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A vehicle and docking facility, with the vehicle equipped to
provide to a docking facility at a home or business structure,
electric power derived from solar collectors formed on the
surface of the vehicle, and the docking facility for receiving
such power, or for providing electric energy to the vehicle,
depending on a signal from the vehicle indicating whether the
vehicle needs to buy electric energy from the docking facility,
or can instead sell electric energy to the docking facility. Also
providedis a system for providing to the public electric power
grid electric power received from a plurality of vehicles, and
for compensating the owners for the received electric power,
or for charging the vehicles for electric power provided to the
vehicles. Corresponding methods of operation are also pro-
vided.

|/41

Vehicle pulls into parking space in a parking lot.

Vehicle couples electrically and communicably to a 4
fixed coupler situated at the space in the parking lot,
and provides accounting information.

Fixed coupler provides the electric power to a power
conditioning unit, and communicates the measurement | - 46a
of the received power and the accounting information to
a third-party facility serving many docking facilities.

A 4

Y

Power router of vehicle determines whether to buy or 43

The third-party facility comp
identified by the accounting

ensates an account

information (the vehicle | 472

sell energy (based on state of energy storage device).

y
Power router signals to fixed coupler that vehicle wants 4a
to sell energy.

y

Fixed coupler receives electric power from vehicle 458
(provided by the vehicle from solar collectors formed on
the vehicle surface), and measures the power received.

account).

The docking facility providing the fixed coupler
conditions the electric power received from the vehicle | _ 484
and transfers the conditioned electric power to the
public electric power grid or to an intermediary.

y
The public electric power grid or the intermediary then
compensates the third-party facility for the conditioned | _ 494
electric power, and the third-party facility compensates
the docking facility.
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SYSTEM FOR PROVIDING OR RECEIVING
ELECTRIC POWER FROM A PARKED
VEHICLE

CROSS REFERENCE To RELATED
APPLICATION

[0001] Referenceis madeto and priority claimed from U.S.
provisional application Ser. No. 60/905,252 filed Mar. 5,
2007.

FIELD OF THE INVENTION

[0002] The present invention pertains to the field of electric
power generation. More particularly, the present invention
concerns a vehicle equipped to provide to a docking facility
electric power from solar collectors formed on the body of a
vehicle, for use by for example the public power grid, or for
receiving electric power from the docking facility, as needed
by the vehicle.

BACKGROUND OF THE INVENTION

[0003] The public electric power grid is, from time to time,
unable to respond to demands for electric power. The situa-
tion is not likely to improve, on account of increasing popu-
lation with attendant increase in demand. In addition, sources
of electric power (power-generation facilities) traditionally
relied on by the grid are at risk of attack by terrorists.

[0004] Itis self-evident that having many different sources
of electric power all contributing to the grid would make for
a more robust grid. Ideally, in view of global warming and
other environmental concerns, each source of electric power
is a clean source, e.g. solar power or geothermal power or
wind power. The only source of clean electric power available
everywhere is solar power.

[0005] Solarenergy collectors are being used, somewhat, to
contribute power to the power grid, but the cost of solar
collectors has argued against such use in other than large-
scale applications in very favorable environments. With
recent advances in solar collector technology, however, it is
likely that it can be worthwhile, from a cost standpoint, for
small-scale applications of solar collectors to contribute elec-
tric power to the grid.

[0006] What is needed is a way to make use of the recent
advances in solar collector technology to provide electric
power to the grid, on a small-scale individual-by-individual
basis, or to at least reduce the load on the grid by providing
electric power for home or business use, based on small-scale
applications.

[0007] The prior art of course teaches installing solar col-
lectors as part of a home or business and using the electric
power provided by the solar collectors. The invention, how-
ever, looks to another installation of solar collectors—as part
of'a vehicle, and not (only) for providing electric power to the
propulsion system of the vehicle but instead (also) for pro-
viding electric power while the car is parked, of use possibly
by the grid, or by ahome or business. The rationale here is that
the vehicle owner can be compensated for contributing to the
power grid using solar collectors that may be included with
the car anyway, for providing electric power to the propulsion
system when the car is in operation. As will be understood
from what follows, the invention is not limited to such appli-
cations.

[0008] Inaddition, the invention encompasses a system that
takes advantage of the equipment/infrastructure needed to
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obtain electric power from a vehicle, in order to provide
electric power to a parked vehicle, at the request of the
vehicle.

SUMMARY

[0009] The following presents a simplified summary of the
invention in order to provide a basic understanding of some
aspects of the invention. This summary is not an extensive
overview of the invention. Itis intended to neither identify key
or critical elements of the invention nor delineate the scope of
the invention. Its sole purpose is to present some concepts of
the invention in a simplified form as a prelude to the more
detailed description that is presented later.

[0010] The invention provides a docking facility that either
provides electric power to a parked vehicle, or receives elec-
tric power from the parked vehicle, depending on a signal
received from the parked vehicle. The docking facility
includes a fixed coupler, located at a parking spot, to which
the vehicle couples (e.g. by inductive coupling) for both sig-
nalling and for transfer of electric energy (in either direction).
The vehicle, which according to the invention includes an
interface to the coupler, solar collectors, and an electric
energy storage device, also includes according to the inven-
tion one or more transaction control components (all included
in what is referred to as a power router module in the descrip-
tion that follows) that function to first determine whether the
storage device needs more energy, or if instead electric energy
from the solar collectors can be provided to the fixed coupler.
If electric energy is needed to further charge (top off) the
electric energy storage device, the transaction control com-
ponents (i.e. the power router) signal the fixed coupler
accordingly, and electric energy is transferred to the vehicle
and stored in the electric energy storage device. If, on the
other hand, the electric energy storage device is full (i.e. fully
charged), then the transaction control device signals the fixed
coupler that it has electrical energy to provide (via its solar
collectors). Of course typically, a vehicle would want to be
filled up, and then, if there is still time, it can provide to the
fixed coupler electric energy it thereafter generates from its
solar collectors. All of this would be automatic, i.e. without
the vehicle owner having to do anything other than park in a
parking spot having a fixed coupler (or access to a fixed
coupler) according to the invention.

