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(57) According to an aspect of the present disclosure,
a direct organic Rankine cycle system (200) for generat-
ing power using a working medium may comprise a boiler
subsystem (234) comprising a pump (236) and a boiler
(238), the pump (236) configured to pump the working
medium through the boiler (238); a vapor separator (232)
connected to a working medium outlet (246) of the boiler
(238) and configured for separating a gaseous phase of
the working medium; an organic Rankine turbine module

(210,410) fluidly connected to the vapor separator (232),
the organic Rankine turbine module (210,410) compris-
ing a turbine (212) driven by the separated working me-
dium gaseous phase; a control system (305) configured
to control the pump (236) for adjust the circulation speed
of the working medium through the boiler (238) such that
at least 15%, 20 %, 30 %, 40 %, or 50% of the working
medium are maintained in the liquid phase when exiting
the boiler (238).
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Description

Technical Field

[0001] The present disclosure generally refers to pow-
er generation from waste heat and more particularly to
using an organic Rankine cycle (ORC) for converting
waste heat of multiple waste heat sources to electric pow-
er.

Background

[0002] The efficiency of generating power with, e.g., a
combustion engine can be increased, for example, by
additionally generating power from waste heat of the
combustion engine, such as the heat of exhaust gas.
Similarly, the generation of power from waste heat is used
in combined cycle power generation, which combines
the generation of power from steam or combustion tur-
bines with at least one additional stage deriving power
from waste heat of the steam or combustion turbine us-
ing, e.g. an ORC.
[0003] Herein the term "combined cycle" is to be un-
derstood to include the combination of an ORC with com-
bustion based power generating systems, such as com-
bustion engines, e.g. gas or liquid fuel genset, as well as
the combination of an ORC with steam or combustion
turbine based power generating systems.
[0004] To efficiently generate energy from low-temper-
ature waste heat, ORC technology has been developed.
ORC uses a working medium that changes into gas
phase at the available temperature of the waste heat and
is used to drive an ORC turbine. In general, there are two
types of ORC:
[0005] Indirect ORC uses an intermediate liquid cycle
to transfer the waste heat to the working medium, where-
by the working medium circulates in a closed cycle of an
ORC unit. These types of system are referred to as closed
loop ORC systems.
[0006] In contrast, direct ORC (also referred to as open
loop ORC) heats the working medium directly with the
waste heat. Direct ORC systems are disclosed, for ex-
ample, in US 2007/0240420 Al and US 2008/0289313
A1.
[0007] The present disclosure is directed, at least in
part, to improving or overcoming one or more aspects of
prior systems.

Summary of the Disclosure

[0008] According to an aspect of the present disclo-
sure, a direct organic Rankine cycle system for generat-
ing power using a working medium may comprise a boiler
sub-system comprising a pump and a boiler, the pump
configured to pump the working medium through the boil-
er; a vapor separator connected to a working medium
outlet of the boiler and configured for separating a gas-
eous phase of the working medium; an organic Rankine

