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Description

Cross-reference to related application

[0001] This application claims the benefit under 35
U.S.C. §119(e) of Provisional Patent Application No.
60/996,604, filed November 27, 2007, and Provisional
Patent Application No. 61/054,806, filed May 20, 2008.

Field of the Invention

[0002] The present invention relates to an apparatus,
system and method for generating electricity from phot-
onic and thermal energy as well as storing and distribut-
ing generated electricity. More particularly, the present
invention relates to a tube shaped, autonomous modular
apparatus that is adapted to be attached to various struc-
tures, such as highway jersey walls or indoor office cu-
bicles. The apparatus is capable of generating electricity
from photonic and thermal energy, and due to the curved
shaped, can receive energy from light sources at any
angle, without resorting to motorized photovoltaic panels
to follow the source of light.

Description of the Related Art

[0003] Many devices have been introduced for collec-
tion of solar energy and the storage and/or distribution
thereof. Most of these devices consist of photovoltaic so-
lar panels mounted on a roof or on large land mounted
frames that are tied to electrical distribution systems, or
to large banks of batteries that store the generated power.
These systems are usually quite large and bulky, and
they are very expensive to construct.
[0004] Conventional photovoltaic (PV) cells are be-
tween 15% and 20% efficient at conversion of solar en-
ergy to electrical energy. As a result, it takes many years
to break even on the investment made on systems using
these conventional PV cells. In addition, because the cost
of these systems is out of reach for most homeowners,
the use of these photovoltaic systems is mainly confined
to large land based systems operated by utility compa-
nies. These systems generally consist of large mega pan-
els mounted on a motorized system to follow the arc of
the sun as it moves across the sky.
[0005] A common problem with flat panels is maintain-
ing the proper angle of incidence. Once the proper angle
is lost, photovoltaic conversion becomes inefficient. An-
other problem suffered by these systems is the lack of
production when the weather is inclement. These solar
arrays are not portable. Therefore, when it is raining or
cloudy, these panels produce little or no electricity. Like-
wise, a homeowner, who has converted his home to so-
lar-power, cannot power his home during times of little
or no sunshine, or must resort to using power from the
common electrical power grid.
[0006] Another problem with conventional solar power
systems is the lack of efficiency due to losses suffered

in the distribution system. When electricity is generated
by a solar array and distributed over a long distance to
an end user, significant resistive losses are suffered.
Similar losses are suffered when electricity is generated
at a solar panel, and distributed to a remote storage de-
vice.
[0007] In addition, conventional solar power systems
are limited to outdoor applications. Few attempts, if any,
have been made to harvest the photonic and thermal
energy emitted from interior lighting in the millions of
homes and offices around the country.
[0008] The United States has approximately 47,000
miles of interstate highways, and many thousands more
of state and local highways and roads. All of these are
heated by the sun’s rays each day, and yet this bounty
of energy is essentially wasted.
[0009] Therefore, what is needed is an improved sys-
tem and method to harvest alternative sources of energy
including photonic and thermal energy. Such and im-
proved system and method will overcome the disadvan-
tages described above, and provide additional advantag-
es, as will become clear from the following description.

Summary of the Invention

[0010] Accordingly, it is an object of the present inven-
tion to provide solutions to the above and other problems
associated with generating, storing and distributing en-
ergy from alternative sources. The invention in its broad-
est forms is defined via the subject matters of independ-
ent claims 1 and 15. s.
[0011] According to one aspect of the present applica-
tion a hollow tube-shaped autonomous modular solar en-
ergy collection apparatus is provided that preferably com-
prises a photovoltaic ("PV") module, a thermionic mod-
ule, a battery module, a monitoring and control module
and a load interfacing module. According to one embod-
iment, which is suitable for being deployed outdoors on
highway jersey walls, the apparatus includes, from outer
layer to inner layer, a clear outer shell made of UV stable
polycarbonate plastic, a photovoltaic layer made of
curved thin-film, amorphous silicon photovoltaic cells,
and a thermionic layer forming a hollow tube. The appa-
ratus also preferably includes a battery module, which
according to the particular application, may be a thin-film
lithium ion battery layer forming part of the hollow tube,
or a battery pack filling the interior of the tube. The tube
portion is mounted to a base to facilite integration of the
apparatus into an electrical distribution system. The ap-
paratus also preferably include sensors and a microproc-
essor-based control system to advantageously monitor
and control various aspects of the operation of the ap-
paratus components.
[0012] According to another aspect of the application,
the battery module of the device may be implemented in
the form of a removable battery core, which can also be
used to power other devices in a variety of applications.
In addition, multiple battery cores may be stacked or con-
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catenated together to increase the total capacity of the
supplied electrical energy.
[0013] According to still another aspect of the applica-
tion the battery module of the apparatus includes a bat-
tery management module (BMM), which intelligently con-
trols the charging and discharging of multiple battery
banks so as to increase the efficiency and safety of the
batteries of the battery module.
[0014] According to still another aspect of the applica-
tion the load interfacing module of the apparatus is struc-
tured to facilitate the safe installation of the apparatus
along highways, roadways, or other suitable infrastruc-
ture, and the integration of the apparatus into the elec-
trical distribution system extended to those infrastruc-
tures.
[0015] According to yet another aspect of the present
application, each autonomous apparatus is outfitted with
sensors, a microprocessor and a communication module
to enable remote monitoring of the health and operation
status of the apparatus.
[0016] According to still another aspect of the present
application a battery pack enclosure is provided. The bat-
tery pack enclosure includes a battery core, a thermal
resisting layer wrapped around the battery core, and a
thermal insulation layer wrapped around the thermal re-
sisting layer. The thermal resisting layer is preferably
formed from a ceramic material, and the thermal insulat-
ing layer is preferably formed of fiberglass.
[0017] According to yet another aspect of the present
application a plurality of autonomous devices as de-
scribed above are arranged together to form a hybrid
power system. The system provides DC and AC power.
AC power can be provided to a building’s main service
panel, or via a standard AC outlet provided as part of the
system. The battery modules of individual devices in the
system can be charged from the PV and thermionic lay-
ers, or from the building’s main service panel AC distri-
bution system, as the need arises.
[0018] According to still another aspect of the present
application a system as described above advantageous-
ly provides a "green switch" which provides DC power to
DC devices, thereby avoiding inefficient losses caused
by unnecessary conversions between AC and DC power.
The green switch preferably automatically detects the
power requirements of an attached load device, and pro-
vides power in AC or DC form, as appropriate.
[0019] According to yet another aspect of the present
application, a battery module is adapted for use in a host
device. The battery module includes an attachment de-
vice to connect power to the host device only after the
battery module is fully engaged with the host device. In
one such embodiment, the attachment device comprises
a spring loaded plunger that is depressed as the battery
module is properly inserted into the host device, and the
depression causes power to be connected from the bat-
tery module to the host device.
[0020] According to still another aspect of the present
application the battery module communicates status in-

formation to the host device. The host device, in turn,
calculates a range based on the status information re-
ceived from the battery module in combination with pa-
rameters of the host device. In a preferred embodiment,
the host device is an electric vehicle, the status informa-
tion of the battery module includes the charge level of
the battery module, and the parameters of the host device
include the vehicle’s weight, engine parameters, and the
like. The range is calculated based on the charge level
of the battery module, the weight of the vehicle, and other
available parameters, and the range is displayed on a
display in the electric vehicle.
[0021] According to yet another aspect of the present
i application, a method of providing charged battery mod-
ules is provided. Customers obtain charged battery mod-
ules and return discharged battery modules. Discharged
battery modules are recharged and made available to
customers as charged battery modules. A vending ma-
chine is preferably used to make charged battery mod-
ules available, to accept discharged battery modules,
and to charge discharged battery modules.
[0022] According to still another aspect of the present
application, a system of devices form an infrastructure
and conduit for additional services. The additional serv-
ices can include traffic cameras, speed detecting devic-
es, vehicle disabling devices, and internet communica-
tion services.
[0023] Other aspects, advantages, and salient fea-
tures of the invention will become apparent to those
skilled in the art from the following detailed description,
which taken in conjunction with the annexed drawings,
discloses exemplary embodiments of the invention.

Brief Description of the Drawings

[0024] The above and other objects, features, and ad-
vantages of certain embodiments of the present invention
will be more apparent from the following description taken
in conjunction with the accompanying drawings, in which:

FIG. 1 is a cutaway view of a device according to an
exemplary embodiment of the present invention;
FIG. 2 illustrates the bottom of a load interfacing
module of an exemplary embodiment of the present
invention;
FIG. 3 illustrates an end view of an exemplary em-
bodiment of the present invention;
FIG. 4 illustrates a side of a system according to an
exemplary embodiment of the present invention;
FIG. 5 illustrates an end view of a mounting clip for
use with an exemplary embodiment of the present
invention;
FIG. 6 illustrates an outdoor application of a system
according to an exemplary embodiment of the
present invention;
FIG. 7 illustrates an indoor application of an exem-
plary embodiment of the present invention;
FIGS. 8-15 illustrate the assembly of a battery pack
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according to an exemplary embodiment of the
present invention;
FIG. 16 illustrates an exemplary embodiment of the
present invention;
FIGS. 17-18 illustrate alternative electrical connec-
tions of devices according to exemplary embodi-
ments of the present invention;
FIG. 19 is a functional block diagram of a system
according to an exemplary embodiment of the
present invention;
FIG. 20 is a functional block diagram of a smart bat-
tery charging system according to an exemplary em-
bodiment of the present invention;
FIG. 21 is a timing diagram illustrating functions per-
formed by the smart battery charging system of FIG.
20;
FIGS. 22A and 22B are cross sectional views of al-
ternate embodiments of the present invention;
FIG. 23 illustrates a safety tether according to an
exemplary embodiment of the present invention;
FIG. 24 illustrates a geographic advantage of a sys-
tem according to an exemplary embodiment of the
present invention;
FIG. 25 illustrates a battery module according to an
exemplary embodiment of the present invention;
FIG. 26 illustrates a battery vending machine accord-
ing to an exemplary embodiment of the present in-
vention;
FIG. 27 illustrates a battery module according to an-
other exemplary embodiment of the present inven-
tion;
FIG. 28A is a perspective view illustrating a battery
module inserted into an electric vehicle according to
an exemplary embodiment of the present invention;
FIG. 28B is a cross-sectional view of the battery mod-
ule and vehicle of FIG. 28A;
FIG. 28C illustrates a vehicle display according to
an embodiment of the present invention;
FIG. 29 illustrates a power lockout feature of a battery
module according to an exemplary embodiment of
the present invention;
FIG. 30 illustrates a green switch outlet and green
switch compatible device according to an exemplary
embodiment of the present invention;
FIG. 31 is a functional block diagram of a green
switch system and green switch compatible device
according to an exemplary embodiment of the
present invention;
FIG. 32 illustrates a hinged embodiment of the
present invention;
FIG. 33 is an alternate view of the hinged embodi-
ment shown in FIG. 32;
FIG. 34 illustrates a portable power generating de-
vice according to another exemplary embodiment of
the present invention;
FIG. 35 is a side view of the portable power gener-
ating device shown in FIG. 34;
FIG. 36 illustrates multiple devices chained together;

FIG. 37 illustrates a connection structure for chaining
devices together as shown in FIG. 36;
FIG. 38A illustrates an embodiment of the present
invention with a vertically oriented oval cross-sec-
tion;
FIG. 38B illustrates an embodiment of the present
invention with a square cross-section; and
FIG. 38C illustrates an embodiment of the present
invention with a horizontally oriented oval cross-sec-
tion.