[0011] For all of this to work, there must be accounting
information provided by the vehicle, for use in either com-
pensating the vehicle for any electric power it provides, or for
charging the vehicle for any electric power the fixed coupler
provides.

[0012] The invention has especial merit in that cars are
increasingly likely to include solar collectors even if the pro-
pulsion system is not solar-powered, and were it not for the
invention, the solar energy available for collection while a car
is parked might be passed up.

[0013] The invention also makes use of the opportunity to
connect parked vehicles to the Internet. The interface to the
fixed coupler can include interfaces between applications
(software or hardware) in the vehicle and applications (typi-
cally hosted by a server) attached to the Internet. Thus, when
a car is parked, email could be received, or information on
directions could be retrieved. It is even possible for compo-
nents of the vehicle to communicate autonomously with
applications made available by the vehicle or component

IPR2026-00379
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manufacturer to obtain diagnostic information or updates to
the applications or to an operating system used by one or more
elements of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The above and other objects, features and advan-
tages of the invention will become apparent from a consider-
ation of the subsequent detailed description presented in con-
nection with accompanying drawings, in which:

[0015] FIG. 1 is a block diagram of a system according to
the invention, showing a vehicle including equipment for
providing electric power for off-vehicle use to a docking
facility, or vice versa, where the docking facility is located
e.g. at a business having parking spaces equipped to receive
the electric power. The vehicle is shown as including solar
collectors for providing electric energy. The figure also shows
components of the docking facility, including components for
accounting so as to credit or debit an account associated with
the vehicle.

[0016] FIGS. 2A and 2B are a top view and side view
respectively of a receptacle and plug that may be used at a
docking facility for coupling to a vehicle.

[0017] FIG. 3 is a block diagram/flow diagram showing an
embodiment of the invention in which a plurality of docking
facilities provide electric power received from vehicles to a
power grid, or provide electric power to the vehicles, as
needed, and a third party provides compensation to or charges
accounts associated with the vehicles.

[0018] FIG. 4A is a flow chart illustrating a method of
operation of a docking facility and a third-party facility serv-
ing many docking facilities, according to the invention where
avehicle provides (sells) electric energy to the docking facil-
ity.

[0019] FIG. 4B is a flow chart illustrating a method of
operation of a docking facility and a third-party facility serv-
ing many docking facilities, according to the invention where
a vehicle receives (buys) electric energy from the docking
facility.

DETAILED DESCRIPTION

[0020] According to the invention, a vehicle parked on a
premises having a fixed coupler provides electric power to the
fixed coupler for off-vehicle use, using solar collectors
formed on the body of the vehicle, or receives electric power
from the fixed coupler, as indicated by signaling from vehicle
to the fixed coupler. The vehicle signals whether it is to
receive or provide electric power based on the state of charge
of an energy storage device in the vehicle.

[0021] The electric power is provided to what is here called
a docking facility, which includes the fixed coupler, and
advantageously, includes many fixed couplers, ideally one for
each parking space. In ausual application of the invention, the
vehicle is parked on a commercial premises, such as a sports
stadium parking lot, and the docking facility is owned and/or
operated by the owner and/or operator of the sports stadium
parking lot, but the docking facility could also be owned
and/or operated by a third party, i.e. a party other than the
owner and/or operator of the parking lot.

[0022] When the docking facility receives (buys) electric
energy from a vehicle, the docking facility can direct the
electric power provided by the vehicle to the public electric
power grid, or can direct the electric power for local use, e.g.
for use by the business on whose property the docking facility
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is located. Thus, a vehicle according to the invention can
provide clean electric power to the grid, but at any rate can
provide electric power for off-vehicle use. According to the
invention further, the vehicle owner is compensated for pro-
viding the electric power. The compensation is figured based
on tracking (metering) the electric power provided by the
vehicle. The compensation may be provided by the owner/
operator of the docking facility, or may be provided by a third
party, which may be the public electric power grid entity.

[0023] According further to the invention, a vehicle is con-
figured to communicate an account number (a number indi-
cating what is here called a vehicle account) when it inter-
faces with the docking facility to provide the electric power it
derives from solar energy, and metering is performed to track
the power provided by the vehicle. The provider of the dock-
ing facility or a third-party may then sell the electric power to
the power grid. A third party, advantageously, is configured to
track the electric power provided by different vehicles at
different times and at different docking facilitys, and to peri-
odically compensate the vehicle accounts associated with the
different vehicles. Such an arrangement minimizes the over-
head needed for compensating a vehicle for the electric power
it provides, in that it achieves economy of scale. The third
party can be e.g. a private power marketing company, or even
the public electric power grid itself.

[0024] The invention is not limited to any particular
arrangement by which the electric power provided by the
vehicle may or may not be used or sold after it is provided to
the docking facility. The invention encompasses having the
vehicle provide the electric power without compensation (e.g.
in case the vehicle provides electric power to the home of the
owner of the vehicle), or having the vehicle account compen-
sated for the electric power by the business or even the home-
owner (e.g. in case of a business car), or having the vehicle
account compensated for the electric power by a third party,
such as a power marketer or a power grid entity.

[0025] The invention is also not limited to any particular
type of vehicle; the invention encompasses any vehicle hav-
ing a solar collector and configured to interface with a home
or business so as to provide electrical energy to the home or
business. For example, the vehicle could be a conventional
gasoline or ethanol-powered vehicle configured or adapted to
include the equipment needed for the invention. Such a
vehicle may not use any of the electric power provided by the
solar collector, or it may use at least some of the electric
power from time to time to charge a battery or other energy
storage device (used for electrical equipment such as lights,
and for electronics, and for starting the vehicle). Alterna-
tively, the vehicle could be a vehicle that includes an electrical
motor (among possibly other forms of motive force) that may
itself use at least some of the electric power provided by the
solar collector, at least some of the time.