turbine module fluidly connected to the vapor separator,
the organic Rankine turbine module comprising a turbine
driven by the separated working medium gaseous phase;
a control system configured to control the pump for adjust
the circulation speed of the working medium through the
boiler such that at least 15%, 20 %, 30 %, 40 %, or 50%
of the working medium are maintained in the liquid phase
when exiting the boiler.
[0009] According to another aspect of the present dis-
closure, a biomass combined cycle power generating
system may comprise a pyrolysis reactor generating py-
rolysis oil and pyrolysis gas from biomass; a pyrolysis oil
engine for generating power from the pyrolysis oil, there-
by producing waste heat; a pyrolysis gas engine for gen-
erating power from the pyrolysis gas, thereby producing
waste heat; and a direct organic rankine cycle system
(e.g. as indicated above) comprising two boiler sub-sys-
tems for generating power from the waste heat of the
pyrolysis oil engine and the pyrolysis gas engine, wherein
the waste heat is supplied to a respective boiler of the
boiler sub-systems.
[0010] According to an aspect of the present disclo-
sure, a method for operating a direct Rankine cycle may
comprise circulating an organic working medium through
a boiler at a circulation speed such that at least 15%, 20
%, 30 %, 40 %, or 50% of the organic working medium
are maintained in the liquid phase when exiting the boiler.
[0011] In some embodiments, the control system may
be connected with a temperature sensor for receiving
temperature data of the working medium and configured
for receiving a load parameter of a genset, which provides
waste heat to the boiler sub-system, and wherein the
control system may be further configured for deriving a
pump speed control parameter for controlling the speed
of the pump from the load parameter and the temperature
parameter, in particular using a load/temperature de-
pending flow curve tables associated with the boiler sub-
system.
[0012] In some embodiments, a boiler may be config-
ured for heating the working medium with waste heat of
exhaust gas of a combustion and/or waste heat of a high
temperature cooling cycle of a combustion engine. The
boiler may be operable as a Lamont boiler. The boiler
may comprise a super-heating system connected with a
gaseous phase outlet of the vapor separator. The super-
heating system may be configured for super-heating the
separated working medium gaseous phase and provid-
ing the super-heated separated working medium gase-
ous phase to the organic Rankine turbine module.
[0013] In some embodiments, the working medium
may be selected from the group of organic working media
comprising saturated and unsaturated hydrocarbons,
fluorated hydrocarbons, silicon oils such as siloxane, am-
monia, and ammonia-water mixture.
[0014] In some embodiments, the boiler sub-system
and the vapor separator may be part of a modular heat
rejection system of the direct organic Rankine cycle sys-
tem, and the modular heat rejection system may com-
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prise a plurality of boiler sub-systems and the pumps of
the boiler sub-systems are controlled by the control sys-
tem such that at least 15%, 20 %, 30 %, 40 %, or 50%
of the working medium are maintained in the liquid phase
when exiting the respective boiler.
[0015] In some embodiments of the biomass com-
bined cycle power generating system, the waste heat
may include at least one of heat of exhaust gas and heat
of a coolant system of the pyrolysis oil engine and at least
one of heat of exhaust gas and heat of a coolant system
of the pyrolysis gas engine.
[0016] In some embodiments of the method for oper-
ating a direct Rankine cycle, the method may comprise
circulating an organic working medium through a boiler
at a circulation speed such that at least 15%, 20 %, 30
%, 40 %, or 50% of the organic working medium are
maintained in the liquid phase when exiting the boiler.
[0017] In some embodiments, the method may further
comprise heating the working medium in the boiler using
waste heat such as heat of an exhaust gas or a cooling
circuit of an combustion engine; separating a working
medium gas phase and a working medium liquid phase
from the heated working medium, eventually additionally
super-heating the separated working medium gas phase;
deriving power from the separated working medium gas
phase; regenerating a working medium liquid phase of
the working medium after power generation; and return-
ing a mix of the regenerated working medium liquid phase
and the separated working medium liquid phase to the
boiler.
[0018] In some embodiments, the method may further
comprise receiving information on a load parameter of a
genset, which provides waste heat to the boiler sub-sys-
tem; receiving temperature data of the working medium;
and deriving a pump speed control parameter from the
load parameter and the temperature parameter for con-
trolling the circulation speed.
[0019] In general, using direct ORC systems as dis-
closed herein, which are based on, e.g., heat from the
exhaust gas or a charge air cooling system of a combus-
tion engine, may result in a gain in efficiency of, e.g.,
about 10% in addition to the efficiency of the conventional
combustion engine(s) generated power.
[0020] In view of the large expense of an ORC system,
combining several heat sources within a modular concept
for the heat rejection cycle of the working medium may
reduce the cost for implementing ORC based generation
of power from waste heat.
[0021] In addition, various types of heat sources such
as high temperature charge air cooling systems can al-
ternatively or additionally be used to preheat the working
medium.
[0022] In view of the fact that heating the working me-
dium directly has to be performed in a manner that does
not affect the working medium itself, e.g. causes polym-
erization, a control concept is disclosed herein for con-
trolling direct ORC. The control concept may avoid or at
least reduce the amount of overheating of the working

medium and, thereby, provide long term use of the work-
ing medium.
[0023] Other features and aspects of this disclosure
will be apparent from the following description and the
accompanying drawings.

Brief Description of the Drawings

[0024] Fig. 1 is a schematic overview of a combined
system including a direct ORC system using the waste
heat of three gensets;
[0025] Fig. 2 is a schematic overview of a combined
system for a pyrolysis-based power plant including a di-
rect ORC system using waste heat from a gas genset
and a liquid genset;
[0026] Fig. 3 is a schematic illustration of a direct ORC
system with a modular heat rejection system and an ORC
turbine module;
[0027] Fig. 4 is a schematic diagram illustrating a direct
ORC system with a modular heat rejection system com-
prising three heat rejection modules;
[0028] Fig. 5 is a schematic illustration of a direct ORC
system including a super-heating zone;
[0029] Fig. 6 is a schematic illustration of a direct ORC
system including pre-heating of a working medium before
being supplied to the modular heat rejection system and
a super-heating zone; and
[0030] Fig. 7 is a schematic illustration of an air system
and a cooling system of a genset.

