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You’re out for a Sunday afternoon drive, enjoying the open road and
the feeling of freedom that comes with that great American institu-

tion, the automobile. As you pull back into your driveway, you notice
that the fuel gauge is nearing empty, so you do what is necessary for your
local distributor to fill it up at home. Yes, they now make deliveries. They
deliver at a convenient time when the price of fuel is the lowest, and the
delivery is made without interruption or intrusion. At the end of the
month you open the statement for the fuel that you had delivered, and
included with the statement is a check made out to you. Yes, they paid
you to fuel your car. And they delivered at home. They also deliver at
work, at the supermarket, at the mall, and even at your hotel while you
are on vacation. In fact, delivery points are everywhere. And, better yet,
it’s automatic. No scheduling and no phone calls 

Does that sound incredible? It’s not. Automatic delivery of virtually
free fuel for your car wherever you are is close at hand. The potential
exists today, in current technology and infrastructure. That potential
can be realized by shifting vehicles to electric power as the primary
source of energy and enabling them to use that energy not only to move
people from home to work and back but also to support and enhance
the nation’s electric grid. 
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The challenge is to make that capability commercially available to
everyone. The first task is powering a car electrically. The second is using
the car’s electric system and battery to assist the electric grid to operate
more efficiently. You will have a car for your transportation needs for the
typical hour a day that you drive it; for the other twenty-three hours of
the day, you’ll have an electric storage, charging, and grid communication
system to use to “refuel” the car and provide grid support services.1 One
task, providing you with transportation, will cost about $.04 per mile for
fuel instead of the $.16 per mile for fuel for a gasoline-powered automo-
bile.2 That is equivalent to buying gas at about $1.00 per gallon. The sec-
ond task pays you to charge the car by using it as a distributed energy
resource to provide grid stabilization services, which will pay you back
most, if not all, of the $.04 per mile cost to charge the car. But both tasks
must be incorporated into the vehicle to realize the full value from
electric-based transportation. The merging of the two functions will cre-
ate the “CashBack” car.

Electrification of transportation is something that everyone seems to be
talking about. From President Barack Obama, to prominent members of
Congress, to respected statesmen such as George Schultz, former secre-
tary of state, and James Woolsey, former director of the CIA, all are advo-
cating moving from oil to electricity for our transportation needs.3 Even
the auto industry is recognizing this imperative. Rick Wagoner, CEO of
General Motors, recently conceded, “The auto industry can no longer
rely almost exclusively on oil to supply the world’s automotive energy
requirements.”4 Andy Grove, former CEO of Intel and another propo-
nent of electric transportation, has concluded that we are at a “strategic
inflection point” where “the drumbeat of electrical transportation is
accelerating like nothing I’ve ever seen in my life. Electricity in trans-
portation has to be done. It is urgent.”5

Feeding the growing consensus is the fact that oil was recently priced
well over $100 per barrel, driving gasoline to more than $4.00 per gallon.
The first $60 to $80 fill-up is the kind of shock to the wallet that will pro-
pel anyone to contemplate alternatives. Even though prices for oil and
gasoline have again fallen, that kind of volatility and uncertainty is one
factor driving consumers to seek more stable transportation fuel sources.
An electric-powered vehicle that could be “filled up” for less than $20 and
then could “pay back” that fill-up the following week by providing ser-
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vices to the grid would get the attention of most consumers, despite its
higher initial cost.6

Other compelling reasons to move rapidly from oil to electricity for our
transportation needs include the potential to significantly reduce green-
house gas emissions, reduce urban pollution, and improve national secu-
rity. It is a myth (often repeated) that moving from gas-powered trans-
portation to electric transportation does not reduce greenhouse gases, that
it only moves the pollutants from the tailpipe to the smokestack.7 But in
fact, national studies from well-respected independent research institu-
tions have concluded that changing the U.S. vehicle fleet to primarily elec-
tric drive could reduce greenhouse gas emissions by as much as 27 percent
and reduce oil imports by as much as 52 percent.8 That is because even
coal plants are more efficient than the internal combustion gasoline engine
and our total stock of power plants for generating electricity is becoming
cleaner as we continue to add more renewable resources to the mix. In
addition, any pollution that emanates from the stack of a generating plant
is easier to control and clean than pollution from millions of tailpipes. 

