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(54) Fluid  feedback pump to improve cold start performance of organic rankine cycle plants

(57) A system and method improves cold start per-
formance of an organic Rankine cycle "ORC" plant (10).
The system includes one or more pumps (47) configured
to pump condensed fluid from points of natural accumu-
lation of the condensed fluid within an ORC loop back
into a corresponding low pressure liquid storage vessel

shortly after shutting down the ORC plant (10) to ensure
the start-up routine works properly for the next ORC plant
(10) start event. One or more of the pumps (47) can also
be configured to pump fluid away from the ORC expan-
sion machine(s) at any time prior to starting the ORC (10)
if the fluid is in a liquid phase.
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Description

[0001] This invention relates generally to organic
Rankine cycle plants, and more particularly to methods
and apparatus for improving cold start performance of
organic Rankine cycle plants.
[0002] Rankine cycles use a working fluid in a closed
cycle to gather heat from a heating source or a hot res-
ervoir by generating a hot gaseous stream that expands
through a turbine to generate power. The expanded
stream is condensed in a condenser by rejecting the heat
to a cold reservoir. The working fluid in a Rankine cycle
follows a closed loop and is re-used constantly. The ef-
ficiency of Rankine cycles such as Organic Rankine Cy-
cles (ORC)s in a low-temperature heat recovery applica-
tion is very sensitive to the temperatures of the hot and
cold reservoirs between which they operate. In many cas-
es, these temperatures change significantly during the
lifetime of the plant. Geothermal plants, for example, may
be designed for a particular temperature of geothermal
heating fluid from the earth, but lose efficiency as the
ground fluid cools over time. Air-cooled ORC plants that
use an exhaust at a constant temperature from a larger
plant as their heating fluid will still deviate from their de-
sign operating condition as the outside air temperature
changes with the seasons or even between morning and
evening.
[0003] Current ORC plant designs are problematic in
that the working fluid(s) condense and settle down inside
the loop after the plant shuts down and/or in front or after
the expanders. Plant start-up is particularly difficult and
may fail with the highly viscous fluid blocking the expan-
sion machines during cold ambient temperatures.
[0004] In view of the foregoing, it would be advanta-
geous to provide methods and apparatus for ensuring
the start-up routine associated with Organic Rankine Cy-
cle plants works properly for each start event.
[0005] According to one embodiment of the present
invention, an Organic Rankine Cycle (ORC) plant com-
prises: a boiler configured to receive heat from an exter-
nal source and a liquid stream and to generate a vapor
stream there from; an expander configured to receive the
vapor stream and to generate power and an expanded
stream there from; a condenser configured to receive the
expanded stream and to generate the liquid stream there
from, wherein the liquid stream and the vapor stream
together form a closed ORC loop; and one or more pumps
configured to pump condensed fluid from points of natural
accumulation of the condensed fluid in the ORC loop
back into the condenser shortly after shutting down the
ORC plant.
[0006] According to another embodiment, an Organic
Rankine Cycle (ORC) condensation pump system for im-
proving cold start performance of an ORC plant compris-
es one or more pumps configured to pump condensed
fluid from points of natural accumulation of the con-
densed fluid within an ORC loop back into a correspond-
ing low pressure liquid storage vessel shortly after shut-

ting down the ORC plant such that a corresponding liquid
feed pump can convert the stored low pressure liquid to
a high pressure liquid within the ORC loop.
[0007] According to yet another embodiment, a meth-
od of improving cold start performance of an Organic
Rankine Cycle (ORC) plant comprises: providing one or
more liquid pumps configured to pump fluid from a place
of natural accumulation in close proximity to one or more
expanders within an ORC operating loop; and pumping
condensed fluid from points of natural accumulation of
the condensed fluid within the ORC loop back into a cor-
responding low pressure liquid storage vessel shortly af-
ter shutting down the ORC plant.
[0008] Various features, aspects, and advantages of
the present invention will become better understood
when the following detailed description is read with ref-
erence to the accompanying drawing, wherein:

Figure 1 illustrates an Organic Rankine Cycle (ORC)
plant in which embodiments of the invention are in-
tegrated therein.