[0025] Throughout the drawings, like reference num-
bers will be understood to refer to like elements, features,
and structures.

Detailed Description of Exemplary Embodiments

[0026] The matters set forth in the following descrip-
tion, such as a detailed construction and elements, are
provided to assist in a comprehensive understanding of
embodiments of the invention and are intended to be
merely exemplary. Accordingly, a skilled artisan will rec-
ognize that various changes and modifications of the em-
bodiments described herein can be made without depart-
ing from the scope and spirit of the invention. Also, de-
scriptions of well-known functions and constructions are
omitted for clarity and conciseness.
[0027] Exemplary embodiments of present invention
will now be described in greater detail with reference to
the accompanying drawings.
[0028] FIG. 1 is a cutaway view of a device 100 ac-
cording to a first exemplary embodiment of the invention.
The device 100 is cylindrical in shape, and comprises,
from inner layer to outer layer, a hollow tube-shaped sub-
strate 101 on which the upper layers are formed. The
battery layer 102 is formed on the substrate layer 101.
The battery layer 102 is preferably formed of flexible,
thin-film rechargeable lithium ion batteries. Outside the
battery layer 102, the thermionic layer 103 is formed. The
thermionic layer converts thermal energy into electrical
energy, and will be described in further detail below. Out-
side the thermionic layer 103, a curved, flexible photo-
voltaic ("PV") layer 104 is formed. The PV layer 104 con-
verts photonic energy into electrical energy. Finally, a
clear outer shell 105 made of UV protective material, such
as stable polycarbonate plastic, encases the tube portion
106 of the device. The tube portion 106 is mounted to a
base 107.
[0029] As user herein, "layers" may also be described
in functional terms as "modules."
[0030] It will be appreciated that various modifications
can be made to the embodiment describe above for par-
ticular applications. For example, the battery layer 102
may be replaced by a battery pack that is inserted into
the hollow of the tube portion 106. Also, the battery layer
102 may be located below the PV layer 104, but above
the thermionic layer 103. In addition, for indoor applica-
tions, the outer shell 105 need not be UV protective.
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[0031] FIG. 2 illustrates the device 100 of FIG. 1, but
from an angle showing the bottom of base 107. Base 107
is preferably formed with guide rails 201 and locking feet
202, which are adapted to mount device 100 to a mount-
ing clip (not shown) which is in turn permanently installed
onto infrastructure such as a highway jersey wall. As
shown in FIG. 2, base 107 further provides for one or
more conductors 203 to protrude downwardly toward the
mounting clip, preferably along guide rail 201. As will be
appreciated by those of ordinary skill in the art, the
number and configuration of the downwardly protruding
conductors 203 will vary according to the particular ap-
plication of the device 100. For example, if a series of
devices 100 are to be connected in parallel, then each
guide rail 201 preferably will have two downwardly pro-
truding conductors 203, one corresponding to the posi-
tive node and one corresponding to the negative node
of the parallel circuit. In a serial combination of devices
100, a first device 100 may have one downwardly pro-
truding conductor 203 corresponding to a first node of
the serial circuit. A plurality of additional devices 100 can
be serially connected to one another via other means,
with a last device 100 having another downwardly pro-
truding conductor 203 corresponding to the second node
of the serial circuit.
[0032] FIG. 3 illustrates a device 100 being mounted
onto a mounting clip 300 according to an exemplary em-
bodiment of the present invention. Mounting clip 300 in-
cludes at least one foot receiving hole 301 that receives
the foot 202 of base 107. Slots 302 receive guide rails
201 and downwardly protruding conductor 203. In order
to mount the device 100 onto the mounting clip 300, the
device 100 is first pressed downwardly such that rails
201 are received into slots 302, and foot 202 is received
by foot receiving hole 301. Next the device 100 is moved
laterally such that foot 202 engages with foot receiving
hole 301 to lock the device 100 onto the mounting clip
300. In one preferred arrangement illustrated in FIG. 4,
a series of devices 100 are installed adjacent to one an-
other. Spacers 401 are installed between the devices
100 to prevent each device from moving to the release
position. Preferably, the spacer is installed using security
bolts such that only authorized persons can remove a
spacer, in order to release a particular device 100 from
the mounting clip 300, for maintenance or to be replaced.
[0033] As illustrated in FIG. 5, distribution conductors
501 are embedded within mounting clip 300. Downwardly
protruding conductors 203 of device 100 contact a dis-
tribution conductor 501 when the device 100 is installed
on the mounting clip 300. Advantageously, distribution
conductors 501 are inaccessible to human contact. Fur-
thermore, as will be described in greater detail below,
device 100 is preferably manufactured such that when
installed onto mounting clip 300, if device 100 is struck
by a vehicle, the tube portion 106 is designed to break
away from the base 107, such that rails 201 remain in-
serted into slots 302, and base 107 remains attached to
mounting clip 300. As a result, distribution conductors

501 advantageously remain embedded in mounting clip
300 and inaccessible to human contact, even in the event
of a vehicular accident.
[0034] FIG. 6 illustrates a series of devices 100 in-
stalled onto a jersey wall 601 of a highway 602 in accord-
ance with an outdoor application of an embodiment of
the present invention.
[0035] An indoor application of the above described
concepts share many of the same features. However,
certain design choices are preferably changed, as would
be appreciated by one of ordinary skill in the art. For
example, in an indoor environment, the clear protective
outer shell need not be protective of UV rays. In addition,
the base 107 and mounting clip arrangement can be sim-
plified since the risk of being struck by a vehicle is elim-
inated, and the distribution conductors are likely carrying
significantly lower rated voltage and current than the out-
door application described above. Accordingly, the dis-
tribution conductors may be incorporated into base 107,
and base 107 can also form a mounting structure to at-
tach the device 100 to an indoor structure such as an
office cubicle wall. The distribution conductors also need
not protrude downwardly from base 107. Rather, it is ad-
vantageous for the distribution conductors to protrude
from the lateral ends of the tube portion 106 such that
the devices 100 can easily be chained together.
[0036] FIG. 7 illustrates an indoor system according to
an exemplary embodiment of the present invention. A
plurality of devices 100 are installed onto the walls of an
office cubicle 701. The devices are connected together.
The system also provides a standard AC outlet 702, and
a DC outlet 703.
[0037] The construction of an exemplary device 100 in
accordance with an indoor embodiment will now be de-
scribed in connection with FIGS. 8-22. FIG. 8 illustrates
four individual lithium ion rechargeable batteries 801 that
are connected in series to form a cell string 802. Each
lithium ion rechargeable battery 801 preferably provides
approximately 3.7 volts, and 2600 mA. The cell string
802 provides approximately 15.34 volts and 2600 mA.
Next, eight cell strings 802 are connected together in
parallel, to form a battery pack 901, as shown in FIG. 9.
The battery pack provides approximately 15.34 volts and
20.8 amps. Alternately, in an outdoor application with a
larger device 100, twenty-four cell strings 802, each hav-
ing four battery cells 801, are connected in parallel to
produce a battery pack 901 that has a total voltage of
15.34 volts at 85 amps.
[0038] Assembly of the battery pack is described in
further detail in connection with FIGS. 10-12. As shown
in FIGS. 10-12, a hollow conduit 1001 is provided to form
a passageway for conductors 1002. The hollow conduit
1001 holds battery retainer caps 1003, through which the
conductors 1002 are fed to form electrode contacts for
the cell strings 802. Eight cell strings 802 are arranged
around the hollow conduit 1001, attached to the conduc-
tors 1002, and retained by battery retainer caps 1003, to
form battery pack assembly 1004. The battery pack as-
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sembly 1004 is fitted with plugs 1006 and 1007 attached
at either end of the battery pack assembly 1004 for con-
nection to the power out circuit (not shown) and the charg-
ing circuit (not shown).
[0039] Referring to FIG. 13, the assembled battery
pack 1004 is inserted into a ceramic housing 1301, which
is shown in cutaway view. The ceramic housing is pref-
erably wrapped in a thermal insulation layer, such as fib-
erglass (not shown). The battery pack assembly 1004 is
connected to the charging circuit 1302 via plug 1007. The
charging circuit 1302 is preferably connected to two
sources of energy. First, the charging circuit 1302 is con-
nected to standard 120VAC power for charging the bat-
tery pack when ambient light is not sufficient. Second,
the charging circuit 1302 is connected to the PV and ther-
mionic modules, as described above. These are the pri-
mary means of charging the battery pack.
[0040] Once the battery pack assembly 1004 and the
charging circuit 1302 have been installed in the ceramic
conduit 1301, an AC/DC charging and control switch gear
1303 is installed. The AC/DC charging and control switch
gear controls the incoming AC or DC charge cycles. The
AC/DC charging and control switch gear is preferably
held in place within the ceramic conduit 1301 by pre-
formed lips with attachment points corresponding to at-
tachment points on the AC/DC charging and control
switch gear circuit board 1303. Of course, this description
is merely exemplary, and those of ordinary skill in the art
will recognize a wide variety of well known means for
installing a circuit board in a conduit. The AC/DC charging
and control switch gear 1303 can include a standard AC
wall plug for connection to a standard 120VAC wall outlet.
[0041] The battery package is completed by the addi-
tion of ceramic end caps (not shown). One end cap pref-
erably has a center opening for connector plug 1006.
FIG. 14 illustrates the other end cap 1401, which prefer-
ably has louvered openings to facilitate air movement by
a fan 1402. An LED charge status array 1403 preferably
includes four LEDs to indicate various conditions. A
standard USB port 1404 is also preferably provided.
[0042] The assembled battery pack 1500 is shown in
FIG. 15. The particular application for which the battery
pack 1500 is to be used determines the configuration of
the external connections. FIG. 16 illustrates a first exam-
ple, in which the assembled battery pack 1500 is used
in an external application, as in the jersey wall application
described above. Plug 1006 is connected to a solenoid
1601 of a battery output control circuit board (not shown).
When the battery has full charge, the solenoid 1601 clos-
es and connects the battery to the distribution conductors
501, 502. As discussed above, various combinations of
downwardly projecting conductors 1602, 1603, or later-
ally projecting conductors 1604, 1605 may be used to
connect devices together in parallel or serial connection.
A series of devices 1500 connected in serial fashion are
shown in FIG. 17. A series of devices 1500 connected in
parallel fashion are shown in FIG. 18.
[0043] A functional block diagram of an exemplary em-

