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The present invention provides an integrated engine generator Rankine cycle power system which increases the efficiency of the
use of its power output. The system comprises a closed Rankine cycle power generating unit through which working fluid flows
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(57) Abrege(suite)/Abstract(continued):

and an engine generator, the closed Rankine cycle power generating unit including a waste heat boller for vaporizing said working
fluid by means of exhaust gases discharged from the engine generator, an expander in which the vaporized working fluid expands
and performs work to drive a shaft for producing mechanical power, or an electric generator coupled thereto and adapted to
produce electrical power, from both the engine generator and the expander, and an external lubrication system In fluid
communication with the expander wherein one or more closed Rankine cycle power generating unit components are operationally
connected to the electric generator.
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INTEGRATED ENGINE GENERATOR RANKINE CYCLE POWER SYSTEM

Field of the Invention
The present invention relates to the field of power plant systems. More particularly, the
invention relates to a power plant system which utilizes the waste heat of an engine

p—

generator to produce additional power.

Background of the Invention

Many combined cycle power plants using a gas turbine and steam turbine operating on the
gases exiting the gas turbine have been used lately. The capacity of such combined cycle

power plants is usually about 100 — 200 MW.

The possibility of employing-bot_h a diesel enginé and an organic Rankine cycle (ORC) power
unit to increase thermal efficiency in a combined cycle power plant configuration has been
suggested. The use of both a diesel engine and an ORC power unit in a combined cycle power
plant presents power plant designers with difficulties in terms of integrating the two
different, simultaneousljr operating thermodynamic cycles. Firstly, a diesel engine 1S an
internal combustion engine, while an ORC power unit is an external combustion engine.
These two thermodynamic cycles therefore require different regimes of operation. That 1s, a
diesel engine can be designed to operate at certain, fixed rotational speeds or within a giyen
range depending on the use. The efficiency of an ORC power unit, on the other hand, is
dependent on the rotational speed of the turbine and operates more efficiently at an optimal

rotational speed. Secondly, diesel engines which are adapted for standby and peaking
) P
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applications are able to start operating when coId and generate a maximum amount of power
in only a few seconds. However, an ORC power unit cannot generate power prior to an initial -
start-up period of approximately 20-25 minutes during which hot vapors for driving the
turbine need to be generated. Also, the turbine of a low-capacity ORC power unit is lubricated
by means of the working fluid condensate, and a start-up period is needed to properly

lubricate the turbine.

Another difference between diesel engines and an ORC power unit is that a diesel engine has
a significantly greater number of components that need to be controlled and maintained than
that of an ORC power unit. With respect to a diesel engine, at least the following components
need to be éontrolledi the fuel injector, the governor for regulating the amount and pressure of
fuel ’po be 1injected, the ;:amshaft to provide the proper timing of fuel injection, and
turbocharging systems ‘for boosting power, improving combustion efﬁcieﬁcy, and reducing
emissions. J. Anderson in "Clean Diesel Generators- The Future is Here," Power Topic #301,
Cummins Power Generation describes that the control strategies of a diesel engine are aimed

to optimize the combustion process while producing the least amount of both NOyx and

particulates per unit Qf power output, these strategies including the use of electronic engine
controls, such as electronic sensors and -microprocessor—based controls, and electronic
injection systems. In an ORC power unit, an optimal power output can be achieved by
controlling substahtially only the fuel burner that produces and supplies to the vaporizer a
given amount combustion gases from the fuel supplied to the fuel burner, when the power

plant 1s not a combined cycle, and the rotational speed of the turbine.
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US Patent Nos. 4,590,384 and 6,526,754, the disclosures of which.are hereby i1ncorporated by.
reference, disclose a combined cycle power plant by which hot exhaust gases of a diesel engine
are used to vaporize organic working fluid of an ORC power unit. While such plants can
produce approximately 10-20% additional power with respect to a convention‘al diesel engine,
it would be desirable to further increase the power output of the plant. US Patent No.
6,883,328, the disclosure of which is also hereby incorporated by reférencé, on the other hand,
“discloses a combined cycle power plant wherein the hot exhaust gases of the diesel engine are
used to produce vaporized Workjng fluid of ORC power unit and wherein in addition, the ORC
power unit can produce 100% of power produced once the diesel engine stops operation. US

Patent ApplicationSerial No. 10/849,502, the disclosure of which is also hereby incorporated _
by reference, which claims priority to Israel Patent Application 158989, and which 1s a
Continuation-in-Part Pateﬁt Application of US _Pa_tént Application Serial No. 10/152,356,
which matured into US Patent No. 6,883,328, méntioned abové, discloses an. ORC power unit'.
opefating from the exhaust heat gases of a high temperature fuel cell system such as a molten

carbonate fuel cell system.

As described above, the control of each of a diesel engine and an ORC power unit 1s different,
and at times, may be contradictory; for example, a diesel engine may be controlled to achieve
a fast start-up, while such a control 1s not feasible for an ORC power unit. Prior art combined
cycle power plants comprising both a digsel engine and an ORC power unit have employed a
separate control system for each of the thermodynamic cycles due to their lack of control
compatibility. When the combined cycle power plant has a capacity greater'than, e.g. about 5

MW, a power plant employing two separate control systems, interconnections between the

-3 -
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engine generator(s) and an ORC power unit, and éxpensive exhaust interconnections from the
diesel engines may .be cost effective due to the use of heat re‘covery cycles. However, the cost
effectiveness of such a capacity combined cyclé power plant employing two separate control
systems for the start-up, synchronization, and continuous control of both the diesel engine

and ORC power unit is lacking.

