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l. Executive Summary

Using electricity as a source of energy for the transportation sector is not new. Many electric
generation and distribution systems were initially built to support electric railroads and trolley
systems. Highway transportation, however, has been essentially the exclusive domain of the
internal combustion engine and its petroleum fuels. In recent years, however, electricity has
begun to play a role in automotive propulsion systems, as Hybrid Electric Vehicles (HEVS) have
gained appeal among American drivers.

Plug-in Electric Hybrid Vehicles (PHEVS) represent a new stage in the evolution of hybrid electric
vehicles in which the electric “plug” for charging batteries has the potential to supplement the
“pump.” Several automobile manufacturers have announced plans to introduce PHEVs.
President Barack Obama has called for new programs to support PHEV development and
deployment. In New York State, Governor David Paterson has announced the creation of the
New York Battery and Energy Storage Technology Consortium (NY BEST). The Consortium, one
of the first of its kind in the nation, will focus on the development and manufacturing of advanced
and affordable battery technologies for the purpose of advancing the PHEV industry here in New
York. General Electric also announced a new initiative for the development of advanced
batteries, with manufacturing facilities expected to be built in New York State.

The timing and magnitude of potential electric load from PHEVs will be determined by several key
factors. These include consumer acceptance of PHEVS, the advancement of battery storage
technologies, and the availability/location of PHEV-charging infrastructure. Two studies, one by
Oak Ridge National Laboratory (ORNL) and another conducted jointly by the Electric Power
Research Institute (EPRI) and the Natural Resources Defense Council (NRDC) concluded that
incremental load for PHEVs in New York would be in the range of 7,000-8,000 gigawatt-hours per
year (GWH/yr)by 2030.

PHEV load can also migrate and occur intermittently, as PHEV-charging opportunities (as an
electric load) expand beyond the owner’s home and depend on travel schedules. If charging
patterns are managed properly, PHEVs with loads in the range predicted by these studies could
be served by the existing New York bulk power system. The migratory nature of this load,
however, does require further analysis to fully assess the impact of PHEV load on local electric
distribution systems.

If the charging pattern of PHEVs is not managed effectively, loads of this size could require
significant additional generation capacity. Rate design to encourage off-peak charging, coupled
with time-of-use rates, and Smart Grid/Advanced Metering Initiatives, would facilitate favorable
charging behavior. Advanced communication protocols between the recharging location and an
evolving Smart Grid could also facilitate effective management of charging patterns.
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Il. PHEV Characteristics

The Electric Power Research Institute (EPRI) reports that 50% of American automobiles travel
less than 26 miles/day. Thus, PHEVs that could operate 26 miles on battery power alone would
have the potential to meet half of America’s daily automotive transportation needs.

Figure 1. Average American Daily Vehicle Travel
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The number of miles a PHEV can travel on electricity varies by vehicle class and size of the
battery. The Pacific Northwest National Laboratory (PNNL) has estimated the electric mileage
and battery capacity needed to support the operation of a PHEV33 (a vehicle capable of running
33 miles on a single charge), set forth in Table 1 below.

Table 1. Electricity Consumption and Required Battery Capacity for a PHEV33

Specific Energy Requirements | Size of Battery for PHEV33
Vehicle Class [KWh/mile] [kWh]
Compact sedan 0.26 8.6
Mid-size sedan 0.30 9.9
Mid-size SUV 0.38 12.5
Full-size SUV 0.46 15.2

PNNL Kinter-Meyer

Recharge time depends upon the State of Charge (SOC) of the battery and the capacity of the
source into which it is plugged. The ORNL study assumed two charging scenarios, one using a
120 VAC circuit supplied through a 15 amp circuit breaker charging at a peak rate of 1.4kw, and a
second scenario using 240 VAC with a 30 amp circuit charging at a peak rate of 6kw. A PHEV30
needing a 50% SOC recharge would require 3-4 hours conditioning and recharge time on a 240
VAC circuit and 12 hours on a 120 VAC circuit.
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Recharge locations can vary. Suburban single-family homes with a 15-20 amp breaker at either
120 or 240 VAC can adequately supply PHEV-charging needs. Low-rise multiple family
residences and more concentrated housing arrangements will require other solutions, which
might include parking facilities, office complexes, shopping malls, airports, and commuter rail
stations with recharging services.

