is appropriate-
ly sized to support the operation of such a unit. Installation costs for a DC fast charger are primarily driven
by the need for electric service upgrades, larger conductors, additional transformers and larger circuit
breakers. The need for trenching, concrete work and signage also adds additional costs.

There is no available data on the cost to install DC Fast Chargers in the North Carolina region, although
costs will vary greatly depending on the specific site just like any commercial installation. Based on the
sufficiency of the site’s existing infrastructure and electric service as well as the size of the DC Fast Char-
ger to be installed, the installation costs could be more than $75,000 for a 200 kW unit used to charge
electric buses, to a little as $15,000 for a smaller 40 kW unit used to charge passenger vehicles at a rest
stop.

Because installation costs of DC Fast Chargers vary so greatly and there is so little experience in installa-
tion of these units, there is no regional average cost to offer at this time.

Charging Infrastructure Selection Guide

There are many quality resources related to the actual installation process for charging infrastructure;
however the working group noted there was little to guide host sites or vehicle owners in the decision
process of what type of charging station to install. This includes which power level (AC Level 1, AC Level
2, DC Fast Charging) is best suited to the application but also how many and what features should be
considered. The working group developed the following “flow charts” to guide this decision making pro-
cess for the following scenarios:

* Residential

« Commercial retail site owners

» Workplace charging for employees
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Is your average daily roundtrip
commute /ess than 40 miles
AND
is your vehicle typically
available to charge at home for
at least 10-12 hours?

YES

NO

YES

EVSE Decision Tree for
Residential Site Owner

Do you have
reliable access to
cost effective
charging at a place
of work?

Do you drive a plug-in hybrid or
have access to another vehicle

BEV: Recommend an AC Level 2
(240 V) charging station at your
home

not limited by battery range if you
normally drive a BEV?

YES

-

Is there a 120 V outlet available

within 25 feet of your home
parking space®?

YES

Is the circuit dedicated and can it
handle the additional expected
load? (Have an electrician assess
the circuit and load capability.)

|
NO
NO

installing an AC Level 2 (240 V)
charging station and compare
against anticipated benefit of

increased electric mileage
utilization. If not justified, proceed
with Level 1(110 V) charging.

PHEV/EREV: Although not
required, assess the cost of

charging station for 240 V charging.
Great! You should be fine with

charging at AC Level 1 (110 V) with

YES

Figure 19 Decision Tree for Residential Site Owner

Have an electrician determine the cost
of running a dedicated circuit to
provide either 120 volt 20 amp
receptacle or alternatively to power a
Level 2 (240V) charging station.
Although you may not need the faster
charging rate, labor costs for 110 V
and 240 V infrastructure may be
comparable; you would, however be
required to purchase a Level 2
\ the manufacturer-provided cord set.
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Does your company or
business have the authority/
permission to add
infrastructure to the parking
site of interest?

YES

h 4

Do you have a desire to offer fast
charging? (e.g., full charge in less |
than 1 hours)

NO

!

Do you intend to charge
fees for use of charging
infrastructure?

NO

i

Do you have other needs to
track and report vehicle
charging?

NO

y

Do you have a need to control
access to the charging
infrastructure?

EVSE Decision Tree for

Site Owner

Prior to proceeding,
engage the parking
facility owner in
charging infrastructure
decision making

Have an electrician determine the cost of running
the necessary circuits to provide 480 volt service to
your parking facility,

You will need to purchase a DC fast charger unit.

Commerical/Retail
NO
——YES — ><
YES

Have an electrician determine the cost of running
dedicated circuits to provide to power Level 2
{240V) charging stations.

Consider purchasing networked Level 2 charging
stations with POS capabilities

YES

Have an electrician determine the cost of running
dedicated circuits to provide to power Level 2
(240V) charging stations.

Consider purchasing networked Level 2 charging
stations that have usage tracking and reporting
functionality.

YES

Have an electrician determine the cost of running
dedicated circuits to provide power to the Level 2
(240V) charging stations.

Consider purchasing networked Level 2 charging
stations with RFID or a key pad for access control

NO

{
<
<

Have an electrician determine the cost of running

dedicated circuits to provide either a bank of 120

volt 20 amp receptacles or alternatively to power
Level 2 (240V) charging stations.

Although you may not need the faster charging
rate, labor costs for 110 V and 240 V infrastructure
may be comparable; you would, however be
required to purchase Level 2 charging stations for
240 V charging.

