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WASTE OIL ELECTRICAL GENERATION
SYSTEMS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application is related to and claims pri-
ority from prior provisional application Ser. No. 61/222,211,
filed Jul. 1, 2009, entitled “WASTE OIL ELECTRICAL
GENERATION SYSTEMS”; and, this application is related
to and claims priority from prior provisional application Ser.
No. 61/292,480, filed Jan. 5, 2010, entitled “WASTE OIL
ELECTRICAL GENERATION SYSTEMS?”, the contents of
all of which are incorporated herein by this reference and are
not admitted to be prior art with respect to the present inven-
tion by the mention in this cross-reference section.

BACKGROUND

[0002] This invention relates to providing an improved
electrical generation system utilizing waste oil as a combus-
tible fuel. More particularly, this invention relates to the co-
generation of electrical power using a generator powered by
the heat energy produced by a waste-oil-fired furnace.
[0003] Well over a billion gallons of used oil are generated
in the United States each year. Only a small percent of that
amount is properly recycled, with the remainder dumped into
the environment. Waste oil dumping has increasingly become
a major worldwide environmental issue. It has been shown
that one gallon of waste oil can contaminate up to one million
gallons of water. Currently, forty percent of the pollution
found in the waterways of the United States is created by
waste oil, with similar pollution statistics reported by other
industrialized countries.

[0004] In 1980 the U.S. Congress passed the Used Oil
Recycling Act to establish national policy governing used oil.
One significant aspect of the legislation was the acceptance of
on-site burning of waste oil to produce usable heat. Govern-
ment leaders recognized that making used oil valuable for
hundreds of thousands of small businesses was the best way
to prevent dumping and water pollution.

[0005] In the United States, the Environmental Protection
Agency (EPA) currently acts to establish, monitor and man-
age waste oil control guidelines in an attempt reduce hazard-
ous environmental waste oil contamination from waste oil
dumping. The EPA’s rule generally states:

TITLE 40—PROTECTION OF ENVIRONMENT

[0006] PART 279—STANDARDS FOR THE MAN-
AGEMENT OF USED OIL—Table of Contents Subpart
C—Standards for Used Oil Generators

[0007] Sec. 279.23 On-site burning in space heaters. Gen-
erators may burn used oil in used oil-fired space heaters
provided that:

[0008] (a) The heater burns only used oil that the owner
or operator generates or used oil received from house-
hold do-it-yourself used oil generators;

[0009] (b) The heater is designed to have a maximum
capacity of not more than 0.5 million Btu per hour; and

[0010] (c) The combustion gases from the heater are
vented to the ambient air.

[0011] [57 FR 41612, Sep. 10, 1992, as amended at 58 FR
26425, May 3, 1993]

[0012] Efficient burning of waste oil is a relatively complex
problem. Typically, the waste oil being burned is a mixture of
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several oil types, each having unique physical characteristics
(such as varying densities and flow viscosities).

[0013] There are a number of manufacturers that have
developed waste oil burners. The EPA and CE have approved
this type of waste oil burning process without a permit; as
long as the EPA’s burning criteria are met (as noted above).
Despite the high level of efficiency of current waste oil burn-
ers, as much as seventy percent of the combustion heat pro-
duced by a unit is lost as exhaust. It is clear that a need exists
for an improved waste oil burning system that better utilizes
valuable generated heat energy currently lost from existing
systems.

OBIECTS AND FEATURES OF THE INVENTION

[0014] It is a primary object and feature of the present
invention to provide an effective, efficient, and legal system
for on-site disposal of waste oil. It is another object and
feature of the present invention to utilize the heat of such
combustion to generate mechanical power. It is another object
and feature of the present invention to utilize the mechanical
power to generate on-site (local) electrical power. It is a
further object and feature of the present invention to provide
such a system that incorporates on-site energy conversion
apparatus adapted to convert the heat generated by the com-
bustion of such waste o0il to mechanical power, and subse-
quently to such electrical power by means of mechanical
generation. It is an additional object and feature of the present
invention to utilize an external-combustion heat engine as the
heat-to-mechanical power conversion apparatus. It is another
object and feature of the present invention to utilize steam as
the working fluid in such heat-to-mechanical power conver-
sion apparatus. It is an additional object and feature of the
present invention to utilize a heat-to-mechanical power con-
version apparatus implementing a Rankine-based power
cycle. It is another object and feature of the present invention
to provide such a system that utilizes at least one direct
heat-to-electrical power conversion process including the use
of thermocouple-based electrical power generators and ther-
mophotovoltaic electrical power generators. It is an addi-
tional object and feature of the present invention to generate
electrical power from the combustion of waste oil through a
thermal gasification process driving an electrical fuel cell. It
is a further object and feature of the present invention to
provide such a system that utilizes the combustion energy of
the waste oil to provide space heating. It is another object and
feature of the present invention to provide such a system that
utilizes the combustion energy of the waste oil to provide a
usable hot water source. Itis a further object and feature of the
present invention to provide such a system that is capable of
supplying excess generated electrical power to a larger elec-
trical power grid. It is a further object and feature of the
present invention to provide such a system that is capable of
storing excess generated electrical power in a battery storage
system. It is another object and feature of the present inven-
tion to provide such a system that is capable of economically
disposing of environmentally-hazardous waste oil. A further
primary object and feature of the present invention is to pro-
vide such a system that is efficient, inexpensive, and useful.
Other objects and features of this invention will become
apparent with reference to the following descriptions.

SUMMARY OF THE INVENTION

[0015] Inaccordance with a preferred embodiment hereof,
this invention provides a system related to mechanical power
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generation through the burning of environmentally hazardous
waste oils, such system comprising: at least one combustion
heater structured and arranged to produce combustion heat
through the burning of such environmentally hazardous waste
oils; atleast one vaporizer structured and arranged to vaporize
a working fluid using the combustion heat produced by such
at least one combustion heater; at least one thermodynamic
energy converter structured and arranged to convert heat
extracted from combustion of the vaporized working fluid
into at least one output of mechanical work; at least one
condenser structured and arranged to condense vaporized
working fluid exiting such at least one thermodynamic energy
converter; and operably coupled with such at least one con-
denser, at least one fluid pump to pump condensed working
fluid between such at least one condenser and such at least one
vaporizer; wherein such at least one combustion heater com-
prises at least one air intake path, comprising at least one air
blower, structured and arranged to deliver at least one com-
bustion airflow to such at least one combustion heater, at least
one atomizer structured and arranged to produce an atomized
mist of such environmentally hazardous waste oils within the
at least one combustion airflow, at least one ignition source to
ignite the atomized mist of such environmentally hazardous
waste oils within the at least one combustion airflow, and at
least one exhaust path to exhaust hot combustion gases from
such at least one combustion heater; wherein such at least one
air intake path comprises at least one first heat exchanger to
preheat the at least one combustion airflow using the latent
heat of vaporization extracted from the condensation of the
working fluid within such at least one condenser; and wherein
such at least one air intake path comprises at least one second
heat exchanger to preheat the at least one combustion airflow
using heat extracted from the hot combustion gases exhausted
through such at least one exhaust path.

[0016] Moreover, it provides such a system wherein such at
least one exhaust path further comprises at least one waste-
heat exchanger structured and arranged to transfer at least one
portion of the combustion heat to at least one secondary
heatable fluid. Additionally, it provides such a system
wherein such at least one waste-heat exchanger is structured
and arranged to transfer the combustion heat to air, usable for
space heating. Also, it provides such a system wherein the
secondary heatable fluid comprises at least one liquid. In
addition, it provides such a system further comprising: at least
one holder structured and arranged to hold such environmen-
tally hazardous waste oils; and at least one waste-oil transfer
component structured and arranged to transfer such environ-
mentally hazardous waste oils from such at least one holder to
such at least one combustion heater. And, it provides such a
system wherein such at least one waste oil transfer component
comprises: at least one waste-oil pre-heater structured and
arranged to preheat such environmentally hazardous waste
oils prior to burning; wherein such at least one at least one
waste-0il pre-heater is further structured and arranged to
operate using the combustion heat produced by the burning of
such environmentally hazardous waste oils. Further, it pro-
vides such a system wherein such at least one thermodynamic
energy converter comprises at least one external-combustion
heat engine. Even further, it provides such a system wherein
such at least one external-combustion heat engine comprises
at least one Rankine-cycle heat engine. Moreover, it provides
such a system wherein the working fluid is water. Addition-
ally, it provides such a system wherein the working fluid is at
least one organic fluid comprising at least one liquid-vapor
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phase occurring at a lower temperature than that of water at a
given pressure. Also, it provides such a system wherein such
at least one external-combustion heat engine comprises at
least one steam-driven turbine engine.

[0017] Inaddition, it provides such a system wherein such
at least one external-combustion heat engine comprises: at
least one cylinder; at least one piston reciprocally disposed
within such at least one cylinder; at least one crankshaft to
translate motion of such at least one piston into rotation; at
least one crank disk fitted to such at least one crankshaft and
rotatable therewith; at least one connecting rod pivotally con-
nected between such at least one piston and such at least one
crank disk; and at least one injector valve, operable between
a closed position and at least one open position, to release a
pressurized charge of the vaporized working fluid into such at
least one cylinder; at least one fluid delivery line to deliver the
vaporized working fluid from such at least one combustion
heater to such at least one injector valve, wherein motion of
such at least one piston is induced by injection of the vapor-
ized working fluid into such at least one cylinder upon
momentary opening of such at least one injector valve; and at
least one exhaust transfer passage structured and arranged to
exhaust the working fluid from such at least one cylinder to
such at least one condenser. And, it provides such a system
wherein such at least one external-combustion heat engine
further comprises: at least one condensate return line to return
condensed working fluid from such at least one condenser, to
such at least one combustion heater, by the action of such at
least one pump; wherein such at least one condensate return
line comprises at least one third heat exchanger structured and
arranged to heat the condensed working fluid prior to entering
such at least one combustion heater; and wherein such at least
one third heat exchanger utilizes heat extracted from the
vaporized working fluid exhausted from such at least such
one cylinder through such at least one exhaust transfer pas-
sage. Further, it provides such a system wherein such at least
one combustion heater further comprises: in fluid communi-
cation with such at least one fluid delivery line and such at
least one condensate return line, at least one multi-tube coil
comprising a plurality of individual tubes wound in at least
one bundle and each of such plurality of tubes being struc-
tured and disposed for passage of the working fluid there-
through; situate in a position substantially encircling such at
least one multi-tube coil, at least one substantially circular
inner wall structured and arranged to control at least one
cyclonic circulation of the hot combustion gases adjacent
such at least one multi-tube coil; and at least one combustion
nozzle assembly structured and arranged to produce the at
least one cyclonic circulation of the hot combustion gases
adjacent such at least one multi-tube coil; wherein such at
least one combustion nozzle assembly comprises such at least
one atomizer and such at least one air blower for producing
such cyclonic circulation of hot combustion gases.

[0018] Even further, it provides such a system further com-
prising at least one electrical generator structured and
arranged to generate electrical power using the mechanical
power produced by such at least one external-combustion
heat engine. Moreover, it provides such a system further
comprising at least one electrical network -electrically
coupled to such at least one electrical generator and at least
one on-site load. Additionally, it provides such a system fur-
ther comprising: at least one power controller structured and
arranged to control the output of the electrical power of such
at least one electrical generator to such at least one electrical
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network; wherein such at least one power controller com-
prises at least one engine control structured and arranged to
control levels of mechanical power output by such at least one
external-combustion heat engine. Also, it provides such a
system wherein such at least one electrical network further
comprises: at least one electrical storage device structured
and arranged to store the electrical power within at such at
least one electrical network; and at least one electrical-con-
troller structured and arranged to control the transfer of the
electrical power between such at least one electrical storage
device and such at least one on-site load. In addition, it pro-
vides such a system wherein such at least one electrical net-
work further comprises at least one connection to at least one
larger electrical grid.

[0019] In accordance with another preferred embodiment
hereof, this invention provides a system related to on-site
burning of on-site-generated waste oils for the purpose of
on-site electrical power generation, such system comprising:
at least one holder structured and arranged to hold such on-
site-generated waste oils; at least one combustion heater
structured and arranged to produce combustion heat by burn-
ing such on-site-generated waste oils; at least one waste oil
transfer component structured and arranged to transfer such
on-site-generated waste oils from at least one holder to such
at least one combustion heater; and operably coupled to such
at least one combustion heater, at least one heat-energy con-
verter structured and arranged to convert such combustion
heat to electrical power; wherein such at least one heat energy
converter comprises at least one Rankine-cycle external-
combustion heat engine structured and arranged to convert
such combustion heat to mechanical power, and operationally
coupled to such at least one Rankine-cycle external-combus-
tion heat engine, at least one electrical generator adapted to
the generate electrical power; wherein such at least one holder
comprises at least one collector structured and arranged to
assist in on-site collecting of such on-site-generated waste
oils; wherein such at least one waste oil transfer component
comprises at least one waste-oil pump to pump such on-site-
generated waste oils from such at least one holder to such at
least one combustion heater; wherein such at least one com-
bustion heater comprises: at least one atomizer structured and
arranged to atomize such on-site-generated waste oils prior to
combustion; and at least one igniter adapted to ignite such
on-site-generated waste oils after such on-site-generated
waste oils have passed through such at least one atomizer.
And, it provides such a system further comprising at least one
waste-heat exchanger structured and arranged to transfer at
least one portion of the combustion heat to at least one sec-
ondary heatable fluid.

[0020] Further, it provides such a system further compris-
ing at least one on-site electrical circuit adapted to utilize the
electrical power. Even further, it provides such a system
wherein such at least one electrical network comprises at least
one electrical controller structured and arranged to control
electrical power within such at least one electrical network.
Even further, it provides such a system wherein: such at least
one electrical network further comprises at least one electri-
cal storage device structured and arranged to store electrical
power; and such at least one electrical controller is structured
and arranged to control at least one transfer of electrical
power between such at least one electrical storage device and
such at least one electrical network. Even further, it provides
such a system wherein such at least one electrical controller is
structured and arranged to control transfers of electrical
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power between such at least one electrical network and at
least one larger electrical grid.