PHEVs recharge when they are not on the road. The typical on-road travel time profile (as show
by Figure 2) indicates that charging would likely occur in late evening or early morning. The rest
of the answer depends upon the controllability of the charging load as well as possible regulatory
approaches to pricing this load. The EPRI/NRDC study was based upon the charging profile in
Figure 3 (page 7). The study assumes that 70% of the charging would occur “off-peak,” when
electric demand is relatively low. Rate designs, such as night rates, and time-of-use rates, could
provide electric customers with incentives to utilize “off-peak” charging.

Figure 2. U.S. Daily Driving Patterns
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Figure 3. PHEV Daily Charging Availability Profile
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However, if the electricity rate structure does not provide incentives for PHEV owners to charge
during off-peak hours, charging would be expected to start when the vehicle returned home. The
ORNL study examined this scenario based on the assumption that cars return home between
4pm and 6 pm, and found that it resulted in charging patterns (as illustrated in Figure 4) that could
compete for power supply with other electric load. If this charging pattern were to develop, some
electrical systems would soon require additional investment to meet this new load. The scenario
assumes 25% of the fleet is PHEV by 2030.

Figure 4. Possible PHEV Charging Profiles

— Base
1.4 KW Night
2 KWW Niglhht
& KWW MNight
1.4 KV Eving
2 kKW Evng
5 KVV Evng

Tr2a TI26 Tr26 Fr26 TIr26 26 Tr2T
000 400 800 12:00 16:00 20:00 000

ORNL Hadley

The fact that PHEVs store electrical energy, with the capability to convert gasoline to electricity,
and that they will connect to the grid at some point during the day, lead some to suggest that
PHEVs may become a resource for either behind-the-meter electric load reduction or for
supplying power or ancillary electric services directly to the grid.
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Given the current state of PHEV development, it is premature to accurately predict the ability of
PHEVs to provide these services. It is worth noting, however, that today’s grid and local
distribution systems are not designed with this level of distributed generation in mind. The
introduction of significant numbers of PHEVs and implementation of Smart Grid/Advanced
Metering Initiatives may provide more information with which to understand this issue.

The NYISO has found that, in general, the production profile of wind resources in New York
correlates very well with off-peak charging of PHEVS, creating the potential for a synergy between
wind generation and transportation energy needs.

Figure 5. PHEV Charging Profile and Wind Power
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The environmental impact of switching light duty vehicles to PHEVs has been examined in the
studies performed by ORNL, EPRI/NRDC, and a study by the Pacific Northwest National
Laboratory (PNNL). All three studies estimated significant net emission reductions in the
Northeast if PHEV charging is effectively managed.
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.  PHEV Impact on the Grid

The electric power system is the ultimate “just-in-time” inventory system. Electricity is
instantaneously consumed as it is produced. In contrast to the oil and natural gas industries
where storage is an intrinsic element of the industry infrastructure, large-scale storage of
electricity is extremely limited (with the exception of hydroelectric pumped storage facilities, for
which there is a narrow range of possible sites). While energy storage technology is continuing to
advance, the lack of storage capability for electricity has necessitated the construction of electric
generation capacity to meet peak demand that can be 50% greater than the demand in the off-
peak hours of the day. Consequently, during off-peak hours, there is a significant amount of
excess generation capacity compared to demand.

The impact of PHEVs on the electric system and electricity markets, such as those administered
by the NYISO, require estimates of market penetration, estimates of the amount of load PHEVs
will utilize and an understanding of the manner in which these vehicles would be charged. The
impact on the electric system will vary considerably depending upon the scope of PHEV
penetration of the automobile market and the charging pattern of PHEV owners.

