County of Fairfax, Virginia

MEMORANDUM

DATE: August 18, 2011
TO: BOARD OF SUPERVISORS
FROM: David J. Molchany, Deputy County Executive%é/

SUBJECT: Transmittal of a report from the MITRE Corporation titled “Electric vehicle
charging infrastructure recommendations to Fairfax County”

Attached for the Board’s information is a report that has been prepared by the MITRE
Corporation offering recommendations to the county regarding electric vehicle charging
infrastructure, with a particular focus on opportunities associated with redevelopment in Tysons
Corner. The report was prepared pursuant to a proffered commitment in conjunction with a
rezoning application RZ 2008-PR-011/PCA 92-P-001-5.

- The proffer that resulted in this study was a commitment from MITRE to the performance of
sustainability-related work for the benefit of Fairfax County. Specifically, MITRE committed to
allocating “a minimum of 2.5 business days per quarter (up to a maximum of 10 business days
per year) to monitoring, participating in, hosting and contributing resources to a Fairfax County
approved Sustainability Program and related activities (such as these referenced in the Fairfax
County Comprehensive Plan Amendment [tem No. S07-CW-3CP adopted by the Fairfax County
Board of Supervisors on December 3, 2007, as may be amended in the future).” The
Comprehensive Plan Amendment in question established, within the Policy Plan volume, the
county’s green building policy. A variety of issues are identified in the proffer for possible
emphasis, including “energy and environmental enhancements.”

An interagency staff team under my direction worked closely with MITRE to define a scope of
effort that would satisfy the proffered commitment. This report is the first deliverable associated
with this effort; we are anticipating that MITRE will submit, by the end of this year, a second
report providing information and recommendations on flexible building design for
accommodation of energy efficiency innovations. Again, we anticipate that the focus of the
second report will be on redevelopment in Tysons Corner, but it may have broader application.
As agreed by both staff and MITRE, the report is informal in tone; we anticipate that the second
report will be similar in tone. ’

Please feel free to contact me if you have questions about this report. Thank you for your
attention.

Attachment: As Stated

cc: Planning Commission
James W. Patteson, Director, Department of Public Works and Environmental Services
Fred R. Selden, Director, Department of Planning and Zoning
Raymond E. Willis, Director, Department of Vehicle Services

Office of the County Executive

12000 Government Center Parkway, Suite 552
Fairfax, VA 22035-0066

703-324-2531, TTY 703-222-5494, Fax 703-324-3956
www.fairfaxcounty.gov






MITRE

© 2011 - The MITRE Corporation.

Electric vehicle charging
infrastructure recommendations to
Fairfax County

Task 5 of sustainability study under
Proffer #9, RZ 2008-PR-011

July 19, 2011

Approved for Public Release: 11-2916. Distribution Unlimited.



Executive Summary

Plug-in vehicles feature prominently in the vision for a livable, sustainable Tysons Corner. They
promise cleaner, quieter transportation that is less dependent on the political stability of other
parts of the world, but they come at the price of being a fundamentally different way of powering
the automobile fleet. Charging will largely be done over long periods of time at distributed
locations, rather than at particular fueling stations. As Tysons Corner evolves from a suburban
office park to an urban center, the evolution to an electric automotive fleet will affect urban
layout, building design, and utility services.

Fairfax County is attempting to determine the effects of widespread plug-in vehicle adoption on
infrastructure requirements and to determine design approaches that can be considered through
the county’s zoning process to encourage appropriate investment. MITRE, in support of the
County’s sustainability objectives, has considered the problem under Proffer #9, RZ 2008-PR-
011. This document is the result.

We present a background for plug-in vehicles, charging stations, and other estimates of plug-in
vehicle market penetration. We emphasize the impossibility of a demonstrably accurate estimate
of market penetration, the fact that vehicle charging will be done primarily at home, and that
modifications to initial parking area construction can reduce the overall cost and risk of installing
charging stations. Four primary recommendations result:

1. The County should strongly encourage developers to include the conduit infrastructure —
space, conduit banks, conduit, and access points — for relatively easy and inexpensive
installation of charging stations in the future. The County should encourage, but place less
emphasis on the full installation of electric vehicle supply equipment (EVSE) — the
transformers, switches, wiring, and charging stations themselves — at the time of initial
construction given the uncertainties surrounding electric charging station demand.

2. The fraction of parking slots for which the infrastructure should be included should represent
a fully plug-in fleet for the groups of users that would use charging infrastructure at the
facility. This means all parking spaces for a residential building (single- or multi-family).

At commercial and retail facilities, this means the fraction of vehicles that arrive from
locations geographically situated to require a charge before the return trip.

3. The County can most appropriately seed charging station supply by negotiating for the
installation of full charging stations at the lowest expected adoption rate in the near future.
Any supply seeding is best done at apartment buildings and should be limited to a maximum
of 2% of all parking spaces.

4. The County should coordinate with its peer jurisdictions to encourage charging station
manufacturers to form a standard defining the connection of the charging station to the
facility in which it is installed. The standard should define both the electrical connection and
physical mount with the purpose of making it possible to move charging stations to a new
facility relatively easily and quickly.

The objective is to prepare Tysons Corner for widespread plug-in adoption, but to do so as
inexpensively as possible so as to encourage the desired population and job growth that will
sustain Tysons Corner as a livable urban center.
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1 Introduction

MITRE fully supports Fairfax County’s sustainability objectives for Tysons Corner. As part of
Proffer #9, RZ 2008-PR-011, we are conducting an analysis of emerging building, automotive,
and energy technologies — specifically, how they may affect future Tysons Corner development
and how they can best be harnessed to aid the transformation of Tysons Corner in to a
sustainable, livable urban center.