[0009] While the above-identified drawing figure sets
forth one embodiment, other embodiments of the present
invention are also contemplated, as noted in the discus-
sion. In all cases, this disclosure presents illustrated em-
bodiments of the present invention by way of represen-
tation and not limitation. Numerous other modifications
and embodiments can be devised by those skilled in the
art which fall within the scope and spirit of the principles
of this invention.
[0010] Figure 1 represents an exemplary organic
Rankine cycle (ORC) plant 10 for power generation ac-
cording to one embodiment of the invention. The ORC
plant 10 includes a boiler 12 configured to receive heat
from an external source 13 and a liquid stream 14 and
to generate a vapor stream 16. The ORC plant 10 also
includes an expander 18 configured to receive the vapor
stream 16 and to generate power 25 by rotating the me-
chanical shaft (not shown) of the expander 18 and an
expanded stream 20. A condenser 22 is configured to
receive the expanded stream 20 and to regenerate the
liquid stream 14. The liquid stream 14 and the vapor
stream 16 along with the vapor and liquid phase within
the boiler 12 and condenser 22 form the working fluid of
the Rankine cycle shown in the Figure.
[0011] In a Rankine cycle, the working fluid is pumped
(ideally isentropically) from a low pressure to a high pres-
sure by a pump 38. Pumping the working fluid from a low
pressure to a high pressure requires a power input (for
example mechanical or electrical). The high-pressure liq-
uid stream 14 enters the boiler 12 where it is heated at
constant pressure by an external heat source 13 to be-
come a saturated vapor stream 16. Common heat sourc-
es for organic Rankine cycles are exhaust gases from
combustion systems (power plants or industrial process-
es), hot liquid or gaseous streams from industrial proc-
esses or renewable thermal sources such as geothermal
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or solar thermal. The superheated or saturated vapor
stream 16 expands through the expander 18 to generate
power output (as shown by the arrow 25). In one embod-
iment, this expansion is isentropic. The expansion de-
creases the temperature and pressure of the vapor
stream 16. The vapor stream 16 then enters the con-
denser 22 where it is cooled to generate a saturated liquid
stream 40. This saturated liquid stream 40 re-enters the
pump 38 to generate the liquid stream 14 and the cycle
repeats.
[0012] As described above, the power generation sys-
tem 10 represents a Rankine cycle where the heat input
is obtained through the boiler 12 and the heat output is
taken from the condenser 22. In operation, the boiler 12
is connected to an inlet 42 and outlet 44. The arrow 34
indicates the heat input into the boiler 12 from the external
heat source 13 and the arrow 46 indicates the heat output
from the condenser 22 to a cold reservoir. In some em-
bodiments, the cold reservoir is the ambient air and the
condenser 22 is an air-cooled or water-cooled condens-
er. In some embodiments, the liquid stream 14 comprises
two liquids namely a higher boiling point liquid and a lower
boiling point liquid. Embodiments of the boiler 12 and the
condenser 22 can include an array of tubular, plate or
spiral heat exchangers with the hot and cold fluid sepa-
rated by metal walls.
[0013] Current ORC plant designs are problematic in
that the working fluid(s) condense and settle down inside
the loop after the plant shuts down and/or in front or after
the expanders such as stated above. Plant start-up is
particularly difficult and may fail with the highly viscous
fluid blocking the expansion machines 18 during cold am-
bient temperatures. ORC plant 10 remedies the forego-
ing start-up difficulties by including one or more feedback
pumps 47 configured to pump condensed fluid from
points of natural accumulation 48, 50 of the condensed
fluid within the ORC loop back into a corresponding low
pressure liquid storage vessel, e.g. condenser 22 shortly
after shutting down the ORC plant 10. One or more of
the pumps can also be configured to pump fluid away
from the ORC expansion machine(s) immediately to or
at any time prior to starting the ORC if the fluid is in a
liquid phase. This ensures the ORC plant 10 start-up rou-
tine works properly for the next ORC plant start event.
Feedback pump(s) 47 can be one or more additional
pumps or can also be one or several of any lubrication
pumps already used to lubricate the expansion machine
(s) 18, if they are able to operate in both flow directions
and if they use the working fluid as the lubricant. The
feedback pump(s) 47 will operate also to pump any fluid
remaining in the expander(s) 18 shortly after shut-down.
ORC plant 10 advantageously can operate effectively in
cold regions such as, without limitation, pipe line stations
in northern regions of North America, a feature that is
difficult or not feasible to achieve using known ORC plant
architectures.
[0014] While the invention has been described in terms
of various specific embodiments, those skilled in the art

will recognize that the invention can be practiced with
modification within the spirit and scope of the claims.
[0015] Various aspects and embodiments of the
present invention are defined by the following numbered
clauses:

