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Description
FIELD OF THE INVENTION

[0001] The invention relates to an energy transfer sys-
tem comprising a thermal circuit with a working fluid con-
figured to perform a thermodynamic cycle and/or an en-
ergy transfer process. Furthermore, the invention relates
to a method of manufacturing an energy transfer system.
Additionally, the invention relates to a method of increas-
ing a thermal stability limit temperature of a working fluid
in an energy transfer system.

BACKGROUND TO THE INVENTION

[0002] Energy transfer systems are well known and
widely used in various applications. Typically, a working
fluid, possibly including a heat transfer fluid, is used in a
thermal circuit configured for carrying out a thermody-
namic cycle and/or an energy transfer process. For ex-
ample, various thermal conversion systems make use of
organic fluids as heat transfer medium or working fluid
to realize a thermodynamic cycle. Exemplary applica-
tions are heat pumps, thermal oil baths, concentrated
solar collectors, and Organic Rankine Cycle (ORC) elec-
tric generators.

[0003] However, the performance of an energy trans-
fer systems is often limited by the thermal stability of the
working fluid (e.g. organic fluid) they adopt when char-
acterized by relatively high operating temperatures. More
particularly, above a certain temperature threshold, the
organic molecules may start to decompose by breaking
down into smaller compounds and the properties of the
original organic fluid may be lost. This can result in sig-
nificant drops in the performance of the energy transfer
systems or even its failure over time. Additionally, such
detrimental effects may also result in an environmental
or safety hazard. The organic compounds resulting from
the decomposition process may, for example, be toxic
and/or lead to the formation of a solid layer within piping
and heat exchangers, which reduces heat transfer or
even clogs the flow passages. In order to effectively pre-
vent this, organic fluids have always to be operated at
temperatures below their thermal stability limit, with a
consequent limitation on the maximum performance of
the application.

[0004] In many cases, the thermal stability of organic
fluids currently employed in high temperatures applica-
tions does not exceed 400 - 425 °C for stainless steel as
containment material. For instance, the maximum oper-
ating temperature of thermal oils of industrial heaters and
solar parabolic troughs may be at most 425 °C for stain-
less steel as containment material. Similarly, the maxi-
mum temperature of state-of-the-art high-temperature
ORC systems may be bound to the same limit. The fluids
showing the best thermal stability, such as benzene and
toluene, are, however, highly toxic and flammable. For
this reason, the maximum operating temperature of ORC
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units is in practice typically around 300 °C for stainless
steel as containment material.

[0005] The use of mixtures may increase the thermal
stability of organic heat transfer media/working fluids.
The idea is that a blend of organic fluids may exhibit, at
the same temperature level, a lower decomposition rate
than that of the single pure fluids of the mixture. However,
the use of such mixtures may only allow a limited increase
of the thermal stability limit temperature of a working fluid
in an energy transfer system.

[0006] There is a strong desire to improve the perform-
ance of energy transfer systems in a reliable way.

SUMMARY OF THE INVENTION

[0007] It is an object of the invention to provide for a
method and a system that obviates at least one of the
above mentioned drawbacks.

[0008] Additionally or alternatively, it is an object of the
invention to improve the performance of energy transfer
systems.

[0009] Additionally or alternatively, it is an object of the
invention to improve the reliability and/or reduce mainte-
nance costs for energy transfer systems.

[0010] Additionally or alternatively, it is an object of the
invention to improve the design of energy transfer sys-
tems.

[0011] Additionally or alternatively, it is an object of the
invention to increase the thermal stability limit tempera-
ture of a working fluid in an energy transfer system.
[0012] Additionally or alternatively, it is an object of the
invention to increase the achievable efficiency in energy
transfer systems.

[0013] Thereto, the invention provides for an energy
transfer system comprising a thermal circuit with a work-
ing fluid configured to perform a thermodynamic cycle
and/or an energy transfer process, the thermal circuit
comprising a piping system for conveying the working
fluid, and at least one energy transfer device, wherein
the energy transfer device is configured to transfer a por-
tion of energy from one part of the thermal circuit to an-
other part of the thermal circuit, and wherein at least a
portion of the thermal circuit comprises a coating layer
on surfaces in contact with the working fluid, wherein the
coating layer includes an inert material that is inert with
respect to the working fluid during operation and that
maintains structural integrity at a temperature above 550
K, and wherein the inert material has, when in pure
state/form, a thermal conductivity above 50 W/mK at
room temperature.