[0021] In accordance with another preferred embodiment
hereof, this invention provides a method, related to on-site
burning of on-site-generated environmentally hazardous
waste oils for the purpose of on-site electrical power genera-
tion comprising the steps of: establishing at least one on-site
process to generate such on-site-generated environmentally
hazardous waste oils; collecting such on-site-generated envi-
ronmentally hazardous waste oils; producing combustion
heat by burning such environmentally hazardous waste oils in
at least one on-site combustion heater; converting such com-
bustion heat to mechanical power using at least one Rankine-
cycle external-combustion heat engine structured and
arranged to convert such combustion heat to mechanical
power; producing on-site electrical power by coupling the
mechanical power output of such at least one Rankine-cycle
external-combustion heat engine to at least one electrical
generator structured and arranged to generate electrical
power using the mechanical power produced by such at least
one Rankine-cycle external-combustion heat engine; wherein
such at least one Rankine-cycle external-combustion heat
engine comprises such at least one on-site combustion heater;
wherein such at least one on-site combustion heater com-
prises at least one air intake path, comprising at least one air
blower, structured and arranged to deliver at least one com-
bustion airflow to such at least one combustion heater, at least
one atomizer structured and arranged to produce an atomized
mist of such environmentally hazardous waste oils within the
at least one combustion airflow, at least one ignition source to
ignite the atomized mist of such environmentally hazardous
waste oils within the at least one combustion airflow, at least
one exhaust path to exhaust hot combustion gases from such
at least one combustion heater, and at least one vaporizer
structured and arranged to vaporize a working fluid using the
combustion heat produced by such at least one combustion
heater; wherein such at least one Rankine-cycle external-
combustion heat engine further comprises at least one con-
denser structured and arranged to condense vaporized work-
ing fluid exiting such at least one on-site combustion heater,
and operably coupled with such at least one condenser, at
least one fluid pump to pump condensed working fluid
between such at least one condenser and such at least one
vaporizer; wherein such at least one air intake path comprises
at least one first heat exchanger to preheat the at least one
combustion airflow using the latent heat of vaporization
extracted from the condensation of the working fluid within
such at least one condenser; and wherein such at least one air
intake path comprises at least one second heat exchanger to
preheat the at least one combustion airflow using heat
extracted from the hot combustion gases exhausted through
such at least one exhaust path.

[0022] Even further, it provides such a method further com-
prising the steps of: establishing at least one connection to at
least one larger electrical grid; and selling at least one portion
of such on-site electrical power by way of such at least one
larger electrical grid. Even further, it provides such a method
further comprising the step of using such combustion heat for
on-site heating uses. Even further, it provides such a method
further comprising the step of using such electrical power for
at least one on-site electrical use. Even further, it provides
such a method further comprising the steps of: providing at
least one on-site electrical storage device structured and
arranged to store at least one portion of such electrical power;
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and storing at least one portion of such electrical power within
such at least one on-site electrical storage device. Even fur-
ther, it provides such a method further comprising the initial
step of collecting such environmentally hazardous waste oils
from at least one off-site, non-commercial, waste oil source.
Even further, it provides such a method wherein such at least
one on-site process comprises the step of performing at least
one on-site maintenance service on at least one transportation
vehicle to generate such on-site-generated environmentally
hazardous waste oils. Even further, it provides each and every
novel feature, element, combination, step and/or method dis-
closed or suggested by this patent application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG.1is a diagrammatic perspective view, illustrat-
ing in general, a typical organization of waste oil distributed
cogeneration sites linked to a larger electrical power grid, as
well as remote waste oil electrical generation sites indepen-
dent from a larger power distribution system, according to a
preferred embodiment of the present invention.

[0024] FIG. 2A is a diagrammatic illustration of the prin-
cipal components of a waste oil cogeneration system based on
a heat-to-mechanical power converter according to a pre-
ferred embodiment of the present invention.

[0025] FIG. 2B is a diagrammatic illustration of the princi-
pal components of a waste oil cogeneration system based on
a direct heat-to-electrical power converter according to a pre-
ferred embodiment of the present invention.

[0026] FIG.2C is a diagrammatic illustration of the princi-
pal components of a waste oil cogeneration system based on
a heat-driven gasification generator coupled to a electrical
power generating fuel cell according to a preferred embodi-
ment of the present invention.

[0027] FIG. 3A is a diagrammatic sectional view, illustrat-
ing in general, the operational principles of a typical Stirling-
cycle system.

[0028] FIG. 3B is a diagrammatic illustration of the princi-
pal components of a waste oil cogeneration system based on
a heat-to-mechanical power converter comprising a Stirling
engine, according to the preferred embodiment of FIG. 2A.
[0029] FIG. 4 is a diagrammatic illustration of the second-
ary fluid heat exchanger according to the preferred embodi-
ment of FIG. 2A through FIG. 3B.

[0030] FIG. 5is a diagrammatic illustration of the second-
ary fluid heat exchanger showing the working fluid heat
exchanger introduced into the combustion chamber accord-
ing to the preferred embodiments of FIG. 2A through FIG.
3B.

[0031] FIG. 6 is a diagrammatic configuration view of a
waste oil cogeneration system according to a preferred
embodiment of the present invention.

[0032] FIG.7is a perspective view, in partial section, of the
waste oil cogeneration system of the preferred embodiment
of FIG. 6.

[0033] FIG. 8A is a diagrammatic sectional view of an
alternate preferred waste oil cogeneration system according
to an alternate preferred embodiment of the present invention.
[0034] FIG. 8B is a diagrammatic illustration, partially in
section, of the torodial-shaped working fluid heat exchanger,
Stirling-cycle engine, and electrical generator of the alternate
preferred embodiment of FIG. 8A.

[0035] FIG. 9 is a diagrammatic sectional view of a waste
oil cogeneration system according to yet another preferred
embodiment of the present invention.
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[0036] FIG. 10 is a sectional view through a typical waste
oil combustor according to a preferred embodiment of the
present invention.

[0037] FIG. 11 is a diagrammatic perspective view, illus-
trating in general, a preferred organization of a waste oil
distributed cogeneration site, according to another preferred
embodiment of the present invention.

[0038] FIG. 12 is a diagrammatic illustration of a compact
waste-0il driven electrical generation unit of the alternate
preferred embodiment of FIG. 11.

[0039] FIG. 13A is a diagrammatic illustration of a waste-
oil driven electrical generation unit, of the alternate preferred
embodiment of FIG. 11.

[0040] FIG. 13B is a diagrammatic sectional illustration of
the waste-oil driven electrical generation unit, of the alternate
preferred embodiment of FIG. 11.

[0041] FIG. 14 is a schematic diagram illustrating preferred
functional control and distribution arrangements of the
waste-o0il driven electrical generation unit of FIG. 11.

[0042] FIG. 15 is a diagrammatic illustration, partially in
section, of the waste-oil electrical generation unit of FIG. 11,
coupled to a preferred modular waste-heat-recovery unit for
the generation of hot water.

[0043] FIG. 16 is a diagrammatic illustration of a high-
capacity waste-oil driven electrical generation unit, accord-
ing to another preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE BEST
MODES AND PREFERRED EMBODIMENTS OF
THE INVENTION

[0044] FIG. 1 is a diagrammatic perspective view, illustrat-
ing in general, a typical organization of distributed cogenera-
tion site(s) 102 linked to a larger electrical power grid 120, as
well as remote waste oil electrical cogeneration site(s) 126,
independent from a larger power distribution system, accord-
ing to a preferred embodiment of the present invention.
[0045] The enlarged cut-away view of distributed cogen-
eration site 102 (in the upper portion of FIG. 1) illustrates, in
general, the preferred operational and mechanical arrange-
ments that make up a distributed cogeneration site utilizing
waste oil generated on-site as a source of useable energy. In
the present disclosure the term “on-site” shall include in the
definition the taking place or located at a site comprising
waste oil cogeneration system 100.

[0046] Preferably, a significant portion of the on-site elec-
trical power 110 used within the local electrical network of
distributed cogeneration site 102 (at least embodying herein
at least one electrical network structured and arranged to
utilize electrical power) is produced by waste oil cogenera-
tion system 100, as shown. Waste oil cogeneration system 100
is especially well-suited for use within sites that regularly
generate waste oil, such as motor vehicle service shops, fleet
maintenance facilities, “quick-lube” shops, and other opera-
tions that service, repair or dispose of materials that contain
quantities of synthetic or refined crude oil (at least embodying
herein at least one power producing site having at least one
such electrical circuit, and at least one on-site process to
generate such on-site-generated environmentally hazardous
waste oils and further at least embodying herein wherein such
at least one on-site process comprises the step of performing
at least one on-site maintenance service on at least one trans-
portation vehicle to generate such on-site-generated environ-
mentally hazardous waste oil). Under appropriate circum-
stances, a distributed cogeneration site may collect waste
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from external, non-commercial sources, such as individuals
undertaking “do-it-yourself” vehicle maintenance (at least
embodying herein wherein the at least one on-site process
comprises collection of the waste oil from at least one non-
commercial source).

[0047] For the purpose of illustration within the present
disclosure, distributed cogeneration site 102 of FIG. 2 pro-
duces waste oil through the service and maintenance of trans-
portation vehicles such as motor vehicle 106, as shown. Waste
0il 104 collected from the on-site service and maintenance of
motor vehicle 106 is preferably transferred to a waste oil
collection tank 108 (at least embodying herein at least one
holder structured and arranged to hold on-site-generated
environmentally hazardous waste oils produced by the at least
one on-site process), preferably incorporated within waste oil
cogeneration system 100, as shown. Preferably, waste 0il 104
is burned, in controlled manner, within waste oil cogeneration
system 100 to produce usable heat energy.

[0048] Preferably, the term “cogeneration” refers to the
simultaneous production of on-site electrical power 110 and
usable heat. In a preferred embodiment of the present inven-
tion, waste oil cogeneration system 100 is configured as a
multi-generation unit, producing electrical power, hot air 116
(for space-heating) and hot water 114 (at least embodying
herein wherein such at least one secondary heat exchanger is
structured and arranged to transfer heat to air, usable for space
heating; and wherein the heatable fluid comprises at least one
liquid), as shown.

[0049] Distributed cogeneration site 102 may preferably
include an energy storage system 112 to permit added flex-
ibility in the timing and frequency of external electrical power
purchases and increased reliability to the overall electrical
supply features of the system. To control initial implementa-
tion and long-term maintenance costs, energy storage system
112 preferably comprises a conventional battery storage sys-
tem, as shown (at least embodying herein wherein such at
least one electrical network further comprises at least one
electrical storage device structured and arranged to store elec-
trical power). Upon reading this specification, those with
ordinary skill in the art will understand that, under appropri-
ate circumstances, such as commercial availability, user pref-
erence, advances in technology, etc., other storage systems,
such as, for example, super capacitors, Superconducting
Magnetic Energy Storage (SMES) systems, flywheels and
Compressed Air Energy Storage (CAES) systems, may suf-
fice.

[0050] Preferably, distributed cogeneration site(s) 102
located near or within an external electrical power distribu-
tion system, such as larger electrical power grid 120, include
atleast one electrical grid connection 118 (at least embodying
herein wherein such at least one on-site electrical circuit
comprises at least one electrical network connected to at least
one larger electrical grid), as shown. Preferably, distributed
cogeneration site 102 supplies any excess electrical power
generated by waste oil cogeneration system 100 to larger
electrical power grid 120, via electrical grid connection 118,
as shown. Similarly, electrical grid connection 118 allows
distributed cogeneration site 102 to draw electrical power
from central generating plant 122, via larger electrical power
grid 120, in circumstances where the overall power demand
of distributed cogeneration site 102 exceeds the generation
capacity of waste oil cogeneration system 100. The term
“distributed cogeneration”, as described within the present
disclosure, refers to a decentralization of electrical power
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generation from traditional large “utility” scale generation
sites (such as central generating plant 122) to a combination
of conventional large scale generation sites functioning in
conjunction with a “near-demand” distribution of smaller,
“on-site” electrical generators, as shown. While central gen-
erating plant 122 continues to provide most of the power to
larger electrical power grid 120, the distributed cogeneration
site(s) 102 are, under appropriate circumstances, able to sup-
ply power to other local power users during times of peak
demand, as shown.

[0051] In another highly-preferred application of the
present invention, waste oil cogeneration system 100 is used
to supply electrical power and usable heat energy to remote
waste oil electrical cogeneration site 126, as shown. Waste oil
electrical cogeneration site 126 is located such that connec-
tion to larger electrical power grid 120 is impossible or oth-
erwise geographically or economically impractical. In the
case of remote waste oil electrical cogeneration site 126,
waste o0il cogeneration system 100 preferably supplies all
electrical power and at least some mechanical heating to the
site.

[0052] Thus, in accordance with preferred embodiments of
the present invention, there is provided, related to on-site
burning of on-site-generated environmentally hazardous
waste oils for the purpose of on-site electrical power genera-
tion, a method comprising the preferred steps of: establishing
atleast one on-site process to generate such on-site-generated
environmentally hazardous waste oils; collecting such on-
site-generated environmentally hazardous waste oils; pro-
ducing combustion heat by burning such environmentally
hazardous waste oils in at least one on-site combustion heater;
and producing on-site electrical power by converting such
combustion heat to electrical power. And further comprising
the steps of: establishing at least one connection to at least one
larger electrical grid; and selling at least one portion of such
on-site electrical power by way of such at least one larger
electrical grid. Even further, it provides such a method com-
prising the step of using such combustion heat for on-site
heating uses. Even further, it provides such a method further
comprising the step of using such electrical power for at least
one on-site electrical use. Furthermore, it provides such a
method comprising the steps of: providing at least one on-site
electrical storage device structured and arranged to store at
least one portion of such electrical power; and storing at least
one portion of such electrical power within such at least one
on-site electrical storage device. Even further, it provides
such a method comprising the initial step of collecting such
environmentally hazardous waste oils from at least one oft-
site, non-commercial, waste oil source. And, it provides such
a method wherein such at least one on-site process comprises
the step of performing at least one on-site maintenance ser-
vice on at least one transportation vehicle to generate such
on-site-generated environmentally hazardous waste oils.

[0053] FIG. 2A is a diagrammatic illustration of the prin-
cipal components of waste o0il co-generator 250 of waste oil
cogeneration system 100 based on heat-to-mechanical power
converter 252 in combination with electrical generator 138
according to a preferred embodiment of the present invention.
Preferably, waste oil co-generator 250 contains at least one
waste oil combustor 130 (at least embodying herein at least
one combustion heater structured and arranged to produce
combustion heat by burning such on-site-generated environ-
mentally hazardous waste oils) that combines waste oil 104
with a moving airstream (preferably compressed air 128) to
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form ahighly combustible atomized air/fuel mixture. Igniting
the atomized mixture of waste 0il 104 and compressed air 128
generates combustion heat energy 132, as shown.