This document concerns plug-in vehicles and plug-in vehicle charging infrastructure. It satisfies
Task 5 of the study that MITRE is performing per the aforementioned proffer commitment. The
specific components of Task 5 are:

“Describe the following as they relate to the establishment of electric vehicle
charging stations:

a. Guidance regarding the anticipated future need for electric vehicle
charging stations in Tysons Corner, including an estimate of the
number of charging facilities that may be needed in the future and
concentrations relating to broad land use categories (e.g., number of
multifamily dwelling units per charging station; office and retail
square footage per charging station)

b. Guidance regarding impacts to infrastructure in Tysons Corner that
would occur as a result of full implementation of electric vehicle
charging stations in Tysons Corner per 5.a above

c. A general overview (not site-specific details) of infrastructure
(including voltage requirements and amperage reserves) and site
design elements that would be necessary for the establishment of
electric vehicle charging stations at typical redevelopment sites in
Tysons Corner (including design accommodations that could be made
for the possible future establishment of charging stations on sites).”

MITRE’s response to this guidance is a series of building construction recommendations that
would, if implemented, lower the overall cost for future installation of a full plug-in vehicle
charging infrastructure. We show the course of reasoning from which they were derived. We
first provide some background information to set the context of the discussion. Population and .
employment forecasts for Tysons Corner are referenced. We note the various types of plug-in
vehicles, and we discuss multiple other studies that have attempted to estimate future plug-in
vehicle market penetration. An overview of the current state of charging technology concludes
the background review. From the background section, we move into the discussion of
recommendations. We make explicit our underlying assumptions and then present their
consequences on Tysons Corner charging infrastructure. Finally, we present specific
recommendations to the County.

We have excluded from this document a discussion of the effects that plug-in vehicle adoption
will have on the electrical grid in general. That analysis is best done in conjunction with the
other part of the proffer study on general energy use and system level effect.

© 2011 - The MITRE Corporation. 4



2 Background

2.1 Demographics

2.1.1 Fairfax County |
Fairfax County currenﬂy is home to more than 1 million people and 580k jobs (Fairfax, 2011).

Figure 1 shows the Mid-Atlantic area centered in Tysons Corner. The concentric rings show
driving distances (not straight-line distances) from Tysons Corner and are spaced twenty miles
apart. Each ring shows estimates of both resident population and the source of commuters into
Tysons Corner. The figure shows the data on a map. Table 1 summarizes the data.

Table 1: Total resident and Fairfax County commuter populations living within given distance
from middle of Tysons Corner

Driving distance from | Resident population Inbound Fairfax Percent of inbound
Tysons Corner (millions) commuters (x100k) Fairfax commuters
< 20 miles 3 ' 367 67%
20 — 40 miles : 54 496 91%
40 — 60 miles 8 526 97%
60 — 80 miles 9.1 539 99%
80 — 100 miles . 10.4 540 99%
> 100 miles 545 100%

Sources: Total population — US Census, 2010; Commuters — AASHTO 2011; Dr1v1ng distances
— ESRI Network Analyst.

Two points should be noted about the commuter data. First, the total number of commuters in
this table does not match the current 580k jobs because it is a result of statistical sampling done
2006 through 2008. We assume for the sake of this study, that even as the number of commuters
increases, the geographic distribution of their homes remains constant. Also, we assume that the
geographic distribution of commuters” homes is the same for Tysons as for the entirety of
Fairfax. Second, the data is a total count of workers traveling within and to Fairfax County for
work. There is no attempt to determine the frequency of those trips.

2.1.2 Plan for Tysons Corner Urban Center

Focusing more specifically on Tysons Corner itself, the 2007 Fairfax County Comprehensive
Plan, with the 2010 Tysons Corner Urban Center Amendment, plans a more livable area with a
sustainable integration of work, play, and home. The plan provides, “... a framework for growth
beyond 2030.” 17,000 people currently live in Tysons Corner, but studies upon which the
amendment are based estimate 31,000 residents in 2020 and up to 86,000 by 2050. Likewise,
there are currently 105k jobs in Tysons Corner. In 2020, a forecast suggests that this number
may be as high as 140k and by 2050, 210k. The Comprehensive Plan for Tysons Corner
indicates goals of 100,000 residents and 200,000 jobs by 2050 (George Mason, 2008).

The recommendations below are made in the context of these projections and in the context of
constructing buildings that will stand for the next forty years or more.

© 2011 - The MITRE Corporation. 5
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Figure 1: Driving distances from Tysons Corner

2.2 Battery electric and plug-in hybrid vehicles

2.2.1 M@deﬁs

We consider two types of vehicles in this document: battery electric vehicles (BEV) and plug-in
hybrid electric vehicles (PHEV). As its name implies, a BEV’s sole power source is its on-board
battery. The Nissan LEAF is the current most visible mass market BEV with a nominal range of
100 miles, although some estimates place a more realistic expected range at 80 miles. A PHEV
has both a battery and an internal combustion engine. It operates on a combination of electric
and gas or diesel power in a proportion determined by its electronic control system in response to
such factors as power demand, temperature and state of charge of the battery. During the first
portion of a trip, the battery, which has been charged from the grid prior to the trip, bears a
greater burden for moving the vehicle. When the battery charge is used down to a predetermined
level, the car automatically reverts to a "charge sustaining" mode and continues to operate just
like a non-plug-in hybrid. In this mode, the battery's electrical charge is alternately used for
propulsion and replenished by engine power (directly or through regenerative braking) and is
"sustained" in a relatively narrow range. The Chevy Volt, the currently most visible example of
a PHEV, is designed in such a way as to use only battery power (no engine power) during the
“charge-depleting” portion of the trip. Both BEVs and PHEVs, of course, plug into the electrical
grid for the bulk of their charge.