[0014] The performance of the energy transfer system
is often limited by the stability limit temperature of the
working fluid. The temperature at which the working fluid
can be used within the thermal circuit of the energy trans-
fer system depends on its stability limit temperature. The
temperature of the working fluid in the thermal circuit is
kept below its thermal stability temperature in order to
prevent detrimental effects such as fluid decomposition.
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In this way, the frequency in which the working fluid has
to be replaced by new working fluid may be reduced. For
example, a periodic replacement of the working fluid may
be delayed, or even prevented.

[0015] The present invention presents the advantage
that due to the presence of the coating layer, the working
fluid can be effectively used at higher temperatures in
the vicinity of or above its thermal stability limit temper-
ature, for instance, when used with stainless steel, in at
least some parts of the thermal circuitin which the coating
layer is provided at the contact surface between a solid
material and the working fluid. In this way, the perform-
ance of the energy transfer system can be effectively
increased. Advantageously, a more cost-effective solu-
tion can be obtained. Additionally or alternatively, the en-
ergy transfer system may require less maintenance.
[0016] The coating layer may provide an inert surface
in contact with the working fluid, resulting in a higher ther-
mal stability for said working fluid. The material properties
of the coating layer are selected such that the stability
limit temperature of the working fluid can be increased.
As a result, the design of the energy transfer system can
be improved.

[0017] Optionally, the coating layer is provided for pre-
venting deterioration and/or degradation of the working
fluid at higher temperatures in the vicinity or above the
thermal stability limit temperature when in contact with
stainless steel in the thermal circuit. For example, the
coating layer may be a carbon based layer with a partic-
ular nanostructure which can effectively increase the sta-
bility of the working fluid at higher temperatures.

[0018] Optionally, the coating layer is only applied on
surfaces in contact with the working fluid at or approxi-
mate locations in the thermal circuit at which high tem-
perature heat transfer occurs.

[0019] Optionally, the energy transfer system is con-
figured to have the working fluid heated to a temperature
above its thermal stability limit temperature for the ma-
terial of the surface which is coated by the coating layer.
For example, the one or more surfaces being coated by
the coating layer may be made of stainless steel. Hence,
in these cases, the energy transfer system may be con-
figured to heat the working fluid to an increased temper-
ature which is above its thermal stability limit temperature
for stainless steel as uncoated containment material. Ad-
vantageously, the system can effectively increase the
thermal stability limit of the working fluid.

[0020] Itwill be appreciated that the piping system may
include pipes, conduits, channels, holes and/or other
components, such as reservoirs, pumps, etc. for convey-
ing the working fluid. In some examples, one or more
(inner) surfaces of the piping system are coated with the
inert material.

[0021] Optionally,theinert material has a damage tem-
perature above 620 K, preferably above 670 K, even
more preferably above 690 K.

[0022] The damage temperature is the temperature at
which the mechanical properties of the coating and its
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structural integrity start to degrade. In this way, the coat-
ing layer may be effectively used for increasing the ther-
mal stability limit temperature of the working fluid in the
thermal circuit of the energy transfer system. As a result,
the achievable efficiency in the energy transfer system
can be improved.

[0023] Optionally, the coating layer comprises silicon
carbide as coating material. Optionally, the coating ma-
terial (in a pure state/form) has a thermal conductivity of
60 to 120 at ambient temperature.

[0024] Optionally, the inert material, when in a pure
state/form, has a thermal conductivity above 1000 W/mK
at room temperature. Such relatively high thermal con-
ductivity of the inert material may be beneficial.

[0025] Optionally, the inertmaterial in a pure state/form
has a thermal conductivity in a range of 1000 to 5000
W/mK at room temperature.

[0026] It is preferred that the inert material has a high
thermal conductivity. Such high thermal conductivity in
combination with its inert properties can result in a higher
thermal stability limit temperature of the working fluid,
thereby enabling an enhancement of the performance
and/or efficiency of the energy transfer system, without
causing a decrease in the heat transfer properties of the
heat transfer equipment.