[0054] A primary function of waste oil electrical cogenera-
tion system 100 is the conversion of combustion heat energy
132 into electrical power 140, as shown. The conversion of
combustion heat energy 132 into electrical power by waste oil
co-generator 250 (at least embodying herein at least one heat
energy converter structured and arranged to convert such
combustion heat to electrical power) is accomplished through
a multi-step process. Preferably, working fluid heat
exchanger 136 (at least embodying herein at least one primary
heat exchanger structured and arranged to transfer such com-
bustion heat to such at least one heat energy converter) is
brought into thermal relationship with combustion heat
energy 132 (at least embodying herein at least one primary
heat exchanger structured and arranged to transfer such com-
bustion heat), enabling the transfer of heat from combustion
heat energy 132 to heat-to-mechanical power converter 252,
as shown. Preferably, heat-to-mechanical power converter
252 is arranged to convert the heat transferred by working
fluid heat exchanger 136 into mechanical energy 133 (e.g.,
torque within a rotating output shaft), as shown. Preferably,
heat-to-mechanical power converter 252 is operationally
coupled to electrical generator 138, which then converts
mechanical energy 133 into electrical power 140.

[0055] As previously described, waste oil electrical cogen-
eration system 100 is preferably a cogeneration (or multi-
generation) unit wherein waste heat energy is extracted from
the system. In the example of FIG. 2A, waste-heat exchanger
144 (at least embodying herein at least one waste-heat heat
exchanger structured and arranged to transfer at least one
portion of the combustion heat to at least one heatable fluid;
wherein such at least one waste-heat heat exchanger is struc-
tured and arranged to transfer heat to air, usable for space
heating; and wherein the heatable fluid comprises at least one
liquid) is brought into thermal relationship with combustion
heat energy 132, drawing usable heat from combustion heat
energy 132, as shown.

[0056] Preferably, heat-to-mechanical power converter 252
(at least embodying herein at least one heat energy converter
structured and arranged to convert such combustion heat to
electrical power) comprises at least one commercially avail-
able heat-to-mechanical power conversion device, such as,
for example, a steam turbine, hydrocarbon vapor turbine, or
Stirling-cycle engine. Upon reading the teachings of this
specification, those of ordinary skill in the art will now under-
stand that, under appropriate circumstances, considering such
issues as intended use, advances in technology, etc., other
heat-to-mechanical energy conversion prime movers, such
as, for example, gas turbines operating by direct interaction
with the combustion stream, use of Tesla-type disk turbines,
engines utilizing alternate thermal fluids such as helium, etc.,
may suffice.

[0057] Steam driven embodiments of the present invention
(embodiments of heat-to-mechanical power converter 252
incorporating one or more steam turbines as the prime mover
driving electrical generator 138), preferably comprise a func-
tional combination of one or more commercially available
steam generators 254 adapted to supply steam to one or more
commercially available steam turbines 256, as shown. Pref-
erably, combustion heat energy 132 is transferred from steam
generators 254 of working fluid heat exchanger 136 to steam
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turbines 256 through high-pressure steam that in turn powers
steam turbines 256 coupled to electrical generator 138, as
shown.

[0058] Preferably, working fluid heat exchanger 136 com-
prises steam generator 254, as shown. Preferably, steam gen-
erator 254 comprises a heating coil-type boiler, preferably
utilizing a water-tube boiler arrangement with forced circu-
lation. Such heating coil boilers preferably comprise a spi-
rally wound construction of steel tubes similar in structure
and arrangement to the boiler embodiment of FIG. 9. Prefer-
ably, the heating coil boiler system comprises all accessory
apparatus (as required by the supplier/manufacturer) neces-
sary to provide a complete and operable system. Upon read-
ing the teachings of this specification, those of ordinary skill
in the art will now understand that, under appropriate circum-
stances, considering such issues as intended use, boiler
design, etc., the utilization of additional functional compo-
nents, such as, for example, feedwater tanks, condensers,
feedwater pumps, separators/accumulators, control valves,
pressure bypass circuits, temperature monitors, etc., may suf-
fice. Preferably, steam generators adaptable for use within
working fluid heat exchanger 136 include commercially
available systems produced by Clayton Industries of El
Monte, Calif., U.S.A. (website URL: www.claytonindustries.
com).

[0059] The thermodynamic cycle for steam turbine 256 is
the Rankine cycle. Preferably, in the steam cycle, water is first
pumped to medium to high pressure. It is then heated by
steam generator 254 of working fluid heat exchanger 136 to
the boiling temperature, and is most preferably superheated
(heated to a temperature above that of boiling). Preferably,
steam turbine 256 expands the pressurized steam to lower
pressure and the steam is then exhausted to a condenser. The
condensate from the condenser returns to a feedwater pump
for continuation of the cycle. Preferably, steam turbine 256
comprises a set of stationary blades (nozzles) and a moving
set of adjacent blades (rotor blades) situate within a sealed
casing. The two sets of blades cooperate such that the steam
turns the shaft of the turbine and the connected load (electrical
generator 138), as shown.

[0060] Preferably, a wide array of commercially available
turbine designs are adaptable for use as steam turbine 256,
with a single stage, single casing design being preferred for
reliability and cost. Preferably, steam turbine 256 comprises
an output of about 160 HP, a maximum speed of about 3,600
RPM, an inlet input of up to 650 PSIG, 775° F., and exhaust
output of up to about 101 psig. Preferably, steam turbines
adaptable for use as steam turbine 256 include small format
GLT turbines produced by the Dresser-Rand Company of
Olean, N.Y.

[0061] Other preferred embodiments of heat-to-mechani-
cal power converter 252 preferably comprise systems incor-
porating one or more vaporized hydrocarbon turbines 260
adapted to utilize vaporized hydrocarbon, rather than steam,
to generate mechanical power. Such systems preferably uti-
lize a pressurized light hydrocarbon medium with propane
and propylene being most preferred. The advantage of vapor-
ized hydrocarbon systems over steam systems is the lower
operational combustion temperatures required to vaporize the
above-mentioned hydrocarbon compounds. This has a dis-
tinct and sometimes preferred advantage in enabling embodi-
ments of heat-to-mechanical power converter 252 where
restricted combustion temperatures are desired or mandated
by law. Preferably, working fluid heat exchanger 136 (at least
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embodying herein at least one primary heat exchanger struc-
tured and arranged to transfer such combustion heat to such at
least one heat energy converter) is adapted to vaporize a light
hydrocarbon liquid to produce a pressurized vapor circuited
to vaporized hydrocarbon turbine 260, as shown. The system
preferably comprises a hermetic process comprising a closed
loop cycle. It is noted that the configuration and operation of
such vaporized hydrocarbon turbine devices are described in
greater detail in, for example, U.S. Pat. No. 6,857,268 to
Stinger et al., incorporated herein by reference for further
examples of implementation engineering. Commercially
available vaporized hydrocarbon turbines suitable for adap-
tation and use as vaporized hydrocarbon turbine 260 are
produced by WOW Energy, Inc. of Houston, Tex.

[0062] FIG. 2B is a diagrammatic illustration of the princi-
pal components of an alternate waste oil co-generator 264 (at
least embodying herein at least one heat energy converter
structured and arranged to convert such combustion heat to
electrical power) of waste oil cogeneration system 100 based
on direct heat-to-electrical power converter 266 according to
a preferred embodiment of the present invention. Preferably,
direct heat-to-electrical power converter 266 omits the
mechanical conversion and electrical generation steps of FIG.
2A by converting combustion heat energy 132 substantially
directly to electrical energy. Preferably, waste oil co-genera-
tor 264 contains at least one waste oil combustor 130 (at least
embodying herein at least one combustion heater structured
and arranged to produce combustion heat by burning such
on-site-generated environmentally hazardous waste oils) that
combines waste oil 104 with compressed air 128 to form a
highly combustible atomized air/fuel mixture. Igniting the
atomized mixture of waste oil 104 and compressed air 128
generates combustion heat energy 132, as shown.

[0063] Preferably, direct heat-to-electrical power converter
266 comprises at least one direct heat-to-clectrical power
device, such as, for example, thermocouple-based electrical
power generators and thermophotovoltaic electrical power
generators. Upon reading the teachings of this specification,
those of ordinary skill in the art will now understand that,
under appropriate circumstances, considering such issues as
cost, advances in technology, etc., other direct electrical gen-
eration arrangements, such as, for example, thermionic con-
version, pyroelectric conversion, magnetohydrodynamic
conversion, electrogasdynamic conversion, etc., may suffice.

[0064] Preferred embodiments of direct heat-to-electrical
power converter 266 comprising thermocouple-based electri-
cal power generator 268 preferably utilize the Seebeck effect
to generate electrical power from combustion heat energy
132. This preferably involves utilizing the properties of a
thermocouple, which comprise two electrical conductors of
different materials joined at both ends. If the junctions are
maintained at different temperatures, an electric current is
generated and flows through the conductors. By coupling a
large number of thermocouples in series, most preferably
thermocouples of a semi-conductor-type, electrical power
140 (comprising a sizeable current) can be generated. It is
noted that the configuration and operation of such thermo-
couple-based electrical power generator devices are
described in greater detail in, for example, U.S. Pat. No.
4,734,139 to Shakun et al., incorporated herein by reference
for further examples of implementation engineering. Prefer-
ably, working fluid heat exchanger 136 (at least embodying
herein at least one primary heat exchanger structured and
arranged to transfer such combustion heat to such at least one
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heat energy converter) comprises a plurality of heat absorbing
fins adapted to collect combustion heat energy 132 used to
drive the generation of electrical power 140 by thermocouple-
based electrical power generator.

[0065] Preferred embodiments of direct heat-to-electrical
power converter 266 comprise thermophotovoltaic electrical
power generator 270 adapted to use the thermal radiation
from combustion heat energy 132 to generate electrical power
140. Preferably, working fluid heat exchanger 136 (at least
embodying herein at least one primary heat exchanger struc-
tured and arranged to transtfer such combustion heat to such at
least one heat energy converter) comprises a plurality of
self-contained thermophotovoltaic (TPV) vessels encapsulat-
ing photocells responsive at infrared wavelengths. These heat
responsive photocells generate electrical power 140, as
shown. Thermophotovoltaic electrical power generators 270
have been successfully used in regenerative sideport glass
tank melting furnaces in industrial glass production, and are
readily adaptable to function within direct heat-to-electrical
power converter 266. It is noted that the configuration and
operation of such thermophotovoltaic electrical power gen-
erator devices are described in greater detail in, for example,
U.S. Pat. No. 6,538,193 to Fraas, incorporated herein by
reference for further examples of implementation engineer-
ing.

[0066] FIG. 2C is a diagrammatic illustration of the princi-
pal components of waste oil co-generator 280 (at least
embodying herein at least one heat energy converter struc-
tured and arranged to convert such combustion heat to elec-
trical power) of waste oil cogeneration system 100 based on
heat-driven gasification generator 282 coupled to an electrical
power generating fuel cell 288 according to a preferred
embodiment of the present invention. Preferably, waste oil
co-generator 280 is adapted to gasify an input of waste 0il 104
utilizing combustion heat energy 132 conducted to heat-
driven gasification generator 282 by working fluid heat
exchanger 136 (at least embodying herein at least one primary
heat exchanger structured and arranged to transfer such com-
bustion heat to such at least one heat energy converter), as
shown. Preferably, heat-driven gasification generator 282
operates within a preferred “low-temperature” range of
between about 700 and 1800 degrees Fahrenheit. Preferably,
such gasification of waste 0il 104 results in the production of
raw gas products that are introduced into a fuel reforming
process adapted to produce fuel gas 284 that is generated by
decomposition of high-molecular hydrocarbons contained
within the raw gas products. Preferred fuel reforming pro-
cesses include the reaction of the raw gas products with
Ni—Mo-base or Co—Mo-base catalysts to accelerate reduc-
tion in molecular weight of hydrocarbons. In addition, pre-
ferred fuel reforming processes include in injection of hydro-
gen and oxygen (in the form of steam) to further facilitate the
reaction process.

[0067] Preferably, fuel gas 284, substantially comprising a
mixture of hydrogen and carbon dioxide, is supplied to fuel
cell 288, as shown. Most preferably, working fluid heat
exchanger 136, the fuel reforming process, and fuel cell 288
are integrated to simplify the configuration of the overall
apparatus and to improve efficiency. This preferred arrange-
ment enables heat produced by waste oil combustor 130 and
fuel cell 288 to be effectively used in the fuel reforming
process. It is noted that the configuration and operation of
such heat-driven gasification generators coupled to electrical
power generating fuel cells are described in greater detail in,
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for example, European Patent Application No. EP 1 136 542
to Fujimura et al., incorporated herein by reference for further
examples of implementation engineering.

[0068] Uponreadingthe teachings of FIG. 2A through FIG.
2C, those of ordinary skill in the art will now understand that,
waste o0il cogeneration system 100 is adaptable to comprise a
functional range of closely related preferred embodiment,
specifically preferred embodiments utilizing the combustion
of hazardous waste to produce electrical power. Based on
factors that include present economics, commercial availabil-
ity of essential system components, current state of existing
technology, etc., it is most preferred that waste oil cogenera-
tion system 100 be based on the mechanical heat-to-power
embodiment of FIG. 2A. More specifically, it is currently
most preferred that waste oil cogeneration system 100 com-
prise a Stirling-cycle device to convert the combustion heat
energy 132 to mechanical energy 133 used to drive electrical
generator 138. The remainder of the present disclosure is
focused on enabling embodiments of the present invention
incorporating Stirling-cycle devices as the prime mover driv-
ing electrical generator 138.

[0069] Stirling-cycle engines were originally patented in
1816 and were commonly used prior to World War 1. Stirling-
cycle technology quickly became a popular alternative to
steam engines due, in part, to a better operational safety
record (early Stirling engines commonly used air as the work-
ing fluid). As steam engine technology improved, the Stirling
engine eventually lost favor. Recent interest in distributed
energy generation has revived interest in Stirling engines and,
as a result, research and development efforts have increased.
[0070] The theoretical and practical design of the Stirling-
cycle engine is known in the art, and therefore, will not be
discussed at length within this disclosure. It is noted that the
design and operation of such Stirling-cycle devices is
described in greater detail in, for example, the dissertation
entitled, “Stirling Cycle Engine Analysis”, by Dr. Israel Urieli
of Ohio University (1884), incorporated herein by reference
as prior art enabling, in conjunction with this specification,
the below described Stirling-cycle engines

[0071] Stirling engines are classed as external combustion
engines, comprising a sealed system utilizing an inert internal
working fluid (typically a gas, such as helium), in conjunction
with an external heat source and heat exchanger. Stirling-
cycle engines take advantage of the relationship between
heat, volume, and pressure of a gas to produce mechanical
power.