bodiment of the present invention is illustrated at FIG.
19. As described above, the device 100 comprises a PV
layer 104, a thermionic layer 103, and one or more battery
banks 1901. The PV layer 104, thermionic layer 103, and
the battery banks 1901 are connected to a battery man-
agement module 1902. A DC surge protector 1903 is
preferably provided to protect the internal circuits of the
device 100. The battery management module provides
DC power to a DC load 1903 via DC-to-DC converter
1904. Optionally, a system performance meter 1905 tab-
ulates usage of the DC power supply. The battery man-
agement module further provides AC power to a load
such as a building’s main service panel 1906 via the DC-
to-AC inverter 1907, and high efficiency transformer
1908. Optionally, another system performance meter
1909 tabulates usage of the AC power supply. Prefera-
bly, an AC surge protection device 1915 is provided to
protect the device from power surges. A line isolation
breaker 1911 is provided to isolate device 100 from the
DC load 1903, and the main service panel 1906.
[0044] A microcontroller 1910 is provided to control the
functionality of the battery management module 1902,
as will be described in further detail below. The micro-
controller also communicates with a remote manage-
ment and data acquisition unit 1912. Accordingly, the de-
vice 100 can be monitored remotely. Preferably, the mi-
crocontroller communicates with the remote manage-
ment and data acquisition unit 1912 via a cellular com-
munication protocol such as GSM or CDMA. However,
any suitable communication protocol, including TCP/IP,
USB, RS232, may be utilized without limitation.
[0045] Preferably, the main service panel 1906 sup-
plies AC power to a stepdown AC-to-DC converter 1913
via line 1916, which in turn supplies DC power to the
battery management module 1902. This is advantageous
in situations in which the energy generating modules 104,
103 are not generating enough energy. The battery man-
agement module 1902 can intelligently charge the battery
banks 1901 using the power supplied from the main serv-
ice panel 1906. Finally, a utility net usage meter 1914 is
provided to tabulate net power usage for the entire build-
ing’s main service panel 1906. Battery management
module 1902 further can advantageously and intelligent-
ly select charging, discharging and idle modes for the
various components of the device 100. For example, the
battery management module 1902 can connect energy
generating modules 104, 103 to the battery banks 1901
to charge the battery banks, or alternately, connect en-
ergy generating modules 104, 103 directly to the DC load
1903 or the main service panel 1906 through the DC-to-
DC converter 1904 and the DC-to-AC converter 1907.
The battery management module can connect fully
charged battery banks 1901 to the DC load and/or the
main service panel 1906. As described above, battery
management module 1904 can charge the battery banks
1901 using AC power from the main service panel 1906
through line 1916 and stepdown AC-to-DC converter
1913.
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[0046] FIG. 20 illustrates another exemplary battery
charging system having multiple independent battery
banks, according to an embodiment of the present inven-
tion. As shown in FIG. 20, there are three smart battery
banks 1901-a, 1901-b, and 1901-c. Each smart battery
bank 1901-a, 1901-b, 1901-c is connected to a smart
battery selector 2003 via a communication bus 2002, a
safety/signal line 2005, and a charging/discharging con-
ductor 2006. The smart battery selector 2003 comprises
a set of switches to enable various connections between
components of the smart battery system 2000 as will be
described below. Any suitable switching device could be
used, but in the illustrated embodiment the smart battery
selector 2003 is advantageously addressable over Sys-
tem Management Bus (SMBus) protocol. The smart bat-
tery charging system 2000 includes a microcontroller
system host 2001 which communicates with other com-
ponents of the smart battery charging system 2000 using
a communication protocol such as SMBus 2002. Over
the SMBus, the system host 2001 can send battery data
and status requests, and switching commands, and re-
ceive critical event alerts from each of the smart battery
banks 1901-a, 1901-b, 1901-c, the smart battery selector
2003, and a smart battery charger 2004. The system host
2001 is programmed to intelligently switch the charging
mode of each smart battery bank 1901-a, 1901-b, 1901-
c between charging mode, discharging (supplying)
mode, and idle mode. As illustrated, smart battery bank
#1 1901-a is in discharging mode. The discharing con-
ductor 2006-a is connected to inverter 2007 via smart
battery selector 2003. Smart battery bank #2 1901-b is
in idle mode. Conductor 2006-b is open circuited. Smart
battery bank #3 1901-c is in charging mode. Charging
conductor 2006-c is connected to the smart battery
charger 2004. As needed, the system host 2001 trans-
mits commands smart battery selector 2003 to cause the
battery banks 1901-a, 1901-b, 1901-c to change among
the three modes, as appropriate. The system host uses
a novel routine to determine how and when to switch the
smart battery banks among the three modes, as will be
described below in connection with FIG. 21.
[0047] FIG. 21 is a timing diagram illustrating the
charging/discharing/idle mode status of the three smart
battery banks 1901-a, 1901-b, 1901-c, as set by the sys-
tem host 2001 and the smart battery selector 2003. Ini-
tially, battery bank 1901-a is set to discharging mode.
Accordingly, battery bank 1901-a is connected to inverter
2007 and supplies power to a load, as illustrated in FIG.
20. Battery banks 1901-b and 1901-c are initially set to
charging mode. At roughly time period 0.8, battery bank
1901-b becomes fully charged and system host 2001
sends a command to smart battery selector 2003 via the
SMBus to switch battery bank 1901-b to idle mode. Next,
at time period 1.0 battery bank 1901-a reaches a thresh-
old charge level. System host 2001 sends a command
to smart battery selector 2003 to change battery bank
1901-a to charging mode, and to set battery bank 1901-
b in discharge mode, such that battery bank 1901-b is

connected to inverter 2007. Accordingly the power supply
from the battery banks is not interrupted. At time period
1.8, battery bank 1901-c becomes fully charged and en-
ters idle mode. At time period 2.0, battery bank 1901-b
reaches the threshold charge level, and is set to charging
mode. Concurrently, battery bank 1901-c is set to dis-
charging mode, and is connected to inverter 2007. Again,
the power supply from the battery banks 1901 is not in-
terrupted. At time period 2.8, battery bank 1901-a be-
comes fully charged, and is set to idle mode. Finally, at
time period 3.0, battery bank 1901-c reaches the thresh-
old charge level, and is set to charging mode. Battery
bank 1901-a is set to discharging mode and connected
to the inverter 2007, and the routine continues.
[0048] Also illustrated in FIG. 21 is an automatic
switchover from a DC charging source 2008 to an AC
charging source 2009, when the DC charging source (the
PV or thermionic energy generators) fails. At time period
2.0, the DC charging source 2008 fails. Power relay
switch 2010 switches to the backup AC power supply.
AC power is converted to DC and used to continue charg-
ing the smart battery banks 1901-a, 1901-b, 1901-c.
[0049] This "three card monty" style charging method
is novel and advantageous for a number of reasons. First,
applicant has found that maintaining the charge level of
rechargeable batteries at or above a certain threshold,
such as 80% of full charge increases the life span and
charge capacity of rechargeable batteries. Second, one
of the three battery banks 1901-a, 1901-b, 1901-c is al-
ways charged, so that continuous power is supplied.
Third, by reducing the continuous charging time of each
individual battery bank, the battery banks are heat up
less, and the risk of fire is reduced.
[0050] As stated above, system host 2001 receives
critical event alerts and responses to battery data/status
requests. Accordingly, smart battery charging system
2000 can advantageously detect error conditions, such
as overheating batteries, to stop charging or discharging
processes and reduce or avoid the risk of fire, or detect
damaged batteries caused by a voltage spike, or the like,
and send an alert to the management/data acquisition
unit 1912.
[0051] The thermionic layer 103 of FIG. 1 will now be
described in further detail with reference to FIGS. 22A
and 22B. Referring to FIG. 22A, the thermionic layer 103
comprises thermionic material 2201. As will be under-
stood by those of ordinary skill in the art, thermionic ma-
terials collect ambient thermal energy and convert the
collected thermal energy into electrical energy. Prefera-
bly, a parallel plate discharge capacitor 2202 is formed
within the thermionic layer 103 in order to store electrical
energy converted from ambient thermal energy. Advan-
tageously, even small amounts of such converted energy
can be stored in the parallel plate discharge capacitor
and transferred to the battery layer 102 once a threshold
charge is reached in the capacitor. Because the thermi-
onic material forms part of the parallel plate capacitor,
the accumulated charge is not dissipated by impedance
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losses caused by transferring the charge over a conduc-
tor to a remote storage unit or load. The parallel plate
discharge capacitor 2202 accumulates the converted
electrical energy over a period of time such that the total
accumulated electric charge reaches a level suitable for
transferring charges to the battery module 102 for more
permanent storage. A control/switching mechanism is
preferably included in the thermionic layer to control the
level of the electric charges accumulated on the parallel
discharge capacitor that may trigger the transferring of
the electric charges to the battery module.
[0052] The parallel plate capacitor 2202 formed in the
thermionic layer 103 comprises a positive electrode
2203, a negative electrode 2204 and a dielectric 2205.
As discussed above in connection with FIG. 1, the ther-
mionic layer 103 may be formed between the PV layer
104 and the battery layer 102, or alternately, inside the
battery layer 102. In other words, the thermionic layer
103 may also be formed between the substrate 101 and
the battery layer 102. FIG. 22A illustrates the thermionic
layer 103 formed between the PV layer 104 and the bat-
tery layer 102. FIG. 22B illustrates the thermionic layer
103 formed between the battery 102 and the substrate
101.
[0053] In a preferred embodiment, the parallel plate
discharge capacitor 2202 is formed of two deposited thin-
film graphite layers around a dielectric layer that is pref-
erably a thin-film deposited active carbon layer. One of
the thin-film graphite layers is preferably deposited onto
thermionic material 2201. A preferred thermionic material
is strontium titanate, but those of ordinary skill in the art
will recognize that any suitable thermionic material could
be used. Charges generated by the thermionic layer 2201
accumulate on the adjacent thin-film graphite layer 2203,
which is one of the electrodes of the parallel plate capac-
itor 2202.
[0054] Referring back to FIG. 6, because devices 100
are installed on highway jersey walls, it is foreseeable
that the devices may be struck by vehicles in vehicle ac-
cidents. As discussed above, the tube portion 106 of de-
vice 100 is preferably designed to breakaway from the
base 107 upon a heavy impact, so that distribution con-
ductors 501 remain safely embedded in the mounting
clip 300. However, another safety concern in a vehicle
accident is the breakaway tube portion 106 becoming a
projectile. Accordingly, applicant has invented a novel
safety feature designed to work with the device 100. FIG.
23 illustrates a safety tether 2301 incorporated into de-
vice 100. Safety tether 2301 is preferably a flexible steel
cable that runs through the hollow tube portion of device
100. Safety tether 2301 is fastened to the infrastructure
601. Accordingly, if a vehicle strikes device 100 with
enough force to cause the tube portion of device 100 to
breakaway from the base 107, the safety tether 2301 will
retain the tube portion 106 of the device 100 in close
proximity to the infrastructure 601. Accordingly, the tube
portion of device 100 advantageously does not become
a dangerous projectile. Safety tether 2301 can be strung