Detailed Description

[0031] The following is a detailed description of exem-
plary embodiments of the present disclosure. The exem-
plary embodiments described therein and illustrated in
the drawings are intended to teach the principles of the
present disclosure, enabling those of ordinary skill in the
art to implement and use the present disclosure in many
different environments and for many different applica-
tions. Therefore, the exemplary embodiments are not in-
tended to be, and should not be considered as, a limiting
description of the scope of patent protection. Rather, the
scope of patent protection shall be defined by the ap-
pended claims.
[0032] The present disclosure may be based in part
on the realization that to increase the efficiency of a power
plant, e.g. a biomass based power plant, the waste heat
of various gensets or various types of waste heat of one
or more genset may be turned into electric power via a
common organic Rankine cycle.
[0033] Combining multiple waste heat sources via a
modular heat rejection cycle as disclosed herein may be
based on a common vapor separator and a common
ORC turbine module with a turbine and a regenerator.
[0034] The common vapor separator may be connect-
able to the common ORC turbine module to provide the
gas phase of the working medium to the turbine and to
receive the working medium after regeneration of the
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working medium with the regenerator of the ORC turbine
module.
[0035] To allow using heat of a plurality of waste heat
sources, the common vapor separator may be configured
such that a plurality of parallel heat rejection cycles share
the common vapor separator. For example, each heat
rejection cycle may comprise its own pump and boiler
and provide a heating cycle that begins and ends at the
common vapor separator. As each heat rejection cycle
may have its own pump, the flow within the heat rejection
cycles may be adjusted as described herein for protecting
the working medium.
[0036] For example, to avoid overheating and, there-
by, decomposing of the working medium, a control con-
cept as described herein may adjust the circulation rate
within the heat rejection cycle to a value of 1.3 to 1.5.
Thereby, a value of 1.0 is defined as a circulation rate
that results in heating the working medium such that
100% of the working medium changes into the gas phase,
i.e. the complete amount of working medium that passes
through a boiler is evaporated. Accordingly, a value
above 1.0 indicates that more working medium is circu-
lated. As an example, for a value of 1.30, 130 % of the
amount of working medium, which correspond to the val-
ue of 1.00, are circulated. This corresponds to operating
the heat rejection cycles under the Lamont principle. For
example, the boiler may be considered to be operated
as a Lamont boiler.
[0037] As an example, the control strategy as de-
scribed herein may operate the heat rejection cycles un-
der the condition that at least 30% of the working medium
that passes through a boiler is maintained in the liquid
phase. Then, an energy buffer may be provided in form
of the not yet evaporated working medium such that in
case the temperature is further increased the liquid phase
can receive that energy.
[0038] Specifically, the control concept may control the
pump speed within the heat rejection cycles to a value
that may provide a time of the working medium within the
heat rejection cycle that results in a preset ratio of the
fluid and gas phase of the working medium at the exit of
the boiler.
[0039] In the following and with reference to Figs. 1 to
7, various embodiments of direct ORC systems and their
implementation in combined power generating systems
are disclosed.
[0040] As illustrated in Fig. 1, multiple gensets 10 may
provide waste heat to a direct ORC system 20. Specifi-
cally, a single genset 10 may provide different types of
waste heat to direct ORC system 20 such as heat of
exhaust gas, heat of a coolant of a charge-air cooling
system, e.g. a high-temperature charge-air coolant cycle
and/or a low-temperature charge-air coolant cycle, and
heat of jacket water.
[0041] While in principle for a fuel combustion engine,
as an example of gensets 10, about 50% of the energy
input in form of fuel may be transferred into mechanical
output, using waste heat, e.g., of the exhaust gas and/or