— T N~ N

MOTE: This tool assumes that the site owner has performed any appropriate research need to determine that adding vehicle charging is an appropriate

investrment for his site

Figure 20 Decision Tree for Commercial/Retail Site Owner

NC PEV ROADMAP: INFRASTRUCTURE

67



EVSE Decision Tree for
Workplace Charging

Does your company have the
authority/permission to add
infrastructure to the parking site
of interest?

YES

h 4
Do you intend to charge per-use
fees for use of charging
infrastructure? (as opposed to a
flat fee or no fee)

NO
‘ v
Do your intend to charge flat fees
(e.g., monthly) for vehicle charging
and have a need to control access

to the charging units? TYES.
NO
v YES

'/.4’
Do you have other needs for access |~

control to the charging units?

NO

v

Will fee-free vehicle charging be a
taxable employee benefit AND will
employee usage need to be tracked?

E

|
NO
v

Do you have other needs to track and
report vehicle charging?

Ty
Y

NO

S
ES

NO

Prior to proceeding,
engage the parking
facility owner in
charging infrastructure
decision making

—Y ES%

Have an electrician determine the cost of running
dedicated circuits to provide to power Level 2
(240V) charging stations.

Caonsider purchasing networked Level 2 charging
stations with POS capabilities

Have an electrician determine the cost of running
dedicated circuits to provide to power Level 2
(240V) charging stations.

Consider purchasing networked Level 2 charging
stations with RFID or a key pad for access control

Have an electrician determine the cost of running
dedicated circuits to provide to power Level 2
(240V) charging stations.

Consider purchasing networked Level 2 charging
stations that have usage tracking and reporting
functionality.

I
<

Have an electrician determine the cost of running

dedicated circuits to provide either a bank of 120

volt 20 amp receptacles or alternatively to power
Level 2 (240V) charging stations.

Although you may not need the faster charging
rate, labor costs for 110 V and 240 V infrastructure
may be comparable; you would, however be
required to purchase Level 2 charging stations for
240 V charging.

>
)
)
>

NOTE: This tool assumes that the site owner has perfoermed any appropriate research need to determine that adding vehicle charging is an appropriate

Figure 21 Decision Tree for Workplace Charging by Employees
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Existing Charging Infrastructure Locations and Programs

Charging Infrastructure Survey

North Carolina is one of the top ten states in the country with respect to the number of electric vehicle
charging stations deployed today. It has been able to achieve this level despite not being a part of the
large national deployment programs thanks to the hard work and dedication of organizations within the
state and financial assistance from local, state, and the federal government. Because of the “ground up”
approach of the infrastructure build out by many entities and the constant additions, it is very difficult to
provide a truly accurate count of stations at any point in time. To ascertain the best count, the working
group queried the Department of Energy’s Alternative Fuels Data Center (AFDC) station database as well
as crosschecking against statewide and community level surveys. The table below provides the results for
non-residential charging stations, both private and public in North Carolina as of 11/12/2012. We believe
this number to be undercounting the actual number of stations as many stations may not have been up-
loaded yet into the AFDC database and may have been overlooked by the working group.

Table 8. Non-Residential Electric Vehicle Charging Sites and Stations in North
Carolina

Sites AC Level1 ACLevel1l DC Fast Charging Total Charging Ports/
Cords

Private
Public
Total

Note that private stations listed in the table above may include fleet stations used by fleet entities, work-
place charging reserved for employees, multifamily dwelling units reserved for tenants, retail stations
reserved for paying customers (e.g., a hotel) or charging stations at dealerships for their private use. Due
to the difficulty in discerning these different applications from the AFDC database and community surveys,
the team is not able to accurately separate out the numbers into more specific categories. Public infra-
structure is self explanatory in that the station may be owned and operated by a third party for the use
and benefit of vehicles owned by the public. A significant number of the listed public stations are owned
by Nissan dealers as part of their effort to support the marketplace for BEVs.

Figure 22 depicts Piecmant Trisd Region
the site locations for T ; :
public and private
charging infrastruc-
ture across the state
of North Carolina.
The size of the dots is
relative to the num-
ber of stations in a Research Triangle Region
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Figure 22 Map of Public and Private Charging Stations in NC
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Another informative way to look
at public charging stations is to
compare the access to public
charging against the current PEV
adoption densities per county.
This style of map can help to
identify where the level of public
infrastructure is on par with the
level of adoption and where it is
lacking.