[0027] Optionally, the inertmaterial is graphene or con-
tains graphene.
[0028] The graphene coating layer has excellent prop-

erties for increasing the thermal stability of the working
fluid. It can be used to locally increase the thermal stability
of the working fluid in the thermal circuit, preferably at
the higher temperature parts of said thermal circuit. For
example, the graphene coating layer may be applied lo-
cally on surfaces in contact with the working fluid near
and/or inside the heat exchangers (e.g. at heat exchang-
ers and approximate tubing). Graphene can enable a
wide surface functional coating. Furthermore, a graph-
ene coating layer is stable and is not consumed during
operation due to its inert properties. Additionally, it has
advantageous mechanical properties, such that breaking
(cf. brittleness) can be prevented. Hence, the coating lay-
er can retain its structural integrity for a relatively long
period of time, even under harsh circumstances. More-
over, graphene has excellentheattransfer properties and
is a great thermal conductor. It can be used at high tem-
peratures. Additionally, the graphene coating layer may
provide additional benefits, such as, smoothness of coat-
ing, non-stickiness of coating, anti-corrosive properties
of coating, etc.

[0029] Optionally, the coating layer is applied locally
only in one or more parts of the thermal circuit.

[0030] The energy transfer system may have the coat-
ing layer around some or all of the components in the
thermal circuit that are in direct contact with the working
fluid. In some examples, only a subset of components in
the thermal circuit are provided with the coating layer.
Only parts of the thermal circuit where it is necessary to
increase the thermal stability limit of the working fluid may
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be coated with the coating layer. Advantageously, in this
way, the manufacturing costs may be significantly re-
duced.

[0031] Optionally, at least a subset of pipes of the pip-
ing system of the thermal circuit, where in contact with
the working fluid, are coated with the coating layer.
[0032] Graphene can have a very high thermal con-
ductivity. However, lower conductivity graphene material
may also be used. The actual thermal conductivity may
depend on the coating thickness and the employed dep-
osition process.

[0033] Optionally,the inertmaterial in apure state/form
has a thermal conductivity in above that of a material of
the surface on which itis applied. In some examples, the
inert material has a thermal stability above that of stain-
less steel.

[0034] Optionally, the heattransfer circuit of the energy
transfer system comprises a first portion and a second
portion, wherein the first portion is configured to convey
the working fluid in a first temperature range, and wherein
the second portion is configured to convey the working
fluid in a second temperature range, wherein the first
temperature range is below 550 K, preferably below 520
K, and wherein the second temperature range is above
570K, preferably above 600 K, and wherein only surfaces
in contact with working fluid in the second portion of the
heat transfer circuit are coated with the coating layer.
[0035] Insome examples, only parts of the thermal cir-
cuit are coated with the coating layer. For example, for
a solar power plant system (e.g. solar collector system),
the coating layer may be provided on surfaces in contact
with the fluid being at higher temperatures. For example
in a solar power plant, the higher temperature part where
the coating may be applied includes the heat exchangers
used to transfer the thermal energy from the thermal fluid
(e.g.thermal oil) of the solar collectors to the power cycle,
and the solar collector piping (e.g. made of stainless
steel). Another exemplary applications are ORC power
units. In this case, the high temperature part that may be
coated comprises the heat exchangers and the piping
that goes to the turbine, In some examples, at least a
part of the surfaces of the turbine which are in contact
with the working fluid can also be coated with the coating
layer. Itis not needed to coat the lower temperature parts
of the thermal circuit, which can result in a more cost-
effective solution.

[0036] No coating may be provided on a power cycle
side where the working fluid is steam. Hence, the coating
may be applied in parts of the thermal circuit where it can
be used for increasing the thermal stability of the working
fluid(s). In this way, a cost-effective solution can be ob-
tained for increasing the efficiency.

[0037] Optionally, the second temperature range is be-
tween 570 K to 870 K, preferably 600 K to 820 K.
[0038] In this way, the coating layer is only applied se-
lectively in parts of the thermal circuit which require an
increase of the thermal stability limit temperature of the
working fluid. The lower temperature part of the thermal
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circuit may not require such coating, since the working
fluid will not degrade and/or deteriorate at those temper-
atures.

[0039] Optionally, the coating layer forms a smooth
surface, preferably having a thickness in a range of 1 to
2000 micrometer, more preferably in a range of 10 mi-
crometer to 2000 micrometer, even more preferably in
range of 15 micrometer to 1000 micrometer, most pref-
erably in a range of 30 micrometer to 500 micrometer.
[0040] Optionally, the coating layer is formed by a plu-
rality of layers applied on top of each other (cf. laminated
layers). The coating layer may thus be a group of multiple
layers of inert material.

