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POWER GENERATING SYSTEM COMPRISING AN HYDROGEN SUPPLY SYSTEM

TECHNICAL FIELD

[0001] Embodiments of the present disclosure relate to a hydrogen supply

system for a power generating system, and a power generating system

comprising a hydrogen supply system.

BACKGROUND

10

[0002] In recent years, power generating systems with power generators

such as internal combustion engines or fuel cells have been developed which

utilise fuel reformers. A fuel reformer with a primary fuel such as ammonia

or methanol allows for producing a reformed gas mixture including a certain

amount of hydrogen. In case of the power generator being an internal

combustion engine, the reformed gas mixture can be used as a combustion

promoter at cold start or at part load operations, for example

20

[0003] The reformed gas mixture produced in a reformer is oftentimes

produced for later use and is stored in a gas tank. The reformed gas mixture

may leave the fuel reformer at a high temperature (e.g. 400 'C). The low gas

density at such an elevated temperature makes it diflicult to store the gas.

Furthermore, injecting the hot gas mixture directly into the intake system of

the power generator causes major risks of backfiring issues. In order to

efficiently store the reformed gas and in order to ensure safe handling of the

hydrogen gas, the ret'ormed gas is stored at an elevated pressure, e.g. such as

5 bars or more, and at a moderate or cold temperature, such as at ambient

temperature. Likewise, power generators typically require a pressurised flow
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of the reformed gas, i.e the gas mixture oftentimes needs to be provided at

an elevated pressure, e.g. such as 5 bars or more.

10

[0004] Prior art methods of cracking the primary fuel, such as ammonia,

into hydrogen and nitrogen in the reformer are carried out at ambient pressure

and temperatures of 290 'C or more. The reformed gas mixture, which

typically is composed of H&, Nz, HzO, remaining unoxidised primary fuel and

possibly CO& (e g in the case of methanol as primary fuel) can be later

compressed and cooled down for storage in the gas tank or for continuously

injecting the gas mixture into the intake air passage of the power generator,

such as the internal combustion engine

15

[0005] One drawback of prior art power generating systems is that the entire

process of operating the reformer, including the steps of evaporating the

primary fuel, further heating up and reforming the primary fuel, and preparing

the reformed gas for storage or injection into the power generator is not

energy efficient. A considerable loss of energy occurs, diminishing the

thermal efficiency of the entire system and causing a substantial rise in

temperature In addition, prior art reformers used for power generating

systems are rather bulky, which requires a lot of space in the power generating

system and increases the costs for packaging.

20 [0006] There is a continuous demand for power generating systems. In

particular, there is a need for power generating systems which allow to

generate and store a reformed gas mixture in an energy eAicient manner. In

particular, there is a need for power generating systems with a decreased size

SUMMARY

25 [0007] In light of the above, a hydrogen supply system according to

independent claim I is provided. Further aspects, advantages, and features are
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apparent from the dependent claims, the description, and the accompanying

drawings.

10

15

[0008] According to an aspect of the present disclosure, a hydrogen supply

system for a power generating system is provided The power generating

system includes an intake manifold and a turbocharging system for supplying

charged air to the intake manifold. The hydrogen supply system includes a

reformer device including a reformer The reformer device is configured to

supply a power generator of the power generating system with hydrogen. The

hydrogen supply system further includes a fuel supply line configured for

fluid communication with a fuel supply The fuel supply line is in fluid

communication with the reformer device for supplying fuel to the reformer

device The hydrogen supply system includes an air supply line configured

for fluid communication with the intake manifold for receiving the charged

air from the intake manifold The air supply line is in fluid communication

with the reformer device for supplying the reformer device with the charged

air The air supply line further includes a compressing device upstream of the

reformer device. The compressing device is configured to increase the

pressure of the charged air received from the intake manifold

20

25

[0009] The air is supplied to the reformer device at an elevated pressure.

For example, the charged air provided by the turbocharging system may have

a pressure of up to 5 bars. The compressing device further increases the

pressure of the charged air received or receivable from the turbocharging

system. Illustratively, the charged air pressure may be increased from about

5 bars (upstream of the compressing device) to about 10 bars (downstream of

the compressing device) The compressing device is not particularly limited

and may be any kind of compressing device capable of further compressing

charged air (i.e. air which has a pressure above ambient pressure).

[0010] The intake manifold or air intake manifold is to be understood as the

space for receivin the charged air compressed by a compressor of the
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turbocharging system Typically, the intake manifold extends from an outlet

of the compressor of the turbocharger to an injection system of the power

generator. A fluid connection between the air supply line and the compressor

of the turbocharging system may be established anywhere along the air intake

manifold Preferably, a pickoff or splitter for diverting a portion of the

charged air flowing through the air intake manifold is arranged proximate the

injection system of the power generator. In other words, the charged air may

be picked off close to the power generator, and/or at a distance from the

compressor. In addition, a charged air cooler may be located downstream of

the compressor and/or may be connected to the intake manifold.