[0072] Referring now to FIG. 3A, in typical Stirling-cycle
engine 40, heat 50 is transferred to working gas 52 through
heat exchanger 54. Pressure of working gas 52 rises with the
increased gas temperature as working gas 52 is held within
the fixed volume of sealed cylinder 56. This increase in the
pressure of working gas 52 pushes piston 58 to perform
mechanical work. As piston 58 reaches a position of maxi-
mum cylinder volume 60, mechanical displacement mecha-
nism 61 moves working gas 52 from the above-described
“hot” portion of the engine 66 through “regenerator” 62 to a
“cool” portion of the engine 64. In moving through regenera-
tor 62, heat from working gas 52 is temporarily stored.
Mechanical displacement mechanism 61 continues to move
the cooled working gas 52 through the cycle in such a way as
to move and compress cooled working gas 52 back to hot
portion of the engine 66 through regenerator 62 (where it
picks up the heat left behind within the regenerator matrix).
Working gas 52 is further heated in heat exchanger 54 and the
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cycle begins again. Currently, no Stirling-cycle engine oper-
ates on the combustion heat produced by the burning of
hazardous waste oil or through the utilization of hazardous
waste oil produced through one or more on-site processes.
[0073] Itis clear from the above discussions that an effec-
tive, efficient combination of a Stirling-cycle engine and
waste oil burner would be of great economic and environmen-
tal benefit. With such combination, a significant portion ofthe
“waste heat” lost in existing waste oil burner designs can be
effectively recovered by a Stirling-cycle engine, thereby
greatly increasing the overall energy efficiency of the com-
bined system.

[0074] It has been determined that waste oil possesses
nearly twice the energy value of coal, and more energy than
#2 fuel oil. It should be noted that the term “environmentally
hazardous waste oils”, as used within this specification and
the below claims, shall include within the definition those oils
classified by the governing agencies as “recyclable” for
energy recovery through burning. The applicant has esti-
mated that using such combined used-oil-fired Stirling-cycle
engine, one gallon of used oil can generate up to 18-kilowatt
hours of electricity.

[0075] Operators of an on-site waste-oil-fired electrical
generation system may find further economic benefits by
selling surplus power back to an electrical utility, via an
avoided rate, or net metering program. Additionally, off-grid
operators of an on-site waste-oil-fired electrical generation
system will benefit from a convenient, packaged source of
electrical power, space heat and hot water. Thus it is therefore
a further object and feature of the present invention to provide
such a system that converts the combustion energy of waste
oil into mechanical energy by use of a Stirling-cycle engine.
Thus, it is an additional object and feature of the present
invention to provide such a system that utilizes the mechani-
cal output of the Stirling-cycle engine to drive an electrical
generator.

[0076] FIG. 3B is a diagrammatic illustration of the princi-
pal components of waste o0il co-generator 250 of waste oil
cogeneration system 100, according to the preferred embodi-
ment of FIG. 2A. Preferably, waste oil co-generator 250 con-
tains at least one waste oil combustor 130 (at least embodying
herein at least one combustion heater structured and arranged
to produce combustion heat by burning such on-site-gener-
ated environmentally hazardous waste oils) that combines
waste oil 104 with compressed air 128 to form a highly
combustible atomized air/fuel mixture. Igniting the atomized
mixture of waste oil 104 and compressed air 128 generates
combustion heat energy 132, as shown.

[0077] A primary function of waste oil electrical cogenera-
tion system 100 is the conversion of combustion heat energy
132 into electrical power 140, as shown. The conversion of
combustion heat energy 132 into electrical power is accom-
plished through a basic multi-step process. Preferably, work-
ing fluid heat exchanger 136 (at least embodying herein at
least one primary heat exchanger structured and arranged to
transfer such combustion heat to such at least one heat energy
converter) is brought into thermal relationship with combus-
tion heat energy 132 (at least embodying herein at least one
primary heat exchanger structured and arranged to transfer
such combustion heat to such at least one heat energy con-
verter), initiating the transfer of heat from combustion heat
energy 132 to Stirling-cycle engine 134, as shown. Prefer-
ably, Stirling-cycle engine 134 is arranged to convert the heat
transferred by working fluid heat exchanger 136 into
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mechanical energy 133 (e.g., torque within a rotating output
shaft), as shown (at least embodying herein at least one heat-
to-mechanical power converter adapted to convert such com-
bustion heat to mechanical power and wherein such at least
one heat-to-mechanical power converter comprises at least
one Stirling-cycle engine structured and arranged to use the
mechanical output of at least one Stirling cycle to produce
mechanical power). Preferably, Stirling-cycle engine 134 is
operationally coupled to electrical generator 138 (at least
embodying herein at least one electrical generator adapted to
generate electrical power) that converts mechanical energy
133 into electrical power 140.

[0078] As previously described, waste oil electrical cogen-
eration system 100 is preferably a cogeneration (or multi-
generation) unit wherein waste-heat energy is derived from
the system for beneficial use. In the example of FIG. 3B,
waste-heat exchanger 144 (at least embodying herein at least
one waste-heat heat exchanger structured and arranged to
transfer at least one portion of the combustion heat to at least
one heatable fluid) is brought into thermal relationship with
combustion heat energy 132, drawing usable heat from com-
bustion heat energy 132, as shown.

[0079] FIG. 4 is a diagrammatic illustration of waste-heat
exchanger 144, according to the preferred embodiments of
FIGS. 2A through 3B. In the highly simplified model of FIG.
4, waste-heat exchanger 144 comprises two approximately
concentric pipes, each pipe having an input and output. Pref-
erably, incoming combustion heat 146 is introduced into and
moves through combustion chamber 147 before exiting as
outgoing combustion heat 148, as shown. Similarly, a lower
temperature incoming secondary fluid 150 is introduced into
secondary fluid channel 151, where it moves around combus-
tion chamber 147 before exiting as outgoing secondary fluid
152, as shown. As incoming secondary fluid passes around
combustion chamber 147, heat energy is transferred from
incoming combustion heat 146 to the lower temperature
incoming secondary fluid 150, across secondary heat
exchanger wall 149, thereby raising the temperature of
incoming secondary fluid 150. In practical application, the
efficiency of heat-energy transfer across secondary heat
exchanger wall 149 can never achieve one hundred percent.
Due to factors such as transfer surface area and material
heat-transfer rates, a significant percentage of the heat energy
of incoming combustion heat 146 will remain in outgoing
combustion heat 148, discharged from the system as waste
exhaust. Oil combustion burner systems for space heating
may discharge as much as seventy percent of outgoing com-
bustion heat 148 as waste exhaust.

[0080] FIG. 5 is a diagrammatic illustration of waste-heat
exchanger 144, showing working fluid heat exchanger 136
introduced into combustion chamber 147, according to the
preferred embodiments of FIGS. 2A through 3B. By placing
working fluid heat exchanger 136 into combustion chamber
147, waste oil electrical cogeneration system 100 eftectively
captures and utilizes heat energy of outgoing combustion heat
148 that is normally lost as waste exhaust, as shown. It should
be noted that the introduction of working fluid heat exchanger
136 into combustion chamber 147 has minimal impact on the
quantity or rate of heat energy transfer from incoming com-
bustion heat 146 to incoming secondary fluid 150 across
waste-heat heat exchanger wall 149.

[0081] FIG. 6 is a diagrammatic sectional view of waste oil
co-generator 250 of waste oil cogeneration system 100,
according to a preferred embodiment of the present invention.
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Preferably, waste oil co-generator 250 is an assembly com-
prised of waste-oil-fired hot air furnace 153, modified to
receive Stirling-cycle engine 134 and electrical generator
138, as shown. Preferably, waste-oil-fired hot air furnace 153
is a commercially available unit, for example, waste-oil-fired
hot air furnaces produced by Clean Burn, Inc. of Leola, Pa.,
U.S.A. Waste oil burning devices of this type are also known
by those skilled in the art as “multi-oil furnaces”, and typi-
cally include a number of specific features to allow for effi-
cient combustion of multiple waste oil types having varying
physical properties.

[0082] Inatypical arrangement, waste oil 104 is preferably
held in waste oil collection tank 108 of waste oil electrical
cogeneration system 100 prior to being transferred to waste
oil combustor 130, via waste oil transfer assembly 158 (at
least embodying herein at least one waste oil transfer com-
ponent structured and arranged to transfer such on-site-gen-
erated environmentally hazardous waste oils from such at
least one holder to such at least one combustion heater), as
shown. Preferably, waste oil transfer assembly 158 includes
waste oil pump 160 (at least embodying herein at least one
pump structured and arranged to pump such on-site-gener-
ated environmentally hazardous waste oils from such at least
one holder to such at least one combustion heater), as shown.

[0083] Typically, waste oil 104 is pre-conditioned before
reaching waste oil combustor 130 by passing through waste
oil volume/viscosity control 162, as shown. Pre-conditioning
provided by waste oil volume/viscosity control 162 typically
includes such actions as flow rate sampling, control of waste
oil transfer rate and pre-heating of waste o0il 104 to assist in
managing oil viscosity for optimal combustion conditions
within combustion chamber 147, as shown (at least embody-
ing herein at least one flow volume regulator structured and
arranged to regulate the flow volume of such on-site-gener-
ated environmentally hazardous waste oils pumped from such
at least one holder to such at least one combustion heater; and
atleast one pre-heater structured and arranged to preheat such
on-site-generated environmentally hazardous waste oils prior
to burning). Itis noted that the configuration and operation of
such waste oil pre-conditioning devices is described in
greater detail in, for example, U.S. Pat. No. 5,551,868 to
Smoker et al., incorporated herein by reference for further
examples of implementation engineering.

[0084] Preferably, waste oil combustor 130 is a highly effi-
cient design, comprising at least one burner nozzle that com-
bines a flow of compressed air 128 with a flow of pre-heated
waste oil 104 (at least embodying herein at least one atomizer
structured and arranged to atomize such on-site-generated
environmentally hazardous waste oils prior to combustion).
Preferably, the mixture of compressed air 128 and waste oil
104 is injected into combustion chamber 147, where ignition
assembly 117 (at least embodying herein at least one igniter
structured and arranged to ignite such on-site-generated envi-
ronmentally hazardous waste oils after such on-site-gener-
ated environmentally hazardous waste oils have passed
through such at least one atomizer) ignites the atomized mix-
ture generating a focused combustion flame 156 directed to
the interior of combustion chamber 147 (see also FIG. 10). It
is noted that the configuration and operation of waste oil
combustors (such as waste oil combustor 130) is described in
greater detail in, for example, U.S. Pat. No. 6,048,197 to
Beiler, incorporated herein by reference for further examples
of implementation engineering. Commercially-available
waste oil combustors of the type preferably used in the
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present invention may be supplied with an approximate ther-
mal output ranging from about 100,000 BTUs/hr to over
500,000 BTUs/hr at temperatures of up to about 2,000
degrees Fahrenheit (at least embodying herein wherein such
atleast one combustion heater has a maximum capacity of not
more than 0.5 million BTU input per hour).

[0085] Preferably, waste-heat exchanger 144 of waste-oil-
fired hot air furnace 153 comprises at least one combustion
chamber 147 surrounded on all sides by heat exchanger air
channel 166, as shown. Preferably, air intake fan 164 moves
the secondary fluid (comprising air in the present embodi-
ment) through heat exchanger air channel 166, where it is
heated before passing out of heat exchanger air channel 166
by means of hot air discharge 168, as shown. The heated air
exiting hot air discharge 168 is preferably used to provide
local space heating (at least embodying herein wherein such
at least one waste-heat heat exchanger is structured and
arranged to transfer heat to air usable for space heating)
within the waste oil electrical cogeneration system site (as
previously described in FIG. 1). Preferably, combustion
chamber 147 includes combustion gas discharge flue 170 to
remove spent combustion gases from the system, as shown (at
least embodying herein wherein combustion gasses produced
by the combustion of such on-site-generated environmentally
hazardous waste oils is vented to the outside air). It is noted
that the configuration and operation of such a waste-heat
exchanger is described in greater detail in, for example, U.S.
Pat. No. 5,531,212 to Smoker et al., incorporated herein by
reference for further examples of implementation engineer-
ing.

[0086] It is currently preferred that within waste-oil-fired
hot air furnace 153, working fluid heat exchanger 136 is
introduced into combustion chamber 147 through back wall
157 (as apposed to Smoker et al., for example), thereby per-
mitting a portion of the heat energy from the directed com-
bustion flame 156 (at least embodying herein at least one
directed heat flow) to be transferred to Stirling-cycle engine
134, as shown. Preferably, the configuration of working fluid
heat exchanger 136 is such that combustion flame 156 is
directed back in combustion chamber 147, thereby maintain-
ing the overall efficiency of the combustion and heat transfer
processes, as shown. Upon reading this specification, those
with ordinary skill in the art will understand that, under
appropriate circumstances, such as, to accommodate specific
furnace thermal performance characteristics, user preference,
advances in technology, etc., other positions of the working
fluid heat exchanger within the combustion chamber, such as,
for example, non-concentric, front mounted, etc., may suf-
fice.

[0087] Preferably, Stirling-cycle engine 134 comprises a
480 cc four-piston alpha configuration, such as Model STM
4-120 produced by Stirling Thermal Motors, Inc. of Ann
Arbor, Mich., U.S.A. Using a waste oil burner having a com-
bustion flame temperature of approximately 1,400 degrees
Fahrenheit (as measured at working fluid heat exchanger
136), Stirling-cycle engine 134 typically produces about 40
hp at an average shaft speed of about 1800 rpm. Preferably,
Stirling-cycle engine 134 is coupled to an “off-the-shelf”
induction-type electrical generator 138, preferably having a
rated electrical output (after inverter processing) of 25 kW at
480 VAC/3-phase at 60 Hz. Further, Stirling-cycle engine 134
typically produces up to 150,000 BTUs/Hr of hot water from
the engine’s internal coolant circuit, delivered by means of
Stirling engine coolant lines 172, as shown.
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[0088] FIG. 7 is a perspective view, in partial section, of the
waste oil cogeneration system 100, according to the preferred
embodiment of FIG. 6. The cut-away view of FIG. 7 more
clearly shows the preferred arrangement of working fluid heat
exchanger 136 within combustion chamber 147. Modifica-
tions to Stirling-cycle engine 134 required to permit the
engine to be incorporated into waste oil cogeneration system
100 are clearly within the abilities of those skilled in the art in
light of the present teachings, preferably limited to removal of
the factory burner assembly.