Figure 23 highlights that some
regions with high PEV adoption
such as Charlotte, the Triangle,
and Asheville have a good num-
ber of public charging stations,
while others like the Cape Fear
coastal region and the Triad
might not be keeping up with ve-
hicle adoption. It also highlights
significant gaps in between major
metropolitan regions and in rural
areas.

Residential charging station num-
bers and types are not reported
or captured in a way to provide a
full and accurate count. Although
the investor owned utilities
operating in the state of NC are
participating in a voluntary notifi-
cation system set up by some of
the automakers, the information
provided is not complete nor is it
comprehensive enough to pro-
vide an accurate statewide count.
It can be assumed however that
for every vehicle registered in the
state, there is a dedicated charg-
ing solution at the residence.
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Figure 23 Map of Existing Private Charging Locations in NC (as of 8/20/12)
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Figure 24 Map of Existing Public Charging Locations and PEV Adoption Densities in NC

The NC PEV Task Force Vehicle Working Group determined in August of 2012 through a DMV query
that there were 719 high speed, plug-in electric vehicles registered in NC. So it can be inferred that there
are approximately 719 dedicated residential or possible fleet charging stations to support these vehicles.
What is not known is whether these stations are simply an AC Level 1, 120 volt outlet in the home or an
AC Level 2 dedicated charging station. Since residential stations, as well as most private fleet stations,
are not likely to be listed in the AFDC database, the total count of all types of charging stations to support
the market in NC was likely greater than 1,250 as of August 2012.
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Charging Infrastructure Deployment Programs

As mentioned previously, several entities within the state have been instrumental in supporting the de-
ployment of charging infrastructure over the past few years to support the adoption of PEVs. The follow-
ing is a summary of just a few of the larger projects and is not meant to be a comprehensive list.

» Carolinas Blue Sky Green Jobs Initiative: Through a DOE grant secured by Triangle Clean Cit-
ies Coalition and managed by Advanced Energy, 24 AC Level-2 charging stations were installed
across 3 unique workplace locations throughout the Research Triangle Park area.

* NC State Energy Office SepAltFuels Grant: Advanced Energy also secured and managed a grant
supporting the deployment of 12 AC Level 2 public charging stations in the Asheville area

* Plugged-in Project: Progress Energy Carolinas, under a DOE Smart Grid grant, helped deploy
150 residential and over 40 public access charging stations with utility customers throughout the
Carolinas in 2012. Information gathered from the deployment and through data loggers in the sta-
tions will assist the utility in preparing the grid for future widespread adoption of plug-in vehicles.

» Charge Carolinas! Project: Duke Energy Carolinas, under a DOE Smart Grid grant, helped deploy
150 residential smart charging stations with utility customers throughout the Carolinas. Informa-
tion gathered from the deployment and through data loggers in the stations will assist the utility in
preparing the grid for future widespread adoption of plug-in vehicles.

Charging Infrastructure Incentives

A federal tax credit under section 30C that previously provided a significant credit of 30 percent of the
installation value for residential and commercial electric vehicle charging infrastructure installation expired
at the end of 2011. Although incentives exist at the state level for biofuel refueling infrastructure, there is
no current financial incentive for electric vehicle charging infrastructure. At the time of this report, both

the Progress Energy Carolinas and Duke Energy Carolinas programs that covered the cost of stations
included as part of their load research projects are at capacity and closed to new participants. A more
detailed discussion of incentives is covered in the related Statewide Roadmap section.

Charging Infrastructure Locating Tools

As previously mentioned, the Alternative Fuels Data Center database is considered the best national
clearinghouse to find public, and to a lesser extent private, charging station locations. All commercial
entities that deploy charging infrastructure for public or for private use are highly encouraged to visit the
website and log their station location and data. The website also provides a locator mapping tool for
drivers and additional resources, although there are many other third-party applications that drivers can
also utilize on a smart phone or through their vehicle interface. Most third-parties seek to populate their
own database through a variety of means, although the DOE’s website is almost always one of those key
sources.