through an individual device 100, or alternately can be
strung through any number of adjacent devices 100.
Safety tether 2301 can be fastened to the infrastructure
601 at both ends, or alternately can be fastened to the
infrastructure 601 at one end, and to the device 100 at
the other end.
[0055] A system according to an exemplary embodi-
ment of the present invention will now be described in
further detail in connection with FIG. 24. As shown in
FIG. 24, a system of devices 100-a, 100b, can span large
distances along existing highway infrastructure. The en-
ergy accumulated in one device 100 can easily be trans-
ferred to an adjacent device 100. Accordingly, through
the system, known disadvantages of conventional solar
energy systems are overcome. First, the geographic dis-
parity of devices 100-a and 100-b increases the likelihood
that sunshine is generating energy in one part of the sys-
tem (100-a) even if inclement weather prevents signifi-
cant energy generation in another part of the system
(100-b). Similarly, the daily service time of the system is
increased when one portion of the system (100-a) is in
a different time zone than a second portion of the system
(100-b). The modular energy storage 102 included in
each device 100 allows the system to continue providing
energy long after the sun has set on the entire system.
Because storage 102 is advantageously included in each
modular, autonomous device 100, the storage of the sys-
tem naturally scales with the system. In addition, the
curved nature of the devices 100 allows more sources
of light to provide energy to the system. For example,
indirect light received from any source, including car
headlamps, overhead highway lighting, the stars, the
moon, and so on, provide energy to the system. Heat
from the highway activates the thermionic layer 103 of
the devices 100. Accordingly, portions of the system in
hot sunny climates such as the Arizona desert will have
the advantage of generating energy from strong sunlight
and immense heat generated by the blacktop highway.
Furthermore, the PV layer 104 is preferably formed with
materials such as amorphous silicon which are more ef-
ficient in converting photonic energy to electrical energy.
Accordingly, the use of advanced materials in the device
further enhances the efficiencies gained from the curved
shape of the devices 100.
[0056] An assembled battery core 1500 portion of a
device 100 according to an embodiment of the present
invention can be made easily removable from the hollow
tube portion of the device 100 (which includes the outer
layer 105, the PV layer 104 and the thermionic layer 103).
The assembled battery core 1500 can be used in a variety
of applications, some of which will now be described.
[0057] As shown in FIG. 25, an assembled battery core
1500 is adapted to be received in a host device 2501.
Battery core 1500 includes two electrodes 2502 and
2503. Host device 2501 includes electrodes 2502-a and
2503-a. Electrodes 2502 and 2503 are preferably slidably
engageable with electrodes 2502-a and 2503-a when
battery core 1500 is fully inserted into host device 2501.
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[0058] FIG. 26 illustrates and exemplary application of
the battery core 1500 with a host device. Vending ma-
chine 2601 includes receiving ports 2602 that are each
adapted to receive one or more battery cores 1500. The
vending machine is preferably outfitted with a PV layer
2603 on the outer surfaces of the vending machine 2601,
and optionally a thermionic layer inside the PV layer (not
shown). The vending machine is also preferably outfitted
with means to conduct a financial transaction 2604, such
as a cash/coin slot or a credit card slot, or the like. The
vending machine can optionally be connected to the pow-
er grid (such as being connected to AC power), or to a
more extensive system of devices 100, including a sys-
tem installed along infrastructure such as highway jersey
walls or interior office cubicles, and the like. Customers
insert depleted battery cores 1500 into empty receiving
ports 2602, whereby the depleted battery core is re-
charged, preferably according to the method described
above with reference to FIGS. 20 and 21. Fully charged
battery cores 1500 are available for customers to obtain.
Payment is made via the means to conduct a financial
transaction 2604, and the vending machine releases a
fully charged battery core 1500 for use by the customer.
[0059] Of course battery cores 1500 can also be
charged in a first device and delivered to the vending
machine for sale to customers. Accordingly, host charg-
ing stations can be located in any number of locations,
including mounted on telephone poles, highway light
poles, highway guard rails, and the like, to ensure a con-
tinuous supply of charged battery cores 1500 for vending
machines.
[0060] A system of host charging stations and battery
cores can also be made part of a community green en-
ergy system, such as on a college campus, or the like.
In such a system, host charging stations are located
around campus, and depleted battery cores are inserted
into any host charging station. The host charging station
preferably includes display means to display the charging
status of the inserted battery core 1500. Members of the
community green energy system, such as students, can
remove charged battery cores 1500 from the host charg-
ing station. In this embodiment, the financial transaction
means 2604 is optional.
[0061] FIG. 27 illustrates a battery core 1500 having
electrodes 2502, 2503 for insertion into a host device at
the proximal end of the battery core 1500, but also elec-
trodes 2502-a, 2503-a at the distal end of the battery
core, which are arranged to accept the proximal end elec-
trodes 2502, 2503 of a subsequent battery core. In this
manner, battery cores 1500 may be stacked together to
increase power supply to a host device. FIG. 27 also
illustrates that in a preferred embodiment, the battery
core 1500 adapted for insertion into a host device 2501
includes a tapered proximal end, preferably of "bullet" or
hemispherical shape. The distal end of battery core 1500
is also preferably shaped with a contour corresponding
to the proximal end shape.
[0062] FIGS. 28A and 28B illustrates an electric vehicle

2801 that includes a receiving port 2501 that is adapted
to receive one or more battery cores 1500. FIG. 28A is
a perspective view of the vehicle 2801, showing the bat-
tery core 1500 and receiving port 2501. Receiving port
2501 can of course be located at any suitable location
on the vehicle, but is shown arranged at the location of
a typical fuel cap of a gas vehicle. FIG. 28B is a cross-
sectional view illustrating a pair of battery cores 1500
inserted into the receiving port 2501 of the vehicle 2801
in piggy-back fashion for added capacity. In a preferred
embodiment, the vehicle receiving port 2501 includes
transport means (not shown) which smoothly ejects or
receives battery cores 1500 from the receiving port 2501.
The vehicle preferably includes a control mechanism in
the vehicle cockpit that allows the driver to eject dis-
charged battery cores 1500. When a charged battery
core 1500 is inserted into the receiving port, the transport
means preferably smoothly moves the charged battery
core 1500 into the receiving port 2501 and into electrical
contact with the electric vehicle 2801 or another battery
core 1500.
[0063] As discussed above, the battery core 1500 pref-
erably includes a microcontroller 2001 and communica-
tion bus 2002. While inserted into an electric vehicle, bat-
tery core 1500 preferably provides updated battery
charge information to a control computer 2802 of the ve-
hicle via the communication bus. The control computer,
in turn, calculates range information based on the battery
charge information in combination with vehicle parame-
ters, such as the vehicle’s weight, engine horsepower,
and the like. The calculated range is preferably displayed
on a display 2803 located in the vehicle cockpit. The bat-
tery charge information can also optionally be displayed
in the vehicle cockpit.
[0064] FIG. 29 illustrates an embodiment of a battery
core 1500 that includes a power lockout feature. The
power lockout feature prevents power from being con-
ducted to any external terminals until the battery core
1500 is fully engaged into a proper receiving port, in order
to protect human beings from potentially hazardous elec-
trical shock. As shown in FIG. 29, battery core 1500 in-
cludes power lockout 2901. Power lockout 2901 includes
plunger 2902, electrical contact 2903, and keyed plunger
release 2904. Preferably, plunger 2902 is elastically bi-
ased towards the distal end of the battery core 1500.
When plunger 2902 is pressed proximally into the battery
core, it closes electrical contact 2903, which causes the
battery core to enable power to the external electrodes
of the battery core 1500.
[0065] Plunger 2902 preferably is mechanically pre-
vented from moving proximally until keyed plunger re-
lease 2904 is engaged. Keyed plunger release is illus-
trated as a pattern of three contacts, but any uniquely
shaped arrangement of electrical contacts or mechanical
buttons or the like could be used. When the battery core
1500 is inserted into a proper receiving port, a key portion
(not shown) of the receiving port contacts the keyed
plunger release 2904, thus enabling the plunger 2902 to

15 16 



EP 2 232 562 B1

10

5

10

15

20

25

30

35

40

45

50

55

move distally into the battery core. As the battery core
1500 is moved further into the receiving port, plunger
2902 causes electrical contact 2903 to short circuit, thus
enabling the battery core 1500 to provide power to the
external electrodes. Advantageously, if battery core 1500
is inserted into an improper receiving port, that does not
include the corresponding key portion, then plunger 2902
will remain locked, and cannot move proximally to close
electrical contact 2903. Hence, power is prevented from
being delivered to the external electrodes of the battery
core 1500. Naturally, the shape of keyed plunger release
2904 should advantageously be selected to be difficult
or impossible to be activated by human hands, and to
avoid naturally occurring shapes that may erroneously
release the plunger 2902. Furthermore, keyed plunger
release 2904 and the corresponding key portion may be
uniquely arranged to tie a particular battery core to a par-
ticular electric vehicle, or the like. In this manner the pow-
er lockout 2901 can also serve as a theft deterrent.
[0066] Conventional electronic devices draw standard
120V or 240V AC power from a standard outlet. However,
conventional electronic devices usually operate on DC
as opposed to AC. Hence, to convert the standard
120VAC to the operating DC, a conventional device
transforms AC power to DC power such as 12VDC. Such
conversion process entails non-trivial energy losses.
[0067] On the other hand, conventional solar energy
systems generate DC power and transform then DC pow-
er to AC power for distribution. Such conversion process
creates further non-trivial energy losses.
[0068] As discussed above with reference to FIG. 7,
systems according to embodiments of the present inven-
tion can provide both AC (converted from DC) power,
and direct DC power. It would be advantageous to supply
DC electronic devices with DC power directly from the a
system of electricity generating devices 100 as illustrated
in FIG. 7. Accordingly, applicant has invented a green
switch outlet that works with compatible green switch de-
vices to provide DC power through a standard AC outlet.
[0069] FIG. 30 illustrates a green switch outlet 3001
provided by a green switch system 3002 of energy gen-
erating devices 100. A green switch compatible device
3003 includes a standard shaped electrical plug 3004
that fits a standard AC outlet. Green switch compatible
device 3003 preferably includes the standard power in-
verter to convert AC power to DC for use in the device
3003. Accordingly, if plug 3004 is inserted into a standard
120V AC outlet, device 3003 will function normally. How-
ever, when plug 3004 of green switch compatible device
3003 is inserted into a green switch outlet 3001, green
switch system 3002 switches the power provided to the
outlet 3001 to DC power, and green switch device 3003
bypasses its AC-to-DC transformer, and uses the DC
power provided by the green switch outlet 3001 directly,
thereby avoiding lossy conversions from DC-to-AC in the
system 3002, and back from AC-to-DC in the device
3003.
[0070] FIG. 31 is a functional diagram of green switch