Throughout this document the terms electric vehicle or plug-in vehicle will refer to both PHEV
and BEV without distinction. If we need to differentiate between the two, the appropriate
acronym is employed.

© 2011 - The MITRE Corporation. 6



2.2.2 Adoption

2.2.2.1 Market forces

Estimates of plug-in vehicle market penetration are highly varied, but do cite common factors
both pushing and hindering adoption. As we show in the following, each factor includes
significant estimates and guesses. We present the list to emphasize the lesson that estimating
future electric car adoption is an inexact art and that any such estimate is likely wrong.

2.2.2.1.1 Encouraging adoption

Factors encouraging adoption can generally be boiled down to two: financial and convenience.
More altruistic mechanisms certainly exist, but they are not widespread enough to greatly affect
aggregate market penetration of plug-in vehicles.

Financial encouragement for electric adoption comes in the form of rising gasoline prices.

- Average gasoline price has more than doubled in real terms since the late 1990s (US EIA, 2011).
As world demand increases, this general upward trend for gasoline will likely continue. This
trend will be exacerbated in the face of any future turmoil in oil producing countries. US
electricity prices over the same term have not seen the same increases (US EIA, 2011), and
locally, if a vehicle is charged at night using time-of-day pricing, even at current prices, gasoline
can be an order of magnitude more expensive per mile than electricity delivered from the grid
(Dominion, 2011).

Financial encouragement also derives from government policy. At a national level, tax rebates
have been offered for the purchase of hybrid vehicles. Should this become a national priority,
similar such programs will again be offered. In time, should greenhouse gas regulation come to
pass, plug-in vehicles will likely have additional fuel cost advantage over traditional vehicles as
greenhouse gas intensity of grid generation is less than that of distributed gasoline-burning
engines (EPRI, 2007).

Convenience comes also in the form of government policy. Locally, high occupancy vehicle
(HOV) exemptions for hybrids have been a primary force for their adoption by commuters
seeking to bypass heavy traffic without the hassle of finding and coordinating with other
passengers.

2.2.2.1.2 Discouraging adoption
Factors discouraging adoption are many. We begin w1th concerns closest to the driver and
proceed to more general constraints.

The first concern is general to all new technologies, not specifically those of plug-in vehicles.
PHEV and BEV are new to the mass market, and as with the introduction of any new
technology, early adopters will have to demonstrate the technologies’ fitness before general
adoption will begin.

The most obvious car-specific concern is vehicle range. BEVs cannot be driven beyond
charging station range. PHEVSs can but upon the switch to gasoline, lose the price per mile
advantage over a traditional hybrid. Thus the economic benefit of PHEV' is only apparent if
they remain close to-charging infrastructure.

Vehicle initial cost is the next inhibitor. Include the cost of a charging station and its installation
in the home, and plug-in vehicles require a larger up-front investment for the buyer than do
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internal combustion vehicles. Adoption will only become widespread if the ownership costs of
such vehicles (fuel, maintenance, government levies) generally decrease to the point that the
return on investment offsets the larger up-front cost.

This initial cost disadvantage for plug-in vehicles will likely fall over time as automakers
increase investments in research and development. The ability and willingness of automakers to
make such investments, however, depends heavily on the general economic climate, the rate of
adoption, and targeted government subsidies, each of which presents its own difficult estimation
problem.

A subset of the cost disadvantage is specific to a collection of difficulties in the battery supply -
chain that limit production. Currently battery manufacturing is constrained by simple production
under-capacity, raw material availability, and technical immaturity.

Finally, the electrical grid itself is likely not suitable for large-scale adoption of electric cars.
While not a constraint in the near term where numbers will be limited, the grid will require large
investments over time to respond to the increased overall demand and the specific use patterns of
the electric fleet. This investment will be passed along to the consumer, and if it is specifically -
passed to electric car owners, plug-in vehicles will lose a degree of their fuel cost advantage.

2.2.2.2 Estimates

Having presented some of the forces affecting plug-in vehicle adoption, we present three studies
— one sponsored out of the Department of Energy (referenced as ‘Sentech’ below), one from the
National Academy of Sciences, and one from an electricity industry group — that estimated the
future US plug-in fleet. Each ignores the possibility of revolutionary technology, geopolitical
upheaval, or large domestic political shifts. Even without such large market distorting events,
we see that each presents a collection of highly variant alternatives. '

Noticeably absent are any assessments by the automakers themselves. Such analyses would be
proprietary and closely held, but the vastly different approaches the automakers themselves are
taking with fleet electrification shows that not even they have a handle on what the market is

~ going to look like in the coming decades. GM entered the EV market in the 1990s with the EV1,

but discontinued the model. Non-plug-in hybrids first emerged in the late 1990s. Toyota made
the explicit early decision not to include a plug on the Prius, but has reconsidered the decision for

" future models due to this year’s introduction of GM’s PHEV Volt. Nissan is skipping hybrid

technology altogether with its EV Leaf this year.

The point here is that automotive market experts and even the automakers themselves are
uncertain as to what the future holds for plug-in vehicles. The County, therefore, cannot expect
to develop a good estimate of plug-in vehicle market penetration, and, as such, it should adopt a
posture that does not hinge on a particular estimate.