the charge-air coolant system for a secondary power
generation based on an ORC system may result in an
increase of e.g. additional 10% of the engine generated
power, i.e. in this example additional 5 % of the energy
input may be transferred into electricity.
[0042] The general concept of applying ORC to multi-
ple gensets 10 is described in the following in connection
with Fig.2.
[0043] Fig. 2 shows a flow chart for a pyrolysis-based
power plant 100 as an example of a power system using
biomass integrated liquidation. Pyrolysis-based power
plant 100 may be adapted to include an ORC system
using waste heat.
[0044] Pyrolysis-based power plant 100 may include
a pyrolysis reactor 110 that is provided with biomass 111
such as wood or agricultural waste (e.g. stalks of wheat
or corn, grass, wood, wood shavings, grapes, and sugar
cane). Using, for example, flash-pyrolysis, pyrolysis re-
actor 110 may generate pyrolysis gas 112A, pyrolysis oil
112B, and char 114. Flash-pyrolysis is a specific type of
conventional slow pyrolysis that is performed with the
task to maximize te liquid fraction (here pyrolysis oil).
[0045] Pyrolysis gas 112A and pyrolysis oil 112B may
be provided to conditioning units 120A, 120B. The PCT
application PCT/EP2010/002114 of Caterpillar Motoren
GmbH & Co. KG filed on 1. April 2010 discloses an ex-
emplary method for preparing (conditioning) pyrolysis oil
for an internal combustion engine. The conditioning of
the pyrolysis gas may include, for example, cleaning,
cooling, and compressing the pyrolysis gas.
[0046] Conditioned pyrolysis gas 112A and condi-
tioned pyrolysis oil 112B may be used as fuel for a gas
genset 130A and a liquid genset 130B, respectively.
[0047] Gensets 130A and 130B may each provide an
electricity output 132A, 132B, respectively. Gas genset
130A may be, for example, a conventional gas engine
adapted to run with pyrolysis gas. Liquid genset 130B
may be, for example, a conventional diesel engine adapt-
ed to run with pyrolysis oil.
[0048] In addition, gas genset 130A and liquid genset
130B may generate one or more types of waste heat
outputs 134A and 134B, respectively. Waste heat out-
puts 134A and 134B may be provided to an organic Rank-
ine system 140 that uses the waste heat outputs 134A
and 134B to additionally provide an electricity output 142.
[0049] Organic Rankine system 140 may be based on
a direct ORC system, examples of which are described
in the following connection with Figs. 3 to 6. Specifically,
direct ORC systems may be based on a modular concept.
[0050] Referring to Fig. 3, an exemplary direct ORC
system 200 of a modular concept may include an ORC
turbine module 210 and a modular heat rejection system
230.
[0051] Direct ORC system 200 may be configured
such that in a closed cycle, a working medium passes
through ORC turbine module 210 and modular heat re-
jection system 230. Accordingly, the heating of the work-
ing medium is performed directly within modular heat re-
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jection system 230 from one ore more waste heat types
of one or more gensets (see also Fig. 7).
[0052] The ORC working medium is of organic nature
instead of water (water steam). Examples of the working
medium include saturated and unsaturated hydrocar-
bons, fluorated hydrocarbons, silicon oils such as si-
loxane, ammonia, and ammonia-water mixture. The type
of working medium defines inter alia the temperature
range in which the ORC may be performed. Silicone base
fluids may, for example, be applied with pyrolysis-based
power plant 100.
[0053] Referring again to Fig. 3, ORC turbine module
210 may include a turbine 212 for driving a generator
214. ORC turbine module 210 may further include a re-
generation unit 216 and a condenser unit 218.
[0054] Regeneration unit 216 may transfer heat of the
working medium being still in the gaseous phase after
having driven turbine 212 to regenerated working medi-
um in the liquid phase.
[0055] Condenser unit 218 may be connected to a wa-
ter cycle 220 and further cool down and condense the
working medium until it is in the liquid phase again.
[0056] ORC turbine module 210 may further include
one or more control valves 226 and one or more pumps
228.
[0057] ORC turbine module 210 may further include a
working medium inlet 222 and a working medium outlet
224 for a fluid connection between a working medium
cycle section within in ORC turbine module 210 and a
working medium cycle section within modular heat rejec-
tion system 230.
[0058] Modular heat rejection system 230 may include
a common vapor separator 232 with an inlet 252 and a
plurality of boiler sub-systems 234.
[0059] For connecting the working medium cycle sec-
tion within in ORC turbine module 210 and the working
medium cycle section within modular heat rejection sys-
tem 230, working medium outlet 224 of ORC turbine mod-
ule 210 may be fluidly connected to inlet 252 of vapor
separator 232.
[0060] Vapor separator 232 may be configured for sep-
arating a gaseous phase from a liquid phase of working
medium that was heated in boiler sub-systems 234.
[0061] Before being supplied to boiler sub-systems
234, the working medium returned from ORC turbine
module 210 may be mixed with the separated liquid work-
ing medium having passed boiler sub-systems 234.
[0062] Each boiler sub-system 234 may include a
pump 236 and a boiler 238. Boiler 238 may be configured
for transferring heat of a waste heat output of a genset
such as exhaust gas 237 or cooling water of an increased
temperature onto the working medium. One or more boil-
er sub-system 234 may be operated according to the
Lamont principle. Then, boiler 238 of boiler sub-systems
234 may be considered a Lamont boiler.
[0063] Operating boiler sub-systems 234 according to
the Lamont principle may provide a fast response time
with respect to changes in the heat transfer conditions