[0041] Optionally, the coating layer is applied by spray-
ing. For example, a graphene coating may be applied
over a surface by means of a spraying unit, such as for
instance a spray gun. The graphene layer may provide
sufficient stability under several thermal dilation cycles.
[0042] Optionally, the working fluid is non-corrosive.
[0043] The fluid at higher temperatures in the thermal
circuit (e.g. above 300 degrees Celsius, for example
above 400 degrees Celsius) may not pose significant cor-
rosive issues. Often, the working fluid in energy transfer
systems (e.g. heat exchange systems) are non-corro-
sive. For example, working fluids in organic Rankine cy-
cle systems, heat pumps, thermal oil baths, solar collec-
tors, may be non-corrosive with respect to the surfaces
in contact with said working fluid.

[0044] Optionally, the working fluid is an organic liquid.
[0045] A working fluid having to operate at tempera-
tures below its thermal stability limit temperature may
imply a limitation on the performance of the energy trans-
fer system. This thermal stability limit temperature may
be limited for organic fluids. For example, the efficiency
of ORC energy transfer systems may be a function of the
maximum temperature of the thermodynamic cycle
and/or the energy transfer process, in analogy with Car-
not cycle efficiency.

[0046] Preferred working fluids for heat transfer proc-
esses have a high heat capacity and a high boiling point
to enable efficient heat transfer by an amount of fluid as
small as possible, and to minimise the risk to vaporisation
at high temperatures. The heat capacity denotes the
amount of heat a working fluid can hold per unit change
in its temperature.

[0047] Examples of working fluids suitable for use with
this invention include mineral oils, silicone-based fluids,
natural organic hydrocarbons or synthetic organic hydro-
carbons, organic blends, glycols,

[0048] Other working fluids are also envisaged.
[0049] Optionally, the coating layerforms a smooth film
with a surface roughness, for example in arange of about
0.1 micrometer to 5 micrometer.

[0050] The coatinglayer may be a smooth surface pro-
viding limited flow resistance for the working fluid being
guided in the thermal circuit.

[0051] Optionally, the heattransfer systemis a thermal
oil system, a geothermal loop or a concentrated solar
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collector system, or a thermal conversion system such
as an organic Rankine cycle electrical generator, or a
heat pump system.

[0052] Optionally, one or more surfaces coated with
the coating layer are made of stainless steel.

[0053] The thermal stability of the working fluid may be
related to the material which the fluid is in contact with.
The thermal stability limit temperature values are typically
given for working fluids used with stainless steel as con-
tainment material. For example, if carbon steel is used
in place of stainless steel the maximum operating tem-
perature of the working fluid (cf. thermal stability limit tem-
perature) drops significantly. Conversely, a high thermal
stability limit temperature may be obtained when plati-
num material is used. However, platinum is too expensive
for use in the energy transfer systems. Advantageously,
the method according to the invention provides for a cost-
effective solution for obtaining a high thermal stability limit
temperature. Stainless steel can be used which is coated
by the coating layer for significantly increasing the ther-
mal stability limit temperature. Advantageously, the coat-
ing layer provides an inert material in contact with the
fluid thereby improving the thermal stability.

[0054] According to an aspect, the invention relates to
a method of manufacturing an energy transfer system,
the method comprising: providing a thermal circuit with
a working fluid configured to perform a thermodynamic
cycle and/or an energy transfer process, the thermal cir-
cuit provided with a piping system for conveying the work-
ing fluid and at least one energy transfer device, wherein
the energy transfer device is configured to transfer a por-
tion of energy from one part of the thermal circuit to an-
other part of the thermal circuit; and providing at least a
portion of the thermal circuit with a coating layer on sur-
faces in contact with the working fluid, wherein the coat-
ing layer includes inert material that is inert with respect
to the working fluid during operation and which maintains
structural integrity at a temperature above 550 K, and
wherein the inert material in a pure state/form has a ther-
mal conductivity above 50 W/mK at room temperature.