To provide context for these studies, sales of new passenger vehicles in the US totaled roughly
17 million units annually from 2000 through 2007. With the general economic downturn, that
total fell to 13.5 million in 2008 and 10.6 million in 2009 (Census, 2011). Roughly 250 million
such vehicles are currently registered in the US (Census, 2011).

Figure 2 summarizes our source studies.

© 2011 - The MITRE Corporation. 8.
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Figure 2: Annual passenger vehicle sales — actual and projected (millions)
Sources: US Census, 2011; Sentech, 2010; derived and estimated from National Research Council,
2010; derived and estimated from Electrification Coalition, 2009.

The various studies estimate PHEVS to represent anywhere between 2 and 20% of 2020 sales,
with estimates diverging dramatically afterwards. The point of showing the disparity between
(and even within each of) the studies is to demonstrate the difficulty — if not impossibility — of
Fairfax generating an estimate of plug-in vehicle adoption good enough to proceed with large
scale installation of charging infrastructure. Instead, as we recommend below, the County
should strongly encourage the development of infrastructure that allows for the minimum of
retrofit costs and, therefore, the lowest long-term cost of fleet electrification and necessary
charging station availability.

2.3 Charging stations

Charging stations constitute the plug-in vehicle’s connection point to the grid. Table 2 shows a
summary of the three general classes of charging stations (Virginia Clean Cities, 2010).
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Level of Charging Level 1 Level 2 |DCFast Charge (Level 3)
480 VAC (off board
charger provides ACto
Voltage 120 VAC 240 VAC DC conversion)
Amperage 15-20 Amp [40-80 Amp 85 Amp
Instantaneous Demand | 1.2 - 1.6 kW [3.3-7.7 kW 60 kW
Charge Time
PHEV 40 Vehicle 5-13 hours [2.5-5 hours N/A
EV100 Vehicle 8-15hours | 3-5 hours 15 to 30 minutes

Table 2: Charging station summary

Level 1 can be as simple as a standard three-prong plug into a standard wall socket (Level 1
EVSE does exist to improve safety and improve grid integration, but it does not improve
charging speed). The time required to fully charge a vehicle at Level 1 makes it an impractical
general solution.

Level 2 is the answer to this impracticality. There is a defined standard (Society of Automotive
Engineers J1772), and mass produced plug-in vehicles have sockets to fit. Despite their high
current rating, the power demand shown is indicative of practical use where less current is used
to improve longevity of the battery itself (not the individual charge). Level 2 is the assumed
primary mechanism for most charging as it strikes a balance between practical speed and battery
protection. It is intended for installation in the home and at other locations where the car is
expected to sit unused for a number of hours at a time.

Level 3 is not yet standard, though multiple competing standards have emerged. It is the closest
analogy to the current gasoline pump. Multiple rapid charges, however, negatively affect the
longevity of current batteries, and so such chargers are assumed to be of use primarily in
emergencies (Burke, et al, 2007; Hybrid Cars, 2010).

2.4 Construction costs

Construction costs serve as the final bit of input data for the analysis. Cost estimates for the
parking structures help frame the analysis. The estimates are drawn from industry standard
resources (RS Means CostWorks) and from private historical databases belonging to builders
MITRE uses for our own construction efforts. They include design, construction, and labor.
They do not include the cost of the land itself.

Table 3: Per parking space new construction estimated costs

Estimated per space new construction cost
Below grade garage $33-38k
Above grade garage $12-17k
Surface lot 2.5-3.5k

© 2011 - The MITRE Corporation. » 10



With regards to the installation of plug-in vehicle charging infrastructure, the intent is to
minimize the overall cost of establishing adequate charging supply. EVSE can be fully installed
during initial construction, but if the demand never makes full use of that charging supply,
money is wasted. EVSE can also be retrofitted into a building later when demand emerges, but
retrofit is more expensive than is inclusion during initial construction. The per space
construction costs (Table 3) must be borne regardless of whether EVSE is considered during
initial construction or whether it is to be delayed for retrofit. The analysis thus turns on the
difference between installation during initial construction and installation as part of a retrofit.

It turns out that conduit installation drives the higher costs of retrofit. It is far cheaper to embed
conduit during initial construction than it is to drill through concrete (in a garage) or dig a tunnel
and resurface asphalt (in a surface lot). The cost of installing transformers, switches, cable, and
the charging stations themselves are equivalent whether they are being done during initial
construction or as part of a retrofit. So, since we are considering the difference between initial
construction and retrofit, we focus on the additional per space cost imposed by conduit
installation.

Table 4 shows the estimates of the costs incurred during initial construction and during retrofit.
Again, we rely on a mix of industry standard sources (RS Means) and the private historical
databases of contractors with whom we have relationships.

Table 4: Additional per space estimated cost of EVSE conduit installation during...

Initial construction Retrofit
Surface lots $1800 $2900
Garage $400 $1200

The differences between garage and surface lot installation are a consequence of the fact that the
conduits must be buried in a surface lot installation. In the garage, the conduit can be attached to
the ceilings or wall.

3 Assumptions

This analysis rests on the fundamental assumption that plug-in vehicles will become widespread
only if they become as convenient and economical as other non-plug-in vehicles (internal
combustion and traditional hybrids). Likewise, plug-in vehicle charging infrastructure will only
emerge where and when profit can be derived (after all, we couldn’t put gasoline in our cars if
we didn’t put dollars into someone’s pocket in the process). This simple notion leads to a
number of consequences that affect the recommendations.

We further assume that plug-in vehicle owners will have the ability to fully charge their vehicles
at home. Without that ability, the owner would be utterly reliant on an infrastructure that
currently does not exist and will emerge in some currently unknown form. We accept our .
infrastructure dependence with internal combustion engines because most areas are saturated
with gas stations and because the time to fill a car for a range of multiple hundreds of miles is
minimal. These conditions are not satisfied for the plug-in fleet, and so home charging is a must.