15

20

25

[0011] Operating the hydrogen supply system with a charged air supply has

several advantages The higher gas pressure decreases the volumetric flow

and thus the gas velocity through the reformer device. This allows to reduce

the size of the reformer device. In addition, the reformed gas mixture obtained

from the reformer device may already have a pressure, which is sufficient for

efficient storage and/or direct injection into the intake manifold of the power

generating system. According to a preferred embodiment, the hydrogen

supply system does not include a further compressing device downstream of

the reforming device. The energy efflciency of the hydrogen supply system

of the present disclosure is substantially improved by not needing to compress

the reformed gas mixture downstream of the reformer device for further use.

The compressing device of the hydrogen supply system requires limited

energy as it benefits from a lower pressure ratio in view of the turbocharging

system already providing charged air at an elevated pressure. According to an

alternative embodiment, the hydrogen supply system or the power generating

system described in more detail below, include a second compressing device

downstream of the reformer. This additional compressing device may allow

to adapt or fine tune the pressure of reformed gas to a pressure level desired

for the power generator.
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[0012] In a preferred embodiment, the reformer is an autothermal reformer

The reformer utilises an autothermal reforming process (ATR), which

includes an exothermal reaction between the fuel (also sometimes referred to

as "primary" fuel), such as ammonia or methanol, and oxygen to produce

partially oxidised fuel to release thermal energy. The thermal energy released

in the exothermic reaction may allow for increasing the temperature of the

gases (e.g the primary fuel) and maintaining the gases at an elevated

temperature The autothermal reformer allows for substantially reducing the

amount of external power required to evaporate, heat up and reform the

primary fuel. The autothermal may additionally be configured to be operated

in a 'non-autothermal'* mode, for example by shutting off a supply of

(charged) air

15

20

[0013] The fuel supply may correspond to a tank or a similar kind of

container. Alternatively, the fuel supply may be an external source providing

a continuous flow of fuel, such as via a piping or conduit system In some

embodiments, the fuel supply may not be considered as part of the fuel supply

system, and the fuel supply line is fluidly connectable with the fuel supply or

configured to establish a fluid connection to the fuel supply In other

embodiments, the fuel supply may be regarded as being part of the hydrogen

supply system or the power generating system described in more detail below.

In this case, the fuel supply line may be fluidly connected to the fuel supply

or may be in fluid communication with the fluid supply. The fuel is typically

in a liquid state The fuel may be ammonia, ethanol or methanol, for example.

25

30

[0014] According to an embodiment, the reformer device may include an

evaporator The evaporator is particularly beneficial in case the fuel supplied

by the fuel supply has a low vapour pressure, is liquid or even solid. The

evaporator is configured to supply gaseous fuel to the reformer or to a pre-

heater described further below. The evaporator is in fluid communication

with the fuel supply line. The evaporator may be arranged downstream of the

fuel supply, and/or upstream of the reformer. The evaporator is in fluid
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communication with the reformer For example, the reformer device may

include a gas line connecting the evaporator with the reformer or with the pre-

heater described further below. The evaporator may include one or more

heaters. In one illustrative embodiment, the evaporator includes an electric

heating and/or a heat exchanger as described in more detail below. Preferably,

the evaporator includes two different means for evaporating the fuel, such as

an electric heating and/or a heat exchanger The heat exchanger may be

provided as primary source for evaporating the fuel. Beneficially, the electric

heater can be used temporarily in addition to the heat exchanger in case the

heat provided by the heat exchanger is not sufficient to evaporate the fuel.

The heater(s) may be arranged within the evaporator In case the fuel provided

by the fuel supply is already gaseous and/or has a high vapour pressure, the

reformer device may not include an evaporator.

15

20

25

[0015] According to an embodiment, the reformer device may include a

pre-heater The pre-heater is configured to supply heated gaseous fuel to the

reformer The pre-heater is arranged downstream of the fuel supply and

upstream of the reformer. In case the reforming device includes the

evaporator, the pre-heater may be arranged downstream of the evaporator

The pre-heater may further increase the temperature of the ( aseous) fuel. For

example, the pre-heater 112 may be configured to heat up the fuel to at least

250 'C or to at least 300 'C or even up to at least 350-450 'C. The pre-heater

is in fluid communication with the fuel supply line The pre-heater may be in

fluid communication with the reformer and/or the evaporator. For example,

the reformer device may include a gas line connecting the evaporator with the

pre-heater and/or a gas line connecting the pre-heater with the reformer.