Future Charging Infrastructure Needs and Estimates

For help with better understanding the needs of a more fully developed plug-in electric vehicle market, the
infrastructure working group consulted with the Electric Power Research Institute (EPRI). The research
organization has been working on modeling to predict not only the potential market adoption rate of plug-
in vehicles but also the necessary ratio of charging infrastructure to provide adequate charging access.
EPRI’s national modeling on the ratio of charging stations to vehicles was then applied to the state spe-
cific adoption rate of plug-in vehicles through 2030 to provide a rough estimate of the minimum quantity of
residential, workplace, and public infrastructure to support the projected vehicle market.
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Methodology

EPRI’'s modeling on workplace and public charging was based on real world driving pattern data from
non-plug in vehicles and included several scenarios including 1) vehicles charging at work and public
whenever they have access and remaining in the spot even after charged, 2) vehicle only charging if it
provides additional electric miles beyond what is provided by residential charging, and 3) a shared model
in which vehicles are optimally rotated through a charging station whenever one is complete. For the pur-
pose of this analysis, the team focused on scenario #2 to provide a middle of the road ratio for the neces-
sary charging infrastructure that would provide value to PEVs beyond residential charging.

The result of charging scenario #2 is provided in Figure 25. Note that the results are expressed in charg-
ing units per vehicle in the marketplace. The x axis provides different categories including a BEV with a
range of 100 miles, a plug-in hybrid with a 40 mile range, and a plug-in hybrid with only 10 miles of range.
For each vehicle category, a ratio was calculated for both workplace and commercial (aka public) charg-
ing locations across all vehicle classes. Finally, within each estimate the ratio is further defined as either
AC Level 1 or AC Level 2 depending on the charging level necessary to provide additional electric miles in
the likely vehicle dwell times.
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tion benefit to the driver, so it does
not reflect the psychological benefit of
public charging access for BEV driv-
ers. It also highly weights the fact that plug-in hybrid vehicles can achieve greater electric mile utilization
through public and workplace charging, and thus the ratio of charging infrastructure per PHEV is much
greater than a BEV. This relationship may be counterintuitive to some who believe that public charging
access is actually only required and driven by pure electric vehicles and their defined battery powered
range. This analysis highlights that while public charging provides a vital security service for a BEV in
those rare times the battery range is tested, it also provides a valuable service to plug-in hybrids (PHEV
and EREV) as well.

Figure 25 Ratio of Workplace and Public AC Charging Stations to PEVs
Source: EPRI

EPRI also conducted a similar analysis examining DC Fast Charging needs and benefits to serve only
the BEV market. Figure 26 displays the ratio results of the number of DC Level 2 fast chargers per 1,000
battery electric vehicles. While such a charger may the default solution for unique situations such a city
apartment resident, it is more likely to be used in rare times when the battery range is tested for long or
unplanned trips. The analysis included two alternative charging scenarios: 1) the BEV can utilize previ-
ously modeled AC Level 2 workplace and public charging stations and 2) the BEV would only utilize home
charging outside of the occasional DC Fast Charge. There were also three vehicle scenarios: 1) a BEV
owner would make any proposed trip regardless of the number of DC Fast Charges required, 2) a BEV
owner would only make trips that require up to 1 DC Fast Charge due to practical time constraints, and

3) incorporating the possibility of BEV owners also having another non-BEV option for longer trips. The
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results show that when additional non-home charging opportunities and vehicle choices are available, the
number of necessary DC Fast Charging stations per BEV decreases. Severall the model highlights that a
relatively small number of DC Fast Chargers, 1 to 5 per 1,000 BEVs, is sufficient to support the occasional
quick refueling needs of battery electric vehicles.

The ratios of all types of charging stations 6

are then to be applied against an estimate
of the number of plug-in vehicles to be

in a region or the state at a certain year.
This estimate is derived from a different
EPRI model and is explained in more
detall in the NC PEV Task Force Vehicle
Working Group paper.
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Figure 26 Ratio of DC Level 2 Fast Chargers to BEVs
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Figure 27 Projected Cumulative Plug-in Vehicle Adoption in NC

Source: EPRI

For private residential and fleet stations, the team assumed that every PEV also had a dedicated charg-
ing station at home or a fleet depot. PHEV10 were assigned a Level 1 outlet, BEVs were assigned an

AC Level 2 station, while PHEV40s were split evenly between the two. These assignments were made

to simplify the analysis and are based at a high level on the charging rate need versus the likely battery
charge required for each vehicle class. Additional real world data is required to better gauge the customer
desires and vehicle requirements to determine how the actual charging rate preference will play out.
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It should also be emphasized that the preceding public and workplace ratio analysis assumed three basic
classes of PEVs with battery sizes ranging from 10 to 100 miles of range. Battery technology is expected
to make significant gains in terms of cost and energy density over the next two decades, so it is possible
that the average range of any class of plug-in vehicles could be much more than the current generation
of vehicles. As an example, the Tesla Model “S” currently offers vehicles with an EPA rated range of up to
265 miles albeit at a price premium. If such ranges become affordable and common, then the desired ra-
tio of public and workplace charging stations that would provide value (added range) above home charg-
ing would be lower.