[0055] The coating layer may effectively increase the
thermal stability of the working fluid in the thermal circuit
of the energy transfer system. The thermal stability may
be influenced by the material with which the working fluid
is in contact with. In some examples, the solid material
with which the working fluid is in contact with is stainless
steel (e.g. parts of the devices, tubing, valves, etc. For
example, stainless steel is often used in Rankine cycle
power application, solid collectors, etc. It has adequate
properties and is relatively cheap. The commercially
available working fluids are often heated to a maximum
temperature of 440 degrees Celsius for retaining stability
and/or prevent degradation (e.g. thermal decomposition,
chemical reactions). For example, thermal oil in solar col-
lectors are heated up to 420 degrees Celsius. Advanta-
geously, by means of the method according to the dis-
closure, the working temperature can be heated to a high-
er temperature whilst keeping said stability and/or pre-
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vent degradation. As a result, the performance of the
energy transfer systems can be effectively improved.
[0056] According to an aspect, the invention relates to
a method of increasing a thermal stability limit tempera-
ture of a working fluid in an energy transfer system, the
method including coating one or more surfaces in contact
with the working fluid with a coating layer, wherein the
coating layer includes an inert material which maintains
structural integrity at a temperature above 550 K, and
wherein the inert material in a pure state/form has a ther-
mal conductivity above 50 W/mK at room temperature.
[0057] The higher thermal stability that the coating lay-
er (e.g. graphene coating layer) provides, can effectively
allow an increase in the maximum operating temperature
in parts of the energy transfer system, such as to avoid
detrimental effects such as decomposition and/or deg-
radation of the working fluid. For example, the maximum
operating temperature of solar collectors, ORC systems,
etc. can be increased in an efficient and cost-effective
manner, thus leading to a significant increase in conver-
sion efficiency of such energy transfer systems.

[0058] According to an aspect, the invention provides
for a method of arranging the energy transfer system
according to the disclosure.

[0059] It will be appreciated that any of the aspects,
features and options described in view of the system ap-
ply equally to the method of manufacturing and the de-
scribed method of increasing a thermal stability limit tem-
perature of a working fluid in an energy transfer system.
It will also be clear that any one or more of the above
aspects, features and options can be combined.

BRIEF DESCRIPTION OF THE DRAWING

[0060] The invention will further be elucidated on the
basis of exemplary embodiments which are represented
in a drawing. The exemplary embodiments are given by
way of non-limitativeillustration. Itis noted that the figures
are only schematic representations of embodiments of
the invention that are given by way of non-limiting exam-
ple.
[0061] In the drawing:

Fig. 1 shows a schematic diagram of an embodiment
of an energy transfer system;

Fig. 2 shows a schematic diagram of an embodiment
of an energy transfer system; and

Fig. 3 shows a schematic diagram of an embodiment
of an energy transfer system.

DETAILED DESCRIPTION

[0062] Fig. 1 shows a schematic diagram of an em-
bodiment of an energy transfer system 1. The energy
transfer system 1 comprises a thermal circuit 3 with a
working fluid configured to perform a thermodynamic cy-
cle and/or an energy transfer process The thermal circuit
3 comprises a piping system 5 for conveying the working
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fluid between components 7 in the thermal circuit 3. The
thermal circuit 3 includes at least one energy transfer
device, wherein the energy transfer device is configured
to transfer a portion of energy from one part of the thermal
circuit 3 to another part of the thermal circuit. In this ex-
ample, the thermal circuit is arranged in a loop, wherein
the working fluid is conveyed along the multiple compo-
nents 5 and the piping system 5. At least a portion of the
thermal circuit 3, for instance at least a portion of the
piping system 5 and/or at least a portion of the compo-
nents 5, comprises a coating layer on surfaces in contact
with the working fluid, wherein the coating layer includes
an inert material that is inert with respect to the working
fluid during operation and that maintains structural integ-
rity at a temperature above 550 K, and wherein the inert
material in a pure state/form has a thermal conductivity
above 50 W/mK at room temperature. Advantageously,
by means of the coating layer, the thermal stability limit
temperature of the working fluid of the energy transfer
system can beincreased, and thereby the overall thermal
efficiency of the energy transfer system can be effectively
improved.

[0063] The coating layer is inert and has good thermal
properties (i.e. good thermal conductor). The coating lay-
er can operate at relatively high temperatures, such as
570 K or more.

[0064] Advantageously, graphene can be applied as a
coating. The graphene coating layer does not become
brittle at temperatures at which the heat exchangers are
used. Furthermore, the mechanical properties of the
graphene coating layer does not degrade at higher tem-
peratures in parts of the thermal circuit.