© 2011 - The MITRE Corporation. 11



3.1.1 Charging is done at home

With the assumption that the plug-in vehicle owner will spend the money to establish a charging
* capability at home, the question is how much he will rely on commercial charging stations.

If we consider only convenience, even a Level 3 charging station will likely require 30 minutes
to fill an EV100. It is unreasonable to assume plug-in vehicle drivers will line up to fill the
batteries before the commute home every day. Additionally, Level 3 rapid charging reduces the
battery’s useful lifespan (Burke, et al, 2007; Hybrid Cars, 2010). So between the impracticality
of the charger and the wear it induces on the battery, we conclude that Level 3 charging (at least
in the context of Fairfax County) will be an emergency activity for only a small fraction of plug-
in vehicles in the near future. :

So we turn to Level 2 charging, where we accept longer charging times and charge where we
spend most of our time: at home and at work. Cost considerations push the driver to charge at
home in this case. If charging stations become widespread, Dominion will impose time-of-day
pricing on the charging station owners (Dominion, 2011). This helps to control peak demand,
and it prevents a political fight over raising other rates to provide flat-rate pricing on charging
stations. Since most drivers are away from home during the day when wholesale electricity
prices are higher, the electricity they use away from home is more expensive.

While the electricity consumed away from home is itself generally more expensive, the fact that
the charging station is owned by a for-profit entity — remember, money has to be made — also
increases the cost of away-from-home charging. The charging model may simply be the price of
electricity plus some fee (now that electricity resale is legal in Virginia for this application)
(Virginia, 2011). It may also be in the form of a per session fee, a per minute fee (to absorb the
opportunity cost of a car blocking the station but not charging), or an access rights model. In any
of these cases, the charging station owner passes along the cost of electricity and then turns a
profit for himself. Indeed, home charging is the cheapest charging.

3.1.2 Geography and drivers for focus

We now return to the map in Figure 1 Error! Reference source not found.to consider the
effects of the home charging predominance.

All PHEV and BEV drivers who live in Tysons Corner will primarily charge their vehicles in
Tysons Corner at night. The majority of people living in Tysons Corner will reside in large
multi-family buildings and, therefore, do not have the individual option to install their own
charging station if the building has not already either provided a charging station or the
infrastructure into which a charging station can easily be installed. Thus, the County should put
particular focus on residential buildings. If charging stations are not available to allow owners to
charge their vehicles overnight, they cannot purchase plug-in vehicle, nor can people who
already own plug-in vehicles tenant the building. This both slows new adoption of plug-in
vehicles and potentially makes the area less attractive to people moving here from locations with
better charging resource availability.

Moving outside of Tysons Corner itself, non-residential charging stations encourage PHEV
adoption, but they are not sufficient. They make the commute less expensive — electric-only
retains a price advantage over gasoline-augmented operations here in Tysons Corner even with a
profit-making charging station on a hot summer afternoon (PJM, 2011; EcoWorld, 2006; Toyota,
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2011) — and, therefore, build the case for plug-in vehicles, but they are not a necessary condition
since the vehicle can continue with its internal combustion engine.

The savings are a function of the electric-only range of the PHEV (the pluggable Prius will be a
PHEV12; the Chevy Volt at PHEV40) and the commute distance. The outer extreme of this case
is represented by the 20-mile (40-mile return commute) ring which includes all of Fairfax,
Arlington, Alexandria, and the District and contains about 65% of the Tysons Corner workforce

. {we do not have data granularity to estimate the fraction of the Tysons Corner workforce within
the 6-mile ring). For commutes less than half of the electric-only range, the non-residential
chargers in Tysons are of no use; the charging is done at home. For commutes longer than half
of the all-electric range the non-residential charging stations simply reduce the operating costs
of PHEV.

Turning now to all-electric vehicles, the 40-mile and 80-mile rings are of interest. The 40-mile
ring is the effective half range of an EV100. EV100 owners inside this ring will require little in
the way of charging infrastructure in Tysons. They will charge at home. Roughly 90% of
Fairfax’s workforce resides within this ring.

At the 80-mile ring (and this may be generous), we reach the effective outer range of the EV100
vehicles. A commuter originating between the 40-mile and the 80-mile rings (roughly 8% of the
~ current workforce) will require charging resources to return home. Outside the 80-mile ring, the
trip will not be attempted, and the County can safely ignore such drivers.

In summary, the Tysons Corner charging stations service distinct groups for distinet purposes;

e PHEV and EV ownership within Tysons Corner is made feasible with residential
charging. There can be no plug-in ownership without home charging.

e Charging stations available to non-residents make the commute cheaper for PHEV
drivers who come from further than half of their all-electric ranges. PHEV owners from
inside this distance are unaffected by Tysons Corner charging infrastructure since they
can fully charge at home. _

o Commutes to Tysons Corner are made feasible for EV owners who live between 40 and
80 miles away. Otherwise outside EV owners are relatively unaffected by Tysons Corner
charging infrastructure.

3.1.3 Technology evolution

These rings represent the state of 2011 technology, but a buﬂdmg shell is likely to be used for 40
to 50 years, so what happens as technology improves?

In general, improved battery and charging station technology will increase overall demand for
plug-in vehicles and, therefore, charging infrastructure. An inspection of the rmgs however,
reveals consequences for Tysons Corner in particular.