[0089] Preferably, back wall 157 of combustion chamber
147 is prepared to receive Stirling-cycle engine 134, by cut-
ting heat exchange aperture 171 through back wall 157, and
by further locating and drilling appropriately-sized mounting
holes matching the standard mounting holes of the Stirling-
cycle engine factory burner assembly. Upon reading this
specification, those with ordinary skill in the art will under-
stand that, under appropriate circumstances, such as heavy
duty applications, specific furnace/engine combinations, etc.,
other assemblies, such as, for example, additional plate adapt-
ers and/or reinforcing added to back wall 157 to further
anchor and support Stirling-cycle engine 134, may suffice.
[0090] Preferably, working fluid transfer lines 194 of work-
ing fluid heat exchanger 136 are oriented to be in direct
contact with the focus of combustion flame 156, as shown.
Upon reading this specification, those with ordinary skill in
the art will understand that, under appropriate circumstances,
such as to enhance the performance of the heat transfer pro-
cesses within the waste oil cogeneration system, the use of
other heat-retaining, heat-blocking and heat-directing ele-
ments, such as, for example, ceramic shapes, heat-resistant
deflectors, etc., may be used at various positions within the
combustion chamber. For example, a metallic or ceramic
heat-directing ring placed around working fluid heat
exchanger 136 to control the return path of combustion flame
156, may suffice.

[0091] Preferably, the overall configuration of waste oil
cogeneration system 100 comprises a self-contained unit hav-
ing an internal system support structure 176, preferably con-
structed from metal, preferably steel, as shown. Preferably, all
external access panels 192 are removable for servicing and
inspection, as shown. Preferably, collection tank 108 includes
one or more waste oil collection assemblies 190 to assist in
the collection and storage of waste oil 104, as shown (at least
embodying herein wherein such at least one holder comprises
at least one collector structured and arranged to assist in
collecting such on-site-generated environmentally hazardous
waste oils). Upon reading this specification, those with ordi-
nary skill in the art will understand that, under appropriate
circumstances, such as to address issues of user preference,
advances in technology, etc., other locations for the waste oil
collection point, such as, for example, exterior collection
assemblies, remote collection areas, etc., may suffice.
[0092] Electrical power assemblies 178 preferably route
power from electrical generator 138 to electrical power con-
trols 180 mounted on or near waste oil cogeneration system
100, as shown. Preferably, electrical power controls 180
include such devices as: safety breakers, power disconnects,
power monitors and controllers, charge controllers for a bat-
tery storage system (at embodying herein wherein such at
least one electrical controller is structured and arranged to
control at least one transfer of electrical power between such
at least one electrical storage device and such at least one
electrical network) and power inverters, including trace PS
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and SW series inverters for utility grid connection capability
(at least embodying herein at least one electrical controller
structured and arranged to control electrical power within
such at least one electrical network, and wherein such at least
one electrical controller is structured and arranged to control
electrical power flowing between such at least one electrical
network and the at least one larger electrical grid), thereby
permitting the sale of surplus-generated power back to the
utility through net metering or similar programs (embodying
herein using surplus usable heat energy from combusting
such on-site-generated environmentally hazardous waste oils
for on-site heating uses). Further, those of ordinary skill in the
art will, upon reading this specification understand that, under
appropriate circumstances, electrical power controls 180 may
include internal power metering to allow, for example, the
manufacturer of waste oil cogeneration system 100 to place
units within a waste oil cogeneration site on a cost partnership
basis (where all or a pre-arranged portion of the electrical
power generated by waste oil cogeneration system 100 is sold
by the manufacturer to the co-generating site, at a grid com-
petitive or pre-arranged rate). The above-described preferred
arrangement herein embodies: collecting on-site-generated
environmentally hazardous waste oils; combusting such on-
site-generated environmentally hazardous waste oils to pro-
duce usable heat energy; using such usable heat energy to
power at least one Stirling-cycle engine; using the output
from such Stirling-cycle engine to generate useful electrical
power; and selling at least one portion of such useful electri-
cal power by way of at least one electrical grid connection.
Preferably, waste oil cogeneration system 100 is scalable to
larger generation applications by using the combined gener-
ating power of multiple waste oil cogeneration system(s) 100.

[0093] FIG. 8A is a diagrammatic sectional view of an
alternate preferred waste oil co-generator 250a of waste oil
cogeneration system 100, according to another highly pre-
ferred embodiment of the present invention. Preferably, waste
oil co-generator 250a is an assembly comprised of waste-oil-
fired hot air furnace 153 modified to receive toroidal-shaped
heat exchanger 196 of Stirling-cycle engine 135, as shown.
Preferably, waste-oil-fired hot air furnace 153 is a commer-
cially available unit produced by Black Gold Corporation of
Nashville, Tenn., U.S.A.

[0094] Preferably, waste oil 104 is held in waste oil collec-
tion tank 108 (of waste oil co-generator 250a) prior to being
transferred to waste oil combustor 130, via waste oil transfer
assembly 158, as shown. Preferably waste oil transfer assem-
bly 158 includes waste oil pump 160 (at least embodying
herein at least one pump to pump such on-site-generated
environmentally hazardous waste oils from such at least one
holder to such at least one combustion heater), as shown.
Depending on such factors as temperature and the type of
waste oil being burned, waste oil 104 may be pre-conditioned
before reaching waste oil combustor 130 by passing through
waste oil volume/viscosity control 162, as shown. Pre-condi-
tioning provided by waste oil volume/viscosity control 162
may include such actions as flow rate sampling, control of
waste oil transfer rate and pre-heating of waste oil 104 to
assist in managing oil viscosity for optimal combustion con-
ditions within combustion chamber 147, as shown. Prefer-
ably, waste oil combustor 130 comprises a burner nozzle that
combines a flow of compressed air 128 with a flow of pre-
heated waste oil 104. Preferably, the mixture of compressed
air 128 and waste oil 104 is injected into combustion chamber
147, where an ignition assembly 117 ignites the atomized
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mixture generating combustion flame 156, as shown. It is
noted that the configuration and operation of such waste oil
pre-conditioning devices is described in greater detail in, for
example, U.S. Pat. No. 5,879,149 to Briggs et al., incorpo-
rated herein by reference for further examples of implemen-
tation engineering. Preferably, waste-heat exchanger 144 of
waste-oil-fired hot air furnace 153 comprises combustion
chamber 147, surrounded on all sides by heat exchanger air
channel 166, as shown.

[0095] Preferably, air intake fan 164 moves the secondary
fluid (in this case air) through heat exchanger air channel 166,
where it is heated, before passing out of heat exchanger air
channel 166 through hot air discharge 168, as shown. The
heated air exiting hot air discharge 168 is again preferably
used to provide local space heating within the waste oil elec-
trical cogeneration system site (as previously described in
FIG. 1). Preferably, combustion chamber 147 includes com-
bustion gas discharge flue 170 to remove spent combustion
gases from the system, as shown. It is noted that the configu-
ration and operation of such a waste-heat exchanger is
described in greater detail in, for example, U.S. Pat. No.
4,955,359 to Briggs et al. and U.S. Pat. No. 5,363,836 to
Briggs, incorporated herein by reference for further examples
of implementation engineering.

[0096] Toroidal-shaped heat exchanger 196 is preferably
coaxially positioned within the interior of combustion cham-
ber 147, preferably along the chamber’s longitudinal axis,
preferably at a position equidistant from waste oil combustor
130 and combustion gas discharge flue 170, as shown. Toroi-
dal-shaped heat exchanger 196 may be firmly positioned
within combustion chamber 147 by a plurality of support
members 204 anchored to heat exchanger wall 149, as shown.
Preferably, combustion flame 156 is directed to pass through
the interior of toroidal-shaped heat exchanger 196, as shown.
In the preferred embodiment of FIG. 8 A, working fluid trans-
fer lines 194 provide the fluid transfer path between toroidal-
shaped heat exchanger 196, and Stirling-cycle engine 135, as
shown. The above-described embodiment allows Stirling-
cycle engine 135 to be located outside waste-oil-fired hot air
furnace 153 in a preferred arrangement, as shown. Upon
reading this specification, those with ordinary skill in the art
will understand that, under appropriate circumstances, such
as, user preference, advances in technology, particular space/
cost/use circumstances, etc., other selection of internal/exter-
nal arrangements, may suffice.

As one preferred example, Stirling-cycle engine 135 com-
prises a 160 cc 90° V-2-cylinder unit, preferably Model V-160
produced by Solo Kleinmoteren GmbH of Sindelfingen, Ger-
many. Using a waste oil burner having a combustion flame
temperature of approximately 1,300 degrees Fahrenheit
(700° C.) (as measured at working fluid heat exchanger 136),
Stirling-cycle engine 135 produces about 11 kW of mechani-
cal power at an average shaft speed of about 1500 rpm (with
working fluid heat exchanger 136 maintaining an average
working gas pressure of 15 Mpa). Preferably, Stirling-cycle
engine 135 is coupled to an induction-type electrical genera-
tor 138, having a rated electrical output (after inverter pro-
cessing) of 25 kW at 480 VAC/3-phase at 60 Hz. Further,
Stirling-cycle engine 135 produces up to 150,000 BTUs/Hr of
hot water from the engine’s internal coolant circuit delivered
through Stirling engine coolant lines 172, as shown.

[0097] FIG. 8B is a diagrammatic illustration, partially in
section, of the torodial-shaped working fluid heat exchanger
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196, Stirling-cycle engine 135, and electrical generator 138
of the alternate preferred embodiment of FIG. 8A.

[0098] Preferably, toroidal-shaped working fluid heat
exchanger 196 is formed from a tightly-coiled arrangement of
heat exchange tubes 182, as shown. Preferably, heat exchange
tubes 182 and working fluid transfer lines 194 each comprise
14" diameter tubing, preferably constructed from stainless
steel or heat-resistant inconel 713/625. Upon reading this
specification, those with ordinary skill in the art will under-
stand that, under appropriate circumstances, in consideration
of such issues as material cost, user preference, advances in
technology, etc., other working fluid transfer line configura-
tions, such as, for example, alternate tubing diameters, heat-
resistant materials, etc., may suffice.

[0099] FIG.9is a diagrammatic sectional view of waste oil
cogeneration system 100, according to another preferred
embodiment of the present invention. Preferably, waste oil
electrical cogeneration system 100 comprises a waste-oil-
fired hot water boiler 155 modified to receive Stirling-cycle
engine 134, as shown. As one preferred example, waste-oil-
fired hot water boiler 155 may comprise a commercially
available unit produced by Clean Burn, Inc. of Leola, Pa.,
US.A.

[0100] In operation, waste oil 104 is preferably transferred
to waste oil combustor 130, via waste oil transfer line 158, as
shown. As in the prior embodiments of FIG. 6 and FIG. 8A,
waste oil combustor 130 is preferably a high-efficiency
design comprising at least one burner nozzle that combines a
flow of compressed air 128 with a flow of pre-heated waste oil
104 that, when ignited within combustion chamber 147, gen-
erates focused combustion flame 156, as shown. It is noted
that the configuration and operation of waste oil combustors,
such as waste oil combustor 130, is described in greater detail
in, for example, U.S. Pat. No. 6,048,197 to Beiler, incorpo-
rated herein by reference for further examples of implemen-
tation engineering (see FIG. 10). Commercially available
waste oil combustors of the type preferably used in the
present invention may be supplied with an approximate ther-
mal output ranging from about 100,000 BTUs/hr more than
500,000 BTUs/hr at temperatures of up to about 2,000
degrees Fahrenheit, well within the operating requirements of
Stirling-cycle engine 134.

[0101] Preferably, waste-oil-fired coil tube boiler 155 com-
prises at least one combustion chamber 147 containing coiled
tube heat exchanger 202, as shown. Preferably, water pumped
through coiled tube heat exchanger 202 is heated by combus-
tion flame 156, as shown. The hot water exiting coiled tube
heat exchanger 202 is preferably used to provide local domes-
tic hot water or space heating within the waste oil electrical
cogeneration system site. Preferably, combustion chamber
147 includes combustion gas discharge flue 170 to remove
spent combustion gases from the system, as shown. [t is noted
that the configuration and operation of such a waste-oil-fired
coil tube boiler is described in greater detail in, for example,
U.S. Pat. No. 6,085,701 to Stauffer et al., incorporated herein
by reference for further examples of implementation engi-
neering.

[0102] Inthe waste oil boiler taught by Staufter et al. (U.S.
Pat. No. 6,085,701), combustion flame 156 is fired toward the
back wall of combustion chamber 147. Applicant prefers that,
in applicant’s waste-oil-fired coil tube boiler 155, working
fluid heat exchanger 136 is introduced into combustion cham-
ber 147 through back wall 157 (as apposed to Smoker et al.
and Stauffer et al., for example), thereby permitting a portion
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of the heat energy from combustion flame 156 to be trans-
ferred to Stirling-cycle engine 134, as shown. Preferably, the
configuration of working fluid heat exchanger 136 is such that
combustion flame 156 is directed back in combustion cham-
ber 147, thereby maintaining the overall efficiency of the
combustion and heat transfer processes, as shown. Upon
reading this specification, those with ordinary skill in the art
will understand that, under appropriate circumstances, such
as, to accommodate specific furnace thermal performance
characteristics, user preference, advances in technology, etc.,
other positions of the working fluid heat exchanger within the
combustion chamber, such as, for example, non-concentric,
front mounted, etc., may suffice.

[0103] As apreferred example embodiment, Stirling-cycle
engine 134 may comprise a 480 cc four-piston alpha configu-
ration, such as Model STM 4-120 produced by Stirling Ther-
mal Motors, Inc. Using a waste oil burner having a combus-
tion flame temperature of approximately 1,400 degrees
Fahrenheit (as measured at working fluid heat exchanger
136), Stirling-cycle engine 134 produces about 40 hp at an
average shaft speed of about 1800 rpm. Preferably, Stirling-
cycle engine 134 is coupled to an induction-type electrical
generator 138, preferably having a rated electrical output
(after inverter processing) of 25 kW at 480 VAC/3-phase at 60
Hz. Further, Stirling-cycle engine 134 preferably produces up
to 150,000 BTUs/Hr of additional hot water from the engine’s
internal coolant circuit delivered through Stirling engine
coolant lines 172, as shown. It should be noted that, under
appropriate circumstance, other Stirling-cycle engine/gen-
erator designs may be used within the above-described
embodiments, for example, the Stirling engine/generator
combinations produced by the Stirling Technology Company
of Kennewick, Wash., U.S.A.