There is therefore a need for a single control system for a combined cycle power system by
which hot exhaust gases of an engine generator are used to vaporize the organic working fluid

of an ORC power unit.

It 1s an object of the present invention to provide an integrated engine generator Rankine
cycle power system, especially one having a éapacity of less than about 5 Mw; of an 1ncreased

~ efficiency of the use of the power .output;

It is an additional object of the present invention to provide an integrated engine generator

Rankine cycle power system having a single control system.

Other objects and advantages of the invention will become apparent as the description

proceeds.

Summary of the Invention

The present invention provides an integrated engine generator Rankine cycle power system

which 1ncreases the efficiency of the use of its power output. As referred to herein, the term

-4 -
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"net power output" means the difference between the power generated by the power system

and the power consumed by 1ts components.

The system comprises a closed Rankine cycle power generating unit through which working
fluid flows and an engine generator, the closed Rankine cycle power generating unit including
a waste heat boiler for vaporizing said working fluid By means of exhaust gases discharged
from the engine generator, an expander in which the vaporized working fluid e.xpands and
performs work to drive. a shaft for producing mechanical power, or an electric generator
coupled thereto and adapted to produce electrical power, from both the engine generator and
the expander, and an external lubrication system in fluid communication with the expander
wherein one or more closed Rankine cycle power generating unit components are

operationally connected to the electric generator.

In a preferred alternative, the system comprises a closed Rankine cycle power generating unit
through which working fluid flows and an engine generat‘or, the closed Rankine cycle power
generating unit including a waste heat boiler for vaporizing the working fluid by means of
exhaust gases discharged from the engine generator, an expander in which the vaporized
working fluid expands and performs work to drive an . asynchronous motor/generator
connected to the electric grid, and an external lubrication system in fluid communication with
the expandér, the engine generator driving an electric generator also connected to the electric

orid, wherein one or more Rankine cycle components are operationally connected to the

output of said electric generator.
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In one embodiment of the present of the invention, one or more of the Rankine ‘cycle

components are in electrical communication with the electric generator.

In another embodiment of the present of the invention, one or more of the Rankine cycle

components are mechanically connected to an electric generator main shaft.

hh—

The working fluid may be selected from the group of Therminol®, Dowtherm J, dodecane,

1sododecane, methylundecane, neopentane, octane, and steam.

A Rankine cycle co'mponent can be selected from the group of feed pump, feed pump motor,
| l'

- vapor pump, vapor pump motor, blower, and blower motor.

In a 'further embodiment, the Rankine cycle power genérating system comprises a feed pump
for delivering workiﬁg fluid condénsate to the wasté heat boiler, an expander which receives
vaporized working fluid from the waste heat boiler and performs work thereby, a recuperator
which receives heat depleted working fluid vapor from the expander and heats thereby
condensate extracted from feed pump discharge, and a condenser for condensing working
fluid exiting the recuperator. The system can also comprise a vapor pump fqr discharging

non-compressible gases.

The system preferably further comprises means for preheating the recuperated condensate,

such as a radiator in fluid communication with the engine generator, a first line through
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which working fluid condensate is extracted and delivered to said radiator, and a second line

for delivering preheated condensate upstream to the waste heat boiler.
In one aspect of the invention, the expander is directly coupléd to the electric generator.

In another aspect of the invéntior;_, the expander is coupled to the electric generator by means

of reduction gearing.

The present inventioil 1s also directed to a control 'system for an integrated engine generator
Rankine cycle power system, comprising a common -controller in electrical communication
with both components of a closed organic Rankine cycle (ORC) power generating system and
components of an engine genefator, the engine generator preferably coupled to an expander
included in said ORC power generating system by means of a connection passing through an
electric generator powered by both said ORC expander and said engine generator, and said
closed ofganic Rankine cycle (ORC) power generating system provided with an external
lubrication system in fluid cbmmunication with said expander and including a waste heat

boiler adapted to vaporize the working fluid by means of exhaust gases discharged from the

engine generator.

The controller is adapted to transmit a signal to an external lubrication system in fluid
communication with the expander simultaneously with, or immediately after, transmission of
a signal from a component of the engine generator. Thus, the expander will be fully lubricated

and rotating at the desired speed when the exhaust gases of the engine generator are

.7 -
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sufficiently hot to vapbrize' the working fluid of the ORC power generating system and to

drive the expander.

Examples of the engine generators include, in accordance with the present invention, a diesel
engine(s), a gasoline engine(s), a gas engine(s) or a gas turbine(s), etc.
Examples of the expander included in the closed Rankine cycle power generating unit include

a turbine(s), a-volumetric expander(s) of a piston, vane or screw type, etc.

Brief Description of the Drawings

- Embodiments of the present invention are described by way of example with reference to the
drawings wherein:

- 'Fig. 1 is a schematic illustration of an embodiment of single. common control system for an
integrated engine generator. Rankine cycle-power system according to the present invention;

- Fig. 2 is a schematic illustration of a mechanical co‘nnection between a engine generator
and an orgahic Rankine cycle expander, according to one embodiment of the present
invention;

- Fig.31sa schematic illustration of an integrated engine generator Rankine cycle power
system according to an alternative embodiment of the present invention;

- Fig. 4 1s a block diag'ram of a power system according to one embodiment of the invention;

- Fig. 4A is a block diagram of a power system according to another embodiment of the

present invention;
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- Fig. 5 1S a block diagram of a power system according to a further embodiment of the
present invention;

- Figs.6A-B are schematic illustrations of two diffei'ent arrangemenfs, respectively, by which
a feed pump is mechanically connected to a gearbox being driven by a shaft connected to an
engine generatox_'-in accordance with an embodiment of the present invention; and

. Fig. 7 is a schematic illustration of an arrangement by which the rotational speed of an
organic Rankine cycle expander is controlled by means 'of a hydraulic transmission being
driven by a shaft connected to an engine generator in accordance with an embodiment of the

present invention.