system 3002, and green switch compatible device 3003.
System 3002 and 3003 each include an out-of-band com-
munication module 3005-a, 3005-b. System 3002 in-
cludes a power selector 3006 that is controlled by out-
of-band communication module 3005-a. If out-of-band
communication module 3005-a determines that a green
switch compatible device 3003 is connected to green
switch outlet 3001, then out-of-band communication
module 3005-a sets power selector 3006 to connect the
DC power supply 3007 of system 3002 to the green
switch outlet 3001. However, if out-of-band communica-
tion module 3005-a is unable to determine that a green
switch compatible device is connected to outlet 3001,
then out-of-band selector 3005-a sets power selector
3006 to connect standard AC power 3008 to outlet 3001.
[0071] Green switch compatible device 3003 includes
an out-of-band communication module 3005-b that at-
tempts to communicate with out-of-band communication
module 3005-a when plug 3004 is connected to outlet
3001. If out-of-band communication module 3005-b is
unable to determine whether outlet 3001 is a green switch
compatible outlet, then out-of-band communication mod-
ule 3005-b sets power selector 3009 to connect plug 3004
to the AC-to-DC transformer 3010, which in turn supplies
DC power to the power supply 3011 of device 3003. If,
however, out-of-band communication module 3005-b is
able to determine that plug 3004 is connected to a green
switch compatible outlet 3001, then out-of-band commu-
nication module 3005-b sets power selector 3009 to con-
nect plug 3004 directly to power supply 3011, advanta-
geously bypassing AC-to-DC transformer 3010.
[0072] In this manner, out-of-band communication
module 3005-a and out-of-band communication module
3005-b determine that a green switch compatible device
3003 is connected to green switch outlet 3001, and sys-
tem 3002 advantageously supplies DC power to device
3003.
[0073] Of course, further enhancements to the above
described system can be made, as will be readily appre-
ciated by those of ordinary skill in the art. For example,
device 3003 may communicate to system 3002 to set the
particular DC voltage requested by device 3003. If capa-
ble, system 3002 can oblige. Device 3003 may require
AC power at some times, and DC power at other times,
such as a computer going into and out of sleep mode.
Using the green switch technology described above,
such a device could use AC for full power, and switch
over to DC power when in sleep mode, then switch back
to full AC power upon waking.
[0074] Once a series of devices 100 are installed along
roads and highways, the devices 100 can advantageous-
ly serve as infrastructure for additional functions and
services. In particular, the system of devices 100 advan-
tageously include a hollow conduit, and have power avail-
able. Accordingly, traffic regulating devices, such as traf-
fic cameras, speed detecting devices, signage, and ve-
hicle immobilizing devices may be deployed along the
system of devices 100. Distribution conductors 501 can
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serve as wired communication lines to, for example,
transmit traffic camera data, speed detection data, and
so on, to a centralized location, or alternately, to any in-
ternet device capable of addressing the system. Wireless
internet service may also be provided by devices 100
such that passing vehicles have wireless access to the
internet, using any known or emerging wireless commu-
nication protocol such as IEEE 802.11a/b/g/n.
[0075] A few presently contemplated alternative em-
bodiments will now be described. First, a device 100 may
be constructed to have a size and shape suitable for serv-
ing functions besides generating power. For example, a
series of connected devices 100 each of a size and a
shape similar to those of a rain gutter may be deployed
as rain-gutters of residential or commercial buildings. As
a result, those rain-gutter-devices 100 serve the dual pur-
pose of collecting solar energy in sunlight and assisting
with drainage during rain. Such a device may be con-
structed in a similar manner to the embodiment described
with reference to FIG. 1, except that the PV layer 104 is
formed on the inside of the tube, and the tube is split
axially in half to form a convex gutter. A PV layer 104
may optionally be formed on both surfaces to capture
light for a maximum duration of the day.
[0076] As another example, a series of connected de-
vices 100 each of a size and a shape similar to those of
a hand-rail may be collectively deployed as hand-rails or
as attachments to hand-rails. FIG. 32 illustrates an ex-
emplary alternative embodiment of the present invention
which is advantageous for attachment to handrails, light
poles, and the like. As shown, the device includes two
half-tubes 3201a and 3201b which are hinged at hinge
3202. The device can be wrapped around pole 3203 and
connected to common infrastructure 3204 as shown in
FIG. 33. As a result, much or all of the linear footage of
handrails in a home or office, as well as vertical poles
such as light poles, can serve the dual functions of power
generator, and hand-rail or vertical pole. Of course, de-
vices according to such embodiments may optionally be
made to accommodate battery modules as described
earlier.
[0077] As yet another example, embodiments of the
present invention can be made portable. FIGS. 34 and
35 illustrate a portable generator 3401 according to an
embodiment of the present invention. The portable gen-
erator 3401 includes multiple power generating tubes
3402 arranged on a frame 3403. An inverter and power
transformer 3404 is provided to convert DC power to
standard 120V AC (or any other suitable power profile).
Power outlets 3405 are provided and allow 120V AC
tools, and the like, to be powered from the portable gen-
erator. As shown in FIG. 36, multiple power generators
3401 may be connected together to increase the power
generating capabilities. Preferably, standard connec-
tions 3701 are provided on each device 3401 such that
the devices 3401 may be chained together both length-
wise and widthwise for an infinitely expandable portable
power generating system. Connection 3701 preferably

includes an inner locking ring 3702 that is substantially
hollow in the middle, and is able to receive receiving tube
3703, and lock it in place.
[0078] FIG. 37 illustrates electrical conduction path-
ways in the hollow framing members of device 3401. Two
conductors 3801, 3802 are formed to be received into
complementarily shaped conductors of receiving tube
3703. The conductors 3801, 3802 are preferably of
square and round cross section, preventing improper at-
tachment of other devices.
[0079] In yet another portable configuration, a single,
smaller tube can be formed with a single AC outlet, or
alternately a green-switch as described above. Such de-
vice can be of a size that is convenient to store in a back-
pack or the like, and has power generating capabilities
suited to charging or powering a laptop computer, cell
phone, mp3 player, and the like. Such an embodiment
is particularly suited for use by students.
[0080] Applicants have determined that certain cross-
sectional profiles other than circular, as described with
reference to FIG. 1, are advantageous in particular ap-
plications. For example, FIG. 38A illustrates a vertically
oriented oval cross-section shaped device. This shape
has been found to be advantageous for use on highway
jersey walls. The vertical orientation advantageously in-
creases the incident surface area to capture light from
vehicle headlights, and the like. FIG. 38B illustrates a
square-shaped cross section with rounded corners. Ap-
plicants have found this shape to be advantageous for
installation on the exterior of buildings with reflective win-
dows. The square exterior housing of the device captures
light reflected from the exterior building windows. Finally,
at FIG. 38C, a horizontally oriented oval shape may also
be used. Such a shape is advantageous for application
on the top of highway sound barrier walls. The elliptical
shape, when coated with a Teflon material, such as
PFTE, defeats overgrowing vegetation, thereby reducing
or eliminating the need to manually remove vegetation
from the power generating device.
[0081] An apparatus for generating electrical energy
from photonic and thermal energy, and storing and dis-
tributing the electrical energy, the apparatus comprising
a substrate; a photovoltaic layer having a curved shape
for converting photonic energy into electrical energy; a
thermionic layer comprising a thermionic material for con-
verting thermal energy into electrical energy; and a bat-
tery layer having at least one rechargeable battery for
storing said converted electrical energy; wherein one of
the photovoltaic layer, the thermionic layer and the bat-
tery layer are formed on the substrate; wherein the pho-
tovoltaic layer is disposed outside the thermionic layer
and the battery layer.
[0082] The substrate is preferably tube-shaped and
comprises a hollow portion.
[0083] The battery layer is preferably disposed inside
the thermionic layer.
[0084] The battery layer is preferably disposed outside
the thermionic layer.
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[0085] The apparatus further preferably comprises an
ultraviolet (UV) protective outer shell disposed outside
the photovoltaic layer.
[0086] The UV protective outer shell is preferably made
of stable polycarbonate plastic.
[0087] The thermionic layer preferably comprises a di-
electric layer formed between a first conductor layer and
a second conductor layer; wherein said dielectric, first
conductor and second conductor layers form a capacitor.
[0088] The first and second conductor layers prefera-
bly comprise deposited thin-film graphite.
[0089] The dielectric layer preferably comprises an ac-
tive carbon.
[0090] The thermionic material is preferably deposited
adjacent to one of the first and the second conductor
layers.
[0091] The thermionic material preferably comprises
strontium titanate.
[0092] The photovoltaic layer preferably comprises
thin-film amorphous silicon photovoltaic cells.
[0093] The battery layer preferably comprises a plural-
ity of thin-film rechargeable lithium ion batteries.
[0094] The apparatus further preferably comprises at
least one distribution conductor for electrically connect-
ing the apparatus to an electrical load.
[0095] The apparatus further preferably comprises a
base for attaching said apparatus to a host object.
[0096] The base preferably enables the apparatus to
be securely attached to an infrastructure.
[0097] The apparatus preferably includes a base for
mounting the apparatus on a mounting clip having at least
one embedded distribution conductor and at least one
slot providing access to said at least one distribution con-
ductor, said base comprising at least one downwardly
protruding conductor adapted to contact said distribution
conductor when said apparatus is mounted on said
mounting clip.
[0098] The mounting clip is preferably securely at-
tached to a highway infrastructure.
[0099] The infrastructure is preferably a jersey wall.
[0100] The mounting clip is preferably disposed length-
wise along said highway infrastructure, and said slot is
disposed lengthwise along said mounting clip.
[0101] The mounting clip preferably comprises a pair
of embedded distribution conductors and a correspond-
ing pair of slots disposed parallel to one another along
the length of the mounting clip, each slot providing access
to the corresponding embedded distribution conductor.
[0102] The battery layer preferably comprises a re-
movable battery pack inserted into the hollow portion of
the substrate.
[0103] The apparatus further preferably comprises a
battery management module for providing DC power to
a DC load.
[0104] The battery management module preferably
comprises an AC/DC charging and control switch module
controlling the incoming AC or DC charge cycles of the
rechargeable batteries.

[0105] The apparatus further preferably comprises a
microcontroller for controlling the battery management
module and communicating with a remote management
and data acquisition module.
[0106] The apparatus further preferably comprises a
microprocessor-based module for monitoring and con-
trolling various aspects of operations of components of
the apparatus.
[0107] Preferably, at least said substrate, said photo-
voltaic layer and said thermionic layer form a tube having
a circular cross section.
[0108] Preferably, at least said substrate, said photo-
voltaic layer and said thermionic layer form a tube having
a vertically oriented elliptical cross section.
[0109] Preferably, at least said substrate, said photo-
voltaic layer and said thermionic layer form a tube having
a horizontally oriented elliptical cross section.
[0110] Preferably, at least said substrate, said photo-
voltaic layer and said thermionic layer form a tube having
a square cross section.
[0111] A system for generating electrical energy from
photonic and thermal energy, and storing and distributing
the electrical energy to an electrical load, the system
comprising a plurality of energy collection modules form-
ing a series of electrically connected energy collection
modules, each of the plurality of energy collection mod-
ules comprising a photovoltaic layer having a curved
shape for converting photonic energy into electrical en-
ergy, a thermionic layer comprising a thermionic material
for converting thermal energy into electrical energy and
a battery layer having at least one rechargeable battery
for storing said converted energy; and at least one com-
mon distribution conductor electrically connected to each
of the plurality of energy collection modules and to an
electrical load.
[0112] The electrical load preferably comprises an
electrical power distribution grid.
[0113] The plurality of energy collection modules and
said distribution conductor are attached to at least one
highway jersey wall.
[0114] The plurality of energy collection modules and
said distribution conductor are preferably attached to at
least one indoor infrastructure.
[0115] The at least one indoor infrastructure preferably
comprises at least one of an office cubicle, an indoor wall
and an indoor floor.
[0116] The series of energy collection modules prefer-
ably comprise one sub-series of energy collection mod-
ules that are in serial electrical connection with each oth-
er.
[0117] The plurality of energy collection modules pref-
erably comprises a first energy collection module in a
first geographical location and a second energy collection
module in a second geographical location separated from
the first geographical location, and electrical energy gen-
erated in the first energy collection modules of the series
is distributed to the second energy collection module and
stored in the second energy collection module via said
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distribution conductor.
[0118] The separation is preferably greater than one
mile.
[0119] The separation is preferably greater than 100
miles.
[0120] The first geographical location and the second
geographical location are preferably in different time
zones.
[0121] A system for securely attaching at least one en-
ergy collection module to a host device, the system com-
prising an energy collection module comprising an ener-
gy collection body for collecting photonic energy, con-
verting collected photonic energy into electrical energy
and storing converted electrical energy, and a base for
mechanically and electrically connecting the energy col-
lection module to a mounting assembly of the host device;
wherein the base comprises a guide rail extending
lengthwise along the energy collection module, a con-
nection conductor protruding downwardly from said base
and being aligned with said guide rail, and a hook-shaped
locking foot extending downwardly from said base;
wherein said mounting assembly comprises at least one
distribution conductor embedded within the mounting as-
sembly, and at least one connection slot disposed length-
wise along said mounting assembly and providing access
to said embedded distribution conductor, and at least one
mounting hole adapted to receive said locking foot;
wherein said energy collection module is adapted to be
installed on said mounting assembly such that said guide
rail and said connection conductor are inserted into said
connection slot and said locking foot is inserted into said
mounting hole; said energy collection module moving lat-
erally in the lengthwise direction of the mounting assem-
bly from a release position where the locking hole is not
engaged with the locking foot, to a locked position where-
in the locking foot is engaged with the locking hole.
[0122] The base preferably comprises two guide rails
substantially parallel to each other.
[0123] The energy collection module is preferably a
first energy collection module and the system further
comprises a second energy collection module installed
on the mounting assembly adjacent to the first energy
collection module, the system further comprising a spac-
er installed between the first and second energy collec-
tion modules to prevent the first energy collection module
from moving from the locked position to the release po-
sition.
[0124] The spacer is preferably installed using security
bolts such that only authorized persons can remove the
spacer in order to move the first energy collection module
from the locked position to the release position.
[0125] The at least one locking foot is preferably a U-
shaped hook.
[0126] The at least one distribution connector is pref-
erably inaccessible to human contact and accessible only
thorough said at least one slot.
[0127] The energy collection body is preferably adapt-
ed to break away from the base while the base remains