[0104] FIG. 10 is a sectional view through typical waste oil
combustor 130 according to the preferred embodiments of the
present invention. It is noted that the configuration and opera-
tion of waste oil combustors (such as waste oil combustor
130) is described in greater detail in, for example, U.S. Pat.
No. 6,048,197 to Beiler, incorporated herein by reference for
further examples of implementation engineering.

[0105] As generally discussed in Bieler, waste oil combus-
tor 130 includes burner nozzle 321 and ignition assembly 117
to create a flame from the supplied waste oil 104, as shown.
Preferably, waste oil combustor 130 also includes housing
323 in which is mounted fan 324 to supply large quantities of
combustion air over nozzle 321 and ignition assembly 117 to
support the creation of flame 156 in combustion chamber 147,
as shown.

[0106] Preferably, burner nozzle assembly 370 includes
burner nozzle 321 and ignition assembly 117 (at least
embodying herein at least one igniter structured and arranged
to ignite such on-site-generated environmentally hazardous
waste oils after such on-site-generated environmentally haz-
ardous waste oils have passed through such at least one atom-
izer), as shown. Preferably, burner nozzle 321 includes nozzle
housing 371 having passageways for the flow of compressed
air 128 and waste 0il 104 in a known manner to create a flame
projected into combustion chamber 147.

[0107] Preferably, preheated waste oil 104 flows into
burner nozzle 321 (at least embodying herein embodying
herein atomizer means for atomizing such on-site-generated
environmentally hazardous waste oils prior to combustion,
and at least embodying herein at least one atomizer structured
and arranged to atomize such on-site-generated environmen-
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tally hazardous waste oils prior to combustion) to exit in a fine
stream. Meanwhile, preheated compressed air 128 preferably
flows through another passageway into burner nozzle 321
where the flow of compressed air 128 is directed in a slightly
spiraled path. Preferably, compressed air 128 and waste oil
104 are combined at the tip of burner nozzle 321 to effect an
atomizing of the waste oil stream, resulting in a combined
stream of compressed air and atomized waste oil droplets
being ejected from the tip, whereupon it is ignited into a flame
by the electrodes 398, of ignition assembly 117.

[0108] FIG. 11 is a schematic diagram illustrating a pre-
ferred organization of alternate waste-oil distributed cogen-
eration site 500, according to another preferred embodiment
of the present invention. Alternate waste-oil distributed
cogeneration site 500 of waste o0il cogeneration system 100
preferably comprises at least one waste-oil electrical genera-
tion unit 502 operably coupled to at least one waste-oil col-
lection tank 508, as shown. Waste-oil collection tank 508 is
preferably used to collect and store environmentally hazard-
ous waste 0il 104 produced primarily on site, typically by one
or more service-type operations (at least embodying herein at
least one holder structured and arranged to hold on-site-gen-
erated environmentally hazardous waste oils produced by the
at least one on-site process). Upon reading this specification,
those with ordinary skill in the art will now appreciate that,
under appropriate circumstances, considering such issues as
changes in regulations, interpretation, etc., other collections
arrangements such as, for example, collecting and using oft-
site-generated environmentally hazardous waste oils, etc.,
may suffice. At least one waste oil transfer component 503 is
preferably provided to transfer the waste oil 104 from waste-
oil collection tank 508 (at least embodying herein at least one
holder) to waste-oil electrical generation unit 502, as shown.
Preferred embodiments of waste oil transfer component 503
preferably comprise at least one waste-oil pre-heater 531
structured and arranged to preheat waste oil 104 prior to
burning. Waste-oil pre-heater 531 is preferably configured to
operate using primarily the combustion heat produced by the
burning of waste oil 104, as shown in FIG. 13A.

[0109] Waste oil 104 is burned, in controlled manner,
within waste-oil electrical generation unit 502 to produce
both electrical power and usable heat energy. Waste-oil elec-
trical generation unit 502 preferably comprises at least one
thermodynamic energy converter to convert heat energy from
the combustion of waste oil 104 to an output of mechanical
work. Such a thermodynamic energy converter, identified
herein as heat-to-mechanical-power converter 252, is prefer-
ably coupled to electrical generator 138, which is preferably
used to produce electrical power for on-site use, as shown.

[0110] Alternate waste-oil distributed cogeneration site
500 preferably comprises at least one onsite electrical net-
work 499 to electrically couple electrical generator 138 and at
least one on-site load 606, as shown. Electrical network 499
preferably comprises electrical control subsystem 521 (as
least embodying herein at least one power controller) struc-
tured and arranged to control the output of the electrical
power of electrical generator 138 to electrical network 501. In
a preferred embodiment of the present system, electrical net-
work 499 preferably comprises a net-metering capability
whereby the output of electrical generator 138 is coupled to a
larger electrical power grid 120. Thus, any power in excess of
that used by onsite loads 606 can be fed directly into the utility
grid through electrical meter 602 and electrical grid connec-
tion 118, as shown (see FIG. 16 for additional hardware
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arrangements). Alternately preferably, the system may com-
prise a grid-independent arrangement whereby excess power
is fed to a local energy storage system 112, as shown.
[0111] Electrical grid connection 118 also preferably
allows distributed cogeneration site 500 to draw electrical
power from larger electrical power grid 120 in circumstances
where the overall power demand of distributed cogeneration
site 500 exceeds the generation capacity of waste-oil electri-
cal generation unit 502. Waste-oil electrical generation unit
502 is preferably capable of providing emergency, standby,
peak shaving, and continuous electrical powerto a wide range
of electrically-dependent on-site operations.

[0112] In preferred embodiments of the system, exhaust
gases 533 generated by the operation of waste-oil electrical
generation unit 502 are preferably discharged directly to
atmosphere, as shown. Alternately preferably, the hot exhaust
gases 533 are preferably used to drive at least one modular
waste-heat-recovery unit 505 (shown in FIG. 11 detached
from waste-oil electrical generation unit 502). When the units
are operably coupled, modular waste-heat-recovery unit 505
is preferably configured to transfer the combustion heat to at
least one secondary heatable fluid, preferably using at least
one internal waste-heat exchanger. As in the prior preferred
embodiments of the system, the secondary heatable fluid
preferably comprises air (for space-heating), alternately pref-
erably water (as further illustrated in FIG. 15), alternately
preferably another heat-engine working fluid (as further illus-
trated in FIG. 16).

[0113] Each waste-heat-recovery unit 505 is preferably of
modular design, thus allowing either water-heating units, air-
heating units, and/or organic heat-engine units to be operably
coupled to waste-oil electrical generation unit 502. Upon
reading this specification, those with ordinary skill in the art
will now appreciate that, under appropriate circumstances,
considering such issues as local requirements, user prefer-
ence, etc., other waste-heat heat recovery arrangements such
as, for example, utilizing waste heat to perform etc., may
suffice.

[0114] FIG. 12 is a diagrammatic illustration of a compact
waste-oil driven electrical generation unit 502 of the alternate
preferred embodiment of FIG. 11. Reference is now made to
FIG. 12 with continued reference to FIG. 11. As noted above,
waste-oil electrical generation unit 502 preferably comprises
at least one thermodynamic energy converter identified
herein as heat-to-mechanical-power converter 252, as shown.
Preferably, an output shaft 524 of heat-to-mechanical-power
converter 252 operationally couples heat-to-mechanical-
power converter 252 to electrical generator 138, which is
preferably adapted to produce electrical power using
mechanical energy produced by heat-to-mechanical-power
converter 252.

[0115] Heat-to-mechanical-power converter 252 prefer-
ably comprises a regenerative external combustion engine
implementing an efficient Rankine power cycle. In a pre-
ferred embodiment of waste-oil electrical generation unit
502, heat-to-mechanical-power converter 252 preferably
comprises a compact steam-driven turbine. It is noted that the
configuration and operation of such a compact steam-driven
turbine is described in greater detail in, for example, U.S.
patent application Ser. No. 11/895,667 to Schoell, incorpo-
rated herein by reference for further examples of implemen-
tation engineering. In a more highly preferred embodiment of
waste-oil electrical generation unit 502, heat-to-mechanical-
power converter 252 preferably comprises an external-com-
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bustion piston engine 510 adapted to convert the heat of
combustion to rotary mechanical power, also preferably using
an efficient variant of the Rankine cycle. Upon reading this
specification, those with ordinary skill in the art will now
appreciate that, under appropriate circumstances, consider-
ing such issues as cost, design preference, etc., other engine
configurations such as, for example, the use of Wankel-type
rotary engines, etc., may suffice.

[0116] External-combustion piston engine 510, electrical
generator 138, and the supporting operational components of
the generator set are preferably housed within outer enclosure
501, preferably providing both weather protection and sound
attenuation. Outer enclosure 501 preferably comprises inter-
nal structural framing sufficient to securely support external-
combustion piston engine 510 in a position above electrical
generator 138, as shown. Connections between external-
combustion piston engine 510, electrical generator 138, and
the supporting structures of outer enclosure 501 may prefer-
ably comprise one or more vibration-isolation devices, as
shown. Upon reading this specification, those with ordinary
skill in the art will now appreciate that, under appropriate
circumstances, considering such issues as engine configura-
tion, cost, etc., other coupler arrangements such as, for
example, the use of specific gear-reduction assemblies, vibra-
tion dampers, clutch mechanisms, universal joints, fluid or
magnetic couplers, etc., may suffice.

[0117] Anonboard electrical control subsystem 521, which
preferably monitors and controls both engine performance
and generator output, is preferably housed in an externally
accessible cabinet 506, as shown. The housing of onboard
electrical control subsystem 521 is preferably sealed for envi-
ronmental protection, allowing control systems to be installed
within the externally accessible switchgear cabinet 506.
[0118] Exhaust gases 533 are preferably discharged
through exhaust assembly 523, as shown. Exhaust assembly
523 may preferably discharge directly to atmosphere, as
shown. Alternately preferably, exhaust assembly 523 may
preferably be coupled to one or more waste-heat exchangers
544 configured to capture and utilize waste-heat discharged
from waste-oil electrical generation unit 502 (see FIG. 15).
[0119] FIG. 13A is a diagrammatic illustration of a waste-
oil driven electrical generation unit, of the alternate preferred
embodiment of FIG. 11. FIG. 13B is a diagrammatic sectional
illustration of the waste-oil driven electrical generation unit,
of' the alternate preferred embodiment of FIG. 11. In specific
reference to FIG. 13A and FIG. 13B, external-combustion
piston engine 510 preferably produces mechanical shaft
power by vaporizing and condensing a working fluid circu-
lated within a closed-loop circuit. The working fluid is most
preferably water. Alternately preferably, the working fluid
comprises an organic compound exhibiting a phase-change
temperature lower than water at a given temperature, as fur-
ther discussed in FIG. 16 (at least embodying herein wherein
the working fluid is at least one organic fluid comprising at
least one liquid-vapor phase occurring at a lower temperature
than that of water at a given pressure). In the preferred power
cycle, the working fluid is pumped under pressure to combus-
tion heater 504, as shown. It is then heated by combustion
heater 504 to the boiling temperature, and is most preferably
superheated (heated to a temperature above that of boiling).
The resulting pressurized steam is preferably transferred to at
least one thermodynamic energy converter, preferably com-
prising a reciprocating piston section 511 preferably adapted
to convert the steam to rotary shaft power (at least embodying
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herein at least one thermodynamic energy converter struc-
tured and arranged to convert heat extracted from the vapor-
ized working fluid into at least one output of mechanical
work). The working fluid exits reciprocating piston section
511 at a lower pressure and is then preferably exhausted to
condenser 512. Feedwater pump 514 preferably returns the
condensed working fluid from condenser 512 to combustion
heater 504 to continue the cycle.

[0120] Reciprocating piston section 511 preferably com-
prises a radial arrangement of cylinders 518 each one con-
taining a piston 520 reciprocally disposed therein. Each cyl-
inder 518 comprises a plurality of exhaust transfer passages
530 structured and arranged to exhaust the working fluid from
the interior of cylinder 518 to condenser 512.

[0121] A centrally disposed crankshaft 522 is preferably
provided to translate motion of the pistons into rotation of
output shaft 524. Each piston 520 is preferably coupled to
crankshaft 522 by a connecting rod 528 pivotally coupled to
afreely-rotating crank disk 526 mounted to crankshaft 522, as
shown.

[0122] Combustion heater 504 preferably comprises at
least one air intake path 550, preferably comprising at least
one air blower 552, preferably configured to deliver a flow of
combustion air 555 to combustion chamber 556 of combus-
tion heater 504, as shown. Combustion chamber 556 prefer-
ably comprises an arrangement of burners 568, preferably
containing at least one atomizer 558, preferably configured to
produce an atomized mist of waste oil 104 within a cyclonic
circulation of combustion air 555 (at least embodying herein
at least one combustion nozzle assembly structured and
arranged to produce the at least one cyclonic circulation of the
hot combustion gases adjacent such at least one multi-tube
coil, wherein such at least one combustion nozzle assembly
comprises such at least one air blower for producing such
cyclonic circulation of hot combustion gases and such at least
one atomizer). At least one ignition source 560 is preferably
used to ignite the atomized mist of waste oil 104 suspended
within the flow of combustion air 555.

[0123] Combustion chamber 556 is preferably arranged to
burn the atomized waste oil 104 in a centrifugal pattern,
causing the heavy fuel elements to move towards the outer
sides of combustion chamber 556 where they are consumed.
Combustion chamber 556 preferably comprises an upright
cylindrical shape, which preferably encloses multi-tube coil
516, more preferably, a circularly wound coil of densely
bundled tubes adapted to carry the working fluid. At least one
substantially circular inner wall 517 is preferably situate in a
position substantially encircling multi-tube coil 516 and is
preferably configured to control the cyclonic circulation of
hot combustion gases adjacent the coils. The burners 568 are
preferably mounted on opposed sides of the circular combus-
tion chamber 556 and are preferably oriented to direct their
flames in a spiral circulation pattern. By spinning the flame
front around the combustion chamber, multi-tube coil 516 is
repetitively “washed” by the heat of the combustion gas. The
centrifugal motion of the combustion gases causes the
heavier, unburned particles suspended in the gases to accu-
mulate on the outer wall of the combustion chamber where
they are incinerated. This cyclonic circulation of combustion
gases within the combustion chamber creates higher effi-
ciency in the engine. Exhaust gases 533 are preferably dis-
charged from combustion chamber 556 via at least one
exhaust path 562, as shown.
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[0124] To further increase engine efficiency, the incoming
flow of combustion air 555 is preferably preheated in at least
two heat exchangers prior to combustion. As most clearly
illustrated in FIG. 13A, air intake path 550 is routed through
condenser 512 that preferably functions as a first heat
exchanger 564 to preheat the flow of combustion air 555.
Ambient air preferably enters the condenser 512 by the action
of air blower 552 and is preferably circulated over the internal
condenser plates to cool the outer surfaces of the plates and
condense the exhaust steam circulating within the plates. The
incoming flow of combustion air 555 is thus heated using the
latent heat of vaporization extracted the condensation of the
working fluid within condenser 512.