30

[0016] The pre-heater may be a device provided separate from the reformer.

For example, each of the reformer and the pre-heater may be provided in

separate enclosures or casings, and both of the devices are fluidly connected

to the each other. Alternatively, the pre-heater may be considered as an

upstream portion of the reformer. The pre-heater and the reformer may be
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arranged in one housing. The pre-heater and the reformer may be arranged in

line, such that a flow of gaseous fuel may first flow through the pre-heater

and subsequently through the reformer. In yet alternative embodiments, the

pre-heater may be dispensed with entirely For example, this may be the case

if the fuel source provides gaseous fuel at a sufficiently high temperature or

in case the evaporator (if present) provides gaseous fuel at a sufliciently high

temperature

10

15

[0017] The pre-heater may include one or more heaters In one illustrative

embodiment, the pre-heater includes an electric heating and/or a heat

exchanger as described in more detail below Preferably, the pre-heater

includes two different means for heating the (gaseous) fuel, such as an electric

heating and/or a heat exchanger The heat exchanger may be provided as

primary source for heating the fuel. Beneficially, the electric heater can be

used temporarily in addition to the heat exchanger in case the heat provided

by the heat exchanger is not sufficient to heat the (gaseous) fuel or during

start-up. The heater(s) may be arranged within the pre-heater.

20

[0018] A tluid connection between the air supply line and the reformer

device is preferably established downstream of the evaporator and/or

downstream of the pre-heater and/or upstream of the reformer. The air supply

line may include an air supply-reformer interface arranged upstream of the

reformer For example, the air supply-reformer interface may be arranged in

the housing of the reformer or in the gas line connecting the pre-heater with

the reformer.

25

[0019] According to an embodiment, the reformer includes a heater or

heating for heating up and maintaining a temperature of the gas mixture

contained within the reformer. The gas mixture may include charged air, and

fuel. Preferably, the heater is an electric heater The heater may be configured

to heat the gas mixture contained within the reformer to at least 300 'C,

preferably to at least 400 'C. The temperature in the reformer may be selected
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depending on a desired conversion rate of fuel to hydrogen at a given

pressure. For example, having a pressure of 10 bar within the reformer may

lead to a conversion rate in excess of 90% at a temperature of approximately

400 'C Illustratively, the electric heater may be arranged in the reformer and

have a honey comb structure

10

15

[0020] The reformer may further include a catalyst for catalysing the

reforming reaction(s) For example, the catalyst may be a ruthenium-based

catalyst, or a noble-metal based catalyst The endothermic oxidation reaction

as well as the reforming reaction (hydrogen generation) may take place on the

same catalyst According to one embodiment, the electric heating and the

catalyst may be integrally formed with each other. Preferably, the electric

heating is coated with the catalyst Integrating the catalyst into the heater

allows for reducing the size of the reformer. The catalyst may be disposed on

an external surface of the heater, for example on an external surface of the

honey comb structure.

20

[0021] The hydrogen supply system may further include a reformed-gas

tank or hydrogen tank, in particular for storing reformed gas produced by the

reformer device The reformed gas may include hydrogen Preferably the

reformed gas is mainly composed of hydrogen, such as at least of 50%

hydrogen. The reformed gas can contain other gases such as reagent gases

that have not been consumed (fuel, nitrogen, oxygen) as well as other product

gases or intermediate gases generated in the reforming process.

25

[0022] The reformed-gas tank may be arranged downstream of the reformer

device, in particular downstream of the reformer. The reformed-gas tank is

preferably in fluid communication with the reformer and/or fluidly connected

or fluidly connectable to an intake manifold of the power generating device.

The intake manifold may be the air intake manifold or another intake

manifold, such as a fuel intake manifold. The reformed- as tank may include

a reformed-gas tank inlet and the reformer may include a reformer outlet. The
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10

15

reformed-gas tank inlet and the reformer outlet may be fluidly connected to

each other. For example, the hydrogen supply system may include a reformed

gas line connecting the reformed-gas tank, in particular the reformed-gas tank

inlet and the reformer outlet The reformed-gas tank may include a reformed-

gas tank outlet and the power generating system may include an intake

manifold inlet. The reformed-gas tank outlet and the intake manifold inlet

may be fluidly connected to each other. For example, the hydrogen supply

system or the power generating system may include a reformed gas supply

connecting the reformed-gas tank, in particular the reformed-gas tank outlet,

and the intake manifold, in particular the intake manifold inlet. Alternatively,

the reformer may be directly connected to the power generator such that the

reformed gas may be injected from the reformer into the power generator

without storing the reformed gas. Preferably, the reformed gas is first cooled

down before being injected into power generator. In another embodiment, the

hydrogen supply system has a first gas line connected or connectable with the

intake manifold of the power generator and a second line connected with the

reformed gas tank

20

[0023] As described above, the reformed gas generated in the reformer and

supplied to the reformed-gas tank has an elevated pressure, such as 10 bar,

and therefore does not need to be further compressed for storage or later use

in the power generating system. The hydrogen supply system preferably does

not include a compressing device downstream of the reformer for

compressing the reformed gas.