[0026] Finally, the invention encompasses not only provid-
ing electric power derived from solar energy, but also electric
power from infrared or other non-visible portions of the elec-
tromagnetic spectrum. So the term solar collector should be
understood here as indicating not only a device for collecting
energy from the sun’s rays/electromagnetic radiation (both
visible and invisible), but also from electromagnetic radiation
not originating in the sun (including e.g. electromagnetic
radiation originating in other stars). For example, the “solar
collector” could derive electric power from infrared radiation

IPR2026-00379
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emitted by any object in consequence of the object having
thermal energy, i.e. having a non-zero temperature (on the
absolute temperature scale).

[0027] As noted, according to the invention, a vehicle sig-
nals whether it needs to buy electric energy, or whether it
wants to sell electric energy to a docking facility. The former
is a form of co-generation of electric energy. The latter cor-
responds to the docking facility acting in the role of a “gas
station” because it “fills up” an energy storage device in the
vehicle, but in this case, the “gas station” provides electric
energy, not petroleum.

Vehicle Providing (Selling) Electric Energy for Off-Vehicle
Use/Docking Facility Using Vehicle for Co-Generation

[0028] Refer now to FIG. 1, and consider first the aspect of
the invention in which a vehicle provides electric energy for
off-vehicle use. According to the invention, in case of a
vehicle 11 using solar energy as at least one component of
motive force for the vehicle propulsion system, the vehicle 11
is equipped with a solar collector 11a that converts solar
energy (as that term is used here, as explained above) into
electric power and provides the electric power to a power
router 115, which in turn provides the electric power either to
an energy storage device 114 for providing electric energy for
avehicle propulsion system (not shown) orto an interface 11¢
to a fixed coupler 13, depending on whether electric power is
needed by the vehicle. The fixed coupler 13 is part of a
docking facility 12, provided e.g. by abusiness, which may be
certified as a so-called qualifying facility for electric power
generation (i.e. certified under the Public Utility Regulatory
Policies Act of 1978 as a co-generation facility or a small
power production facility) for providing electric power to the
(electric) power (distribution) grid, i.e. to a network of elec-
tric power lines and associated equipment used to transmit
and distribute electricity over a geographic area. The power
router 115 in the vehicle 11 is optional, and of course would
not be needed in case of a vehicle making no use internally of
any of the solar-derived electric power.

[0029] The docking facility 12 includes, according to the
invention, the fixed coupler 13 for receiving the electric
power from the vehicle 11. The fixed coupler (or at least the
docking facility generally) also includes metering function-
ality for keeping track of the total electrical energy provided
by the vehicle, and signaling functionality for receiving from
the vehicle the (vehicle) account number, indicating a vehicle
account, to be associated with the vehicle for purposes of
compensating the vehicle owner or account holder for the
electric power provided by the vehicle. The fixed coupler 13
communicates the account number and meter readings to an
accounting module 14 (which may be provided as part of the
fixed coupler), which holds the meter readings or correspond-
ing tracking information in a data store 14a of vehicle
accounts (what can be called docking facility vehicle
accounts, to distinguish them from third-party facility vehicle
accounts introduced below), for use in compensating from
time to time the account associated with the vehicle. The
accounting module is provided as computer software hosted
by a computer, i.e. stored on a memory storage device in a
form so that it can be loaded by a processor into executable
memory and executed. The computer is typically situated
remotely from the fixed couplers, and communicably coupled
to the fixed couplers wirelessly or via a wireline connection,
over the Internet or a private network.

Sep. 11, 2008

[0030] Prefatory to a vehicle owner/operator receiving
compensation for the electric power provided by the vehicle,
the vehicle owner/operator and the docking facility or a third
party must agree on an account to be compensated for the
electric power. Such an account (called here a vehicle
account) could be for example a general credit card account,
or an account created with the docking facility or a third party
especially for receiving compensation for the electric power
provided by the vehicle. In any event, the account information
could be provided by the vehicle owner/operator to the dock-
ing facility or a third party, possibly offline. Then the docking
facility or the third party could communicate the account
information to the interface 11¢, where it could be stored for
use each time the vehicle docks and provides electric power,
i.e. so that the interface 11c¢ can then automatically provide
the account information to any fixed coupler 13 at the docking
facility, or, even at other docking facilities. In some embodi-
ments, the vehicle accounts could be specifically identified
with the vehicle, e.g. via the vehicle identification number,
and could be sold with the vehicle. The account information
would, advantageously, be communicated to and by the inter-
face 11¢ and stored there so as to be kept secure. For example,
it could be communicated in encrypted form based on a
public/private key pair, and it could be stored in encrypted
form, using any of various encryption technologies.

[0031] Incaseofabusiness receiving power from a vehicle
parked on its premises, the fixed coupler would be provided
by the business or perhaps a third party. There could be such
a coupler in many or all of the parking spaces. The business
(or third party) could then receive solar-derived electric
power from many vehicles, and either use it internally, or sell
it to the grid (directly or through a broker). The business (or
third party) would compensate the vehicle accounts for the
electric power received from the respective vehicles, using
the account numbers provided to the fixed coupler 13 via the
interface 11c¢ of the vehicle, and using the meter readings for
the vehicles.