[0125] Inaddition, air intake path 550 preferably comprises
a second heat exchanger 566 to further preheat the flow of
combustion air 555 (to about 320° F.) using heat extracted
from the hot combustion gases exhausted through exhaust
path 562, as shown. Second heat exchanger 566 preferably
comprises an air-to-air heat exchanger configured to transfer
heat from the exhaust gases 533 exiting combustion chamber
556 to the flow of combustion air 555 entering combustion
chamber 556, as shown.

[0126] The outer engine shrouding 572 preferably com-
prises an insulated cover that encloses combustion chamber
556 and reciprocating piston section 511. Outer engine
shrouding 572 preferably incorporates the air transfer ducts
that channel air from condenser 512 to the intake portion of
second heat exchanger 566. Outer engine shrouding 572 also
preferably includes return ducts that capture the combustion
exhaust gases and leads these gases back through the exhaust
portion of second heat exchanger 566. The preferred engine
shrouding preferably adds to the efficiency and compactness
of'the engine by conserving heat with its insulation, providing
necessary ductwork for the airflow of the engine, and incor-
porating the above-noted heat exchanging structures. It is
noted that the configuration and operation of such a combus-
tion heater is described in greater detail in, for example, U.S.
Patent application 2007/0261681 to Schoell and issued U.S.
Pat. No. 7,407,382 to Schoell, incorporated herein by refer-
ence for further examples of implementation engineering.

[0127] Inpreferred operation, the working fluid (preferably
water) is pumped by feedwater pump 514 from condenser 512
to combustion heater 504 through condensate feed line 515.
The working fluid entering combustion heater 504 through
condensate feed line 515 is preferably transferred to multi-
tube coil 516 within combustion heater 504. The working
fluid within multi-tube coil 516 is preferably vaporized by
combustion heat generated by the burning ofthe environmen-
tally hazardous waste oil 104 within combustion heater 504
(at least embodying herein at least one vaporizer structured
and arranged to vaporize a working fluid using the combus-
tion heat produced by such at least one combustion heater).
Temperatures in multi-tube coil 516 are preferably main-
tained at approximately 1,200 degrees Fahrenheit. Such heat-
ing preferably produces high-pressure super-heated steam
that is preferably transferred by at least one fluid delivery line
546 to at least one injector valve 548, preferably a needle-type
valve configured to be operable between a closed position and
at least one open position, to release a pressurized charge of
the vaporized working fluid into at least one of the cylinders
518. The reciprocating motion of piston 520 within the cyl-
inder 518 is preferably induced by this injection of the vapor-
ized working fluid into cylinder 518 upon the momentary
opening of injector valve 548. The injected steam expands in
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an explosive action on the top of the piston, at high pressure,
forcing piston 520 down and drivingly rotating the linked
crank disk 526 and crankshaft 522. The speed and torque of
the engine are controlled by a rocker and cam arrangement
which is preferably configured to control the timing of the
actuation of injector valve 548. The working fluid preferably
exits cylinder 518 through a plurality of exhaust transfer
passages 530 allowing the working fluid to drop to condenser
512, as shown.

[0128] Condenser 512 (at least embodying herein at least
one condenser structured and arranged to condense vaporized
working fluid exiting such at least one thermodynamic energy
converter) is preferably of a crank-driven centrifugal configu-
ration, preferably comprising a stacked arrangement of flat
plates surrounding an inner core. The stacked arrangement of
the condenser plates preferably provides a large surface area
for maximizing heat transfer within a relatively compact vol-
ume.

[0129] Condensate feedline 515 (at least embodying herein
at least one condensate return line to return condensed work-
ing fluid from such at least one condenser, to such at least one
combustion heater, by the action of such at least one pump)
preferably comprises at least one third heat exchanger 554
structured and arranged to preheat the condensed working
fluid prior to entering combustion heater 504. Feed-line heat
exchanger 554 is preferably configured to circulate the work-
ing fluid around at least one exhaust transfer passage 530,
causing the working fluid to be heated by steam exhausted
from cylinder(s) 518. More particularly, third heat exchanger
554 preferably comprises a set of pre-heating coils 570 sur-
rounding the cylinders vapor exiting exhaust transfer passage
530 passes through a set of pre-heating coils 570 surrounding
the cylinders 518. The positioning of these coils adjacent to
the cylinder exhaust ports scavenges heat that would other-
wise be lost to the system, thereby contributing to the overall
efficiency of the engine. The working fluid preheated in third
heat exchanger 554 then enters combustion heater 504 where
it is again vaporized by combustion heat generated by the
burning of the environmentally hazardous waste oil 104. It is
noted that the configuration and operation of such pre-heating
coils are described in greater detail in, for example, U.S.
Patent application 2007/0056288 to Schoell, incorporated
herein by reference for further examples of implementation
engineering.

[0130] The vapor passing through pre-heating coils 570
preferably drops into the core of condenser 512 where cen-
trifugal force from rotation of crankshaft 522 drives the vapor
into the inner cavities of the condenser plates. As the vapor
changes phase into a liquid, it enters sealed ports on the
periphery of the condenser plates. The condensed liquid
drops through collection shafts and into a sump at the base of
condenser 512. The high pressure feedwater pump 514 (at
least embodying herein at least one fluid pump to pump
condensed working fluid between such at least one condenser
and such at least one vaporizer) returns the condensate liquid
from condenser 512 combustion heater 504, completing the
fluid cycle of the engine.

[0131] Asthe working fluid exits the preferred single line of
each individual cylinder’s pre-heating coils 570 on its way to
combustion chamber 556, it preferably branches into the two
or more lines (per cylinder) preferably forming part of multi-
tube coil 516. Under the dynamic conditions of super-critical
high temperatures and high pressures, unbalanced flows can
occur within the branch lines leading to potential overheating
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and possible wall failure. To mitigate this problem, at least
one splitter valve 574 is preferably located at the branch point
of the single line to the multiple lines, as shown. This valve
preferably functions to equalizes the flow between the branch
lines during operation. It is noted that the configuration and
operation of such splitter valves are described in greater detail
in, for example, U.S. Patent application 2007/00056287 to
Schoell, incorporated herein by reference for further
examples of implementation engineering.

[0132] At lower engine speeds the steam injector valves
548 are partially closed and a clearance volume compression
release valve 576 is preferably opened to release steam from
the cylinders. Clearance volume compression release valve
576 is preferably controlled by the engine rotational speed.
Minimizing the clearance volume in a cylinder 518 is advan-
tageous for efficiency as it lessens the amount of super-heated
steam required to fill the volume, reduces the vapor contact
area which absorbs heat that would otherwise be used in the
explosive expansion of the power stroke, and, by creating
higher compression in the smaller chamber, further raises the
temperature of the admitted steam; however, the higher com-
pression resulting from the smaller volume has the adverse
effect, at low engine speed, of creating back pressure against
the incoming charge of super-heated steam. The purpose of
clearance volume compression release valve 576 is to reduce
the cylinder compression at lower engine speeds, while main-
taining higher compression at faster piston speeds where the
back pressure effect is minimal. Clearance volume compres-
sion release valve 576 preferably controls the fluid commu-
nication between a cylinder 518 and tube 578, which prefer-
ably extends from cylinder 518 into the combustion chamber
556. Clearance volume compression release valve 576 is pref-
erably hydraulically operated by the lower-pressure pump
system of engine-driven primary feedwater pump 514. At
lower engine speeds, clearance volume compression release
valve 576 opens the cylinder 518 to tube 578. By adding the
incremental volume of'this tube to that of the cylinder 518, the
total clearance volume is increased with a consequent lower-
ing of the compression. At higher engine speeds, the pump
system develops sufficient pressure to close clearance volume
compression release valve 576, thereby reducing the total
clearance volume, and raising the cylinder compression for
efficient higher speed operation of the engine. It is noted that
the configuration and operation of such clearance volume
compression release valves are described in greater detail in,
for example, U.S. Patent application 2007/0256415 to
Schoell, incorporated herein by reference for further
examples of implementation engineering.

[0133] The motion to open each injector valve 548 is pref-
erably initiated by a pushrod 582 engaging a crankshaft
mounted cam ring 580. Each pushrod 582 extends from near
the center of the radially configured engine outward to a valve
rocker 584 configured to actuate an injector valve 548.
Throttle control on the engine is preferably achieved by vary-
ing the distance each pushrod 582 is extended. All pushrods
582 pass through a throttle control ring 586 that rotates in an
arc. Shifting the arc of throttle control ring 586 adjusts the
interaction of pushrod 582 with valve rocker 584 to adjust the
degree to which injector valve 548 opens. A single lever 588
is preferably attached to throttle control ring 586 and prefer-
ably extends to the outside of the engine casing, as shown.
Lever 588 is preferably used to shift the arc of throttle ring
586, and thus becomes the engine throttle 591. Timing control
of the engine is achieved by hydraulically-actuated adjust-
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ment of the position of cam ring 580 on crankshaft 522. Such
timing control preferably functions to advance the moment
that the vaporized working fluid is injected into each cylinder
518 and shortens the duration of this injection as engine speed
increases (for example, ‘Upward’ movement of the cam ring
towards the crankshaft journal preferably alters the timing
duration by exposing the pushrod assembly to a lower portion
of the cam ring where the profile of the cam is progressively
reduced).

[0134] It is noted that the configuration and operation of
such steam-powered external-combustion piston engine
devices are described in greater detail in, for example, U.S.
Pat. No. 7,080,512; U.S. Pat. No. 7,407,382; U.S. patent
application Ser. No. 11/879,586; U.S. patent application Ser.
No. 11/879,589; U.S. patent application Ser. No. 11/786,845;
U.S. patent application Ser. No. 11/827,854; U.S. patent
application Ser. No. 11/827,846; U.S. patent application Ser.
No. 11/416,039; U.S. patent application Ser. No. 11/509,207;
and U.S. patent application Ser. No. 11/489,335; World
Patent application WO 2006/031907; World Patent applica-
tion WO 2006/031907; World Patent application WO 2008/
010969; World Patent application WO 2008/010971; World
Patent application WO 2008/010998; World Patent applica-
tion WO 2008/011036; World Patent application WO 2008/
011036; World Patent application WO 2008/011037; World
Patent application WO 2008/011038; World Patent applica-
tion WO 2008/011040; World Patent application WO 2008/
027364; and World Patent application WO 2008/027364;
each one incorporated herein by reference for further
examples of implementation engineering.

[0135] FIG. 14 is a schematic diagram illustrating preferred
functional control and distribution arrangements of waste-oil
driven electrical generation unit 502 of FIG. 11. Engine con-
trol is preferably provided buy a microprocessor-based
onboard electrical control subsystem 521, preferably includ-
ing one or more electronic controllers 590, as shown. Pre-
ferred monitoring, diagnosis, and control features of control-
ler 590 preferably include voltage regulation, network
protection, PLC-based control of pumps (such as, waste oil
pump 160), engine control, engine protection, and alarms.
[0136] Engine throttle control by controller 590 is prefer-
ably implemented by means of throttle control actuator 596
coupled to engine throttle 591, as shown (at least embodying
herein wherein such at least one power controller comprises
at least one engine control structured and arranged to control
levels of mechanical power output by such at least one exter-
nal-combustion heat engine). Engine protection may prefer-
ably comprise the monitoring of engine operating tempera-
ture via temperature sensor(s) 592 in conjunction with the
monitoring of engine speed via engine speed sensor(s) 594.
[0137] Sensors (crank angle, temperature sensors, etc.) are
preferably located in accordance with the recommendations
of the component’s respective manufacturer. Other preferred
monitoring and control features may alternately include air
fuel mixture control, synchronization, power factor (Cos-
PHI) monitoring, and varistor monitoring, as applicable.
Generator measurements by controller 590 may preferably
comprise voltage (U), current (I), frequency (Hz), power
(kW), reactive power (kvar), apparent power (KVA), power
factor (PF), kW hours (kWh) and reactive power hours
(kVAh), and mains measurements U, 1, and Hz.

[0138] Electrical generator 138 preferably comprises a
four-pole synchronous generator preferably outputting three-
phase alternating current (AC). In a preferred embodiment of
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the present system, electrical generator 138 preferably com-
prises a peak output capacity of about 40 kW (at least embodi-
ment of the present invention at least one electrical generator
structured and arranged to generate electrical power using the
mechanical power produced by such at least one external-
combustion heat engine). Upon reading this specification,
those with ordinary skill in the art will understand that, under
appropriate circumstances, such as commercial availability,
user preference, advances in technology, etc., other generator
arrangements, such as, for example, DC generators, genera-
tors of larger or smaller “scalable” capacity, etc., may suffice.
[0139] In a preferred embodiment, the system preferably
comprises a net-metering capability whereby the output of
electrical generator 138 is coupled to a commercially avail-
able grid-tied inverter 598 and regen controller 601 (as
required). Thus, any power in excess of that used by onsite
loads 606 can be fed directly into the utility grid through
electrical meter 602, as shown. Alternately preferably, the
system may comprise a grid-independent arrangement
whereby excess power is fed to a local energy storage system
112, as shown.

[0140] FIG. 15 is a diagrammatic illustration, partially in
section, of waste-oil electrical generation unit 502 of FIG. 11,
coupled to a preferred modular waste-heat-recovery unit 505
for the generation of hot water 114. Modular waste-heat-
recovery unit 505 is preferably used to recover heat from
exhaust gases 533 exiting waste-oil electrical generation unit
502 (typically comprising a temperature of about 320° F.). In
the preferred embodiment of FIG. 15, modular waste-heat-
recovery unit 505 preferably comprises waste-heat exchanger
544 (at least embodying herein at least one waste-heat heat
exchanger structured and arranged to transfer at least one
portion of the combustion heat to at least one heatable fluid).
Waste-heat exchanger 544 is preferably brought into thermal
relationship with exhaust gases exiting combustion heater
504, as shown. Waste-heat exchanger 544 is preferably used
to supply domestic hot water 114. Upon reading this specifi-
cation, those with ordinary skill in the art will now appreciate
that, under appropriate circumstances, considering such
issues as local requirements, user preference, etc., other
waste-heat heat recovery arrangements such as, for example,
producing hot air (for space-heating), etc., may suffice.
[0141] FIG. 16 is a diagrammatic illustration of a high-
capacity waste-oil driven electrical generation unit 600,
according to another preferred embodiment of the present
invention. Waste-oil driven electrical generation unit 600
preferably comprises at least one separately-mounted com-
bustion heater 604 located apart from its respective recipro-
cating piston section 610, as shown. It is noted that the pre-
ferred reciprocating piston section 610 of waste-oil driven
electrical generation unit 600 is substantially similar in struc-
tures and arrangements to that of reciprocating piston section
511.