Results

Figure 28 depicts the estimated number of workplace charging stations necessary to support the pre-
dicted PEV marketplace (EPRI medium scenario) through 2030. Note that the results indicate a high
percentage of stations can be Level 1 to satisfy workplace charging needs. This is driven by the fact that
many of the vehicles charging at a workplace are parked for a long period — normally 7-9 hours. The long
dwell periods provide plenty of time to supply the necessary charge to replenish most commutes under 30
miles even at the lower power of Level 1. In practical terms however, the actual installation cost is often
very comparable between a new Level 1 and Level 2 charging station and a host may opt for the higher
power level provided they don’t mind spending more for the EVSE itself and incremental demand charges
are not a concern or can be managed. It should just be noted that it may not provide significantly greater
value in terms of electric mile utilization for the vehicles using the stations. Impact to the premise’s elec-
tricity demand charges may also play a role in selecting a lower power level.
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Figure 28 Estimated Number of Workplace Charging Stations in NC Through 2030
Source: EPRI
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Figure 29 depicts the estimated =
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AC charging stations necessary
to support the estimated PEV mar- .00
ketplace (EPRI medium scenario)
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dition, the installation cost would Figure 29 Estimated Number of Public AC Charging Stations in NC Through 2030
likely be very similar between AC Source: EPRI
Level 1 and AC Level 2 (outside of the equipment itself). As such, the working group strongly encourages
that hosts and planners consider targeting a higher level AC Level 2 power (208/240 volt, ~40 amp circuit)
whenever feasible in the public use application. Some specific applications for Level 1 may still make
sense where dwell times are longer such as airport or hotel parking.
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===CHIrgIng 3t S e SUanE; REplatE VERICIE Fr Nt car hoEER ol

T DL Fast Chargng Statlons

NC PEV ROADMAP: INFRASTRUCTURE

75



Figure 31 depicts the estimated
number of dedicated “residential”
charging stations (in thousands)
necessary to support the estimated
PEV marketplace (EPRI medium
scenario) through 2030 in NC.

As outlined in the methodology
section, we assume that every
registered vehicle has a dedicated
charging station at its “home” loca-
tion and the split is even between
AC Level 1 and AC Level 2.

Although not individually broken
out, depot charging for fleet charg-
ing is also assumed to be part of
this total count.
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Mapping and Planning for Public Charging Infrastructure

Public Charging Use Cases

In order to optimally plan and forecast public charging infrastructure needs and locations, we must first

consider how public charging might be used by a PEV driver:

1. BEV Long Trip: Occasionally a BEV owner may plan to travel to a destination beyond the normal bat-
tery range and so a stop to charge along the way is required.

2. BEV Overextended: Occasionally a BEV owner may simply run too many errands, get stuck in traffic,
or have an unplanned trip which necessitates a charge to return home safely.

3. BEV Safety Net: In this case, the existence of the public stations actually enables BEV adoption de-
spite the fact they might rarely, if ever, be used for the first two cases. TEPCO electric utility in Japan
has previously documented how the addition of public infrastructure helps increase range confidence
and driving patterns despite minimal actual station use.

4. PHEV/EREV Utilization Increase: Although a plug-in hybrid can run on gasoline once the battery
is depleted, the owner will still desire to run on electricity whenever possible because it is cheaper,
cleaner, and domestically produced. With the increased availability of 10-20 electric mile range
PHEVs in the coming years, this market may seek to recharge often in public if cost effective.

5. “Because it's There”: In some cases, all types of PEVs will simply plug in because it's there and it
feels good, despite the fact they did not add any additional electric miles to what they would have
already achieved. The one benefit in this case might be in the education of potential PEV adopters
that charging infrastructure does exist and can be easily used.

The first four cases provide value driven benefits to support PEV drivers in their everyday commutes and
the overall adoption of the technology. The last scenario will also occur and care should be taken to avoid
encouraging this type of use especially when public funds are utilized as it ties up stations that could be
utilized by others. Private retailers that host charging infrastructure may have a completely different view
since their goal is simply to attract a certain type of customer regardless of whether charging provided
additional electric miles.

Public Location Considerations

When selecting a location for the installation of a charging s