Finally, the need to reduce greenhouse gases is driving the need to
incorporate more renewable energy into the total energy resource pool.
One of the most abundantly available renewable resources in North
America is wind. A recent U.S. Department of Energy study concluded
that we could derive 20 percent of our total energy needs from wind
power by 2030.9 But because of the variability of wind, to integrate this
clean energy resource into the electric grid requires a substantial increase
in grid stabilization services. Those services can be supplied by the sys-
tems in electric vehicles when the vehicles are connected to the grid. 

The Challenge of Electric-Based Transportation 

So how do the economic and environmental benefits of using electric
power in transportation become reality in the United States? Auto man-
ufacturers and other entrepreneurs need to be encouraged through the
appropriate government and regulatory agencies to aggressively move
forward with the production and marketing of vehicles that use primarily
electricity for drive power. They can take the form of a battery electric
vehicle (BEV) or a plug-in hybrid electric vehicle (PHEV). A BEV is a car
that is driven by an electric motor instead of an internal combustion
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engine. On-board batteries power the electric motor; the batteries are
recharged through a plug much like the familiar small rechargeable bat-
teries in power tools and other household appliances. Mrs. Henry Ford
drove an electric car—no getting out and cranking.10 The PHEV is a vari-
ant of the BEV in that in addition to the electric motor and batteries, it
has an internal combustion engine (ICE) that can be used either to charge
the batteries while the vehicle is under way (called a series PHEV) or to
drive the vehicle directly as is currently done in a conventional gasoline-
powered car (called a parallel PHEV).11 The advantage to a PHEV is that
it may have a longer range than a BEV and somewhat more flexibility due
to its ability to run on gasoline (or diesel or other alternative fuel) in addi-
tion to electricity. 

Despite widespread popular support for the production of BEVs and
PHEVs, car manufacturers are moving very cautiously. Currently no
PHEVs are in production for the mass market. Demonstration conver-
sions of hybrid electric vehicles (HEVs) to PHEVs have been successfully
tested, and commercial aftermarket converters have established conver-
sion facilities to provide HEV owners with the opportunity to drive a
PHEV.12 The number of these conversions to date, including manufacturer
demonstrations, is in excess of 150. There is limited production of BEVs
(less than 1,000 units a year) by some small manufacturers; one major
manufacturer is producing BEVs (on a limited basis) for lease only.13

Although speculation continues in the auto industry, only two companies,
China’s BYD Auto and General Motors (GM), have announced commer-
cial production of PHEVs for consumer purchase, in 2009 and 2011,
respectively.14 Toyota has announced limited production of PHEVs for
fleet sales only in 2010.15

Admittedly, there are barriers to overcome and issues to understand
before manufacturers accelerate production of such vehicles, including
retooling existing production lines, improving battery reliability and cost,
and integrating batteries with the electric grid. Of these, grid integration
and interface is the issue that has been most ignored and misunderstood
by auto manufacturers. Yet it is this unique aspect of the new variants
that has the greatest potential to increase consumer acceptance and alle-
viate the single-biggest market barrier, the increased cost of vehicle pro-
duction due to the high cost of the batteries required. The U.S. Depart-
ment of Energy (DOE) in its 2007 R&D plan for PHEVs determined that
“cost is the primary impediment” to producing PHEVs.16 Yet in the same
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R&D plan, DOE dismissed any immediate interest in developing vehicle-
to-grid (V2G) capabilities for the PHEV that would enable it to interact
with the grid as a distributed resource and to receive revenues to offset the
incremental first costs. DOE concluded that “other aspects of PHEV-
utility interface, such as vehicle-to-grid power flow, could have system-
level benefits as well, but it requires more sophisticated communication
and a more complex relationship between the customer and utility. It is
not considered an enabler for vehicle technology in the short term.”17

This decision by DOE fails to consider the substantial synergies that
would result from the use of a PHEV as both a means of transportation
and as a distributed resource for the grid. The benefits for both uses
would be substantial, but use as a grid resource would enable PHEVs to
be effectively marketed for transportation by reducing the first cost to the
consumer. 