Within Tysons Corner itself, improved technology will increase the fraction of resident vehicles
that require home charging, and, any new residential building should assume that a large fraction
of the resident fleet will be electric in the coming decades.

In thinking about the population commuting into Tysons, we consider the cases of charging
speed and battery capacity independently.

If battery capacity improves, the rings move further out, but the effect on aggregate demand is
indeterminate. Drivers from more densely populated inner rings that would have previously used
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commercial charging stations no longer require that capability to return home. At the same time,
plug-in drivers from less densely populated outer regions are newly within range of Tysons.
This would indicate a net reduction in demand, but it must be assumed that as technology
improves, the total fraction of vehicles that are plug-in will increase.

If charging speed improves then quick charge stations become more feasible, and the
infrastructure begins to resemble more that of the current gasoline infrastructure. This may
reduce demand for Level 2-style stations at office and retail locations, but it will not affect
demand for home charging as home charging will still be the cheapest, most convenient charge
mechanism. '

If replaceable batteries become more prevalent, then some hybrid of home charging and swap
stations will likely emerge. Home charging infrastructure is still required, but the fewer charging
stations are required at offices and at retail location. To date, however, no vehicle on the market
or proposed for the near future market features such batteries.

4 Policy recommendations

The County’s development requirements and expectations must balance with the County’s other
objectives. The county wants to attract business and residents, so the costs it imposes cannot be
too high. The county may want to enable and encourage the electrification of region’s
automotive fleet, so the charging infrastructure it requires should not lag or inhibit demand.

Here, we attempt to strike a balance between these objectives and recommend a course of action .
for the County. Having described the environment in which these decisions are made and
described the assumptions underpinning our analysis, we present our policy recommendations
here. We propose a long term, sustainable course; a plan for the short term; and
recommendations for data collection, which will aid future market analysis of charging station
demand. ' o

4.1 Long-term recommendation

4.1, 1 General

~ As we saw in the background sections above, considerable uncertainty exists regarding the
adoption of plug-in vehicles. This uncertainty induces large financial risks for anyone installing
and operating a commercial charging station. If demand is lower than expected, the charging
station is a wasted investment. If demand is higher than originally expected and if the
infrastructure into which additional charging capacity would be installed is constrained, then
there exists a retardant on plug-in vehicle adoption. This uncertainty also induces political risk
for the County. Ifit undertakes any strategy that depends on some assumption of adoption, a
critic can always find a competing study arguing for more or less charging structure.

The best long-term policy response then is one that does not require the County, a resident, or a
developer to estimate vehicle adoption or charging station demand. Here, we propose
recommendations for initial building construction that are intended to reduce the risk associated
with uncertain charging station demand.

The proposed building recommendations are intended to reduce the overall cost of electrifying a
parking area with Level 2 charging stations, while allowing the owner or third-party to match
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demand with investment over time by installing charging stations at minimal cost in the future.
In the long-term case, profits can be earned with commercial charging stations. The objective of
minimizing future installation costs is to increase the quantity and reduce the price at which
supply and demand are equivalent.

Initial parking area construction satisfying three conditions is relatively inexpensive and serves
as a basis for future installation at least expense. The following conditions are thus
recommended:

e A newly constructed facility should have the physical space to allow the installation of
enough transformer capacity to enable intended operations as well as allow electrification
of the parking area. The transformer capacity to fully electrify the lot, however, need not
necessarily be installed during initial construction. Full installation can occur as demand
emerges in the future.

e The building’s electrical room should have enough physical space to allow the future
installation of a switchboard (with the capacity for sub-metering) for the charging
stations. Again, the full switchboard need not be installed immediately.

e Initial parking area construction should include the conduit bank and conduit between the
facility’s electrical room and the spaces allotted for possible future electrification. An
access point (junction box or hand hole) at each possible future charging station location
1s recommended. Access points (manholes, hand holes, and junction boxes) to draw
cable from the electrical room to the charging stations are recommended as well.

The recommendations are a hedge against the uncertainty of charging station demand. The
installation of conduit and access points are the primary drivers of difference between the cost of
installing a charging station during initial construction and installing one in which the whole of
the system is retrofit into a facility. The intent of the recommendation is that of insurance. If the
cost is low enough, even if the lot is never electrified, the lost investment is bearable, but if large
demand for charging stations indeed emerges, the recommendations greatly reduce the cost of
servicing that demand.

4.1.2 Building class specifics

The transformer space and empty conduits are relatively small investments during initial
construction, but they are not zero. Here, we consider the various classes of buildings and offer
bounds on the fraction of parking spaces that should be designated for future charging station
1installation. In a previous section, we noted the three classes of plug-in vehicle drivers who will
use the Tysons Corner charging infrastructure: Tysons Corner residents, PHEV drivers who live
further than half of their all-electric ranges from Tysons Corner, and EV owners who live
between 40 and 80 miles from Tysons Corner. They define the need. .

4.1.2.1 Residential

It is with the development of residential buildings that the County should be most aggressive in
negotiating for commitments from developers. Plug-in vehicles require home charging. If home
charging is not available, there will be no plug-in vehicles.

Given the uncertainty of future demand, for residential development, we propose that the
transformer space, switch space, and conduit recommendations in the previous section apply to
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all newly constructed parking spaces. The objective is to allow an inexpensive, full migration to
a plug-in fleet within the lifespan of the parking area. In Tysons Corner specifically, since most
parking will be in garages — and likely underground garages at that — the cost of this conduit
infrastructure is a tiny fraction of total cost, and its initial inclusion is roughly 30% of the costs
of retrofit (see Table 4). :

Though this analysis is focused specifically on Tysons Corner, we strongly recommend that all
residential development (single family homes, townhouses, condominiums, and apartments) in
broader Fairfax be subject to this guidance on conduit and space. Because of the dependence on
home charging, we have to assume that long-term homeowners will constitute the bulk plug-in
vehicle buyers as they have the stability to assume access to home charging for the whole of the
vehicle’s lifespan. Apartment dwellers may be less inclined to purchase plug-ins because they
are generally more transient. The availability of a charging station at the next home is unknown,
and without home charging a plug-in becomes impractical. Thus, the payoff for the policy is
likely to be highest in developments where the owners are the occupants.