attached to the mounting assembly with the guide rail
and connection conductor installed in the slot if the en-
ergy collection module struck by a substantial force.
[0128] An energy collection apparatus capable of be-
ing securely attached to a host device, the apparatus
comprising a tube-shaped energy collection body con-
nected to a base adapted for attachment to a mounting
assembly of the host device, the energy collection body
adapted to separate from the base when absorbing a
threshold of kinetic energy; and a tether attached to the
host device and disposed through the tub-shaped energy
collection body to restrict movement of the tube-shaped
energy collection body when said body becomes sepa-
rated from said base.
[0129] The tether is preferably attached to the host de-
vice at a first end of the tether.
[0130] The tether is preferably attached to the host de-
vice at a second end of the tether.
[0131] The tether is preferably attached to the tube-
shaped energy collection body at a second end of the
tether.
[0132] The tether is preferably a flexible steel cable.
[0133] A battery management system for managing
charging and discharging a plurality of battery banks, the
system comprises at least three battery banks, each bat-
tery bank operating in one of three modes, the three
modes being a charging mode, a discharging mode and
an idle mode; a smart battery charger for charging a con-
nected one of the at least three battery banks; a smart
battery selector for selectively connecting each of said
battery banks to a load or to said smart battery charger,
or for disconnecting said battery banks from said load
and said smart battery charger; a microcontroller for re-
ceiving data and status messages from said battery
banks, said smart battery charger and said smart battery
selector, and to issue commands to said smart battery
selector for configuring interconnections among said bat-
tery banks, said load and said smart battery charger; and
a communication bus connected to said battery banks,
said smart battery charger, said smart battery selector
and said microcontroller exchanging said data and status
messages, and said commands.
[0134] The system further preferably comprises an AC
power source connected to an AC-to-DC converter, and
a DC power source, said AC-to-DC converter and said
DC power source connected to said smart battery charg-
er through a power switch, said power switch selectively
connecting DC power from either said AC-to-DC convert-
er or said DC power source, to said smart battery charger.
[0135] The DC power source is preferably connected
to a photovoltaic module, and said power switch connects
said AC-to-DC converter to said smart battery selector if
said DC power source is incapable of supplying electrical
energy above a threshold amount.
[0136] The microcontroller preferably issues an in-
struction to said smart battery selector to stop charging
or discharging of said battery banks when an error con-
dition is detected.
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[0137] The error condition preferably comprises a con-
dition in which at least one battery bank of the at least
three battery banks is overheated.
[0138] The microcontroller preferably issues a com-
mand to the smart battery selector to switch a battery
bank from operating in the discharging mode to operating
in the charging mode when a charge of the battery bank
reaches a threshold level.
[0139] The threshold level is preferably 80%.
[0140] The microcontroller preferably issues a com-
mand to the smart battery selector to switch a battery
bank from operating in the charging mode to operating
in the idle mode when charge of the battery bank is full.
[0141] The smart selector preferably comprises a set
of switches to enable each of at least three battery banks
to operate in the mode determined by the microcontroller.
[0142] The microcontroller is preferably programmed
to issue commands to the smart battery selector to cause
an electrical load to be continuously powered without in-
terruption by the at least three battery banks.
[0143] An apparatus for providing power to a host de-
vice or collecting power from the host device, the appa-
ratus comprises a battery layer comprising a plurality of
rechargeable batteries; a heat resisting layer disposed
around the battery layer; a thermal insulating layer dis-
posed outside the heat resisting layer.
[0144] The heat resisting layer preferably comprises a
ceramic material.
[0145] The thermal insulating layer preferably compris-
es fiberglass.
[0146] An autonomous battery pack assembly appa-
ratus for, upon being received by a host device, supplying
power to the host device or collecting power from the
host device, the apparatus being insertable into and re-
movable from the host device, the apparatus comprising
a housing; a plurality of rechargeable batteries packaged
within the housing; and at least one attachment-port for
engaging the apparatus with the host device when the
apparatus is inserted into the host device; wherein when
the apparatus is engaged with the host device, said ap-
paratus supplies power to the host device if the host de-
vice consumes power, and said apparatus stores power
supplied from the host device in the plurality of recharge-
able batteries if the host device supplies power.
[0147] The apparatus further preferably comprises a
charging circuit.
[0148] The apparatus further preferably comprises an
AC-to-DC converter and a switch gear for controlling in-
coming DC and AC power supplies.
[0149] The at least one attachment-port preferably
comprises electrodes engageable with matching elec-
trodes of the host device.
[0150] The at least one attachment-port is preferably
slidably engageable with a receiving port of the host de-
vice when the apparatus is inserted into the host device.
[0151] The apparatus further preferably comprises at
least one receiving port for receiving a second autono-
mous battery pack assembly apparatus such that the two

apparatuses are stacked together to increase power sup-
ply to the host device if the host device consumes power.
[0152] The at least one receiving port preferably re-
ceives at least one attachment port of the second appa-
ratus.
[0153] The at least one attachment port of the appa-
ratus is preferably located at a distal end of the apparatus
and the at least one receiving port of the apparatus is
located at a proximal end of the apparatus.
[0154] The distal end of the apparatus is preferably
shaped with a contour corresponding to the shape of the
proximal end of the apparatus.
[0155] The housing further preferably comprises two
end caps.
[0156] At least one of the two end caps preferably has
an opening for a connector plug.
[0157] At least one of the two end caps preferably has
an opening for facilitating air movement by a fan.
[0158] The apparatus further preferably comprises an
LED charge status array indicating conditions of the ap-
paratus.
[0159] The apparatus further preferably comprises a
communication interface component.
[0160] The communication interface component pref-
erably comprises a USB interface.
[0161] The housing preferably comprises a thermal re-
sistant material.
[0162] The housing preferably comprises a thermal in-
sulating material disposed around the thermal resistant
material.
[0163] The thermal resistant material preferably com-
prises a ceramic material.
[0164] The insulating material preferably comprises
fiberglass.
[0165] Preferably, at least one attachment port is lo-
cated at a distal end of the apparatus and the distal end
is of a hemispherical shape.
[0166] A vending apparatus for vending autonomous
power storage modules each capable of storing power
when engaged with a host power supplying device or
supplying stored power when engaged with a host power
consuming device, the vending device comprises an en-
ergy supplying module; and at least one receiving port
for accepting a depleted autonomous power storage
module from a customer; wherein the energy supplying
module supplies power to recharge the depleted auton-
omous power storage module until the depleted auton-
omous power storage module becomes fully charged.
[0167] The energy supplying module preferably com-
prises a photovoltaic layer disposed on an outer surface
of the vending apparatus.
[0168] The energy supplying module preferably com-
prises a DC power source derived from the photovoltaic
layer, and an AC power source to supply power when
the DC power source derived from the photovoltaic layer
is below a minimum threshold.
[0169] The vending apparatus further preferably com-
prises a payment module for conducting a financial trans-
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action, wherein the vending apparatus releases a fully-
charged autonomous power storage module to a cus-
tomer upon completion of the financial transaction.
[0170] The vending apparatus further preferably com-
prises a dispensing module for dispensing a fully charged
autonomous power storage module.
[0171] A method for vending at least one autonomous
power storage module capable of storing power when
engaged with a host power supplying device and supply-
ing stored power when engaged with a host power con-
suming device, the method comprising accepting, by a
vending device, at least one depleted autonomous power
storage module; charging the at least one depleted au-
tonomous power storage module; dispensing, by the
vending device, the at least one charged autonomous
power storage module; wherein the vending device com-
prises a photovoltaic module to generate power for
charging the at least one autonomous power storage
module.
[0172] The method further preferably comprises re-
ceiving payment and releasing the at least one charged
autonomous power storage module in response to pay-
ment.
[0173] The method further preferably comprises indi-
cating, by the vending device, that the at least one au-
tonomous power storage module is charged.
[0174] A system for providing autonomous power stor-
age modules and charging said autonomous power stor-
age modules, each of said autonomous power storage
modules capable of storing power when engaged with a
host power supplying device and supplying stored power
when engaged with a host power consuming device, the
system comprising at least one host charging station for
charging at least one depleted autonomous power stor-
age modules; the at least one host charging station com-
prising an energy supplying module; and a receiving port
for receiving said depleted autonomous power storage
module; wherein the energy supplying module supplies
power to recharge said depleted autonomous power stor-
age module until said depleted autonomous power stor-
age module is charged.
[0175] Preferably, at least one host charging station
further comprises a display means for displaying a
charge status of the received autonomous power storage
module.
[0176] The energy supply module preferably compris-
es a photovoltaic module.
[0177] The energy supplying module preferably com-
prises a DC power source and an AC power source, said
AC power source supplying power to charge said deplet-
ed autonomous power storage module if said DC power
source supplies energy below a minimum threshold.
[0178] An autonomous power storage apparatus for,
upon being received by a host device, supplying power
to a host device, the apparatus being insertable into and
removable from the host device, comprising a power
lockout part for preventing power from being conducted
to an external terminal until the apparatus is fully engaged