within respective boiler sub-systems 234. This may be
based on a low pipe wall temperature and good alpha-
values associated with the heat transfer. Lamont boiler
may further be based on small size pipes, which may
also positively affect the response time. These advan-
tages may in particular apply to the concept of adjusting
the circulation rate within the heat rejection cycle to a
value of 1.3 to 1.5.
[0064] In the exemplary embodiment shown in Fig. 3,
boiler sub-systems 234 may be fluidly connected to vapor
separator 232 via one or more boiler sub-system con-
nection lines 240.
[0065] For boiler sub-systems 234 shown in detail in
Fig. 3, a separator outlet 242 of vapor separator 232 may
be connected to a pump 236 boiler sub-systems 234 via
boiler sub-system connection line 240. Pump 236 may
be connected to a boiler inlet 244 of boiler 238. A boiler
outlet 246 of boiler 238 may be connected to a separator
inlet 248 of vapor separator 232.
[0066] A gas phase outlet 250 of vapor separator 232
may be connected via a connection line 254 to working
medium inlet 222 of ORC turbine module 210 such that
the gaseous phase working medium may be provided to
turbine 212 for driving generator 214, thereby closing the
working medium cycle.
[0067] During operation, exhaust gas at a temperature
of e.g. 310°C and a mass of e.g. 75000-112000 kg/h may
be supplied through boiler 238. Pump 236 may pump the
working medium through boiler 238 such that the working
medium partially changes into the gas phase and a mix-
ture of working medium in the gaseous phase and the
liquid phase is generated. The exhaust gas may exit boil-
er 238 at a temperature of about 180°C.
[0068] As an example of the temperature development
of the working medium, the working medium may exit
ORC turbine module 210 at a temperature of about 170°C
and may be heated in boiler 238 to a temperature of about
250°C in a mixed state of the working medium being par-
tially in a gaseous phase and partially in a liquid phase.
After the separation in vapor separator 232, the gaseous
working medium enters the ORC turbine module 210 at
a temperature of about 250°C.
[0069] The mixture of gas phase and liquid phase of
the heated working medium may be supplied to and sep-
arated in vapor separator 232 so that only the gas phase
may be provided to ORC turbine module 210.
[0070] During operation of ORC turbine module 210,
turbine 212 may drive generator 214 by the gaseous
working medium, which thereby expends and decreases
in temperature. Downstream of turbine 212, working me-
dium may pass regeneration unit 216, in which heat of
the still gaseous working medium may be transferred to
the liquid working medium, which has been generated in
condenser 218 from the gaseous phase of the working
medium using water cycle 220.
[0071] As indicated in Fig. 3, additional boiler sub-sys-
tems 234 may be fluidly connected to vapor separator
232. Specifically, distributing the working medium to ad-

7 8 



EP 2 503 113 A1

6

5

10

15

20

25

30

35

40

45

50

55

ditional boiler sub-systems 234 may be performed via
boiler sub-system connection line 240 (see also Fig. 4).
[0072] For a direct ORC system with three boiler sub-
systems 234, Fig. 4 illustrates the flow of the working
medium within boiler sub-systems 234. Moreover, Fig. 4
illustrates the control of pumps 236 of boiler sub-systems
234.
[0073] Specifically, beginning at outlet 224 of ORC tur-
bine module 210, regenerated working medium may be
provided to vapor separator 232, specifically through inlet
252, and mixed in vapor separator 232 with the working
medium originating from the separation process of vapor
separator 232. Alternatively, or in addition, the regener-
ated working medium and the separated working medium
may be mixed external to vapor separator 232.
[0074] Referring again to Fig. 4, at outlet 242, working
medium may exit vapor separator 232 along boiler sub-
system connection line 240, which may distribute the
working medium to three boiler sub-systems 234, each
including at least one pump 236 and at least one boiler
238.
[0075] Pumps 236 may be controlled via a control unit
305 to adjust the circulation speed of the working medium
through boilers 238 such that at least 15%, 20%, 30%,
40%, or 50% of the working medium are maintained in
the liquid phase when exiting boiler 238. For that purpose,
control unit 305 may receive information of physical pa-
rameters (such as temperature and pressure) of the
working medium after the heating process in boilers 238.
For example, respective sensors may be provided at out-
lets 246. Alternatively or in addition, control unit may re-
ceive information on the current performance and/or fu-
ture performance of the gensets.
[0076] As an example, in some embodiments, a load
/temperature depending flow curve table may provided
in control unit 305. The load refers to the load of the
genset of which the waste heat is used in the respective
boiler sub-system. The temperature refers to the temper-
ature of the working medium measured within the work-
ing medium loop of that respective boiler sub-system.
Fig. 4 shows schematically a temperature measurement
line 307 connecting control unit 305 with a temperature
sensor 308 installed downstream of boiler 238. In Fig. 4,
only one temperature measurement line 307 is shown
exemplarily. In general, temperature measurement lines
may be provided for one or more boiler sub-systems.
[0077] The load /temperature depending flow curve
may be used to control the speed of pump 236 within a
predefined range of throughput through boiler 238. Ac-
cordingly, control unit 305 may assess the parameter
load of the genset and temperature of the working me-
dium and derives there from a control parameter for con-
trolling the pump speed. The control output parameter
may be limited such that the speed of pump 236 may
only be adjustable within a range of, e.g., 70-100%.
[0078] Control unit 305 may comprise a memory unit
for providing load /temperature depending flow curve ta-
bles for each of the boiler sub-systems. Control system