[0032] Insomeembodiments, the home or business provid-
ing the docking facility 12 could itself use the electric power
received from the vehicle 11 at least some of the time, and
could sell the electric power to the grid at other times. For this,
the docking facility could include a power router 16. The
power router could determine whether power should be pro-
vided to the grid (via an interface 18 to the grid), or should
instead be made available to a local bus 17 of the home or
business (for internal use by the home or business). The power
router 19 would in many applications be communicably
coupled to the power grid 19 via the interface 18 to the grid for
receiving requests to provide electric power to the grid. (The
interface 18 also serves for providing the electric power, and
often also for receiving electric power from the grid, as
needed.) The electric power is usually adapted for use by the
power grid by a power conditioning unit 15; the power con-
ditioning unit provides electric power so as to have predeter-
mined characteristics, such as voltage as a function of time,
making the power useable by the power grid. The form in
which the power is provided by the power conditioning unit
15 is the form useable by the home or business, as well as by
the grid. As it is advantageous to have power at the ready for
use by the grid, the docking facility will often include an
energy storage device 18a (e.g. a battery and AC/DC con-
verter). The interface 18 to the grid would then draw power
from the energy storage device 18a on request by the grid. The
docking facility would be provided compensation by the grid
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(or an intermediary, if such is involved, such as a power
marketer) based on the total conditioned power provided by
the docking facility. For this, of course, in much the same way
as the docking facility measures the power received from a
vehicle and receives accounting information for use in com-
pensating the vehicle for the power received, the grid (or an
intermediary) would measure the power received from the
docking facility and would also receive accounting informa-
tion from the docking facility (perhaps only at the beginning
of the business relationship, and then only as changes neces-
sitate) indicating an account—a docking facility account—to
be compensated for the power provided by the grid. An
embodiment is described in reference to FIG. 3 where a
third-party compensates such a docking facility account, but
the invention of course encompasses also embodiments in
which there is no third party.

[0033] In case of a home providing the docking facility
(either to use the electric power itself, or to sell it to the grid),
the fixed coupler 13 could include a cable and a plug at the end
of'the cable, so that the owner ofthe vehicle could park the car
outside, get the plug, and insert the plug in a receptacle in the
vehicle, and thus make possible downloading electric power
from the vehicle.

[0034] The solar collector 11a includes a solar collector
medium and also electrodes. The solar collector medium is,
according to a preferred embodiment of the invention, of a
type that can be painted or printed (as in ink-jet printing) onto
the body of the vehicle, i.e. it is spreadable. The solar collect-
ing medium must of course be placed in physical contact with
electrodes. Other advantageous solar collector media include
solar cells laminated onto the surface of the vehicle, or oth-
erwise built into the surface of the vehicle.

[0035] The preferred solar collecting medium is formed
from conducting plastics/polymers and nano-based particles
(e.g. so-called buckyballs, described below) or semiconduc-
tor particles, mixed in a solution, which can then be painted/
printed in a process similar to inkjet printing onto the surface
of the vehicle. There the nanomaterials or semiconductor
particles, in consequence of electrochemical forces, assemble
themselves within the plastic into structures serving as the
basis of a solar cell, i.e. a solar cell except for the electrodes
needed to extract the solar energy as electrical current, what
might be called the solar cell body. Such a solar cell body is
thus a spreadable medium, in the sense of paint or ink.

[0036] As an example, SIEMENS, of Erlangen, Germany,
is researching buckyballs (carbon structures in the form of a
spheroid, having flat panels joined together to form a sphere,
like a soccer ball) and conductive plastic for solar cells and
photodetectors, in what can again be described as a photovol-
taic film. As another example, KONARKA TECHNOLO-
GIES, of Lowell, Mass., is developing what can be described
as a photovoltaic film, relying on tiny semiconducting par-
ticles of titanium dioxide coated with light-absorbing dyes,
bathed in an electrolyte, and embedded in plastic film. As
another example, NANOSOLAR, of Palo Alto, Calif., is test-
ing titanium compounds and conductive plastic that can be
sprayed on surfaces to form solar cells. As still another
example, NANOSYS, also of Palo Alto, Calif., is developing
self-orienting nanoparticles in conductive plastic for photo-
voltaic coatings. As still another example, STMICROELEC-
TRONICS, of Geneva, Switzerland, is blending buckyballs
with carbon-based molecules containing copper atoms to
make solar cells. In still another approach encompassed by
the invention, GENERAL ELECTRIC, of Schenectady, N.Y.,

Sep. 11, 2008

is currently adapting methods developed for printable light-
ing panels to make solar cells. Such solar cells could be
printed on a suitable medium and laminated for protection
against the environment. (Ideally, the medium would be her-
metically sealed from the environment.)

[0037] The basis for a spreadable solar collector medium,
and in particular the Siemens technology, is work done in the
early 1990s, when physicists Serdar Sariciftci and Alan Hee-
ger at the University of California, Santa Barbara, created
primitive photovoltaic devices by pouring a solution of con-
ducting plastic and buckyballs onto a glass plate, spinning the
plate to spread the solution into a film, and sandwiching the
film between electrodes. The conducting polymer absorbed
photons, providing electrons to the buckyballs where they
were routed to an electrode. The film thus functioned as a
solar cell.

[0038] Nanosolar sprays a mixture of alcohol, surfactants
(substances like those used in detergents), and titanium com-
pounds on a metal foil. As the alcohol evaporates, the surfac-
tant molecules attach to each other so as to form elongated
tubes. The titanium compounds fuse to the tubes and to each
other. A block of titanium oxide bored through with holes just
a few nanometers wide is thus formed on the foil. Nanosolar
then fills the holes with a conductive polymer, adds elec-
trodes, and covers the whole block with a transparent plastic.