Many assume that the precursor to full production of PHEVs or BEVs
by mainstream auto manufacturers is the hybrid electric vehicle (HEV) and
that a PHEV is simply an incremental step up from the HEV. The Toyota
Prius has been the most successful HEV to date.18 Despite its success, auto
manufacturers are discovering that the move from an HEV to a PHEV or
BEV is not simply incremental; it is, in fact, disruptive.19 Switching from
gasoline to electricity for drive power would have profound disruptive
impacts on how consumers and society view and use the device now com-
monly known as the “car.” Those impacts would be a function of the inter-
face of the PHEV or BEV system with the world’s largest system, the U.S.
electric grid. They would be the same impacts that could make the PHEV
and BEV not only a superior transportation option for the nation from the
perspective of the environment and oil security but also an affordable
option that would enable rapid integration of large quantities of new, clean
renewable resources such as wind power into the national grid. 

The Grid 

In order for auto manufacturers, government policymakers, and con-
sumers to understand the full implications and potential benefits of a car
that plugs into the electric grid, it is necessary to consider the grid’s engi-
neering, economic, and regulatory characteristics. From an engineering
perspective, the grid must be operated as a large integrated system. It con-
sists first and foremost of multiple, ever-changing loads that require power.
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Loads range from the load from a cell phone charger, which may draw a
few watts, to the load from an electric arc furnace in an aluminum smelter,
which may draw tens of megawatts. Loads come on and off at all times of
the day and night; the sum of all loads on a given system over a period of
time is called a load duration curve. The loads are interconnected by a dis-
tribution system composed of local electric distribution wires and distri-
bution transformers to regulate flows and reduce voltage to loads as
required. Beyond the local distribution system are transmission lines that
operate at higher voltages than the distribution system in order to trans-
mit bulk power for longer distances at lower losses from neighboring elec-
tric systems and central generating plants (see figure 4-1).20

The generating side of the electric system is composed primarily of
large coal-fired plants (about 50 percent), natural gas generators (about
20 percent), nuclear power plants (nearly 20 percent), and hydroelectric
facilities (about 7 percent); facilities using oil and distributed renewable
resources such as solar, wind, geothermal, and biomass energy make up
the remainder.21 The last category of resources typically is smaller than
central station coal, gas, or nuclear plants, but facilities can range from
50 megawatt geothermal or biomass plants to 1 kilowatt (kW) solar pho-
tovoltaic systems on homes. 

For the entire system to work and not spin out of control and cause a
blackout, the loads and generation to meet the loads must match exactly all
the time—twenty-four hours a day, seven days a week. In the United States,
there are three major segments of the grid: the Western Interconnect, from
Colorado to California, Oregon, and Washington; the Eastern Intercon-
nect, from Kansas to the East Coast from Maine to Florida, excluding
Texas; and the Texas Interconnect, which is an independent system (see fig-
ure 4-2). Within each of those segments there are numerous control areas
with separate control area operators who are responsible for keeping their
area in balance by controlling loads and generation.22

To keep the grid functioning over the short term, grid operators typi-
cally have three concerns. The first is day-ahead scheduling, wherein the
operator forecasts the expected loads on the grid for the next day and
schedules the resources to meet those loads. The second concern is real
time during the next day, when the grid operator must “follow” the load.
That is, as the load ramps up or down over ten-minute to one-hour incre-
ments—usually in a relatively gradual incline or decline—new resources
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must be called up to meet increasing loads or resources must to taken off
the system to match declining loads. Variances over the day are the result
of both human activity (such as employees arriving for work in the morn-
ing and leaving in the afternoon) and external events like the weather
(such as hot summer afternoons that cause an increase in air conditioning
loads and mild days that require neither heating nor air conditioning).
Third, in order to keep the grid within its frequency tolerances, it is nec-
essary to provide what are known as regulation services, through which
rapid-response maneuverable resources deliver bursts of power on short
time scales (seconds to minutes), allowing operators to maintain system
balance and frequency. These services typically are provided by genera-
tors using automatic generation control (AGC), whereby grid operators
communicate through Internet connections with the generators in real
time to signal them to provide regulation services. 