may further be connected via control lines 306 to pumps
236 of each of the boiler sub-systems.
[0079] In general, control unit 305 may allow adjusting
individually the circulation speed for each boiler and as-
sociated waste heat source such that the working medi-
um is protected, e.g., from thermal decomposition.
[0080] For example, increases the temperature of the
working medium towards a preset temperature limit, the
pump speed may be increased as well. Similarly, is the
load of the genset increased, an increase of, e.g., the
exhaust gas temperature may be expected and, accord-
ingly, the pump speed can be increased to avoid, limit or
at least slow down the increase of temperature of the
working medium.
[0081] Referring again to Fig. 4, waste heat from, for
example, three gensets such as combustion engines,
e.g. diesel or gas engines, may be transferred onto the
working medium in boilers 238. The heated working me-
dium may then be combined and provided to inlet 248 of
vapor separator 232.
[0082] Vapor separator 232 may separate the gaseous
phase of the working medium from the liquid phase and
provide the gaseous phase via outlet 250 and line 254
to inlet 222 of ORC turbine module 210.
[0083] An embodiment of a boiler for modular heat re-
jection system 230 is described in connection with Fig.
5. Specifically, heat rejection system 230 may include a
boiler 438 that includes a superheating zone 460.
[0084] In the embodiment shown in Fig. 5, ORC turbine
module 210 as well as the heat transfer in boiler sub-
systems 234 onto the liquid phase working medium may
work essentially as described in connection with Figs. 3
and 4.
[0085] The embodiment shown in Fig. 5 distinguishes
from the system shown in Fig. 3 downstream of gaseous
phase outlet 250 of vapor separator 232. Instead of being
directly connected to ORC turbine module 210, gaseous
phase outlet 250 may be connected to an inlet 462 of
superheating zone 460 of boiler 438. In Fig. 5, several
reference signs for features, which essentially maintain
unchanged with respect to the embodiment of Fig. 3,
were nor reproduced to increase clarity of the illustration.
[0086] In superheating zone 460, the gaseous phase
working medium is superheated by the waste heat of e.g.
exhaust gas 237 entering boiler 438. Superheated gas-
eous phase working medium may exit superheating zone
460 at outlet 464, which may then be fluidly connected
to inlet 222 of ORC turbine module 210, such that the
gaseous phase working medium may be provided at a
higher temperature to increase the efficiency of turbine
212.
[0087] As indicated in Fig. 5, additional boiler sub-sys-
tems 234 may include boilers 438 with superheating
zones 460. Accordingly, gaseous phase may be distrib-
uted to additional superheating zones as indicated by
line 466. In that case, superheated gaseous phase work-
ing medium exiting additional superheating zones 460 at
outlet 464 may be combined with superheated working
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medium from other superheating zones as indicated by
line 468.
[0088] Similarly, as indicated in Figs. 3 and 4, addition-
al boiler sub-systems 234 may be provided such that
heat working medium is combined before entering vapor
separator 232 at inlet 248.
[0089] An embodiment of a direct ORC system using
intensified preheating of the working medium is de-
scribed in connection with Fig. 6. In Fig. 6, several refer-
ence signs for features, which essentially maintain un-
changed with respect to the embodiment of Figs. 3 and
4, were nor reproduced to increase clarity of the illustra-
tion.
[0090] Fig. 6 shows a direct ORC system that includes
an ORC turbine module 510 and a boiler sub-system 534
including a superheating zone as described in connection
with Fig. 5.
[0091] In addition to the preheating discussed already
in connection with Fig. 3 and regeneration unit 216, the
embodiment of Fig. 6 shows two types of preheating of
the regenerated working medium: a heat transfer unit
570 interacting with ORC turbine module 510 and a pre-
heating zone 580 of boiler sub-system 534. One or more
of those types of preheating may be performed to adapt
the temperature of the working medium coming from
ORC turbine module 510 to the temperature of the sep-
arated liquid phase working medium provided by vapor
separator 232.
[0092] In the section of the working medium cycle with
ORC turbine module 510, preheating with a low temper-
ature heat source such as, for example, a high-temper-
ature or low-temperature cooling circuit of a combustion
engine (see also Fig. 7) may be implemented.
[0093] Specifically, heat transfer unit 570 may receive
heat from a coolant medium 571 of a coolant cycle of a
genset, e.g. a combustion engine, and transfer that heat
to the regenerated working medium exiting pump 228.
For that purpose, heat transfer unit 570 may be fluidly
connected with pump 228 and regeneration unit 216.
[0094] The working medium exiting condenser at a
temperature of, e.g., about 50°C may be heated in heat
transfer unit 570 to a temperature of, e.g., about 120°C.
Thereafter, the working medium may be further heated
by regeneration unit 216 to a temperature of, e.g., about
190°C.
[0095] In the section of the working medium cycle with-
in boiler sub-systems 534, preheating may be performed
using, e.g., the low-temperature section of at least one
boiler 538 of boiler sub-systems 524. Specifically, before
entering vapor separator 232, the working medium may
pass preheating zone 580. E.g., outlet 224 of ORC tur-
bine module 510 may be fluidly connected with inlet 582
of preheating zone 580. The preheated working medium
may leave preheating zone 580 at outlet 584 at a tem-
perature of, e.g., about 260°C.
[0096] Outlet 584 may be fluidly connected to inlet 252
of vapor separator 232 in which the preheated working
medium is mixed with the separated liquid phase working