In the house, townhouse, and condominium markets, the developer, by definition, is not the long-
term owner of the residence, and so he has the incentive to respond only to current market
pressure. The installation of conduit during initial construction is an insurance policy against
possible future market forces. Though the developer’s cost of initial installation is a larger
fraction of the overall construction cost for most home applications — presumably such costs are
more in line with surface lot installation — the existence of such conduit greatly affects future
adoption rates of plug-in vehicles since any retrofit costs implied by the purchase of a plug-in
vehicle will depress demand. Such conduit is not yet a selling point for homes in the region,
however, and so it is not yet a commonly-offered feature. Thus, to minimize hurdles to
widespread adoption, the County is wise to strongly encourage the inclusion of conduit for all
residential development across the county.

4.1.2.2 Commercial office buildings

For commercial office buildings, we recommend the transformer, switch, and conduit
recommendations apply to 35% of newly constructed spaces — the fraction of spaces equivalent
to the fraction of vehicles that arrive into Tysons from outside 20 miles. This would allow the-
full adoption of plug-in in the fleet arriving from outside the 20 mile ring (inside of which the
Tysons charging infrastructure largely unnecessary). As zoning ordinances are modified in
coming years — presumably, with the arrival of Metro, reducing the number of spaces required
for an office building — this fraction would rise on the newer, smaller lots since more of the
incoming vehicular traffic would be from outlying areas not served by Metro.

4,1.2.3 Retoil

Most retail activities are substitutable across the Mid-Atlantic region, and so we have to guess
that most retail customers in Tysons Corner live within a short radius. However, since retail is
fundamentally about attracting customers to a particular destination and since the higher prices
of plug-in vehicles imply relatively affluent buyers, retail developers have the incentive to make
an adequate number of charging stations available. We thus assume that retail development will
‘require the least nudge from the County to provision for charging stations.

Should the County find itself in the position of having to provide that nudge, we recommend the
same guidelines as those for office buildings with conduit infrastructure being encouraged for the
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fraction of vehicles coming from outside a 20-mile radius. That fraction of traffic, however, is
unknown and certainly not presented in the Census resources from which we can determine work
commuting patterns. Thus, the county is wise to work with its retail base to determine the source
of the populations inbound for retail.

4,1.2.4 Hotels

Hotels offer the logistical opportunity for a Level 2 charge. We do not have any data describing
the mix of vehicles that park in Tysons Corner hotels, so instead, we recommend that the County
work with hotels in the region to determine need, with the need for conduit installation being
primarily defined by the rental car population in a hotel’s garage.

4.1.3 Charging station standards

The definition of a standard connection point for the charging station to the vehicle (SAE J1772)
‘has been a necessary step towards the widespread adoption of plug-in vehicles. Without the
standard connection point, drivers of the various plug-in models would have to carry around
various connectors and adaptors in hopes of accessing charging resources more potent than a
standard wall outlet. :

We propose that the County coordinate with peer jurisdictions, which are also looking to ease the
widespread adoption of plug-in vehicles, in an attempt to force a standard connection point for
the charging station itself to the facility into which it is to be installed. The connection point is
both the electrical connection and the piece by which the station is physically mounted to the
wall, ground, or ceiling. The first and most obvious purpose is simply to reduce the overall cost
of installation.

The second purpose of a standard mount is to allow for easy movement of charging station to a
new location. We see the standard mount allowing multiple business models that reduce the risk
associated with uncertain charging station demand. A third party vendor may manage a fleet of
charging stations that it deploys and adjusts to service demand for multiple facilities. An
apartment management company may rather provide a connection point and allow plug-in
drivers to attach their own (sub-metered) charging stations, so that it does not have to deal with
the risk of too many or too few charging stations. In both cases, the facility owner eliminates his
need to monitor and respond to developments in the plug-in vehicle marketplace, and the
flexibility afforded by a quick, easy installation ensures that supply is more responsive to
demand.

From a driver’s perspective, the standard mount also reduces risk. As the standard mount
becomes more widespread, a plug-in owner knows he can take his charging station with him
should he decide to find to a new home, and he knows he can sell his charging station to another
plug-in owner should he no longer need the station or upgrade the station. Because the risk of
vehicle ownership is potentially decreased, demand for plug-ins is potentially increased.

The definition of such a standard is certainly not the responsibility of Fairfax or any local
jurisdiction. The point in making the recommendation here is that Fairfax is in a position with its
peer jurisdictions to encourage the charging station vendors to proceed along this path.
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4.2 Short term

4.2.1 Charging stations - seeding supply

Plug-in vehicle adoption has always been considered a ‘chicken and egg’ problem with cars not
being purchased because charging stations are not available and charging stations not being
installed because of inadequate numbers of plug-in vehicles. Thus, the County may recommend
implementation of a handful of charging stations at each new building site and proffers that
deliver charging stations to public areas.