The first of these three operational parameters, day-ahead scheduling,
is designed to deliver the power to operate the loads on the system—lights
and air conditioners and everything else that runs on electricity. The other
two—load following and regulation—do not deliver power per se, but
they are necessary for the stable operation of the grid; they are called
ancillary services. Historically, ancillary services have been provided by
generating resources that have the capability to rapidly respond to the
grid operator’s communication signal within hours, minutes, or even sec-
onds to keep the grid in balance. The type of generating resources capa-
ble of providing such services are rapid-response units like natural
gas–fired combustion turbines, which can spin up and down quickly. This
type of operation is not possible with a coal plant or a nuclear unit
because they are too slow to respond. 

Over the past several years it has been demonstrated that loads as well
as generators can provide some types of ancillary services. The ideal ancil-
lary service provider would respond virtually instantaneously to the com-
munication signal of the grid operator, either adding or reducing power to
the grid as required. A load can effectively perform the same function by
turning on or off, if it can be signaled to do so by the grid operator. That
has been demonstrated to be feasible for all loads—from the largest, such
as an industrial electric furnace, to the smallest, such as a home dish-
washer. In fact, Pacific Northwest National Laboratories (PNNL) con-
ducted a test at 112 residential sites on the Olympic Peninsula in Wash-
ington, in which ordinary appliances like water heaters and dryers were
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retrofitted with electronic chips that could actually sense the frequency on
the grid.23 The appliances could thereby automatically determine whether
ancillary regulation services were required; they then either shut off or
turned on as required, but they did so within limited parameters set by
resident participants. Thus, residents were not inconvenienced; their
clothes got dried and their water was heated. But the grid was made more
stable by the regulation services that the appliances provided. No grid
operator intervention was required. 

Data from that demonstration verified that the appliances provided
regulation services faster and more smoothly than a generator. In addi-
tion, the grid was made more efficient because regulation services that
were usually provided by less efficient generating units were provided by
a nonpolluting controlled load. And the generators that were operating
were allowed to do so more efficiently, without having to ramp up and
down constantly to match loads and keep the grid in balance. Thus gen-
erators could operate at their optimum efficiency and burn less fuel.
Finally, consumers in the demonstration benefited in two ways. First, as
just discussed, the grid was operated more efficiently, so overall electric
costs were reduced for all electric customers on that grid. But second, the
residents in the PNNL demonstration benefited directly and immediately
in that they received direct payments for the grid regulation services that
their appliances provided. 

The use of loads to provide ancillary services has been so well estab-
lished that several grid operators now pay controlled loads, generally
called “demand response,” or “DR,” to provide services comparable to
those of generators. In addition, to further the effort to make the grid
more efficient, the Federal Energy Regulatory Commission (FERC) has
found that the sale of ancillary services by demand response and other
load resources should be permitted where appropriate on a basis compa-
rable to service provided by generation resources.24 Thus, under FERC
rules, both generators and controlled loads have the opportunity to
receive compensation for providing regulation services.

Electric Vehicles and the Grid 

So what does the provision of regulation services to the grid have to do
with PHEVs and BEVs? A 2006 research paper by two investigators from
the National Renewable Energy Laboratory (NREL) and a university
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professor from Green Mountain College reviewed the potential for
PHEVs or BEVs to provide regulation services to the grid and to be com-
pensated for them.25 That paper looked at two of the largest grid control
areas in the country, PJM and ERCOT. PJM, the largest grid operator in
the United States, encompasses an area from New Jersey to Illinois that
serves more than 51 million people in thirteen states and the District of
Columbia. It operates the grid independently under the jurisdiction of
FERC.26 ERCOT encompasses most of Texas, including the two largest
load centers, around Houston and Dallas, and functions as an inde-
pendent grid operator under the jurisdiction of the Texas Public Utilities
Commission. 