into a matching receiving port of a host device; wherein
the power lockout part comprises a plunger movable be-
tween a distal position extended from a distal end of the
autonomous power storage apparatus and a proximal
position inserted into the autonomous power storage ap-
paratus, the plunger contacting a power enabler in the
proximal position; a power enabler activated by said
plunger to selectively provide power from the autono-
mous power storage apparatus to the external terminal
when the power enabler is contacted by the plunger; and
a keyed plunger release; wherein the plunger is prevent-
ed from moving proximally until the keyed plunger re-
lease is engaged by a key portion of the host device;
wherein when the apparatus is inserted into the matching
receiving port, the key portion of the receiving port con-
tacts the keyed plunger release and enables the plunger
to move proximally such that the plunger contacts the
power enabler to enable the apparatus to provide power
to the host device via the external terminal.
[0179] The power enabler preferably comprises an
electrical contact, the electrical contact disabling the ap-
paratus from providing power to the host device when
open, and enabling the apparatus to provide power to
the host device when closed.
[0180] The keyed plunger release is preferably shaped
to avoid activation by human hands.
[0181] The keyed plunger release is preferably shaped
to avoid activation by a naturally occurring shape.
[0182] The keyed plunger release and the key portion
are preferably uniquely shaped such that a particular au-
tonomous power storage apparatus is only engageable
with a particular corresponding receiving port.
[0183] An electrical vehicle using a plug-in autono-
mous electrical power storage module to supply electrical
power, the electrical vehicle comprising a receiving port
for receiving the plug-in autonomous electrical power
storage module, the plug-in autonomous power storage
module comprising a communication module and a com-
munication bus, the communication module providing
updated charge information via the communication bus
to the electrical vehicle; wherein when the plug-in auton-
omous power storage module is engaged with the elec-
trical vehicle, the electrical vehicle calculates range in-
formation based on the received updated charge infor-
mation in combination with vehicle parameters stored in
said electrical vehicle.
[0184] The calculated range is preferably displayed in
a cockpit of the electrical vehicle.
[0185] The vehicle parameters preferably comprise at
least one of the weight of electrical vehicle and the engine
horsepower of the electrical vehicle.
[0186] A system for collecting photonic energy, con-
verting photonic energy into electrical energy, and dis-
tributing converted electrical energy to an electrical load,
and performing other miscellaneous functions, the sys-
tem comprising a plurality of energy collection modules
forming a series of electrically-connected energy collec-
tion modules via distribution connectors of an electrical
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grid; and at least one infrastructure installed along a road-
way; wherein the plurality of energy collection modules
are installed on the at least one infrastructure; and where-
in the plurality of energy collection modules provide elec-
trical energy to at least one traffic service device.
[0187] At least one traffic service device preferably
comprises a traffic camera and the plurality of energy
collection modules provides a high speed data connec-
tion to the traffic camera.
[0188] At least one traffic service device c preferably
omprises a speed detecting device.
[0189] At least one traffic service device preferably
comprises an electric vehicle immobilizing device.
[0190] At least one traffic service device preferably
comprises at least one communication device for trans-
mitting data generated in the plurality of energy collection
modules.
[0191] At least one traffic service device preferably
comprises a communication device capable of connect-
ing to the Internet.
[0192] The communication device preferably compris-
es a wireless communication device for transmitting data
generated in the plurality of energy collection modules.
[0193] The distribution conductors preferably provide
wired communication.
[0194] An electronic device comprising a power supply
module for supplying DC power to components of the
electronic device; a communication module for determin-
ing, upon connecting to a power source, whether the pow-
er source is able to supply DC power; a power selector
module for configuring the power supply module to di-
rectly draw DC power from the power source if the com-
munication module is able to determine that the power
source can supply DC power, and configuring the power
supply module to receive AC power if the communication
module is unable to determine that the power source sup-
plies DC power.
[0195] The electronic device further preferably com-
prises an AC-to-DC module connected between the pow-
er selector module and the power supply module for con-
verting AC power received from the power selector to DC
power received by the power supply module.
[0196] A power supply apparatus capable of providing
either AC power or DC power via an outlet, the power
supply apparatus comprising a communication module
for determining, upon connecting to an electronic device
via the outlet, whether the electronic device is capable
of directly receiving DC power; an AC power supply for
supplying AC power; a DC power supply for supplying
DC power; a power selector module for connecting the
DC power supply to the electronic device if the commu-
nication module is able to determine that the electronic
device is capable of directly receiving DC power, and
connecting the AC power supply to the electronic device
if the communication module is unable to determine that
the electronic device is capable of directly receiving DC
power.
[0197] A power switching system capable of providing

either AC power or DC power via an outlet to an electronic
device, the power switching system comprising a power
supply apparatus; and a power receiving apparatus;
wherein the power supply apparatus comprises a com-
munication module for determining, upon connecting to
the power receiving apparatus device via the outlet,
whether the power receiving apparatus is capable of di-
rectly receiving DC power; an AC power supply for sup-
plying AC power; a DC power supply for supplying DC
power; a power selector module for connecting the DC
power supply to the power receiving apparatus if the com-
munication module is able to determine that the power
receiving apparatus is capable of directly receiving DC
power, and connecting the AC power supply to the power
receiving apparatus if the communication module is un-
able to determine that the power receiving apparatus is
capable of directly receiving DC power; wherein the pow-
er receiving apparatus comprises a power supply module
for supplying DC power to components of the power re-
ceiving apparatus; a communication module for deter-
mining, upon connecting to the power supply apparatus,
whether the power supply apparatus supplies DC power;
a power selector module for enabling the power supply
module to directly draw DC power from the power supply
apparatus if the communication module is able to deter-
mine that the power supply apparatus can supply DC
power, and enabling the power supply module to receive
AC power if the communication module is unable to de-
termine that the power supply apparatus can supply DC
power; and wherein the communication module of the
power supply apparatus and the communication module
of the power receiving apparatus communicate with each
other to determine whether the power supply apparatus
can supply DC power or whether the power receiving
apparatus is capable of directly receiving DC power.
[0198] An apparatus for enabling an external manage-
ment and data acquisition unit to remotely monitor oper-
ating conditions of an autonomous power module, the
autonomous power module being capable of either gen-
erating and storing power or supplying stored power, the
apparatus comprises a plurality of sensors for monitoring
components of the autonomous power module; a micro-
processor for executing a software program for monitor-
ing said plurality of sensors and producing data based
on a status of said plurality of sensors; a memory for
storing the software programs and said data; and a com-
munication module for transmitting said data to the ex-
ternal management and data acquisition unit.
[0199] The communication module preferably com-
prises at least one of a wired communication interface
and a wireless communication interface.
[0200] The communication module preferably com-
prises an RF transmitter and an RF receiver.
[0201] The apparatus is preferably installed on a jersey
wall of a highway and wherein said communication mod-
ule is adapted to transmit said data to a passing vehicle
in response to a query from said vehicle.
[0202] The communication module preferably com-
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prises an internet protocol module; and said communi-
cation module transmits said data to a remote device in
response to a query from the remote device using the
internet protocol.
[0203] A power generating apparatus comprising an
outer protective layer, a photovoltaic layer, and a thermi-
onic layer formed into a tube; said tube comprising a first
portion connected to a second portion by an axially ori-
ented hinge, said apparatus adapted to be installed on
a pole.
[0204] A portable power generating device comprising
a plurality of tube-shaped energy generating modules
installed on a hinged frame, each tube-shaped energy
generating module comprising a clear outer protective
layer, a PV layer and a thermionic layer, said device fur-
ther comprising an inverter and at least one power outlet.
[0205] The portable power generating device further
preferably comprises a connection apparatus for con-
necting said device to another said device.

Claims

1. An apparatus for generating electrical energy from
photonic and thermal energy, and storing and dis-
tributing the electrical energy, the apparatus com-
prising:

a substrate (101);
a photovoltaic layer (104) having a curved shape
for converting photonic energy into electrical en-
ergy;
a thermionic layer (103) comprising a thermionic
material for converting thermal energy into elec-
trical energy;
a battery layer (102) having at least one re-
chargeable battery for storing said converted
electrical energy; and
a clear outer shell (105);
wherein one of the thermionic layer (103) and
the battery layer (102) are formed on the sub-
strate (101);
characterized in that the substrate (101) is
tube-shaped and comprises a hollow portion,
wherein said substrate, said photovoltaic layer,
said thermionic layer and said battery layer form
a tube portion (106), said outer shell encasing
the tube portion (106);
wherein the photovoltaic layer (104) is disposed
outside the thermionic layer (103) and the bat-
tery layer (102).

2. The apparatus as claimed in claim 1, wherein the
battery layer (102) is disposed inside the thermionic
layer (103).

3. The apparatus as claimed in claim 1, wherein the
battery layer is disposed outside the thermionic lay-

er.

4. The apparatus as claimed in claim 1, wherein the
battery layer (102) comprises a plurality of thin-film
rechargeable lithium ion batteries.

5. The apparatus as claimed in claim 1, further com-
prising a base (107) for attaching said apparatus to
a host object.

6. The apparatus as claimed in claim 5, wherein the
base (107) enables the apparatus to be securely at-
tached to an infrastructure.

7. The apparatus as claimed in claim 1, wherein said
apparatus includes a base (107) for mounting the
apparatus on a mounting clip (300) having at least
one embedded distribution conductor (501) and at
least one slot (302) providing access to said at least
one distribution conductor, said base comprising at
least one downwardly protruding conductor (203)
adapted to contact said distribution conductor when
said apparatus is mounted on said mounting clip.

8. The apparatus of claim 7, wherein said mounting clip
is securely attached to a highway infrastructure
(601).

9. The apparatus of claim 8, wherein said mounting clip
is disposed lengthwise along said highway infra-
structure, and said slot is disposed lengthwise along
said mounting clip.

10. The apparatus of claim 9, wherein said mounting clip
comprises a pair of embedded distribution conduc-
tors (501) and a corresponding pair of slots (302)
disposed parallel to one another along the length of
the mounting clip (300), each slot providing access
to the corresponding embedded distribution conduc-
tor.

11. The apparatus as claimed in claim 1, further com-
prising a battery management module (1902) for pro-
viding DC power to a DC load (1903).

12. The apparatus as claimed in claim 11, wherein the
battery management module (1902) comprises an
AC/DC charging and control switch module control-
ling the incoming AC or DC charge cycles of the re-
chargeable batteries.

13. The apparatus as claimed in claim 1, further com-
prising a microcontroller (1910) for controlling the
battery management module (1902) and communi-
cating with a remote management and data acqui-
sition module (1912).

14. The apparatus as claimed in claim 1, further com-

31 32 



EP 2 232 562 B1

18

5

10

15

20

25

30

35

40

45

50

55

prising a microprocessor-based module for monitor-
ing and controlling various aspects of operations of
components of the apparatus.

15. An apparatus for generating electrical energy from
photonic and thermal energy, and storing and dis-
tributing the electrical energy, the apparatus com-
prising:

a substrate (101);
a photovoltaic layer (104) having a curved shape
for converting photonic energy into electrical en-
ergy;
a thermionic layer (103) comprising a thermionic
material for converting thermal energy into elec-
trical energy;
a removable battery pack (1901) having at least
one rechargeable battery for storing said con-
verted electrical energy; and
a clear outer shell (105);
wherein the thermionic layer (103) is formed on
the substrate (101);
characterized in that the substrate (101) is
tube-shaped and comprises a hollow portion,
wherein said substrate, said photovoltaic layer
and said thermionic layer form a tube portion
(106), said outer shell encasing the tube portion
(106);
wherein the photovoltaic layer (104) is disposed
outside the thermionic layer (103), and
wherein the removable battery pack (1901) is
inserted into the hollow portion of the substrate
(101).