Similar reference numerals indicate similar components.

Detailed Description of PreferredoEmbodjme_m

The present invention is related to a novel combined cycle power plant 1n which an engine
generator such as a diesel engine -.(DE) is coupled with an expander, such' as a turbine of an
organic Rankine cycle (ORC) power generating unitv or system in order to form an infegrated
engine generatof Rankine cycle power system. Although prior art diesel engine integrated
Rankine cycle power plants employ a generator that is common to both the diesel engine and
ORC power unit, two separate control systems are needed for each thermodynamic cycle. By
virtue of the connection between the diesel engine and the ORC power unit, a common control
system may be employed by which the efficiency of the use of its power output 1s increased

~ and faster start-ups can be achieved than what has been realized heretofore in prior art

combined cycle power plants.
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Before describing the components of the combined power plant system of the present

1invention, reference is first made to Fig. 1, which schematically illustrates the common control
system, which 1s designated génerally by numeral 30 for controlling power system 10. Control
system 30 comprises power system 10 having engine generator, such diesel engine DE 5,
electric generator 15, and expander,' such as turbine, 27 of the ORC power unit, as well as
controller 45, which 1s 1n electrical communication with both DE 5 and turbine 27. Hot
exhaust gases of DE 5 v‘aporize the working fluid of the ORC power unit and the vaporized
working fluid drives turbine 27, turbine 27 being provided with external lubrication system
24, to provide lubrication to the bearings of turbine 27. Thi_s arrangement permits quick
startfup' for turbirle 2'7. Electricity 1s produced by electric generator 15. DE 5 and turbine 27
are advantageously coupled together by means of connection 13, which passes through electric
generator 15. Since connection 13 causes simultaneous operation of DE 5 and turbine 27,
control signals transmitted by the single controller 45 ensure synchronous and continuous

operation of the two thermodynamic cycles, as will be described hereinafter..

- Connection 13 may be a mechanical connection. When the mechanical connection is a single
shaft that i1s connected between DE 5 and turbine 27, this shaft is driven by the mechanical
torque prod‘uced by DE 5, or any other suitable internal- combustion engine, at one end
thereof, while the mechanical torque produced by turbine 27 of the ORC power unit drives the
other end of the shaft once sufficient organic working fluid vapors are produced for rotating
turbine 27. A rotor having windings is present on the shaft, and by use of an excitér, an EMF
force 1s produced i1n the stator of generator 15, so that electricity transmittable to an electric

grid may be generated.
-10 -
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In Fig. 2, the mechanical connection between DE 5 and turbine 27 is embodied by gearbox 29,
to enable DE 5 and turbine 27 to operéte at different.rotational speeds. A first shaft 14 may be
connected betwéen DE 5 and gearbox 29, and a second shaft 17 may be connected between
gearbox 29 and turbine 27. Hot exhaust gases of DE 5 vaporize the working fluid of the ORC
power unit.and the vaporized working fluid drives turbine 27, turbine 27 being provided with
external lubrication system 24, to provide lubrication to the bearings of turbine 27 and permit

its fast start-up. Electricity 1s produced by electric generator 15.

In Fig. 3, an alternative embodiment of an integrated engine generator organic Rankine cycle
power unit in accordance with the present invention 1s shown which has DE 5 and expander,
such as turbine, 27. Turbine 27 is driven by asynchronous motor/generator 39 acting as a
motor during start-up, to a]lo*év the turbine to attain a . sufﬁcienﬂy high speed for power
production. Turbine 27 is provided with external lubrication system 24, to provide lubrication
to the bearings of turbine 27. Asynchronous motor/generator 39 is in electrical communication
with thé electric grid via cable 48 and switch 49. During start-up, power 1s obtained from the
electric grid via coil 44 and provided to asynchronous motor/generator 39 which operates as a
motor to rotate turbine 27 the beaﬁngs of which are lubricated by external lubrication system
24. Thus, once DE 5 commences operation and a control signal 1s produced for permitting
external lubrication system 24 to start lubricating turbine 27 and hot exhaust gases of DE 5
produce sufficient organic working fluid vapors for rotating turbine 27, switch 49 1s élosed and
asynchronous motor/generator 39 operates as an electric generator so that electric power

produced thereby is now supplied to the electric grid in addition to the electrical power

-11 -
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produced by generator 15‘operated by DE 5. The start-up time of the ORC can therefore be
considerably improved. Rather than having to wait 20-30 minutes for producing sufficient
‘working fluid condensate to lubricate the bearings of turbine 27. as has been practiced in the
prior art, asynchronous motor/generator 39 acting as a motor drives turbine 27 which may be
advantageously activated due tq the use of the external lubrication systeni before the exhaust
sases of DE 5 are sufficiently hot. Switch 49 is shut to permit asynchronous motor/generator
’39 to operate as an electric generator after suificient organic working fluid vapors_ are

produced by the hot exhaust gases of DE 5 to produce power from turbine 27.