The paper investigated a number of issues related to electric-based
transportation but focused on the economic viability of providing pay-
ments to a PHEV or BEV for supplying regulation services to the grid.
The investigators chose regulation services for analysis because they are
required twenty-four hours a day, every day of the year, and the PHEV or
BEV would be available to provide such services 90 percent of the time—
the amount of time the average vehicle is not being driven. Under FERC’s
mandatory reliability rules, grid operators are required to maintain regu-
lation reserves approximately equal to 1.5 percent of the control area
peak load for a given day. In addition, regulation services are the most
valuable ancillary service provided. It is estimated that they constitute
more than a $5 billion market in the United States, and they are growing
as additional wind resources are added to the grid, thus requiring more
regulation services.

The high value of regulation services relative to other ancillary grid
services is demonstrated by the variance in the price of these services on
the grid in relationship to other ancillary services, such as spinning reserve
services. For example, in the New York Independent System Operator
(NYISO), regulation services commanded prices from $50 to $70 per
MWh during 2007–08 while spinning reserve services rarely exceeded $15
per MWh and usually averaged below $10 per MWh during the same
period. 

This magnitude of payments for regulation services for NYISO is con-
sistent with that found by the researchers in the PJM and ERCOT study
discussed above. The PJM and ERCOT average market prices for regula-
tion services in 2005 (the year used in the study) ranged from $38 per
MWh for ERCOT to $50 per MWh for PJM. The analysis then took the
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average market prices for regulation services and applied them to two
hypothetical electric vehicles: one capable of plugging into a 120 volt,
20 amp standard electric circuit and providing 2 kW of reverse power
flow and one capable of connecting to a 240 volt, 50 amp electric circuit
(such as would be used for an electric dryer) and providing 10 kW of
reverse power flow. 

The results were astonishing. The owner of a PHEV or BEV providing
2 kW of power for regulation services could have received payments of
approximately $500 for the year in ERCOT and $650 for the year in
PJM, if we assume that grid services were provided 75 percent of the time
in a given year. If the vehicle was capable of delivering 10 kW of regula-
tion services, then the owner would receive a substantial increase in pay-
ments—approximately $2,500 for the year in ERCOT and $3,300 for
the year for PJM. At 2007–08 NYISO compensation levels for regulation
service, those payments could be 20 to 30 percent higher. One key param-
eter making that level of payment possible was that the vehicle could
deliver both regulation-up and regulation-down services. That means that
the charger in the vehicle was assumed to be capable of both taking
power from the grid for charging and delivering power to it through dis-
charge. 

But in order to realize such payments for providing regulation services,
several things are required. Primary among them is that the vehicle would
have to be capable of receiving an automatic generation-control signal
from the grid operator, just as a generator is, and responding to that sig-
nal within seconds to provide regulation services. The authors of the study
admitted that that question had been analyzed “primarily from a theoret-
ical perspective.”27 But concurrent with their theoretical analysis, other
researchers were undertaking an effort to demonstrate in real time with a
real electric vehicle its ability to deliver regulation services to the grid. 

Real Time Demonstration of the CashBack Car 

Willett Kempton leads a team of electric vehicle researchers at the Uni-
versity of Delaware. Over the past eleven years he has published numer-
ous articles on the potential of electric vehicles, both PHEVs and BEVs,
to provide support to the electric grid and to assist in integrating new
wind sources into the grid.28 In 2007 he formed a group called the Mid-
Atlantic Grid Interactive Car consortium (MAGIC). MAGIC is composed
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of partners from the University of Delaware, PJM, the regional utility
(PHI), an electric transportation propulsion system manufacturer (AC
Propulsion), and a provider of demand response services to grid operators
and utilities (Comverge). The objective of the consortium is to demon-
strate at scale the delivery of grid support and support for the integration
of additional wind resources into the grid by electric vehicles. Those vehi-
cles would be equipped with the electronic control and communications
devices necessary for them to receive signals from the grid operator and
to respond by delivering grid support services. 