Patentansprüche

1. Vorrichtung zum Erzeugen elektrischer Energie aus
photonischer und thermischer Energie und Spei-
chern und Verteilen der elektrischen Energie, mit:

einem Substrat (101);
einer photovoltaischen Schicht (104), die eine
gekrümmte Form aufweist, zum Umwandeln
photonischer Energie in elektrische Energie;
einer thermionischen Schicht (103), die ein ther-
mionisches Material aufweist, zum Umwandeln
thermischer Energie in elektrische Energie;
einer Batterieschicht (102), die mindestens eine
wiederaufladbare Batterie zum Speichern be-
sagter umgewandelter elektrischer Energie auf-
weist; und
einer klaren äußeren Schale (105);
bei der eine von der thermionischen Schicht
(103) und der Batterieschicht (102) auf dem
Substrat (101) ausgebildet ist;
dadurch gekennzeichnet, dass das Substrat
(101) rohrförmig ist und einen hohlen Abschnitt

aufweist, bei der besagtes Substrat, besagte
photovoltaische Schicht, besagte thermioni-
sche Schicht und besagte Batterieschicht einen
Rohrabschnitt (106) ausbilden, welche besagte
äußere Schale den Rohrabschnitt (106) umhüllt;
bei der die photovoltaische Schicht (104) außer-
halb der thermionischen Schicht (103) und der
Batterieschicht (102) angeordnet ist.

2. Vorrichtung wie in Anspruch 1 beansprucht, bei der
die Batterieschicht (102) innerhalb der thermioni-
schen Schicht (103) angeordnet ist.

3. Vorrichtung wie in Anspruch 1 beansprucht, bei der
die Batterieschicht außerhalb der thermionischen
Schicht angeordnet ist.

4. Vorrichtung wie in Anspruch 1 beansprucht, bei der
die Batterieschicht (102) eine Mehrzahl wiederauf-
ladbarer Dünnfilm-Lithiumionenbatterien aufweist.

5. Vorrichtung wie in Anspruch 1 beansprucht, ferner
mit einer Basis (107) zum Anbringen besagter Vor-
richtung an einem Host-Objekt.

6. Vorrichtung wie in Anspruch 5 beansprucht, bei der
die Basis (107) ermöglicht, dass die Vorrichtung si-
cher an einer Infrastruktur angebracht wird.

7. Vorrichtung wie in Anspruch 1 beansprucht, bei der
besagte Vorrichtung eine Basis (107) zum Montieren
der Vorrichtung auf einem Montageclip (300) auf-
weist, der mindestens einen eingebetteten Vertei-
lungsleiter (501) und mindestens einen Schlitz (302),
der einen Zugriff auf besagten mindestens einen
Verteilungsleiter vorsieht, aufweist, welche besagte
Basis mindestens einen nach unten vorstehenden
Leiter (203), der dazu angepasst ist, besagten Ver-
teilungsleiter zu kontaktieren, wenn besagte Vorrich-
tung auf besagtem Montageclip montiert ist, auf-
weist.

8. Vorrichtung von Anspruch 7, bei der besagter Mon-
tageclip sicher an einer Schnellstraßeninfrastruktur
(601) angebracht ist.

9. Vorrichtung von Anspruch 8, bei der besagter Mon-
tageclip längs entlang besagter Schnellstraßeninfra-
struktur angeordnet ist, und besagter Schlitz längs
entlang besagten Montageclips angeordnet ist.

10. Vorrichtung von Anspruch 9, bei der besagter Mon-
tageclip ein Paar eingebetteter Verteilungsleiter
(501) und ein entsprechendes Paar Schlitze (302)
aufweist, die parallel zueinander entlang der Länge
des Montageclips (300) angeordnet sind, von denen
jeder Schlitz einen Zugriff auf den entsprechenden
eingebetteten Verteilungsleiter vorsieht.
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11. Vorrichtung wie in Anspruch 1 beansprucht, ferner
mit einem Batterieverwaltungsmodul (1902) zum
Vorsehen von Gleichspannungsleistung an eine
Gleichspannungslast (1903).

12. Vorrichtung wie in Anspruch 11 beansprucht, bei der
das Batterieverwaltungsmodul (1902) ein Wechsel-
spannungs-/Gleichspannungs-Lade-und-Steue-
rungsschaltmodul aufweist, das die eingehenden
Wechselspannungs- oder Gleichspannungslade-
zyklen der wiederaufladbaren Batterien steuert.

13. Vorrichtung wie in Anspruch 1 beansprucht, ferner
mit einem Mikrocontroller (1910) zum Steuern des
Batterieverwaltungsmoduls (1902) und Kommuni-
zieren mit einem entfernten Verwaltungs- und Da-
tenbeschaffungsmodul (1912).

14. Vorrichtung wie in Anspruch 1 beansprucht, ferner
mit einem mikroprozessorbasierten Modul zum
Überwachen und Steuern verschiedener Aspekte
von Betriebsvorgängen von Komponenten der Vor-
richtung.

15. Vorrichtung zum Erzeugen elektrischer Energie aus
photonischer und thermischer Energie und Spei-
chern und Verteilen der elektrischen Energie, mit:

einem Substrat (101);
einer photovoltaischen Schicht (104), die eine
gekrümmte Form aufweist, zum Umwandeln
photonischer Energie in elektrische Energie;
einer thermionischen Schicht (103), die ein ther-
mionisches Material aufweist, zum Umwandeln
thermischer Energie in elektrische Energie;
einem entfernbaren Batteriepack (1901), der
mindestens eine wiederaufladbare Batterie zum
Speichern besagter umgewandelter elektri-
scher Energie aufweist; und
einer klaren äußeren Schale (105);
bei der die thermionische Schicht (103) auf dem
Substrat (101) ausgebildet ist;
dadurch gekennzeichnet, dass das Substrat
(101) rohrförmig ist und einen hohlen Abschnitt
aufweist, bei der besagtes Substrat, besagte
photovoltaische Schicht und besagte thermioni-
sche Schicht einen Rohrabschnitt (106) ausbil-
den, welche besagte äußere Schale den Rohr-
abschnitt (106) umhüllt;
bei der die photovoltaische Schicht (104) außer-
halb der thermionischen Schicht (103) angeord-
net ist, und
bei der der entfernbare Batteriepack (1901) in
den hohlen Abschnitt des Substrats (101) ein-
gefügt ist.

Revendications

1. Appareil pour générer de l’énergie électrique à partir
d’énergie photonique et thermique, et stocker et dis-
tribuer l’énergie électrique, l’appareil comprenant :

un substrat (101) ;
une couche photovoltaïque (104) ayant une for-
me courbe destinée à convertir l’énergie photo-
nique en énergie électrique ;
une couche thermoïonique (103) comprenant
un matériau thermoïonique destinée à convertir
l’énergie thermique en énergie électrique ;
une couche de batterie (102) ayant au moins
une batterie rechargeable afin de stocker ladite
énergie électrique convertie ; et
une enveloppe extérieure transparente (105) ;
dans lequel une de la couche thermoïonique
(103) et de la couche de batterie (102) est for-
mée sur le substrat (101) ;
caractérisé en ce que le substrat (101) est en
forme de tube et comprend une partie creuse,
dans lequel ledit substrat, ladite couche photo-
voltaïque, ladite couche thermoïonique et ladite
couche de batterie forment une partie de tube
(106), ladite enveloppe extérieure renfermant la
partie de tube (106) ;
dans lequel la couche photovoltaïque (104) est
disposée à l’extérieur de la couche thermoïoni-
que (103) et de la couche de batterie (102).

2. Appareil selon la revendication 1, dans lequel la cou-
che de batterie (102) est disposée à l’intérieur de la
couche thermoïonique (103).

3. Appareil selon la revendication 1, dans lequel la cou-
che de batterie est disposée à l’extérieur de la cou-
che thermoïonique.

4. Appareil selon la revendication 1, dans lequel la cou-
che de batterie (102) comprend une pluralité de bat-
teries lithium-ion rechargeables à couche mince.

5. Appareil selon la revendication 1, comprenant en
outre une base (107) destinée à fixer ledit appareil
à un objet hôte.

6. Appareil selon la revendication 5, dans lequel la base
(107) permet à l’appareil d’être solidement fixé à une
infrastructure.

7. Appareil selon la revendication 1, dans lequel ledit
appareil inclut une base (107) pour monter l’appareil
sur un clip de montage (300) ayant au moins un con-
ducteur de distribution incorporé (501) et au moins
une encoche (302) permettant l’accès audit au moins
un conducteur de distribution, ladite base compre-
nant au moins un conducteur faisant saillie vers le
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bas (203) adapté pour entrer en contact avec ledit
conducteur de distribution lorsque ledit appareil est
monté sur ledit clip de montage.

8. Appareil selon la revendication 7, dans lequel ledit
clip de montage est solidement fixé à une infrastruc-
ture routière (601).

9. Appareil selon la revendication 8, dans lequel ledit
clip de montage est disposé longitudinalement le
long de ladite infrastructure routière, et ladite enco-
che est disposée longitudinalement le long dudit clip
de montage.

10. Appareil selon la revendication 9, dans lequel ledit
clip de montage comprend une paire de conducteurs
de distribution incorporés (501) et une paire corres-
pondante d’encoches (302) disposées parallèle-
ment l’une à l’autre le long de la longueur du clip de
montage (300), chaque encoche permettant l’accès
au conducteur de distribution incorporé correspon-
dant.

11. Appareil selon la revendication 1, comprenant en
outre un module de gestion de batterie (1902) pour
délivrer du courant continu à une charge à courant
continu (1903).

12. Appareil selon la revendication 11, dans lequel le
module de gestion de batterie (1902) comprend un
module de commutation de commande et de charge
AC/DC commandant les cycles de charge entrante
AC ou DC des batteries rechargeables.

13. Appareil selon la revendication 1, comprenant en
outre un microcontrôleur (1910) destiné à comman-
der le module de gestion de batterie (1902) et à com-
muniquer avec un module d’acquisition de données
et de gestion à distance (1912).

14. Appareil selon la revendication 1, comprenant en
outre un module à microprocesseur destiné à sur-
veiller et commander divers aspects du fonctionne-
ment des composants de l’appareil.

15. Appareil pour générer de l’énergie électrique à partir
d’énergie photonique et thermique, et stocker et dis-
tribuer l’énergie électrique, l’appareil comprenant :

un substrat (101) ;
une couche photovoltaïque (104) ayant une for-
me courbe destinée à convertir l’énergie photo-
nique en énergie électrique ;
une couche thermoïonique (103) comprenant
un matériau thermoïonique destinée à convertir
l’énergie thermique en énergie électrique ;
un bloc-batterie amovible (1901) ayant au moins
une batterie rechargeable afin de stocker ladite

énergie électrique convertie ; et
une enveloppe extérieure transparente (105) ;
dans lequel la couche thermoïonique (103) est
formée sur le substrat (101) ;
caractérisé en ce que le substrat (101) est en
forme de tube et comprend une partie creuse,
dans lequel ledit substrat, ladite couche photo-
voltaïque et ladite couche thermoïonique for-
ment une partie de tube (106), ladite enveloppe
extérieure renfermant la partie de tube (106) ;
dans lequel la couche photovoltaïque (104) est
disposée à l’extérieur de la couche thermoïoni-
que (103), et
dans lequel le bloc-batterie amovible (1901) est
inséré dans la partie creuse du substrat (101).
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