Above, we sce that residential charging is the key to widespread plug-in vehicle adoption, and
we reasoned that plug-ins are more likely (in the near term) to be purchased by people who own
their own homes and intend to stay there for the lifespan of the car. If the County wishes to
speed adoption by apartment dwellers inside Tysons Corner, it may recommend the installation
of charging stations at new apartment developments. If so, we recommend that the number of
full stations be equivalent to the lowest estimate of market penetration for plug-ins (see 2.2.2.2).
The region may have a higher rate of hybrid adoption over the recent years, but that margin will
be swamped by the broader trends which drive nationwide adoption. In the lowest estimate
presented above, plug-ins are estimated to constitute less than 2% of cumulative sales, and so we
recommend that the upper-bound of any County negotiation for fully installed charging stations
be limited to 2% of the parking spaces at an apartment building in Fairfax. This is in addition to
the strong recommendation for the conduit infrastructure.

For office and retail buildings, we have recommended the County pursue commitments to the
provision of infrastructure that would allow for inexpensive charging station installation in the
future. We do not, however, recommend any expectation for full station installation. Plug-in
vehicle adoption will be a function of home charging capacity; charging availability at work or
retail locations alone is not sufficient to allow adoption. Luckily, if we return to the map and the
concentric rings, office and retail charging is only a necessity for BEV drivers who live between
40 and 80 miles from Tysons Corner (and only 8% of inbound Fairfax commuters live at that
distance). For PHEV drivers who live more than half of their all-electric range from Tysons
Corner, the charging stations would indeed reduce commuting costs, but we cannot believe that a
prospective PHEV owner would purchase such a vehicle while being dependent on cheap
workplace charging to make the economic case for purchase. Any proffer for provisioning

~charging stations thus supports a very small fraction of inbound commuters (BEV owners from
40 to 80 miles away) or a group of drivers who would have purchased their vehicles anyway
(PHEV owners). The lesson is that for office and retail development, developers may be able to
better benefit the community with proffers that include improvements other than the provisioning
of a large number of charging stations.

4.2.2 County procedures

The County itself can continue to support plug-in adoption by continuing to maintain its current
easy, efficient process for permitting electrical installations at existing facilities. Plug-in buyers
need this process to make the installation of charging stations at home to remain as easy as it is.
If the process is slowed, then adoption of plug-in vehicles will also be slowed.
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4.3 Data generation and monitoring

A primary purpose of the recommendations would be to allow charging station deployment to
coincide with charging station demand. This would allow the business justification for
commercial charging capacity to emerge and, therefore, would make plug-in vehicle ownership
more convenient (and feasible for a larger population). To speed the development of the
business case, the County (to the extent possible within in the bounds of privacy concerns,
proprietary competitive data, and simple data gathering feas1b1hty) is wise to develop the
mechanisms to gather and monitor data describing:

e A more precise understanding of the Fairfax work population and where it lives within
Fairfax and within the nearby counties;

e The other inbound population of Tysons Corner and where it lives;

e Use patterns for charging stations as they are installed in Tysons Corner. Who uses
them? When are they used? On what sorts of vehicles?

e PHEV and BEV reglstratmns for Tysons Corner and the jurisdictions within 100 miles of
the area.

With a good handle on this information, the County would be better positioned to respond to
changes and trends in the emerging markets of commercial charging stations and plug-in
vehicles. Potential charging business owners would be better able to gauge demand. And
Dominion would be better able to understand its supply requirements.

5 Conclusion

We close with an emphasis on two points. First, no demonstrably accurate estimate of plug-in
vehicle market penetration is possible. And second, when plug-in vehicles do arrive to market in
large numbers, their owners will completely rely on, will prefer, and will predominantly charge
them overnight at home.

These two points naturally lead to the recommendations

1. Developers should be strongly encouraged to include the space, conduit banks, conduit, and
access points for easy and inexpensive installation of charging infrastructure in the future.
They should not be asked to install the transformers, switches, wiring, or charging stations
themselves, however.

2. The fraction of parking slots for which the infrastructure should be included should represent
- afully plug-in fleet for the groups of users that would use charging infrastructure at the
facility. This means all slots in a residential building. At commercial and retail facilities,
this means the fraction of vehicles that arrive from locations geographically situated to
require a charge before the return trip.

3. The County can most appropriately seed charging station supply by negotiating for the
installation of full charging stations at the lowest expected adoption rate in the near future.
Any supply seeding is most efficiently done at apartment buildings and should be limited to
a maximum of 2% of all parking spaces.

4. The County should coordinate with its peer jurisdictions to encourage charging station
manufactures to form a standard defining the connection of the charging station to the
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facility in which it is installed. The standard should define both the electrical connection and
physical mount with the purpose of making it possible to move charging stations to a new
facility relatively easily and quickly. :

The overall points are that transformer space and conduits are more expensive to retrofit into a
facility than to include during initial construction. Their inclusion at the outset would allow the
cheapest possible overall cost of installing a full charging infrastructure, and their inclusion in
such quantity would be a low-cost insurance policy against the inability to estimate plug-in
vehicle market penetration rates over the expected life spans of newly constructed buildings.

The County thus would ensure that development in Tysons Corner would remain an attractive
investment and that the area would be fully prepared for whatever occurs with plug-in vehicle
adoption.
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6 Acrohyms

BEV Battery Electric Vehicle

BEV100 Battery Electric Vehicle with 100-mile range

EV Electric Vehicle

EV100 Electric Vehicle with 100-mile range

EVSE Electric Vehicle Supply Equipment

PHEV Plug-in Hybrid Electric Vehicle A

PHEV12 Plug-in Hybrid Electric Vehicle with a charge-depleting range of 12 miles
PHEV40 Plug-in Hybrid Electric Vehicle with a charge-depleting range of 40 miles
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