[0039] A solar collecting medium formed using semicon-
ductor polymers, such as is done by Konarka, is advantageous
because the semiconductor polymers can be dissolved in
common solvents and printed link inks. To do so, it is known
in the art to interpenetrate electron donating and accepting
(semiconductor) polymers at the nanometer length scale so
that electrons and holes can be separated from each other and
then transported toward electrodes. A polymer solar cell is
made by sandwiching a thin film of polymer between two
metallic conductors such as indium tin oxide and aluminum.
These function as electrodes, and must have different highest
occupied energy levels, so that electrons will flow from the
conductor with the higher energy electrons to that with the
lower energy electrons, from aluminum to indium tin oxide
for example, until equilibrium is reached. The charge that
builds up on the two electrodes generates an electric field
across the semiconductor. When the semiconductor absorbs
light the electric field pulls electrons to the positive electrode
and holes to the negative electrode; in other words, an electric
current results. According to the prior art, a polymer with two
kinds of semiconductors is used; with only one kind, the
electron kicked out of the valence band into the conduction
band of the one semiconductor ultimately just recombines
with the hole left behind in the valence band. Of the two kinds
of semiconductors typically used, one has a higher energy
conduction band than the other. The two kinds are mixed
together as domains of one kind, interspersed among domains
of'the other kind; if the interspersing is sufficient then when an
electron-hole combination is produced by absorption of light
in the semiconductor having the higher energy conduction
band and close enough to a domain of the other kind, the
electron transfers to the other kind, and the hole is left behind
in the first kind. The hole then travels in the electron-donating
semiconductor to the negative electrode, and the electron
travels in the accepting semiconductor to the positive elec-
trode. The intermixing of domains of the two kinds of semi-
conductors must be sufficient so that a substantial portion of
the photo-electrons donated by the donating semiconductor
accepting semiconductor before combining with holes in the
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donating semiconductor. The overall thickness of the poly-
mer, at least based on current work, is at least 100 nm in order
for enough light to be absorbed, and simple recombination/
decay of an electron-hole pair is believed to occur typically
within a distance of approximately 6 nm, and so the domains
are advantageously smaller than 6 nm in linear dimension.
[0040] Referring againto FIG. 1, an electrical connection is
necessary for transferring the electric power from the vehicle
11 to the docking facility 12, i.e. to the fixed coupler 13 of the
docking facility 12, and the vehicle’s interface 11c¢ to the fixed
coupler must be electrically (and communicably) connected.
The connection can be made manually, e.g. using a plug
provided as part of the fixed coupler 13 (which would mate
with areceptacle in the vehicle’s interface 11¢). Alternatively,
the connection is made automatically as the vehicle parks.
[0041] Referring now to FIG. 1 and also to FIGS. 2A (giv-
ing a top view) and 2B (giving a side view), to enable the
vehicle 11 to electrically and communicably couple to the
fixed coupler 13 as the vehicle parks, the fixed coupler may
include a plug 21 having a plug body 21a and plug prongs 215
made of a conductor or semiconductor material suitable for
establishing electrical connection upon contact or when
placed in proximity to another conductor or semiconductor
material. The plug is advantageously special in that the
prongs are, in their unforced state, oriented so as to angle
slightly upward away from the local horizontal, and slidably
attached to the plug body 21a as indicated in the figure so as
to be able to move in three dimensions at their proximal end,
where they attach to the plug body, and are also hinged so that
their distal ends are able to rotate relative to the plug body
with two degrees of freedom (i.e. so as to rotate up and down
and also sideways). The plug is resiliently mounted to a
structure (not shown) so that when a car pulls up to the plug,
if the car drives too far forward toward the plug, the plug will
push backward.

[0042] Still referring to FIGS. 1, 2A and 2B, the vehicle,
correspondingly, as part of the interface 11c¢ to the fixed
coupler, includes a receptacle 22 having a receptacle body
22a and conductor-lined cavities/slots 225 for receiving the
prongs of the plug. The receptacle is attached to the front of
the vehicle, and the plug is held off the ground in a parking
space, and oriented so that as a vehicle pulls into the parking
space the prongs of the plug slide and rotate as needed in order
to insert into the cavities/slots in the receptacle, providing
electrical contact suitable for receiving electric power from
the vehicle and also for receiving communication signals
providing an account number associated with the vehicle.
[0043] Advantageously, the prongs 215 may be attached to
the plug body 214 so as to be urged to a neutral position and
orientation relative to the plug 21, i.e. the prongs would return
to the neutral position and orientation when withdrawn from
the receptacle 22. Also advantageously, permanent magnets
21c embedded in the conducting material of the plug prongs,
and permanent magnets 22¢ embedded in the receptacle may
be used to assist in guiding the plug prongs into the recep-
tacle.

[0044] The plug and receptacle may make use of conductor
material having a high conductivity compared to ordinary
copper. For example, the conductor material in the plug and
receptacle could be made from material in which are embed-
ded so-called nanotubes, which are nanoscale tubular struc-
tures made from carbon (typically on the order of 10 nanom-
eters in diameter), and having ballistic conductivity when
provided as e.g. so-called single-wall nanotubes). Using
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high-conductivity nanoscale conductors would allow a very
small and lightweight plug and a correspondingly small and
lightweight receptacle.

[0045] Another possibility is for the vehicle to use an
inverter to create AC power from the DC electric power
naturally provided by the solar collectors. The AC electric
power could then be provided to the fixed coupler via induc-
tion, using a coil in the vehicle where the DC receptacle
would otherwise be, and using another coil in the fixed cou-
pler where the DC plug would otherwise be. This would have
the advantage of allowing for an (electric) ground for the
vehicle different from that for the fixed coupler.

[0046] In another alternative, the electrical connection can
be made by a simple robot arm equipped with sensors to
determine where to plug into a receptacle on the vehicle (part
of'the vehicle’s interface 11¢). To facilitate this, the vehicle’s
interface could include visual or magnetic indicators for guid-
ing the robot arm. As an alternative, the solar energy could be
converted from DC to AC in the interface 11c¢ or in the solar
collector 114, and provided to the fixed coupler 13 by induc-
tion (such as e.g. how consumer electronic devices like elec-
tric shavers are recharged).