[0142] The alternate combustion heater 604 preferably
comprises at least one air intake path 650, preferably com-
prising at least one air blower 652, preferably configured to
deliver a flow of combustion air 555 to combustion chamber
656 of combustion heater 604, as shown. Combustion cham-
ber 656 preferably comprises an arrangement of burners 668,
preferably containing at least one atomizer 658, preferably
configured to produce an atomized mist of waste oil 104
within the flow of combustion air 555. At least one ignition
source is preferably used to ignite the atomized mist of waste
0il 104 suspended within the flow of combustion air 555.
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[0143] Combustion chamber 656 is preferably arranged to
burn the atomized waste oil 104 in a centrifugal pattern,
causing the heavy fuel elements to move towards the outer
sides of combustion chamber 656 where they are consumed.
Any remaining carbon is preferably removed, as required, via
discharge ports 663 at the base of combustion chamber 656.
Upon reading this specification, those with ordinary skill in
the art will now appreciate that, under appropriate circum-
stances, considering such issues as cost, heater configuration,
etc., other carbon management arrangements such as, for
example, vibratory shedding, centrifugal shedding, etc., may
suffice.

[0144] Combustion chamber 656 preferably comprises a
cylindrical shape, which preferably encloses multi-tube coil
616, more preferably, a circularly wound coil of densely
bundled tubes adapted to carry the working fluid between the
heater and piston section. The burners 668 are preferably
oriented to direct their flames in a spiral circulation pattern.
By spinning the flame front around the combustion chamber,
multi-tube coil 616 is repetitively “washed” by the heat of the
combustion gas. The centrifugal motion of the combustion
gases also causes the heavier, unburned particles suspended
in the gases to accumulate on the outer wall of the combustion
chamber where they are incinerated or shed through dis-
charge port 663.

[0145] Airblower 652 preferably draws combustion air 555
through condenser 612 of waste-oil driven electrical genera-
tion unit 600 where combustion air 555 is preferably pre-
heated. Upon reading this specification, those with ordinary
skill in the art will now appreciate that, under appropriate
circumstances, considering such issues as cost, efficiency
requirements, etc., other heat transfer arrangements such as,
for example, adding a second air-to-air heat exchanger the
combustion air path to further preheat the air using waste
combustion heat, etc., may suffice.

[0146] The mechanical output of waste-oil driven electrical
generation unit is preferably coupled to a horizontal-shaft
electrical generator 613 via gearbox 614, as shown. Upon
reading this specification, those with ordinary skill in the art
will now appreciate that, under appropriate circumstances,
considering such issues as engine configuration, cost, etc.,
other coupler arrangements such as, for example, the use of
specific gear-reduction assemblies, vibration dampers, clutch
mechanisms, universal joints, fluid or magnetic couplers, etc.,
may suffice. Furthermore, those with ordinary skill in the art
will now appreciate that, under appropriate circumstances,
considering such issues as engine efficiency, maximum
engine outputs, cost, etc., other generator arrangements such
as, for example, the use of a large 2-pole generator to allow
the prime mover to operate at peak (high RPM) efficiency,
etc., may suffice.

[0147] Waste-heat-recovery from the hot exhaust gases 533
is preferably accomplished by installing one or more heat
exchangers 665 adjacent combustion chamber 656 and/or
within the exhaust path, as shown. Thus, waste heat of the
combustion can be used to heat at least one secondary heat-
able fluid, such as air or water. In an alternate preferred
embodiment of the system, heat exchanger 665 is operably
coupled to a low-temperature organic Rankine cycle engine
(used for secondary mechanical/electrical power produc-
tion). Such working fluids preferably comprise an organic
compounds exhibiting a phase-change temperature lower
than water at a given temperature (at least embodying herein
wherein the working fluid is at least one organic fluid com-
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prising at least one liquid-vapor phase occurring at a lower
temperature than that of water at a given pressure). Preferred
working fluids include isobutane, propane, high-boiling
refrigerants such as R134a, R113, R245ca, R245fa, R123,
and the like.

[0148] It should be noted that the term “environmentally
hazardous waste oils”, as used within this specification and
the below claims, shall include within the definition, veg-

one combustion airflow using heat extracted from the
hot combustion gases exhausted through said at least one
exhaust path.

2) The system according to claim 1 wherein said at least
one exhaust path further comprises at least one waste-heat
exchanger structured and arranged to transfer at least one
portion of the combustion heat to at least one secondary
heatable fluid.

etable oils and similar oils used within the food industry.
Furthermore, upon reading this specification, those with ordi-
nary skill in the art will understand that, under appropriate
circumstances, such as, for example, new industries,
advances in processing technology, etc., the use of other oils,
such as, synthetic oil, bio-engineered oils, etc., may suffice.
[0149] Although applicant has described applicant’s pre-
ferred embodiments of this invention, it will be understood
that the broadest scope of this invention includes such modi-
fications as diverse shapes and sizes and materials. Such
scope is limited only by the below claims as read in connec-
tion with the above specification. Further, many other advan-
tages of applicant’s invention will be apparent to those skilled
in the art from the above descriptions and the below claims.

What is claimed is:

1) A system related to mechanical power generation
through the burning of environmentally hazardous waste oils,
said system comprising:

a) at least one combustion heater structured and arranged to
produce combustion heat through the burning of such
environmentally hazardous waste oils;

b) at least one vaporizer structured and arranged to vapor-
ize a working fluid using the combustion heat produced
by said at least one combustion heater;

¢) at least one thermodynamic energy converter structured
and arranged to convert heat extracted from combustion
of'the vaporized working fluid into at least one output of
mechanical work;

d) at least one condenser structured and arranged to con-
dense vaporized working fluid exiting said at least one
thermodynamic energy converter; and

e) operably coupled with said at least one condenser, at
least one fluid pump to pump condensed working fluid
between said at least one condenser and said at least one
vaporizer;

) wherein said at least one combustion heater comprises
1) at least one air intake path, comprising at least one air

blower, structured and arranged to deliver at least one
combustion airflow to said at least one combustion
heater,

ii) at least one atomizer structured and arranged to pro-
duce an atomized mist of such environmentally haz-
ardous waste oils within the at least one combustion
airflow,

iii) at least one ignition source to ignite the atomized
mist of such environmentally hazardous waste oils
within the at least one combustion airflow, and

iv) at least one exhaust path to exhaust hot combustion
gases from said at least one combustion heater;

g) wherein said at least one air intake path comprises at
least one first heat exchanger to preheat the at least one
combustion airflow using the latent heat of vaporization
extracted from the condensation of the working fluid
within said at least one condenser; and

h) wherein said at least one air intake path comprises at
least one second heat exchanger to preheat the at least

3) The system according to claim 2 wherein said at least
one waste-heat exchanger is structured and arranged to trans-
fer the combustion heat to air, usable for space heating.

4) The system according to claim 2 wherein the secondary
heatable fluid comprises at least one liquid.

5) The system according to claim 1 further comprising:

a) at least one holder structured and arranged to hold such
environmentally hazardous waste oils; and

b) at least one waste-oil transfer component structured and
arranged to transfer such environmentally hazardous
waste oils from said at least one holder to said at least
one combustion heater.

6) The system according to claim 1 wherein said at least

one waste oil transfer component comprises:

a) at least one waste-oil pre-heater structured and arranged
to preheat such environmentally hazardous waste oils
prior to burning;

b) wherein said at least one at least one waste-oil pre-heater
is further structured and arranged to operate using the
combustion heat produced by the burning of such envi-
ronmentally hazardous waste oils.

7) The system according to claim 1 wherein said at least
one thermodynamic energy converter comprises at least one
external-combustion heat engine.

8) The system according to claim 7 wherein said at least
one external-combustion heat engine comprises at least one
Rankine-cycle heat engine.

9) The system according to claim 7 wherein the working
fluid is water.

10) The system according to claim 7 wherein the working
fluid is at least one organic fluid comprising at least one
liquid-vapor phase occurring at a lower temperature than that
of water at a given pressure.

11) The system according to claim 7 wherein said at least
one external-combustion heat engine comprises at least one
steam-driven turbine engine.

12) The system according to claim 9 wherein said at least
one external-combustion heat engine comprises:

a) at least one cylinder;

b) at least one piston reciprocally disposed within said at

least one cylinder;

c) at least one crankshaft to translate motion of said at least
one piston into rotation;

d) at least one crank disk fitted to said at least one crank-
shaft and rotatable therewith;

e) at least one connecting rod pivotally connected between
said at least one piston and said at least one crank disk;
and

f) at least one injector valve, operable between a closed
position and at least one open position, to release a
pressurized charge of the vaporized working fluid into
said at least one cylinder;

g) at least one fluid delivery line to deliver the vaporized
working fluid from said at least one combustion heater to
said at least one injector valve, wherein motion of said at
least one piston is induced by injection of the vaporized
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working fluid into said at least one cylinder upon
momentary opening of said at least one injector valve;
and

h) at least one exhaust transfer passage structured and
arranged to exhaust the working fluid from said at least
one cylinder to said at least one condenser.

13) The system according to claim 12 wherein said at least

one external-combustion heat engine further comprises:

a) at least one condensate return line to return condensed
working fluid from said at least one condenser, to said at
least one combustion heater, by the action of said at least
one pump;

b) wherein said at least one condensate return line com-
prises at least one third heat exchanger structured and
arranged to heat the condensed working fluid prior to
entering said at least one combustion heater; and

¢) wherein said at least one third heat exchanger utilizes
heat extracted from the vaporized working fluid
exhausted from said at least said one cylinder through
said at least one exhaust transfer passage.

14) The system according to claim 13 wherein said at least

one combustion heater further comprises:

a) in fluid communication with said at least one fluid deliv-
ery line and said at least one condensate return line, at
least one multi-tube coil comprising a plurality of indi-
vidual tubes wound in at least one bundle and each of
said plurality of tubes being structured and disposed for
passage of the working fluid therethrough;

b) situate in a position substantially encircling said at least
one multi-tube coil, at least one substantially circular
inner wall structured and arranged to control at least one
cyclonic circulation of the hot combustion gases adja-
cent said at least one multi-tube coil; and

¢) at least one combustion nozzle assembly structured and
arranged to produce the at least one cyclonic circulation
of the hot combustion gases adjacent said at least one
multi-tube coil;

d) wherein said at least one combustion nozzle assembly
comprises said at least one atomizer and said at least one
air blower for producing such cyclonic circulation of hot
combustion gases.

15) The system according to claim 13 further comprising at
least one electrical generator structured and arranged to gen-
erate electrical power using the mechanical power produced
by said at least one external-combustion heat engine.

16) The system according to claim 15 further comprising at
least one electrical network electrically coupled to said at
least one electrical generator and at least one on-site load.

17) The system according to claim 16 further comprising:

a) at least one power controller structured and arranged to
control the output of the electrical power of said at least
one electrical generator to said at least one electrical
network;

b) wherein said at least one power controller comprises at
least one engine control structured and arranged to con-
trol levels of mechanical power output by said at least
one external-combustion heat engine.

18) The system according to claim 17 wherein said at least

one electrical network further comprises:

a) at least one electrical storage device structured and
arranged to store the electrical power within at said at
least one electrical network; and
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b) at least one electrical-controller structured and arranged
to control the transfer of the electrical power between
said at least one electrical storage device and said at least
one on-site load.

19) The system according to claim 17 wherein said at least
one electrical network further comprises at least one connec-
tion to at least one larger electrical grid.

20) A system related to on-site burning of on-site-gener-
ated waste oils for the purpose of on-site electrical power
generation, said system comprising:

a) at least one holder structured and arranged to hold such

on-site-generated waste oils;
b) atleast one combustion heater structured and arranged to
produce combustion heat by burning such on-site-gen-
erated waste oils;
c) at least one waste oil transfer component structured and
arranged to transfer such on-site-generated waste oils
from at least one holder to said at least one combustion
heater; and
d) operably coupled to said at least one combustion heater,
at least one heat-energy converter structured and
arranged to convert such combustion heat to electrical
power;
e) wherein said at least one heat energy converter com-
prises
1) at least one Rankine-cycle external-combustion heat
engine structured and arranged to convert such com-
bustion heat to mechanical power, and

ii) operationally coupled to said at least one Rankine-
cycle external-combustion heat engine, at least one
electrical generator adapted to the generate electrical
power;
) wherein said at least one holder comprises at least one
collector structured and arranged to assist in on-site
collecting of such on-site-generated waste oils;
g) wherein said at least one waste oil transfer component
comprises at least one waste-oil pump to pump such
on-site-generated waste oils from said at least one holder
to said at least one combustion heater;
h) wherein said at least one combustion heater comprises:
1) at least one atomizer structured and arranged to atom-
ize such on-site-generated waste oils prior to combus-
tion; and

ii) at least one igniter adapted to ignite such on-site-
generated waste oils after such on-site-generated
waste oils have passed through said at least one atom-
izer.

21) The system according to claim 20 further comprising at
least one waste-heat exchanger structured and arranged to
transfer at least one portion of the combustion heat to at least
one secondary heatable fluid.

22) The system according to claim 20 further comprising at
least one on-site electrical circuit adapted to utilize the elec-
trical power.

23) The system according to claim 22 wherein said at least
one electrical network comprises at least one electrical con-
troller structured and arranged to control electrical power
within said at least one electrical network.

24) The system according to claim 23 wherein:

a) said at least one electrical network further comprises at
least one electrical storage device structured and
arranged to store electrical power; and

b) said at least one electrical controller is structured and
arranged to control at least one transfer of electrical
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power between said at least one electrical storage device transfers of electrical power between said at least one electri-
and said at least one electrical network. cal network and at least one larger electrical grid.
25) The system according to claim 24 wherein said at least
one electrical controller is structured and arranged to control ok ow R