[0065] Advantageously, atleasta portion ofthe contact
surfaces in contact with the working fluid is coated with
a graphene coating, which can permit using the energy
transfer system at a higher temperature than hitherto
possible. In this way, the performance of the energy
transfer system can be significantly improved.

[0066] In some examples, the energy transfer system
is an organic Rankine cycle (ORC) system. Such a sys-
tem may be used for power production from low to me-
dium temperature heat sources in the range of 80 to 350
°C and for small-medium power capacity applications at
any temperature level. The ORC system may allow for
exploitation of low-grade heat that otherwise would be
wasted.

[0067] Various other types of energy transfer systems
may also be used. For example, the energy transfer sys-
tem may be a large scale solar power system.

[0068] Forexample, the maximum temperature in con-
centrated solar power plants adopting parabolic trough
is bound to the thermal stability limit of the thermal oil
used in the collectors. In the case the power cycle of the
plant is a steam power cycle, it results that the efficiency
of the steam power cycle of these plants is about one-
third lower than that of a state-of-the-art steam cycle. The
system according to the disclosure provides a gain in the
thermal stability of the working fluid and can then lead to
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an improvement in thermodynamic efficiency.

[0069] In some examples, the working fluid is non-cor-
rosive. A non-corrosive working fluid may not result in a
corrosion problem within the thermal circuit 3. In some
examples, the energy transfer system 1 is a thermal con-
version system. Such thermal conversion system may
use non-corrosive working fluids.

[0070] Fig. 2 shows a schematic diagram of an em-
bodiment of an energy transfer system 1. In this example,
the energy transfer system 1 is an organic Rankine cycle
(ORC) system. The ORC system 1 uses an organic, fluid
with a molecular weight higher than steam. The organic
fluid allows heat to be recovered from lower temperature
heat sources than conventional water-steam cycles. The
low temperature heat can be converted into useful work,
which is further converted into electricity by a generator.
[0071] The exemplary ORC generating system 1 com-
prises a thermal circuit 3 including an evaporator 9, an
ORC expander 11 and a generator 13. In this exemplary
arrangement, the expander 11 and generator 13 are one
unit. Furthermore, the thermal circuit 3 includes a con-
denser 15 and additional auxiliary equipment, such as a
reservoir 17, a pump 19. In operation, the heat source
21 transfers thermal energy into the ORC system. The
evaporator 9 vaporizes the organic working fluid previ-
ously pressurized by the pump of the thermal circuit 3.
The pressurized organic fluid enters the expander 11,
where expansion of the fluid drives a turbine to generate
electrical power in the generator 13. The working fluid
then is condensed through the condenser 15 back to the
liquid phase and is further fed back into the system,
through the reservoir 17 and the pump 19, to repeat the
closed-loop cycle. The various components in the ther-
mal circuit are connected by means of a tubing system
5 having pipes through which the working fluid is con-
veyed. Other variant arrangements are also possible. At
least a portion of the thermal circuit 3 is provided with a
coating layer on surfaces in contact with the working fluid,
wherein the coating layer includes an inert material that
is inert with respect to the working fluid during operation
and that maintains structural integrity at a temperature
above 550 K, and wherein the inert material in a pure
state/form has a thermal conductivity above 50 W/mK at
room temperature. The coating layer may be in direct
contact with the working fluid (e.g. including a heat trans-
fer fluid in the thermal circuit). The use of the coating
layer enables heating the working fluid to higher temper-
atures, whilst retaining the thermal stability of the working
fluid. In this way, the thermal efficiency of the energy
transfer system 1 can be higher.

[0072] A material that may allow for higher thermal sta-
bility limits of the working fluid, such as for instance or-
ganicfluids, is graphene. Additionally, the graphene coat-
ing layer may provide for an extremely good heat transfer
properties.

[0073] It will be appreciated that various other energy
transfer systems 1 may be used. For example, in some
examples, the coating layer is applied in a solar collector
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piping. In some examples, the coating layer is applied in
the piping of the high-temperature components of ORC
systems. In some examples, the coating layer is applied
on one or more surfaces of components of the energy
transfer system, such as for example turbines, heat ex-
changer unit, etc. The coating layer may be selectively
applied on surfaces of the thermal circuit 3 in contact with
the working fluid, for preventing deterioration and/or deg-
radation of said working fluid at higher temperatures.
[0074] Fig. 3 shows a schematic diagram of an em-
bodiment of an energy transfer system 1, which is similar
to the exemplary system 1 showninfig. 2. In this example,
the coating layer is applied locally only in one or more
parts of the thermal circuit 3, indicated by C.