[0047] In any embodiment, it would be advantageous to
include a sensor in the vehicle, as part of the interface 11¢ to
the fixed coupler 13, or in the fixed coupler itself, to provide
to the vehicle operator an indication of successtul docking.
[0048] Referring now to FIG. 3, an embodiment of the
invention is shown in which a third-party facility 30 (operated
by some third party, i.e. not necessarily the owner/operator of
the premises where the docking facility is located) provides
compensation for electric power provided to a plurality of
docking facilities 12 by a plurality of vehicles 11, and the
docking facilities in turn provide the electric power to the
power grid 19. In a typical application, the docking facilities
may also provide to the grid (or an intermediary) accounting
information indicating an account that is to be compensated,
and metering is performed, possibly by equipment owned by
the power grid (or an intermediary) but located at the docking
facility, or perhaps by equipment that is part of the interface
18 to the grid (FIG. 1), which interface is part of the docking
facility. The accounting information can include the measure-
ment of the electric power provided to the grid, in case the
metering is performed by the docking facility. For the third-
party facility to compensate the vehicles, the docking facili-
ties provide to the third-party facility the accounting infor-
mation needed to do so, i.e. the vehicle account information
and the metering information for the vehicle. For the third-
party facility to also compensate the docking facilities, as
opposed to their being compensated directly by the grid, the
docking facilities provide accounting information to the
third-party facility including a docking facility account iden-
tifier, and perhaps an indication of the electric power provided
to the grid by the docking facility. (The metering information
may not be needed in some arrangements. The grid may
compensate the third-party facility separately for each dock-
ing facility, and the third-party facility may then pay a per-
centage to the docking facility, so that metering information is
not needed by the third-party facility.) The third-party facility
could, as in indicated in FIG. 3, receive payment from the
power grid for each docking facility, for the electric power
provided to the grid by the docking facility, and could use this
to compensate third-party facility vehicle accounts 31 asso-
ciated with the vehicles initially providing the electric power.
(The docking facilities 12 may store in the local docking
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facility vehicle accounts 14a the information they provide to
the third-party until they successfully communicate the infor-
mation to the third-party facility.) The third-party facility, for
services performed, would keep a portion of the payment
made by the power grid. If the third party owns and maintains
the docking facilities but on properties not owned by the third
party, the third party would provide to the owners of the
properties a portion of the payment from the power grid or
some pre-agreed payment, as a payment per docking facility.
[0049] In embodiments in which a third-party facility is
used to compensate the vehicle accounts, the third-party facil-
ity includes computer equipment communicably coupled to
corresponding equipment at the docking facilities, viae.g. the
Internet. The computer equipment hosts computer software
that performs all accounting needed for compensating the
vehicle accounts in respect to electric power provided by
vehicles associated with the vehicle accounts, according to
the information communicated by the docking facilities. The
association of a vehicle with a vehicle account is typically
provided by the act of the vehicle communicating the vehicle
account when connecting to a docking facility. The compen-
sation calculations and consequent compensating of the
vehicle accounts is advantageously a fully automatic process.
[0050] In a procedure not relevant to the invention, the
vehicle accounts must of course first be established with the
docking facility or the third-party facility so as to be associ-
ated with the vehicles. Then, in providing the electric power
and also the information indicating the vehicle account, a
vehicle interface 11¢ (FIG. 1) to the fixed coupler 13 will
typically encrypt the vehicle account information. It is envi-
sioned that the vehicle account information is communicated
to the fixed coupler using the same medium as the electric
power. Thus, e.g. if a plug and receptacle are used, the vehicle
account information is provided as a modulated carrier con-
veyed over the same wiring as the electric power. The fixed
coupler would include a filter tuned to the frequency of the
carrier in order to be able to extract the vehicle account
information from the electric power.

[0051] Inaparticular illustration of the use of the invention,
a third-party business places docking facilities at stadium
parking lots for accumulating electric power from vehicles
parked in the parking lots during sporting events. There are
now such parking lots sufficient in size for many vehicles,
often over 60,000 vehicles. (There are several college cam-
puses with stadium parking lots able to accommodate over
100,000 vehicles.) Stadium parking lots are admittedly empty
except during sporting events, and so such a third-party busi-
ness might also establish docking facilities according to the
invention at other parking lots having a higher usage rate. For
example, a docking facility according to the invention could
be established at airports, especially at long-term parking
facilities for airports. These are almost always filled to near
capacity, seven days per week, twenty-four hours per day.
John F. Kennedy International Airport (JFK) in New York
City, for example, has over 14,000 parking spaces. Examples
of other kinds of parking lots where it would almost certainly
make economic sense to provide equipment implementing a
docking facility include parking lots for shopping malls, strip
malls, and super-sized grocery stores/supermarkets.

[0052] Referring now to F1G. 4A, in a typical application of
the invention in which a vehicle provides electric energy for
off-vehicle use (i.e. for the “co-generation” aspect of the
invention), in a step 41 a vehicle pulls into a parking space at,
e.g., a stadium parking lot. In a next step 42, the vehicle
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couples electrically and communicably to a fixed coupler
situated at the space in the parking lot, and provides account-
ing information indicating a vehicle account. In case of an
embodiment using a plug and receptacle as described above,
the coupling is done by steering the vehicle so as to have the
plug of the fixed coupler insert into the receptacle in the
vehicle. Advantageously, the vehicle operator is given visual
clues to align and locate the vehicle relative to the plug. For
example, a horizontal column of light-emitting diodes could
be used to indicate whether the vehicle receptacle is left or
right of the plug, and whether by a lot or a little, and a vertical
column could be used to indicate how much more to pull into
the parking space to reach the plug. The light emitting diodes
would be controlled to turn on or off based on proximity
sensors. Of course the invention also encompasses a plug
attached to a cable so that the vehicle operator can simply
park the vehicle, get out, and insert the plug into the recep-
tacle on the vehicle.