If PHEV technology achieves market penetration in the range of 50,000 to 100,000 vehicles, it will
represent several hundred megawatts of electric demand. Knowing when and where this load will
show up on the grid will be essential to grid operations and system reliability.

Market penetration estimates from the ORNL study predict annual nationwide sale of 1.5 million
PHEVs by 2016 and 50 million PHEVs on the American roadway by 2030, of which 2.5 million
PHEVs would be in New York. The EPRI/NRDC and ORNL studies forecast that 25% of all
automobile sales in the nation will be PHEVs in 2020.

Figure 6. ORNL Forecast of PHEV Market Share
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The EPRI/NRDC study forecasts a 2030 PHEV electric load increase of 8,000 GWHs/year in New
York. The ORNL study forecasts an increase in New York’s electric load of 2% compared to a
base case with no PHEV load, or 7,000 GWH/ year of new electric load due to PHEVs. Both
forecasts represent relatively small increases over the no-PHEV base case.
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Whether any increases in new electric generation capacity will be necessary is less certain. Any
increase will be dependent upon when charging takes place (on-peak vs. off-peak), charging rate
and the voltage at the vehicle connection point. The ORNL study (which assumed no incentives
for off-peak charging) found that the incremental demand compared to the existing load profile
will vary between 3400 and 9500 MW in New York. The EPRI/NRDC study assumed that 74% of
the charging would take place off-peak and, as a result, estimated a much lower net increase in
peak demand, 900 MW in New York.

If the PHEV load occurs during off-peak hours or is controllable through various Smart Grid
approaches such that charging times do not increase peak demand, the bulk power facilities
should be able to manage the charging load. The PNNL study, which assumed intermittent
charging whenever the vehicle was not operating, concluded:

The existing electricity infrastructure as a national resource has sufficient
available capacity to fuel up to 84% of the nation’s cars, pickups, and SUVs (198
million) or about 73% of the light duty fleet (217 million vehicles) for a daily drive
of 33 miles on average.

The ORNL study examined the impact of PHEVs on the New York electric system and concluded:

In 2020, the night recharging patterns do not significantly change the peaks, and
even the evening charging scenarios do not approach the local generation
capacity. Even in the 2030 scenarios, summer peaks remain below the region's
capacity . . ..

The increases in electric load predicted in the ORNL and EPRI/NRDC studies are well within the
range of variability usually provided for in the NYISO planning process. It is likely that
incremental bulk power system resource requirements driven by PHEV-charging load, if any, will
be needed beyond the current 10-year planning horizon of 2009-2018 of the NYISO’s planning
process. If, and when, the PHEVs achieve significant market penetration, the NYISO will
examine the effects of incremental load in its planning process and identify any reliability needs
and solutions at that time.

The impact of PHEVs on New York’s electric distribution systems, however, has not yet been
examined in detail. Consolidated Edison Company of New York, Inc. has begun preliminary
evaluations and other utilities can be expected to incorporate PHEV load considerations as such
PHEV market penetration increases. Understanding the potential impacts on local distribution
systems will be necessary to support any significant PHEV deployment. With the given range of
charging demands for PHEVs of 1-6 kW, it is comparable to air conditioning load. So, most
individual residences could support PHEV-charging load. However, estimating the number of
additional PHEVs that can be supported on each local distribution circuit for simultaneous
recharging is currently not known. It is possible that one of the greater challenges for the
successful deployment of PHEVs will be delivering the electricity to the last mile on the local
distribution system.
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IV. Retail Ratemaking and Smart Grid Policies for PHEVs can
Impact Grid Utilization

The electric grid is planned, designed, built, and operated in such a fashion to meet the reliability
criteria adopted by the North American Electric Reliability Corporation (NERC), the Northeast
Power Coordinating Council, Inc., (NPCC), and the New York State Reliability Council (NYSRC),
which have been approved by the Federal Energy Regulatory Commission (FERC) or the New
York Public Service Commission (NYPSC) as appropriate. Unlike other loads, however, PHEV
load is immediately elastic since gasoline is an instantly available substitute fuel. Should an
entire charging cycle be missed, the vehicle remains fully capable of unrestricted operation on
gasoline.