medium being also at a temperature of, e.g, 260°C.
[0097] As described in connection with Figs. 3 and 4,
boiler 538 may provide a heating cycle of the liquid work-
ing medium controlled by pump 236 such that the circu-
lation speed of the working medium may provide the
working medium to vapor separator 232 in a gas liquid
mixed state.
[0098] As described in connection with Fig. 5, the sep-
arated gas phase may be provided to superheating zone
460 of boiler 538 to further heat the gaseous phase work-
ing medium, for example, to a temperature of, e.g., 270°C
before providing the super-heated gaseous phase work-
ing medium to turbine 212.
[0099] Exemplarily, waste heat sources of a genset for
the direct organic Rankine cycle systems disclosed here-
in are illustrated in Fig. 7 based on a schematic medium-
sized diesel or gas engine.
[0100] Specifically, Fig. 7 shows an exemplary air sys-
tem and cooling systems of a conventional combustion
engine 700 such as gas engine 130A or liquid fuel engine
130B used in pyrolysis-based power plant 100 described
in connection with Fig. 2. In Fig. 7, dual line arrows refer
to the air system, e.g. stream of the charge air and ex-
haust gas, and single line arrows refer to the cooling sys-
tems, e.g. the stream of a coolant medium, usually water.
[0101] Engine 700 may comprise a turbocharger sys-
tem 710 (single or double stage), a high temperature
cooling circle 720, and a low temperature cooling circle
730.
[0102] Assuming an initial temperature of the charge
air of 25°C, the compression of the charge air in turbo-
charger system 710 may increase the temperature of the
charge air from 25°C to 225°C. High temperature cooling
circle 720 may reduce the temperature of the charge air
from 225°C to 90°C and low temperature cooling circle
may reduce the temperature of the charge air further from
90°C to 45°C such that engine 700 is charged with air at
a temperature of about 45°C.
[0103] After the combustion process, exhaust gas at
a temperature of several hundred degrees may exit the
combustion chamber and may be used to drive turbo-
charger system 710. After turbocharger system 710, the
temperature of the exhaust gas may be reduced to about
310°C.
[0104] In general, heat can be recovered from coolant
medium 571 of high temperature cooling circle 720
and/or low temperature cooling circle 730 as well as from
high temperature exhaust gas 237 before or after turbo-
charger system 710.
[0105] As an example, boiler 238 is indicated to use
the waste heat of exhaust gas 237 after turbocharger
system 710 and heat transfer unit 570 is indicated to use
the waste heat of coolant medium 571 of high tempera-
ture cooling circle 720 and/or low temperature cooling
circle 730.
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Industrial Applicability

[0106] The term "genset" as used herein comprises
inter alia internal combustion engines and steam or com-
bustion turbine based power generating systems.
[0107] The term "internal combustion engine" as used
herein is not specifically restricted and comprises any
engine, in which a fuel combustion process is performed.
Examples of fuel include gas or liquid fuel such as diesel,
marine diesel, and pyrolysis oil. Examples of internal
combustion engines for the herein disclosed configura-
tion of a two-stage turbocharged system include medium
speed internal combustion diesel engines, like inline and
V-type engines of the series M20, M25, M32, M43 man-
ufactured by Caterpillar Motoren GmbH & Co. KG, Kiel,
Germany, operated in a range of 500 to 1000 rpm as well
as high speed gas engines, e.g. provided by Caterpillar
Motoren GmbH & Co. KG, Kiel
[0108] The herein disclosed types of preheating and
super-heating may be included in an ORC system alone
or in combination/sub-combination.
[0109] The modular ORC systems disclosed herein
may allow increasing the over all efficiency (e.g. the gen-
erated power) of diesel, gas, biomass power plants as
well as reducing the operation costs.
[0110] Although the preferred embodiments of this in-
vention have been described herein, improvements and
modifications may be incorporated without departing
from the scope of the following claims.

Claims

1. A direct organic Rankine cycle system (200) for gen-
erating power using a working medium, the direct
organic Rankine cycle system (200) comprising:

a boiler sub-system (234) comprising a pump
(236) and a boiler (238), the pump (236) config-
ured to pump the working medium through the
boiler (238);
a vapor separator (232) connected to a working
medium outlet (246) of the boiler (238) and con-
figured for separating a gaseous phase of the
working medium;
an organic Rankine turbine module (210, 410)
fluidly connected to the vapor separator (232),
the organic Rankine turbine module (210, 410)
comprising a turbine (212) driven by the sepa-
rated working medium gaseous phase;
a control system (305) configured to control the
pump (236) for adjust the circulation speed of
the working medium through the boiler (238)
such that at least 15%, 20 %, 30 %, 40 %, or
50% of the working medium are maintained in
the liquid phase when exiting the boiler (238).

2. The direct organic Rankine cycle system (200) ac-

cording to claim 1, wherein the control system (305)
is connected with a temperature sensor (308) for re-
ceiving temperature data of the working medium and
configured for receiving a load parameter of a
genset, which provides waste heat to the boiler sub-
system (234), and wherein the control system (305)
is further configured for deriving a pump speed con-
trol parameter for controlling the speed of the pump
(236) from the load parameter and the temperature
parameter, in particular using a load/temperature de-
pending flow curve tables associated with the boiler
sub-system (234).