One consequence of coupling or associating the DE to the turbine of the ORC power unit is
that the combined cycle power plant can increase the efficiency of the use of its power output. -
" In addition to utilizing the hot exhaﬁst gases of the diesel engine to vaporize the working fluid
of a closed Rankine cycle power unit and to thereby generate additional poﬁer by niéahs of an
organic turbine, the power system of the present invention advantageously reduces the power
needs of its auxihiary Components by coupling the latter to the power system generator.

Connection 36 between DE 5 and generator 15 may be a shaft.

Fig. 4 illustrates a block diagram of . a power system according generally designated by
reference numeral 10C which shows the inclusion of auxiliary components, according to one
‘embodiment of the present invention. Power system 10C comprises enginé generator, such as
diesel engine, ‘5, electric generator 15 coupled to diesel engine. 5 for supplying electriéal power
to an electrical network, and a Rankine cycle power unit 25, which 1is represented by bold lines

and having a working fluid to which heat is transferred by means of waste heat boiler 20

-12 -
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which receives exhaust gases of diesel engine 5 via line 22. The working fluid may be an
organic working ﬂuid, such as Therminol®, which is manufactured by Solufia Inc., USA and 1s
‘an alkyl-substituted aromatic fluid, Dowtherm J, which 1s ‘manufactured by The Dow
Chemical Company, USA, and 1s a mixture of- i1somers of an alkylated fluid, dodecane,
isododecane; methylundecane, neopentane, and octane, or may be steam. Expander, such as
turbine, 27 of Rankine cycle power unit 25 1s an organic cycle turbine when the W'orking_-ﬂuid
is an organic working fluid and is a steam turbine when the working fluid 1s steam, lubricated

by external lubrication system 24 which permits fast start-up of turbine 27 .'

Rankine cycle power unit 25 1s a clo'sed cycle power unit, and its working fluid flows through
conduits 31-35. Feed or cycle pump 37 delivers condensed working fluid to waste heat boiler
20 via conduit 32. As the exhaust gaées from diesel engine 5 flow through waste heat boiler 20
énd are then dischai'ged to a stack via hine 7, the temperatﬁre of thé working fluid subplied to
waste heat boiler 20 conéequently rises and vapors are produced The vaporized Working fluid
is supplied from waste heat boiler 20 via conduit 33 to turbine 27, which 1s also coupled to
elecfric geherator 15. Turbine 27 is either directly coupled' to generator 15 or coupled thereto
by means of a reduction gear. The vaporized working fluid 1s expahded in turbine 27 and
electricity 1s produced by' electric generator 15 in addition to that which is generated by means
of diesel engine 5. Expanded working fluid vapor flows, preferably to recuperator 28, via line
34. Heat depleted expanded working fluid vapor exiting recuperator 28 is supplied via conduit

35 to condenser 41, preferably an air-cooled condenser, wherein working fluid condensate 1s

produced using blower 42 driven by electric motor 43.

- 13 -
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Working fluid condensate discharged by feed or cycie pump 37 is preferably extracted through
line 46 to recuperatqr 28, wherein heat is transferred from expanded working fluid supplied
thereto to the working fluid condensate. The heated working fluid condensate i1s preferably
then returned to conduit 32 via line 47 at point A. Preferably, the working fluid condensate 1S
further preheated by means of radiator 55 and serves to éool, diesel engine 5. Heated working
fluid condensate is extracted through lii}e 51 at pOint B to radiator 55. The preheated working
fluid 1s preférably then returned to conduit 32 via .line 52 at point C. In this fashion, the heat
content of the fuel burned by diesel engine 5 1s more efficiently utilized, and brings about an
increase 1n the power generated‘ by the integrated engine generator organic Rankine cycle

powef unit. The bleed lines are represented by dashed lines.

Feed or cycle pump motor 38 is in ;electrical cominunication with electric generator 15 by
_means“'of cable 56. Since feed‘oi' éycle pump 3‘7 'is powered by electric -gene'rétor 15, no
additional power source is needed for operating the feed or cycle pump. Thus, the efficiency of
the use of the power output of power system IOC.is.increased. Also, feed or cycle pump 37 will
operate only dﬁring those periods when electric generator 15 produces electrical power by
means of diesel engine 5 and turbine 27  thereby further increasing the efficiency of the use of
the power output of power system 10C. It will be appre(;iated that motor 43 of blower 42, as

well as other auxiliary components, can also be in electrical communication with electric

generator 15 by corresponding cables (not shown).

Fig. 4A illustrates a block diagram of a power system according to an alternative embodiment

of the present invention generally designated by reference numeral 10D and shows the

- 14 -
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inclusion of auxiliary components. Power system 10D comprises diesel engine 5, electric
generator 15 coupled to diesel engine 5 for supplying electrical power to an electrical network,
and a Rankine cycle power unit 25, which 1s represented by boid lines and having a-v\'forking
fluid to which heat is transferred by means of waste heat boiler 20 which receives exhaust
gases of diesel engine 5 via line 22. The Working fluid may be an organic working 'ﬂuid, sﬁch
as Therminol@, which is manufactured by Solutia Inc., USA and 1s an alkyl-substituted
aromatic fluid, Déwtherm J, which i1s manufactured by The Dow Chemical C(')mpany', USA,
and is a mixture of 1isomers of an alkylated fluid, dodecane, isododecane, methylundecane,
neopentane, and octane, or may be steam. Expander, such as turbine 27 of Ranking cycle
power unit 25 1s an organic cycle turbine when thé working fluid is an organic working fluid
and 1s a steam turbine When the working fluid 1s steam, lubricated by external lubrication
system 24 which permits fast start-up .of turbine 27 wherein asynchronoq.s motor/generétor 39
operates, during- start-up, as a motor, p()wered by power obtained from the electric erid via coil
44, to rotate turbine 27, the bearings of which are lubricated by the external lubrication

system 24.