1. An organic Rankine cycle (ORC) plant comprising:

a boiler configured to receive heat from an ex-
ternal source and to further receive a liquid
stream and to generate a vapor stream there
from;

an expander configured to receive the vapor
stream and to generate power and an expanded
stream there from;

a condenser configured to receive the expanded
stream and to generate the liquid stream there
from, wherein the liquid stream and the vapor
stream together form a closed ORC loop; and

one or more condensation fluid pumps config-
ured to pump condensed fluid from points of nat-
ural accumulation of the condensed fluid in the
ORC loop back into the condenser shortly after
shutting down the ORC plant.

2. The ORC plant according to clause 1, wherein the
points of natural accumulation are in close proximity
to one or more expansion machines.

3. The ORC plant according to any preceding clause,
wherein the points of natural accumulation are dis-
posed within one or more expansion machines.

4. The ORC plant according to any preceding clause,
wherein the one or more condensation fluid pumps
are configured to pump the condensed fluid from the
points of natural accumulation of the condensed fluid
in the ORC loop prior to the next ORC plant start
event subsequent to the ORC plant shut down.

5. The ORC plant according to any preceding clause,
wherein at least one condensation fluid pump com-
prises an existing ORC plant lubrication pump.

6. The ORC plant according to any preceding clause,
wherein at least one condensation fluid pump is con-
strained to use solely as a condensation fluid pump.

7. The ORC plant according to any preceding clause,
wherein one or more condensation fluid pumps are
further configured to pump condensed fluid from the
points of natural accumulation of the condensed fluid
in the ORC loop back into the condenser at any time
prior to an initial or subsequent ORC plant start
event.
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8. An organic Rankine cycle (ORC) plant condensa-
tion pump system for improving cold start perform-
ance of an ORC plant comprising one or more con-
densation fluid pumps configured to pump con-
densed fluid from points of natural accumulation of
the condensed fluid within an ORC loop back into a
corresponding low pressure liquid storage vessel
shortly after shutting down the ORC plant to ensure
the ORC plant start-up routine works properly for the
next ORC plant start event.

9. The ORC plant condensation pump system ac-
cording to any preceding clause, wherein the points
of natural accumulation are in close proximity to one
or more expansion machines.

10. The ORC plant condensation pump system ac-
cording to any preceding clause, wherein the points
of natural accumulation are disposed within one or
more expansion machines.

11. The ORC plant condensation pump system ac-
cording to any preceding clause, wherein at least
one condensation fluid pump comprises an existing
ORC plant lubrication pump.

12. The ORC plant condensation pump system ac-
cording to any preceding clause, wherein at least
one condensation fluid pump is constrained to use
solely as a condensation fluid pump.

13. The ORC plant condensation pump system ac-
cording to any preceding clause, wherein the low
pressure liquid storage vessel comprises a condens-
er.

14. The ORC plant condensation pump system ac-
cording to any preceding clause, wherein one or
more condensation fluid pumps are further config-
ured to pump condensed fluid from the points of nat-
ural accumulation of the condensed fluid in the ORC
loop back into the low pressure liquid storage vessel
at any time prior to an initial or subsequent ORC
plant start event.

15. A method of improving cold start performance of
an organic Rankine cycle (ORC) plant, the method
comprising:

providing one or more condensation fluid pumps
configured to pump fluid from a place of natural
fluid accumulation in close proximity to one or
more expanders within an ORC operating loop;
and

pumping condensed fluid from the points of nat-
ural accumulation of the condensed fluid within
the ORC loop back into a corresponding low

pressure liquid storage vessel shortly after shut-
ting down the ORC plant.

16. The method of improving cold start performance
of an ORC plant according to any preceding clause,
wherein pumping condensed fluid from the points of
natural accumulation comprises pumping con-
densed fluid accumulated in close proximity to one
or more expansion machines.

17. The method of improving cold start performance
of an ORC plant according to any preceding clause,
wherein pumping condensed fluid from the points of
natural accumulation comprises pumping con-
densed fluid accumulated within one or more expan-
sion machines.