[0053] In a next step 43, the power router of the vehicle
determines whether to buy or sell energy. It makes this deter-
mination based on the state of the energy storage device lid (a
form of battery or “fuel cell”). For this, included in what is
here called the power module 115 are one or more modules
that determine the state of the energy storage device, i.e. its
state of charge (based e.g. on whether it can be further charged
by trying to do so using electric energy from the solar collec-
tors).

[0054] In a next step 44a, assuming here that the determi-
nation is to sell energy, and so assuming that the energy
storage device does not need to be topped off (although usu-
ally, when a car is first parked it would need topping off, and
then afterward there would be a determination to sell energy),
the power router signals to the fixed coupler 13 that it wants to
sell electric energy.

[0055] Inanext step 45a the fixed coupler receives electric
power from the vehicle, and meters the power, i.e. measures
the total power received. In a next step 46a, after the vehicle
decouples from the fixed coupler, the fixed coupler provides
the electric power to a power conditioning unit, and commu-
nicates the measurement of the received power and the
accounting information to an accounting module of the third-
party facility (either directly, or indirectly via the accounting
module 14 of the docking facility, as in FIG. 1). Then in a next
step 47a, the third-party facility compensates an account
identified by the accounting information, i.e. the vehicle
account). Advantageously, the docking facility and the third-
party facility erase all accounting information as soon as it is
no longer needed to compensate the vehicle for providing the
electric power.

[0056] Still referring to FIG. 4A, in a next step 48a, the
docking facility conditions the electric power received from
the vehicle and transfers the conditioned electric power to the
public electric power grid or to an intermediary. Finally, in a
next step 494, the public electric power grid or the interme-
diary then compensates the third-party facility for the condi-
tioned electric power, and the third-party facility compen-
sates the docking facility. The power grid facility or
intermediary may compensate the docking facility directly of
course. At any rate, accounting information regarding the
docking facility must be used. For example, as mentioned
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above, each docking facility could have an account that would
be compensated for the conditioned electric power it pro-
vides.

Vehicle Receiving (Buying) Electric Energy for Off-Vehicle
Use/Docking Facility Serving as a “Gas Station”

[0057] Referring again to FIG. 1, in case the power router
115 of the vehicle determines that the energy storage device
(for use in providing electric power) needs to be “topped off”
(i.e. charged or otherwise filled up, depending on the kind of
energy storage device), the fixed coupler 13 provides electric
power to the vehicle, instead of receiving it from the vehicle.
For this to happen, the power router 115 signals to the fixed
coupler 13 a request to “fill up.” This signaling is via the
interface 11¢, which could include wireless coupling, and
possibly other than the inductive coupling mentioned above
for use in transferring electric energy, e.g. it could be radio
communication. The fixed coupler then provides to the
vehicle electric energy obtained from the “mains” i.e. from
the grid (and conditioned by the power conditioning unit 15),
or from the energy storage device 185 of the docking facility.
Referring now to FIG. 4B, in a typical application of the
invention in which a vehicle receives electric energy from a
docking facility according to the invention (i.e. for the “gas
station” aspect of the invention), in a step 41 that is the same
as in the co-generation aspect, a vehicle pulls into a parking
space at, e.g., a stadium parking lot. Then in a next step 42 that
is again the same as in co-generation, the vehicle couples
electrically and communicably to a fixed coupler situated at
the space in the parking lot, and provides accounting infor-
mation indicating a vehicle account. And again, as before, in
a next step 43, the power router of the vehicle determines
whether to buy or sell energy.

[0058] Now beings a series of steps unique to the “gas
station” aspect of the invention. In a next step 445, the power
router 115 signals to the fixed coupler 13 that the vehicle
wants to buy electric energy. Then in a next step 456, the fixed
coupler provides electric energy to the vehicle, and measures
the energy provided, with the power coming typically from
the energy storage device 185 of the docking facility,
although it could instead come from the grid and be condi-
tioned as necessary for providing it to the vehicle.

[0059] In anext step 465, like in the case of co-generation,
the fixed coupler provides the accounting information to a
third-party facility serving many docking facilities. But now,
in a next step 475, the third-party facility charges an account
identified by the accounting information (the vehicle
account).

[0060] If the electric energy provided to the vehicle was
obtained from the energy storage device 185 of the docking
facility, the docking facility would then replenish the electric
energy either by means of local electric energy generation
(typically using solar and/or wind energy), or buys energy
from the grid.

[0061] As is plain to see from the above description, the
interface 11¢ and the fixed coupler 13 would include equip-
ment as needed to exchange electric energy. In case of induc-
tive coupling, the interface lid would include equipment
needed to transform electric energy received from the fixed
coupler (which would be in the form needed for inductive
transfer) into a form suitable for storing in the vehicle energy
storage device lid, i.e. typically into direct current at some
charging voltage. Likewise, for providing electric energy to
the fixed coupler, the interface lid would include the equip-
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ment needed to transform the electric energy provided by the
solar collectors 11a into the form needed for inductive trans-
fer.

[0062] Referringagainto FIGS. 1and 3, any of the modules
illustrated there having signaling functionality—for example
the fixed coupler 13, the interface 11¢ to the fixed coupler, the
interface 18 to the grid, the accounting module 14, and the
third party facility 30—can be implemented at least in part as
software stored on a memory storage device for loading into
executable memory by a processor and then executed by the
processor, or can be implemented at least in part as an appli-
cation specific integrated circuit. Thus, the invention provides
also computer program products (software stored on a
memory storage device, such as a disk) and also application
specific integrated circuits having the above-described func-
tionality for the various modules of the invention.

Web Connection

[0063] Referring againto FIG. 1, the invention also encom-
passes making use of the electrical connection of the vehicle
to the docking facility. Since the docking facility can of
course be communicably coupled to the grid (by many dif-
ferent technologies, including cable and satellite), a vehicle
coupled to the docking facility can be communicably coupled
to the Internet. Such a connection allows, among other things,
“servicing” the vehicle: equipment in the vehicle could com-
municate diagnostic information over the Internet connec-
tion, and receive in response advisories in case of the diag-
nostic information indicating a problem, or receive “patches”
or upgrades to existing software.