Rankine cycle power unit 25 1s a closé.d cycle power unit, and its working fluid flows through
conduits 31-35. Feed or cycle pump 37 delivers condensed working fluid to waste heat boiler
20 via condﬁit 32. As the exhaust gases from diesel engine 5 flow through waste heat boiler 20
and are then discharged to a stack via line 7, the temperature of the working fluid supplied to
waste heat boiler 20 consequently rises and vapors are produced The vaporized Workin-'g ﬂuid
is supplied from waste heat boiler 20 via conduit 33 to, and expanded in, turbine 27, which 1s

coupled to an asynchronous motor/generator 39 which now operates, due to the closing of
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switch 49,_ as an electric generator so that electric power prodﬂced thereby is now supplied to
the electric grid in addition to the electrical power produced by generator 15 operated by DE 5.
Expanded'working fluid vapor exiting turbine 27 flows, pfeferably, via line 34, to recuperator
28. Heat depleted expaﬁded working fluid vapor exiting recuperator 28 is supphed via conduit
35 to condenser 41, which preferably is air-cooled, wherein working fluid condensate 1S

produced using blower 42 driven by electric motor 43.

Working fluid condensate discharged by-feed or cycle pump 37 is preferably extracted through
line 46 to recuperator 28, wherein heat is transferred from expanded working fluid supplied
thereto to the working fluid condensate. The heated working fluid condensate is preferably
then returned to conduit 32 Vié' line 47 at point A. Preferably, the heated Working fluid
condensate 1s further preheated by me.ans of radiator 55 énd sérves to cool, diesel engine 5.
Working ﬂuid‘conder'lsate 1S extractéd through line 51 at poin‘t. B to radiator 55. The preheéted
working fluid is preferably then returned tb conduit 32 via line 52 at point C. In this fashion,
the heat content of the fuel burned by diesel engine 5 1s more efﬁéiently -utﬂjzed,, and brings
about an 1ncrease in‘the power generated by thé integrated engine generator organic Rankine

cycle power unit.. The bleed lines are represented by dashed lines.

Feed or cycle pump motor 38 is in electrical communication with electric generator 15 by
means of cable 56 to which asynchronous- motor/generator 39 1s also preferably connected.
Since feed or cycle pump 37 1s powered by electric generator 15, no additional power source 1s
needed for operating the feed or cyclé pump. Thus, the efficiency of the use of the power

output of power system 10 is increased. Also, feed or cycle pump 37 will operate only during
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those periods when electric generator 15 produces electrical power by means of diesel engine 5
and turbine 27, thereby further increasing the efficiency of the use of the power output of
power system 10D. It will be appreciated that motor 43 of blower 42, as well as other auxiliary
components, may also be in electrical communication with electric generator 15 by a
corresponding cable (not shown).

Fig. 5 illustrates a block diagram of power system 10E similar to the power system 10C of Fig.
4 according to a further embodiment of the present invention, Fig. 5 also showing auxiliary
components. Power system 10k cemprises diesel engine 5, electric generator 15 coupled to
diesel engine 5, and a closed Rankine cycle power unit 65 having a working fluid to which
heat is transferred by means of waste heat boiler 20 which receives exhaust gases of diesel
engine 5 via line 22. The vaporized wofking fluid is supplied from waste boiler 20 via line 33
to fui‘bihe' 27 where it is expanded as work is performed. Exp‘a_nded Working fluid vapof exits
turbine 27 via line 34 preferably to recuperator 28. The heat depleted working fluid vapor
exiting recuperator 28 via conduit 35 branches to conduits 61 and 62. The working ﬂuid vapor
flowing through conduit 61 1s cor_ldensed by condenser 41, preferably air-cooled, and the
working fluid flowing through conduit 62 is condensed by secondary condenser 68. Vapor
pump 78 in fluid communication with conduit 62 discharges all non-condensable gases that
have entered conduit 62. Working fluid condensate is delivered from vapor pump 78 via
conduit 79 to conduit 31. The working fluid condensate produced by condensers 41 and 68 1s
delivered by feed pump 37 to waste heat boﬂer 20 via conduit 32. Before being introduced to
waste heat boiler 20, the working fluid condensate is preferably extracted to and from

recuperator 28 via lines 46 and 47, respectively. In this embodiment, feed pump 37 and vapor
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pump 78 are driven by means of gearbox 72 or a clutch (not shown) mechanically connected

with main shaft 75 of electric generator 15.

Figs.6A-B illustrate two different arrangements, according embodiments of the present
invention, by which feed pump 37 1s 'mechanica]ly connected to gearbox 72. In Fig. 6A feed
pump 37 1s driven by turbine 27, which in turn is driven by gearbox 72. In Fig. 6B, gearbox 72

directly drives both tu-rbi.né 27 and feed pump 37 in parallel.

In Fig. 7, the rotational speed of turbine 27 is controlled by means of hydraulic transmis.sion
58, which is driven by shaft 14 connected to DE 5 and passing through electric generator 15.