On October 23, 2007, Kempton drove from his research lab at the
University of Delaware to FERC in Washington. He made the trip at my
behest in a converted Toyota Scion in order to demonstrate the provision
of regulation services by an electric vehicle. The vehicle had been con-
verted to an eBox BEV by the MAGIC consortium partner AC Propul-
sion.29 The converted Scion eBox has a range of more than 120 miles and
will go from 0 to 60 mph in less than seven seconds. It has a 20 kW
charger. Most important, an automatic generation-control system module
was installed in the vehicle, enabling it to communicate in real time to the
grid operator at PJM. The car was brought to FERC and connected to a
240 volt outlet through a standard mechanical electric meter, and the
meter started to move as the charger drew power from the grid to charge
the car. 

As part of the demonstration, the senior engineer from PJM, Kevin
Komara, brought his laptop computer and connected through a wireless
Internet connection to his grid control center at PJM headquarters in
Pennsylvania. He then accessed the PJM regulation control screen, where
he was able to see the generation resources that were available to PJM to
provide regulation services. Among those resources was an 35 kWh Scion
eBox ready to be dispatched, just like any other regulation service gener-
ator. With a few strokes on the keyboard, Komara called on the eBox to
provide regulation-up service (to stop charging and provide power to the
grid), and instantaneously the meter stopped and then reversed, pushing
power back into the grid. Kevin signaled again, and the meter reversed
again, in the charging direction, now providing regulation-down services.
This demonstration established—in real time, with a real vehicle—that it
is possible to charge a PHEV or BEV and at the same time get paid to do
so by providing electric services to the grid. And what is astounding is the
fact that at the same time that this demand resource is providing regula-
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tion services, the grid is operating more efficiently because a nonpolluting
passive load is being controlled and dispatched instead of a polluting
active generator. That allows generators that would otherwise be rapidly
ramping up and down to operate instead at optimum levels, thus reduc-
ing fuel use and producing fewer emissions while lowering overall grid
system costs. Questions by auto manufacturers and battery manufactur-
ers regarding the process focus on the effect on battery life. But provision
of regulation services by controlling the charging of a PHEV or BEV
likely will not significantly affect the battery life in any material way
because there is no deep cycling of the battery during the regulation con-
trol cycle. And as discussed below, a one-way regulation charging scheme
for the provision of regulation service also could be implemented that
would have no effect on battery life. 

The next step for the MAGIC consortium is to conduct a demonstra-
tion at a scale of 300 to 500 vehicles to provide regulation services to the
PJM grid.30 A demonstration of that size would more closely match PJM’s
minimum requirements for providing compensation for regulation ser-
vices. The consortium is actively seeking sponsors to conduct the demon-
stration at scale. Once at-scale regulation services are proven, the eco-
nomic benefits of providing such a service becomes real for auto
manufacturers and prospective purchasers of PHEVs and BEVs. At that
point, the remaining barriers to the rollout of the CashBack car would lie
primarily in issues of economics, logistics, and regulatory requirements
and communications protocols. 

Economics 

The economics and marketability of a CashBack car to consumers would
depend on its sales price and associated benefits and the incentives that
consumers receive for purchasing it. With gas prices at $4.00 per gallon,
the cost increment barrier of approximately $4,000 to $6,000 between an
internal combustion engine, gasoline-powered car and an HEV seems to
be falling.31 But while the ability to purchase fuel at a gasoline equivalent
price of $1.00 per gallon for a PHEV may now be more attractive, the
expected price differential of the PHEV would appear to still be a barrier
to widespread consumer acceptance. Figure 4-3 analyzes the economics
of owning various types of cars in today’s environment. The figure shows
the initial cost for the car and the lifecycle cost of fuel (excluding mainte-
nance, depreciation, insurance, and discount rate factors), assuming that
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gasoline is $4.00 per gallon and electricity is $.08 per kWh. The internal
combustion engine vehicle selected was a Chevrolet Cobalt, which had a
manufacturer’s suggested retail price (MSRP) of $18,000.32 Estimated
EPA mileage was 24 miles per gallon. Average yearly mileage driven for
all vehicles analyzed was estimated at 15,000 miles per year. You can see
that in less than ten years, the owner of this vehicle would pay more for
gasoline than the original purchase price of the car. 