[0064] Inaddition to the vehicle equipment making use of
the Internet connection, a user could do so, even though a user
would likely have Internet access via a cell phone. Internet
access via a docking facility according to the invention could
realistically be a higher-speed connection than a user would
have using a cell phone, and the vehicle could provide a
superior user interface (including a larger video display).
[0065] The docking facility could charge a fee for provid-
ing the Internet connection, and could automatically collect
the fee by charging the account indicated by the accounting
information provided by the vehicle.

Conclusion

[0066] It is to be understood that the above-described
arrangements are only illustrative of the application of the
principles of the present invention. The invention encom-
passes numerous modifications and alternative arrangements,
and the appended claims are intended to cover such modifi-
cations and arrangements.

What is claimed is:
1. A method for use by a docking facility fixed on a pre-
mises, comprising:

establishing an electrical connection to a vehicle parked on
the premises; and

receiving from the vehicle a signal to either buy electric
energy from the vehicle or to sell electric energy to the
vehicle.

2. A method as in claim 1, further comprising:

determining that the signal is a signal to buy electric
energy, and then receiving electric power from the
vehicle, conditioning the electric energy so as to be
useable by a public electric power grid, and providing
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the conditioned electric energy for use by the public
electric power grid or for use on the premises.

3. A method as in claim 1, further comprising:

determining that the signal is a signal to sell electric energy

to the vehicle, and then providing electric energy to the
vehicle.

4. A method as in claim 1, further comprising receiving
electrical power from a plurality of vehicles parked on the
premises, conditioning the electric power, and providing the
conditioned electric power for use by the public electric
power grid or for use on the premises.

5. A method as in claim 1, further comprising:

receiving from each vehicle information indicating a

vehicle account associated with the vehicle to which
payment is to be made for the electric power provided by
the vehicle or which is to be charged for selling electric
energy to the vehicle, and measuring the electric power
provided by the vehicle or provided to the vehicle.

6. A method as in claim 5, further comprising;

providing accounting information for use in compensating

or charging the vehicle account in proportion to the
electric power provided by the vehicle or sold to the
vehicle.

7. A method as in claim 1, further comprising providing to
the vehicle a connection to the Internet.

8. A system, comprising a docking facility fixed on a pre-
mises, wherein the docking facility comprises:

means for establishing an electrical connection to a vehicle

parked on the premises; and

means for receiving from the vehicle a signal to either buy

electric energy from the vehicle or to sell electric energy
to the vehicle.

9. A system as in claim 8, wherein the docking facility
further comprises:

means for determining that the signal is a signal to buy

electric energy, and for then receiving electric power
from the vehicle, conditioning the electric energy so as
to be useable by a public electric power grid, and pro-
viding the conditioned electric energy for use by the
public electric power grid or for use on the premises.

10. A system as in claim 8, wherein the docking facility
further comprises:

means for determining that the signal is a signal to sell

electric energy to the vehicle, and for then providing
electric energy to the vehicle.

11. A system as in claim 8, wherein the docking facility
further comprises:

means for receiving electrical power from a plurality of

vehicles parked on the premises, conditioning the elec-
tric power, and providing the conditioned electric power
for use by the public electric power grid or for use on the
premises.

12. A system as in claim 11, wherein the docking facility
further comprises:

means for receiving from each vehicle information indi-

cating a vehicle account associated with the vehicle to
which payment is to be made for the electric power
provided by the vehicle or which is to be charged for
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selling electric energy to the vehicle, and measuring the
electric power provided by the vehicle or provided to the
vehicle.

13. A system as in claim 12, wherein the docking facility
further comprises means for providing accounting informa-
tion for use in compensating or charging the vehicle account
in proportion to the electric power provided by the vehicle or
sold to the vehicle.

14. A system as in claim 12, wherein the docking facility
further comprises means for providing to the vehicle a con-
nection to the Internet.

15. A system, comprising a docking facility fixed on a
premises, wherein the docking facility comprises:

a fixed coupler, for establishing an electrical connection to
avehicle parked on the premises, and for receiving from
the vehicle a signal to either buy electric energy from the
vehicle or to sell electric energy to the vehicle, and
further for receiving electric power from the vehicle or
providing electric power to the vehicle, depending on the
signal; and

an energy storage device, for storing the electric power
received from the vehicle and for storing the electric
power provided to the vehicle.

16. A method for use by a vehicle suitable for transporta-

tion, comprising:

while parked in a parking spot configured for enabling
coupling to a fixed coupler, coupling to the fixed coupler
so as to be able to exchange signals and electric power
with the fixed coupler; and

providing to the fixed coupler a buy signal indicating an
offer to buy electric energy or a sell signal indicating an
offer to sell electric energy.

17. A vehicle suitable for transportation, comprising:

means for coupling to the fixed coupler while parked in a
parking spot, so as to be able to exchange signals and
electric power with the fixed coupler; and

means for providing to the fixed coupler a buy signal indi-
cating an offer to buy electric energy or a sell signal
indicating an offer to sell electric energy.

18. A vehicle suitable for use as transportation, compris-

ing:

a solar collector formed on the surface of a vehicle, for
providing electric energy;

an energy storage device, for receiving or providing elec-
tric energy; and

an interface, for electrically connecting the vehicle to a
fixed coupler situated on a premises, for providing to the
fixed coupler a buy signal indicating an offer to buy
electric energy or a sell signal indicating an offer to sell
electric energy, for either providing electric energy to the
fixed coupler or for receiving electric energy from the
fixed coupler and providing the received electric energy
to the energy storage device, and also for providing a
vehicle account associated with the vehicle and to which
payment is to be made for electric energy provided by
the vehicle or which is to be charged for electric energy
sold to the vehicle.
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