3. The direct organic Rankine cycle system (200) ac-
cording to claim 1 or 2, wherein the boiler (238) is
configured for heating the working medium with
waste heat of exhaust gas of a combustion engine
(130A, 130B) and/or waste heat of a high tempera-
ture cooling cycle of a combustion engine (130A,
130B).

4. The direct organic Rankine cycle system (200) ac-
cording to any one of the preceding claims, wherein
the boiler (238) comprises a super-heating system
connected with a gaseous phase outlet of the vapor
separator, the super-heating system (460) config-
ured for super-heating the separated working medi-
um gaseous phase and providing the super-heated
separated working medium gaseous phase to the
organic Rankine turbine module.

5. The direct organic Rankine cycle system (200) ac-
cording to any one of the preceding claims, wherein
the boiler (238) is operatable as a Lamont boiler.

6. The direct organic Rankin cycle system (200) ac-
cording to any one of the preceding claims, wherein
the working medium is selected from the group of
organic working media comprising saturated and un-
saturated hydrocarbons, fluorated hydrocarbons,
silicon oils such as siloxane, ammonia, and ammo-
nia-water mixture.

7. The direct organic Rankine cycle system (200) ac-
cording to any one of the preceding claims, wherein
the boiler sub-system (234) is one of a plurality of
boiler sub-systems each having a boiler, and each
boiler is fluidly connected to the vapor separator
(232) and configured for heating the working medium
with waste heat.

8. The direct organic Rankine cycle system (200) ac-
cording to claim 7, wherein the boiler sub-systems
comprise an inlet (252) for regenerated working me-
dium provided by the organic Rankine turbine mod-
ule (210, 410) for mixing the regenerated working
medium with the separated liquid working medium
and/or wherein a gaseous phase outlet of the vapor
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separator (232) is configured for providing the sep-
arated working medium gaseous phase to the or-
ganic Rankine turbine module (210, 410) directly or
via a super-heating zone (460).

9. The direct organic rankine cycle system (200) ac-
cording to any one of the preceding claims, wherein
the boiler sub-system (234) and the vapor separator
(232) are part of a modular heat rejection system
(230) of the direct organic Rankine cycle system
(200), and the modular heat rejection system (230)
comprises a plurality of boiler sub-systems and the
pumps of the boiler sub-systems are controlled by
the control system such that at least 15%, 20 %, 30
%, 40 %, or 50% of the working medium are main-
tained in the liquid phase when exiting the respective
boiler.

10. The direct organic rankine cycle system (200) ac-
cording to any one of the preceding claims, wherein
the organic Rankine turbine module (210, 410) fur-
ther comprises a heating system (570) for heating
regenerated working medium in the liquid phase,
e.g., by the heat of a charge air coolant system of a
combustion engine.

11. A biomass combined cycle power generating system
(100) comprising:

a pyrolysis reactor (110) generating pyrolysis oil
and pyrolysis gas from biomass;
a pyrolysis oil engine (130B) for generating pow-
er from the pyrolysis oil, thereby producing
waste heat;
a pyrolysis gas engine (130A) for generating
power from the pyrolysis gas, thereby producing
waste heat; and
a direct organic rankine cycle system according
to any of the preceding claims 1-11 comprising
two boiler sub-systems (234) for generating
power from the waste heat of the pyrolysis oil
engine (130B) and the pyrolysis gas engine
(130A), wherein the waste heat is supplied to a
respective boiler of the boiler sub-systems.

12. The biomass combined cycle power generating sys-
tem (100) of claim 11, wherein the waste heat in-
cludes at least one of heat of exhaust gas and heat
of a coolant system of the pyrolysis oil engine (130B)
and at least one of heat of exhaust gas and heat of
a coolant system of the pyrolysis gas engine (130A).

13. A method for operating a direct organic Rankine cy-
cle, the method comprising:

circulating an organic working medium through
a boiler (238) at a circulation speed such that at
least 15%, 20 %, 30 %, 40 %, or 50% of the

organic working medium are maintained in the
liquid phase when exiting the boiler (238).

14. The method of claim 13, further comprising:

heating the working medium in the boiler (238)
using waste heat such as heat of an exhaust
gas or a cooling circuit of an combustion engine;
separating a working medium gas phase and a
working medium liquid phase from the heated
working medium, eventually additionally super-
heating the separated working medium gas
phase;
deriving power from the separated working me-
dium gas phase;
regenerating a working medium liquid phase of
the working medium after power generation; and
returning a mix of the regenerated working me-
dium liquid phase and the separated working
medium liquid phase to the boiler (238).

15. The method of claim 13 or 14, further comprising:

receiving information on a load parameter of a
genset, which provides waste heat to the boiler
sub-system (234);
receiving temperature data of the working me-
dium; and
deriving a pump speed control parameter from
the load parameter and the temperature param-
eter for controlling the circulation speed.
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