[0075] The heat transfer circuit 3 of the energy transfer
system 1 comprises a first portion and a second portion
C, wherein the first portion is configured to convey the
working fluid in a first temperature range, and wherein
the second portion is configured to convey the working
fluid in a second temperature range. The first tempera-
ture range is below 500 K, preferably below 450 K, and
the second temperature range is above 520 K, preferably
above 550 K. Only surfaces in contact with working fluid
in the second portion C of the heat transfer circuit are
coated with the coating layer. In this way, a distinction is
made between higher temperature parts of the thermal
circuit 3 (cf. 'C’) and lower temperature parts of the ther-
mal circuit 3. Only surfaces in contact with the working
fluid at the higher temperature parts of the thermal circuit
3 are coated for achieving a higher thermal stability limit
temperature of the working fluid in an energy transfer
system 1. In some examples, the second temperature is
in a range between 500 K to 870 K, preferably 550 K to
820 K.

[0076] In the drawings, which are not necessarily
drawn to scale, like numerals may describe similar com-
ponents in different views. Like numerals having different
letter suffixes may represent differentinstances of similar
components.

[0077] "Optional" or "optionally" means that the sub-
sequently described event or circumstance may or may
not occur, and that the description includes instances
where said event or circumstance occurs and instances
where it does not.

[0078] As used in the claims, unless otherwise speci-
fied, the use of the ordinal adjectives "first", "second",
"third", etc., to describe a common element, merely indi-
cate that different instances of like elements are being
referred to, and are not intended to imply that the ele-
ments so described must be in a given sequence, either
temporally, spatially, in ranking, or in any other manner.
[0079] Whereas the terms "one or more" or "at least
one", such as one or more or at least one member(s) of
a group of members, is clear per se, by means of further
exemplification, the term encompasses inter alia a refer-
ence to any one of said members, or to any two or more
of said members, such as, e.g., any 3, .4, 5, >6 or >7 etc.
of said members, and up to all said members.
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[0080] As used herein in the specification and claims,
including as used in the examples and unless otherwise
expressly specified, all numbers may be read as if pref-
aced by the word "about" or "approximately," even if the
term does not expressly appear. The phrase "about" or
"approximately” may be used when describing magni-
tude and/or position to indicate that the value and/or po-
sition described is within a reasonable expected range
of values and/or positions. For example, a numeric value
may have a value that is +/-0.1% of the stated value (or
range of values), +/-1% of the stated value (or range of
values), +/-2% of the stated value (or range of values),
+/-5% of the stated value (or range of values), +/-10% of
the stated value (or range of values), etc. Any numerical
range recited herein is intended to include all sub-ranges
subsumed therein.

[0081] Herein, the invention is described with refer-
ence to specific examples of embodiments of the inven-
tion. It will, however, be evident that various modifica-
tions, variations, alternatives and changes may be made
therein, without departing from the essence of the inven-
tion. For the purpose of clarity and a concise description
features are described herein as part of the same or sep-
arate embodiments, however, alternative embodiments
having combinations of all or some of the features de-
scribed in these separate embodiments are also envis-
aged and understood to fall within the framework of the
invention as outlined by the claims. The specifications,
figures and examples are, accordingly, to be regarded in
an illustrative sense rather than in a restrictive sense.
The invention is intended to embrace all alternatives,
modifications and variations which fall within the scope
of the appended claims. Further, many of the elements
that are described are functional entities that may be im-
plemented as discrete or distributed components or in
conjunction with other components, in any suitable com-
bination and location.

[0082] In the claims, any reference signs placed be-
tween parentheses shall not be construed as limiting the
claim. The word ‘comprising’ does not exclude the pres-
ence of other features or steps than those listed in a claim.
Furthermore, the words ’a’ and 'an’ shall not be construed
as limited to 'only one’, but instead are used to mean ’at
least one’, and do not exclude a plurality. The mere fact
that certain measures are recited in mutually different
claims does not indicate that a combination of these
measures cannot be used to an advantage.