Feed pump 37 may be connected to turbine 27 or to hydraulic transmission 58.

These arrahgements shown and described with reference to Figs. 5, 6A-B and 7 can be used 1n

all the embodiments of the present invention.

Referring back to Fig. 1, controller 45 is operable to control the operation Qf both DE 5 and
expander, such as organic turbine, 27. Controller 45 1s also operable to cqntrol t';he operation of
the components of the ORC power unit, including the Rankine cycle components assoclated
with working fluid condensate, such as the feed pump, the feed pump motor, the vapor pump,

the vapor pump motor, the blower, and the blower motor.

Upon receiving a request for generating electricity, whether initiated by an operator or in

response to a sudden increase in load, controller 45 transmits an activation signal to the
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governor of DE 5 to commence the operation of DE5 thus bringing into operation the
components of DE 5 including its fuel injectors, its crackshaft, its camshaft system, 1ts intake

and extraction valves, its pistons as well as its turbocharger system if included.

Connection 13 1s bperatively connected to the prankshaft or output shaft of diesel eﬁgine D,
and therefore expander, such as organic turbine, 27 begins to rotate upon operation of the
crankshaft or output shaft of diesel engine 5. To prevent thermal damage to turbine 27,
controller 45 transmits an activation or control signal to external lubrication system 24
simultaneously with, or immediately after, the transmission of the signals to the governor and
fuel 1njector. _Thus, turbine 27 will be fully lubricated and rotating at the desired speed when
the exhaust gases of DE 5 are sufficiently hot t,o vaporize the drganic working fluid of the ORC-

power unit and to supply working fluid vapors to drive turbine 27.

Feed pump 37 of the ORC power unit is operatively connected to generator .15, as 1llustrated
in Figs. 4-7. Accordingly, feed pump 37 will start pumping condensate to waste heat boiler 20
only after generator 15 produces a sufficiently high level of electricity. Controller 45 is also

adapted to regulate operation of fan 42 in order to provide sufficient cooling to condenser 41.
The implementation of the present invention can therefore facilitate faster start-ups and an

increased efficiency of the use of the power output of the integrated engine generator Rankine

cycle power system.
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While a diesel engine or diesel engines have been described with references to the drawings
as an example of an engine generator, examples of other engine generators suitable for use in
accordance with the present invention as described above and in particular with reference to
the various embodiments described by referring to the| accompanying drawings, include, in
accordance with the present invention, a gasoline engine(s), a gas engine(s) or a gas

turbine(s), etc.

Furthermore, while a turbine or turbines have been described with references to the drawings
as an example of an expander, examples of other expanders included in the closed Rankine
cycle power gen‘erating unit described above and in particular with reference to the various
embodiments describ.ed by referring to the accompanying drawings, include a volumetric

expander(s) of a piston, vane or screw type, etc.

While the above description of the invention and its embodiments describe an integrated
engine generator Rankine cycle power system which include an electric generator and an
asynchronous motor/engine (see e.g. the description of the embodiment described with

reference to Figs. 3 and 4a), the expander can drive a shaft for producing mechanical power.

While some embodiments of the invention have been described by way of illustration, it will be
apparent that the invention can be carried out with many modifications, variations and

adaptations, and with the use of numerous equivalents or alternative solutions that are
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within the écope of persons skilled in the art, without departing from the spirit of the

invention or exceeding the scope of the claims.
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CLAIMS

1. An integrated engine generator Rankine cycle power system comprising a closed
Rankine cyclé power generating unit through which working fluid flows and an engine
generator, said closed Rankine cycle power generating unit including a waste heat boiler for
va‘porizing sald working fluid by means of .exl.laust gases discharged from said engine
generator, an expander in which the vaporize(_i working fluid éxpands and performs work to
drive an electric generator coupled thereto, and adapted to produce electrical power from,
both said engine generator and said expander, and an external lubrication system in fluid
communication with the expander wherein one or more closed Rankine cycle power

generating unit components are operationally connected to said electric generator.

2. The power syStém according to. claim 1, wherein the Rankine .cycle components are

operable only when said electric generator is producing electrical power.

3. The power system according to claim 1, wherein one or more of the Rankine cycle

components are 1n electrical communication with said electric generator.

4. The power system according to claim 1, wherein one or more of the Rankine cycle
components are mechanically connected to an engine generator main shaft of said engine

generator.
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- b. The power system according to claim 1, wherein the working fluid is selected from the
eroup of Therminol®, Dowtherm J, dodecane, isododecane, methylundecane, neopentane,

octane, and steam.:

6. The power system according to claim 1, wherein a Rankine cycle component 1s selected
from the gro'up of feed pump, feed pump motor, vapor pump, vapor pump motor, blower, and

~ blower motor.
7. The power system according to claim 6 wherein said expander comprises a turbine.

8. The power system according to claim 1, wherein said closed Rankine cycle power
‘ geherating unit comprises a ,feed pump for délivering working fluid condensate to the waste '
heat boiler, an expander which receivés \faporized working fluid from the .Was_t'e heat boiler
and performs work thereby, a recuperator which receives expanded working fluid vapor from
said expander and heats thereby condensate extracted from feed pump discharge, and a

condenser for condensing heat depleted expanded working fluid vapor exiting said

recuperator.
9. The power system according to claim 8 wherein said expander comprises a turbine.
10. The power system according to claim 8, further comprising means for preheating the

recuperated condensate.
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11, The power system according to claim 10, wherein' the means for preheating the -
recuperated condensate comprises a radiator 1n fluid communmication with the engine
generator, a first line through which working fluid condensate-is extracted and delivered to

said radiator, and a second line for delivering preheated condensate upstream to the waste

heat boiler.