The next vehicle analyzed was a Toyota Prius HEV with an MSRP of
$24,000, or a $6,000 premium over the Chevy Cobalt. Estimated mileage
was 42 miles per gallon. Given the higher gas mileage of the Prius, it
would overcome its cost premium and become less expensive to operate
than the Cobalt in approximately five years. The next vehicle on the chart
is the PHEV. This PHEV cannot provide grid regulation services and does
not incorporate the automatic generation-control communication module
necessary for such services. It was estimated to have a cost premium of
$12,000 over the Cobalt, or an MSRP of $30,000, the price initially esti-
mated by GM for its PHEV Volt to be available in 2010.33 More recent
estimates by GM have revised the price to be the range of $40,000 to
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Cumulative costa

Gasoline ICE Hybrid

PHEV

Cashback PHEVb

Years after purchase

$55,000

50 10 15

$50,000

$40,000

$30,000

$20,000

$15,000

a. $4.00/gallon; $0.084/kWh (off-peak rate); maintenance costs not included, no discount rate applied.
b. Payments to CBH owners for regulation services. Assume $1,500/year.
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$45,000.34 The analysis in figure 4-3 shows that even at the $30,000 price
point and a fuel cost advantage equivalent to $1.00-per-gallon gasoline,
this PHEV with no CashBack services overtakes its cost premium over the
ICE vehicle only in the sixth year and does not overcomes its cost pre-
mium over the Prius until at least the seventh year of ownership. 

The CashBack PHEV analyzed last in the figure was identical to the
PHEV except that it could provide regulation services. It would at least
have a 240 volt connection and could have a charger with two-way power
flow capability. As can be seen from the PJM and ERCOT study discussed
previously and the estimates of future levels of compensation for regula-
tion services, the $1,500 yearly compensation estimate for the provision of
regulation services may be conservative. On the other hand, if the charger
is 120 volts and is capable only of one-way power flow (to charge the bat-
tery), the compensation level may be overestimated. The incremental pre-
mium for the controller hardware, software, and communications module
to make the PHEV capable of providing grid-compatible regulation ser-
vices is estimated at $200. That is really no more sophisticated than the
electronics that will be in the new Apple iPhone 3G. As figure 4-3 shows,
adding payments for regulation services, the CashBack car will better the
cost premium over the ICE vehicle in a little over three years; that is within
the financing period for many vehicles. That means that if the grid regula-
tion payments could be bundled with the original purchase price of the
vehicle, it may be possible to structure payments for the CashBack car
that are less than those of an ICE vehicle. 

Logistics 

Auto manufacturers are very uncertain of the benefits of incorporating
vehicle-to-grid CashBack characteristics into the PHEVs that they plan
to manufacture in the near future. The manufacturers, primarily GM,
are on an accelerated schedule to have a PHEV on the market by 2010,
and stopping to consider, design, and implement the incorporation of
vehicle-to-grid technology into the first round of PHEVs could delay that
schedule. Recent discussions were conducted between representatives of
FERC and the automotive industry at a board meeting of the Electric
Drive Transportation Association to describe the benefits of the Cash-
Back car for the auto manufacturer representatives present.35 During the
discussions several things became apparent. First, auto manufacturers
are still largely uninformed about the ability of demand resources,
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including properly equipped PHEVs, to provide services to the grid and
receive payments for those services. Second, once informed of the
progress in this area, they are interested and enthusiastic about the
prospect of such benefits to assist in marketing the vehicles. Third, man-
ufacturers do not have the scheduling flexibility to fully incorporate
240 volt, two-way power flow charger technology with vehicle-to-grid
communication-and-control modules into the first round of PHEVs that
they manufacture and market. 