Claims

1. An energy transfer system comprising a thermal cir-
cuit with a working fluid configured to perform a ther-
modynamic cycle and/or an energy transfer process,
the thermal circuit comprising a piping system for
conveying the working fluid, and at least one energy
transfer device, wherein the energy transfer device
is configured to transfer a portion of energy from one



13 EP 4 198 390 A1 14

part of the thermal circuit to another part of the ther-
mal circuit, and wherein at least a portion of the ther-
mal circuit comprises a coating layer on surfaces in
contact with the working fluid, wherein the coating
layer includes an inert material that is inert with re-
spect to the working fluid during operation and that
maintains structural integrity at a temperature above
550 K, and wherein the inert material in a pure
state/form has a thermal conductivity above 50
W/mK at room temperature.

The energy transfer system according to claim 1,
whereinthe inert materialhas adamage temperature
above 620 K, preferably above 670 K, more prefer-
ably above 690 K.

The energy transfer system according to claim 1 or
2, wherein the inert material in a pure state/form has
a thermal conductivity in a range of 500 to 5000
W/mK at room temperature.

The energy transfer system according to any one of
the preceding claims, wherein the inert material is
graphene or contains graphene.

The energy transfer system according to any one of
the preceding claims, wherein the coating layer is
applied locally only in one or more parts of the ther-
mal circuit.

The energy transfer system according to any one of
the preceding claims, wherein the heat transfer cir-
cuit of the energy transfer system comprises a first
portion and a second portion, wherein the first portion
is configured to convey the working fluid in a first
temperature range, and wherein the second portion
is configured to convey the working fluid in a second
temperature range, wherein the first temperature
range is below 550 K, preferably below 520 K, and
wherein the second temperature range is above 570
K, preferably above 600 K, and wherein only surfac-
es in contact with working fluid in the second portion
of the heat transfer circuit are coated with the coating
layer.

The energy transfer system according to claim 6,
wherein the second temperature range is between
570 K to 870 K, preferably 600 K to 820 K.

The energy transfer system according to any one of
the preceding claims, wherein the coating layer
forms a smooth surface, preferably having a thick-
ness in a range of 1 to 2000 micrometer, more pref-
erably in a range of 10 micrometer to 2000 microm-
eter, eve more preferably in range of 15 micrometer
to 1000 micrometer, most preferably in a range of
30 micrometer to 500 micrometer.
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9.

10.

1.

12.

13.

14.

15.

The energy transfer system according to any one of
the preceding claims, wherein the working fluid is
non-corrosive.

The energy transfer system according to any one of
the preceding claims, wherein the working fluid is an
organic liquid.

The energy transfer system according to any one of
the preceding claims, wherein the coating layer
forms a smooth film with a surface roughness in a
range of about 0.1 micrometer to 5 micrometer.

The energy transfer system according to any one of
the preceding claims, wherein the heat transfer sys-
tem is a thermal oil system, a geothermal loop or a
concentrated solar collector system, a thermal con-
version system such as an organic Rankine cycle
electrical generator, or a heat pump system.

The energy transfer system according to any one of
the preceding claims, wherein the one or more sur-
faces coated with the coating layer are made of stain-
less steel.

A method of manufacturing an energy transfer sys-
tem, the method comprising:

providing a thermal circuit with a working fluid
configured to perform a thermodynamic cycle
and/or an energy transfer process, the thermal
circuit provided with a piping system for convey-
ing the working fluid and at least one energy
transfer device, wherein the energy transfer de-
vice is configured to transfer a portion of energy
from one part of the thermal circuit to another
part of the thermal circuit; and

providing at least a portion of the thermal circuit
with a coating layer on surfaces in contact with
the working fluid, wherein the coating layer in-
cludes inert material that is inert with respect to
the working fluid during operation and which
maintains structural integrity at a temperature
above 550 K, and wherein the inert material
when in a pure state/form has a thermal conduc-
tivity above 50 W/mK at room temperature.

A method of increasing a thermal stability limit tem-
perature of a working fluid in an energy transfer sys-
tem, the method including coating one or more sur-
faces in contact with the working fluid with a coating
layer, wherein the coating layer includes an inert ma-
terial which maintains structural integrity at a tem-
perature above 550 K, and wherein the inert material
when in a pure state/form has a thermal conductivity
above 50 W/mK at room temperature.
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