'12.  The power system according to claim 1 wherein said engine generator comprises a

diesel engine.

13. The power system according to claim 8, wherein said closed Rankine cycle power

generating unit further comprises a vapof pump for discharging non-compressible gases. -

14. The power system according to claim 1, wherein the expander is directly coui)led to the-

electric generator,

15. The power system according to claim 1, wherein the expandér 18 couﬁled' to the electric

generator by means of reduction gearing.

16. A control system for an integrated engine gemnerator Rankine cycle power system for

producing a power output, comprising a common controller in electrical communication with

both components of a closed organic Rankine cycle (ORC) power generating unit through

which working fluid flows and with components of an engine generator, the engine generator

Y
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electric generator powered by both said ORC expander and said engine generator, and said
closed organic Rankine cycle (ORC) power generating unit provided with an external
lubrication system in fluid communication with said expander and including a waste heat
boiler adapted to Vaporize said working fluid by means of exhaust gases discharged from said

engine generator.

'17. The control systém according to claim 16, wherein the controller is adapted to transmit a
signal to an external lubrication system in fluid communication with the expander
simultaneously with, or immediately after, transmission of a signal from a component of the

engine generator.

18. The control system according to claim 17, wherein one or more Rankine cycle components
associated with working fluid condensate are operationally connected to the electric

generator.

19. An integrated engine' generator Rankine cycle power system co'mprising a closed.
Rankine cycle power generating unit through which working fluid flows, and an engine
generator, said closed Rankine cycle power generating unit including a waste heat boiler for
vaporizing said working fluid by means of exhaust gases discharged from said engine
generator, an expander' in which the vaporized working fluid expands and performs work to
drive an asynchronous motor/generator connected to the electric grid, and an external
lubrication system 1n fluid c;)mmunication with the expander, the engine generator driving an

electric generator also connected to the electric grid, wherein one or more closed Rankine
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cycle power generating unit components are operationally connected to the output of said

electric generator.
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AMENDED CLAIMS
received by the International Bureau on 23 November 2008

CLATMS

1. An integrated engine generator Rankine cycle power system for producing a power
output comprising a closed Rankine; cycle power generating unit through which working fluid
flows and an engine generator, said closed Rankine cycle power generating unit including a
waste heat boiler for vaporizing said working fluid by meaﬁs of exhaust gases discharged
from said engine generator, an expander in which the vapoﬁged working fluid expands z:md
performs work to drive an electric generator coupled thereto, and adapted to produce
electrical power from, ‘both said engine gemerator and said expander, and an external
lubrication system in fluid communication with the expander wherein one or more closed
Ra@e cycle power generating unit components are operationally connected to séid electric

generator.

2. The power system according to.claim 1, wherein the Rankine "cycle components are -

operable only when said electric generator is producing electrical power.
3.

‘I'he power system according to claim 1, wherein one or more of the Rankine cycle

components are in electrical communication with said electric generator.

4. The power system acéordjng to claim 1, wherein one or more of the Rankine cycle

components are mechamically connected to an engine generator main shaft of said engine

generator.
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.11, The power system gccording to claim 10, wherein the means for preheating the -
recuperated condensate comprises a radiator in fluid comimunication with the engine
generator, a first line through which working fluid condensate-is extracted and delivered to |
said radiator, and a second line for del?vering preheated condensgte upstream to the waste

heat boiler.

12, The power system according to claim 1 wherein said engi:ie generator comprises a

diesel engine.

13. The power system according to claim 8, wherein said closed Rankine cycle power

generating unit further comprises a vapor pump for discharging non-compressible gases.

14. The power system according to claim 1, wherein the expander is directly coﬁpl,ed to the-

electric generator,

15. The power system according to claim 1, wherein the eXpandér is cou;iled' to the electric

generator by means of reduction geérin g.

16. A control system for an integrated engine generator Rankine cycle power system for
producing a power output, comprising a common controller in electrical communication with
both components of a closed organic Rankine cycle (ORC) power generating unit through

which working fluid flows and with components of an engine generator, the engine generator

Y
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coupled to an expander included 1n said ORC power generating unit by means of a connection
passing through an electric generator powered by both said ORC expander and said engine
generator, and said closed organic Rankine cycle (ORC) power generating unit provided with
an external lubrication system in fluid .communication with said expander and including a
waste heat boiler adapted to vaporize said working fluid by means of exhaust gases

discharged from said engine generator.

17. The control system according to claim 16, wherein the controller is adapted to transmit a
signal to an external lubrication system in fluid communication with the exp ander
simultaneously with, or immediately after, transniission of a signal from a component of the

engine generator.

18. The confrol system according to claim 17, whergin. one or more Rankine cycle components
associated with working fluid condense;te 'are' operationally connected to the electric
generatof.