Despite that limitation there was discussion at the meeting of the pos-
sibility of a “CashBack Lite” solution for the first round of PHEV vehi-
cles that would entail incorporating only one-way control (on/off only)
capability, similar to that demonstrated by the PNNL residential appli-
ance test in Washington state. This simplified control strategy would
allow the grid operator to switch the charger off or on to provide regula-
tion services for the grid. Because the flow of power would be only one
way, the level of payment would be reduced, but there also would be no
effect on battery life.36 Discussions revealed that that was possible
because the currently contemplated communication-and-control technol-
ogy to be incorporated into the first PHEV production run will provide
for off-peak charging and can easily be adapted to the CashBack Lite
scheme. 

From a logistics perspective, it would be useful next to schedule a
series of meetings between key auto manufacturers and selected large grid
operators to determine the common interfaces necessary to initiate regu-
lation services from this first group of PHEVs. It is contemplated that the
services would be provided by an aggregator, who would bundle scale-
size groups of vehicles to bid for regulation services in the grid operators’
regulation markets. The MAGIC consortium could assist in developing
the business plan for such aggregated services. Regulatory issues also
need to be considered and potential changes in tariffs and regulations
evaluated. FERC representatives are working with the ISO/RTO Council
(IRC), the Electric Power Research Institute (EPRI), automotive industry
representatives, and others to schedule meetings to discuss those issues.
FERC and the IRC met in November 2008 to initiate discussions on
PHEV and BEV grid integration issues. As a result, an IRC working
group will be formed to develop policies and procedures for the provision
of fast-response regulation services by PHEVs and BEVs to ISO/RTO grid
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operators, including necessary communication protocols and economic
settlement procedures. Meetings with EPRI and other electric and auto-
motive industry representatives are scheduled for January 2009 at PJM
headquarters.

Policy Implications and Conclusions 

Moving to an electric-based transportation system has many benefits for
this country and for the world. Those benefits multiply significantly when
the move incorporates the synergies of both electric fuel for transporta-
tion and electric storage and systems for grid support and enhancement.
The CashBack car can be driven more efficiently at less cost with less pol-
lution and less dependence on foreign oil. But it also can provide for more
efficient operation of the grid while helping to incorporate more clean
wind energy into the grid. 

Both the states and the federal government are considering incentives
or requirements for lower-emissions vehicles such as PHEVs. For exam-
ple, California’s zero-emissions vehicle program mandates that nearly
60,000 plug-in cars be sold in the state between 2012 and 2014. Con-
necticut, Massachusetts, Maine, Maryland, New Jersey, New Mexico,
Oregon, Rhode Island, and Vermont have adopted similar requirements,
and other states will follow. At the federal level, several bills have been
introduced to provide tax credits for PHEVs and BEVs.37 Yet none of
those initiatives directly addresses the desirability of ensuring that any
PHEVs or BEVs produced include CashBack capabilities. 

In Freedom from Oil, policy analyst David Sandalow made a number
of solid policy recommendations for the next president regarding
PHEVs.38 They include the following:

—Buying 30,000 PHEVs for federal fleets at an $8,000 premium and
agreeing that half the vehicles purchased by the federal government there-
after will be PHEVs 

—Issuing consumer tax credits of $8,000 for the first million PHEVs
and $4,000 for the second million

—Replacing CAFE standards with Fuel Reduction and Energy Effi-
ciency (FREEdom) standards

—Creating a Federal Battery Guarantee Corporation to help manu-
facturers provide ten-year battery warranties for the first million cars.
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The book ends with a proposed speech by the president-elect to the
nation calling for “new ways of doing business that create jobs, cut pol-
lution, and make us stronger” and “proposing a grand bargain with
American automakers. If you invest in advanced technologies, we’ll invest
in you.” 

As demonstrated by the economic analysis in figure 4-3, all of that is
needed. This chapter demonstrates, however, that any such incentive pro-
grams, state or federal, should also require all new PHEVs or BEVs to
incorporate vehicle-to-grid CashBack capability into their electronic
architecture if they are to receive the incentives. By insisting on this stan-
dard for the vehicles, the nation will gain substantial benefits at relatively
little cost.
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