18. The method of improving cold start performance
of an ORC plant according to any preceding clause,
wherein pumping condensed fluid from the points of
natural accumulation further comprises pumping the
condensed fluid from the points of natural accumu-
lation of the condensed fluid in the ORC loop prior
to the next ORC plant start event subsequent to the
ORC plant shut down.

19. The method of improving cold start performance
of an ORC plant according to any preceding clause,
wherein pumping condensed fluid from the points of
natural accumulation comprises pumping the con-
densed fluid via an existing ORC plant lubrication
pump.

20. The method of improving cold start performance
of an ORC plant according to any preceding clause,
wherein pumping condensed fluid from the points of
natural accumulation comprises pumping the con-
densed fluid via at least one condensation fluid pump
that is constrained to use solely as a condensation
fluid pump.

21. The method of improving cold start performance
of an ORC plant according to any preceding clause,
wherein pumping condensed fluid from the points of
natural accumulation of the condensed fluid within
the ORC loop back into a corresponding low pres-
sure liquid storage vessel comprises pumping con-
densed fluid into a condenser.

22. The method of improving cold start performance
of an ORC plant according to any preceding clause,
wherein pumping condensed fluid from the points of
natural accumulation further comprises pumping the
condensed fluid from the points of natural accumu-
lation of the condensed fluid in the ORC loop back
into the low pressure liquid storage vessel at any
time prior to an initial or subsequent ORC plant start
event.
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Claims

1. An organic Rankine cycle (ORC) plant (10) compris-
ing:

a boiler (12) configured to receive heat (34) from
an external source (13) and to further receive a
liquid stream (14) and to generate a vapor
stream (16) there from;
an expander (18) configured to receive the vapor
stream (16) and to generate power (25) and an
expanded stream (20) there from;
a condenser (22) configured to receive the ex-
panded stream (20) and to generate the liquid
stream (14) there from, wherein the liquid stream
(14) and the vapor stream (20) together form a
closed ORC loop; and
one or more condensation fluid pumps (47) con-
figured to pump condensed fluid from points of
natural accumulation (48), (50) of the con-
densed fluid in the ORC loop back into the con-
denser (22) shortly after shutting down the ORC
plant (10).

2. The ORC plant (10) according to claim 1, wherein
the points of natural accumulation (48), (50) are in
close proximity to one or more expansion machines
(18).

3. The ORC plant (10) according to any preceding
claim, wherein the points of natural accumulation
(48), (50) are disposed within one or more expansion
machines (18).

4. The ORC plant (10) according to any preceding
claim, wherein the one or more condensation fluid
pumps (47) are configured to pump the condensed
fluid from the points of natural accumulation (48),
(50) of the condensed fluid in the ORC loop prior to
the next ORC plant start event subsequent to the
ORC plant shut down.

5. The ORC plant (10) according to any preceding
claim, wherein at least one condensation fluid pump
(47) comprises an existing ORC plant lubrication
pump.

6. The ORC plant (10) according to any preceding
claim, wherein at least one condensation fluid pump
(47) is constrained to use solely as a condensation
fluid pump.

7. The ORC plant (10) according to any preceding
claim, wherein one or more condensation fluid
pumps (47) are further configured to pump con-
densed fluid from the points of natural accumulation
(48), (50) of the condensed fluid in the ORC loop
back into the condenser (22) at any time prior to an

initial or subsequent ORC plant start event.

8. An organic Rankine cycle (ORC) plant (10) conden-
sation pump system for improving cold start perform-
ance of an ORC plant (10) comprising one or more
condensation fluid pumps (47) configured to pump
condensed fluid from points of natural accumulation
(48), (50) of the condensed fluid within an ORC loop
back into a corresponding low pressure liquid stor-
age vessel (22) shortly after shutting down the ORC
plant (10) to ensure the ORC plant start-up routine
works properly for the next ORC plant start event.

9. The ORC plant (10) condensation pump system ac-
cording to claim 8, wherein at least one condensation
fluid pump (47) comprises an existing ORC plant lu-
brication pump.

10. The ORC plant (10) condensation pump system ac-
cording to claim 8 or claim 9, wherein one or more
condensation fluid pumps (47) are further configured
to pump condensed fluid from the points of natural
accumulation (48), (50) of the condensed fluid in the
ORC loop back into the low pressure liquid storage
vessel (22) at any time prior to an initial or subse-
quent ORC plant start event.
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