19. An integrated 'engine' generator Rankme cycle power s.ySt:erh cﬁmprising a closed.
Rankine cycle power generating‘ unit through which working fluid flows, and an enéne
gengérator, said closed Rankine cycle power generating unit including a waste heat boiler for
vaporizing said Workiﬁg ﬂuid by means of exhaust gases discharged from said engine
generator, an e;cpander. in which the vaporized working fluid expands and performs work to
;irive an asﬁchonom motor/generator connected to the electric grid, aﬁd an external
lubrication sys.tem m fluad c;Jmmunication with the expander, the engine generator driving an

electric generator also connected to the electric grid, wherein one or more closed Ranline
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STATEMENT UNDER ARTICL)

19(1)

Dear Sirs,

Cited reference US 20037021835 Al discloses a closed Rankine
cycle power generating unit. This publication describes hybrid power
generating system for supplying continuous reliable power at remote
locations comprising: a primary power unit producing electric power
and a secondary power unit in the form of a closed cycle vapor
turbine (CCVT) systemwhich operates according to a Rankine cycle that
1s capable of producing 100% of the electric power that is produced
by the primary power unit and which is heated in hot standby by
rejected heat of the primary power unit. In this publication, the
closed cycle vapor turbine (CCVT) system drives a generator for
producing electric power. No disclosure is made therein of an
electric generator adapted to produce electrical power from both the
engine generator and an expander included in the closed. Rankine cycle
power generating unit as claimed in amended claim 1. Furthermore, no
vapor pump 1s described in this reference as claimed in cladim 13
dependent on claim 8 which is dependent on amended claim 1.

As far as.cited reference US 4,002,224 is concerned, a
lubrication system for a bearing for a turbine apparatus is
described. No disclosure of a closed Rankine cycle power generating
unit is made in this publication as-claimed in aménded claim 1.
| Turning to US 4831817, a combined gas-steam-turbine power plant
1s described therein which includes first and second electrical
generators. According to this US patent, a steam turbine and a first
gas turbine (expander) are connected to the first and second
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generators, respectively. While the US patent discloses the use of a
recuperator, no recuperator is disclosed which receives expanded
working fluid wvapor from the expander included in a Rankine cycle
power generating unit dand heats thereby condensate extracted from
feed pump discharge supplied to the preheater or wvaporizer of the
Rankine ¢ycle power generating unit as claimed in claims 8-10
dependent on amended claim 1.

Concerning cited reference US 3,185,854, an improved arrangement
of a turbine-generator set with reduction gear is described. While it
'1s mentioned that the invention is practiced using a steam turbine,
no mention is made in this publication of using it with an electric
generator adapted to produce electrical power from both an engine
generator as well as a closed Rankine cycle power generating unit as
claimed in amended claim 1. Furthermore, no mention of a closed
Rankine cycle power generating unit is made in this US patent as
claimed 1n amended claim 1. .

As far as US 6,526,754 is concerned, a combined cycle power
plant 1s described, including a gasifier for converting biomass
material, or low grade coal, etc., to combustible gases and produ01ng
heat, and an internal combustion engine coupled to a generator for
burning the combustible gases and driving the generator which
produces power. The internal combustion engine rejects heat -and
produces hot exhaust gases. A vaporizer, which is a part of a power
cycle turbine unit, containing a working fluid, preferably, an
- organic fluid is responsive to the hot exhaust gases for vaporizing
the organic fludid and producing vaporized organic fluid which is
supplied to an organic vapor turbine preferably coupled to a
generator. No control system as claimed in amended.claim 16 is
described in this US patent.

Turning to US 4,901,531, an integrated diesel/Rankine cycle
system.of the type 18 descrlbed whereln the working fluid for the
bottoming cycle 1s the same as the engine cooling fluid. While
preheating of the working fluid is described in this US patent, no
recuperator is is described in this US patent which receives expanded
working fluid vapor from the expander included in a Rankine cycle
power generating unit and heats thereby condensate extracted from
feed pump discharge supplied to the preheater or vaporizer of the
Rankine cycle power generating unit as claimed in claim 11, dependent
10 which is dependent on claim 8 being dependent on amended claim 1.

Respectfully submitted,
ORMAT SYSTEMS LTD.

Yona égeck

November 20, 2008



CA 02684386 2009-10-16
WO 2008/126089 PCT/IL2008/000514

1/5

SUBSTITUTE SHEET (RULE 26



CA 02684386 2009-10-16
WO 2008/126089 PCT/IL2008/000514

215

36
FIG. 3

39

24
27

10B -,

SUBSTITUTE SHEET (RULE 26)



WO 2008/126089

23

. RECUPERATOR

35

41,

10C ~

CA 02684386 2009-10-16

SUBSTITUTE SHEET (RULE 26}

32

PCT/IL2008/000514




CA 02684386 2009-10-16

PCT/IL2008/000514

WO 2008/126089

mO._.<_n_<N_

=

O._.<W_m_n_30m_m

@

— LY x_
o Dow

SUBSTITUTE SHEET (RULE 26}



CA 02684386 2009-10-16
WO 2008/126089 PCT/IL2008/000514

56

41,

10E,
- 35
B9 ~, RECUPERATOR

5 ]

3‘ 43" ‘_
n il

46 _
74_7—_'| 79 15 5
- 33
. ' [
;. N St -20 o
STACK " BOILER )
. EXHAUST
FIG GASES .
10F\ .
Gl l
FI 6A
1OG I | GF72 _
F 5 =]
37FlG 68
10H ‘

72

437
G Eraey

437 FIG. 7

| SR

SUBSTITUTE SHEET (RULE 26}



35
10C ~ 41,

25 -

4ﬁ 28
31 4 RECUPERATOR

37 38

M 56
| 46“ 34 RADIATOR
A== =1 27 15 > 55
EL 24 T . 13 . DE
-

32 ;‘—__—Ir &
c &V 22




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - abstract drawing