Charging PHEVs during the off-peak hours when there is surplus generation capacity could
significantly mitigate their impact on electric utility infrastructure requirements. Indeed, the
magnitude of the economic, energy, and environmental savings available from PHEVs will be
dependent upon when and how the PHEVs are recharged. The impact of charging PHEVs in
middle and late afternoon periods, particularly during periods of hot, weather-related seasonal
demand will have adverse impacts on all electric consumers by raising energy prices, increasing
capacity needs, and potentially reducing reliability. Given the elasticity of the PHEV load, and
the opportunity to avoiding costly generation resource additions and lower PHEV-charging costs
by charging when the system is not constrained, appropriate metering initiatives and retail rate
structures are critical elements. Metering and retail rate structures are also likely to be
significantly influential elements in the success of any PHEYV initiative.

PHEV owners may be encouraged to charge their vehicles in the hours least disruptive to the
electric system through pricing incentives in the off-peak period and/or the use of advanced
communication technologies.

PHEV load is schedulable and interruptible. Consequently, it may be price sensitive and highly
compatible with “vehicle-to-grid” communication initiatives. Smart Grid designs could manage
PHEV impact on the electric grid by allowing PHEVs to communicate location, desired charge
amount, and desired charge completion time, as well as other pertinent technical or financial
account information. Some researchers have postulated that vehicle-to-grid communication can
take place as an extension of the Advanced Metering Infrastructure (AMI), while others have
suggested that the communication could use on-board mobile phone technology.

Vehicle charging communications through remote control via mobile communications could
control the charging of vehicles equipped with these systems. When plugged into a charging
station in the vehicle owner's home, for instance, the actual charging of the vehicle could be
controlled by a third party and optimally timed to ameliorate or avoid adverse grid impacts.

Advanced meters at the residential level may also allow for the control of individual devices by
utilities, end-use customers, or alternate third parties. Using advanced meters, PHEV-charging
would be one of several home energy uses that could be managed through automation. Pool
pumps, central air-conditioning, water heaters, and other energy intensive home applications are
significant contributors to home energy usage that could be managed through automation with
minimal disruption to the customer. Advanced metering technologies to manage energy usage at
the individual device level could be offered as a service in exchange for reductions on utility bills.
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Even simple time-of-use residential meters could provide customers with the incentive and the
ability to manage their energy usage for charging PHEVs. Metering that records usage at the
hourly level, coupled with time-of-use rate offers, could encourage PHEV owners to charge their
vehicles at times that would minimize impacts on the electricity system. Currently, most
residential electric customers have simple meters that record cumulative energy usage. These
meters are read and usage is calculated for a single time period; typically an entire month.
Interval meters record usage in more precise detail, allowing utilities to charge time-of-use rates
that more accurately reflect the underlying cost of energy at the time.

Vehicle charging communications has received some support from automakers because it could
allow for a single industry standard for recharging mechanisms to meet the needs of the electric
utility system. Automakers would prefer to see a single vehicle standard that could be universally
implemented as opposed to a patchwork of standards and technologies across state boundaries
or utility service territories. Remote-controlled charging could also occur by allowing a customer
to charge their vehicle at any location and be billed for the energy at a rate determined by the
location of the vehicle rather than at a residential rate.

The NYISO will continue to monitor PHEV, charging infrastructure and protocol developments, as
this new segment of the transportation sector matures to identify the potential impact on the
electric system. Identifying the impacts of emerging PHEV technology under a host of charging
scenarios can also assist policy makers to make informed decisions on how energy regulation
and rate structure can beneficially influence PHEV development.
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