25

30

[0024] The reformed gas may be advantageously cooled down before

storage in the reformed gas tank or cooled down within the reformed gas tank.

This allows for enhancing storage efficiency and minimising the risk of

backfiring or premature ignition of hydrogen beyond the tank. In addition,

cooling the reformed gas is beneficial in case the power generator is an

internal combustion engine and reformed gas is used for cold start operation

as well as during transient operation as hydrogen can extend the flammability
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limits of fuel-air mixtures, making it easier to burn the mixture across a wider

range of concentrations. The hydrogen supply system may include one or

more coolers for cooling the reformed gas. In one illustrative embodiment,

the hydrogen supply system includes a heat exchanger as described in more

detail below. The heat exchanger may be connected to a cold source to allow

for cooling the reformed gas. Preferably, the cooler, in particular the heat

exchanger, may be configured to cool the reformed gas to about 20-25 'C.

The cooler, in particular the heat exchanger, may be arranged within the

reformed gas tank or upstream of the reformed gas tank, such as in the

reformed gas line.

15

[0025] In one embodiment, the hydrogen supply system further includes a

control unit. The control unit may be configured to control operation of the

hydrogen supply system including the reformer and/or the compressing

device For example, the control unit may be configured to control any of the

above-described heaters or coolers In addition, the hydrogen supply system

may include various means for regulating flow of fluids and/or various

sensors. The control unit may be configured to monitor and/or control

operation of any of the aforementioned components

20

[0026] In one implementation, the hydrogen supply system includes an air

supply valve arranged in the air supply line, in particular arranged upstream

of the air supply-reformer interface and/or downsueam of the compressing

device The air supply valve allows for controlling a flow of charged air to

the reformer device. The control unit may be configured to control the air

supply valve

25 [0027] In one implementation, the hydro en supply system includes a fuel

supply valve. The fuel supply valve is preferably arranged in the fuel supply

line, in particular arranged upstream of the reformer and downstream of the

fuel supply. The fuel supply valve is preferably arranged upstream of the

evaporator. The fuel supply valve allows for controlling a flow of fuel to the

10
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reformer device, typically a flow of liquid fuel to the evaporator The control

unit may be configured to control the fuel supply valve.

[0028] In one implementation, the fuel supply line or the fuel supply

includes a fuel pump, such as a pressure regulating pump to convey the fuel

in the fuel supply line. The control unit may be configured to control the fuel

pump. The fuel pressure inside the reformer can be set by the control unit

based on controlling the fuel pump and/or the fuel supply valve.

10

[0029] In one implementation, the hydrogen supply system further includes

a reformed-gas supply valve The reformed-gas supply valve may be arranged

downstream of the reformed-gas tank, in particular in the gas line connecting

the reformed-gas tank and the power generating system. The reformed-gas

supply valve allows for controlling a flow of reformed gas to the power

generator. The control unit may be configured to control the reformed-gas

supply valve

15

20

25

[0030] In one implementation, the hydrogen supply system further includes

one or more pressure sensors. Illustratively, the hydrogen supply system may

include a (first) pressure sensor arranged upstream of the reformer and/or

downstream of the pre-heater. The (first) pressure sensor may be in fluid

communication with the gas line connecting the pre-heater and the reformer

The (first) pressure sensor may be configured for sensing or monitoring the

pressure of the gaseous fuel The control unit may be configured to control a

temperature in the evaporator and/or the pre-heater and/or control the flow of

fuel, for example by controlling the fuel supply valve, based on the sensed

fuel pressure. A conversion rate of the fuel (e.g, ammonia or methanol) may

depend upon the pressure level in the fuel reformer. The control unit may be

configured to maintain the fuel pressure at a predetermined pressure level to

achieve a high conversion efficiency

[0031] Additionally, the hydrogen supply system may include several

pressure sensors. For example, a further (e.g. second) pressure sensor may be

11
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arranged upstream of the pre-heater and downstream of the evaporator A

further (e.g. third) pressure sensor may be arranged in the air supply line, such

as downstream of the compressing device and/or upstream of the air supply-

reformer interface. The control unit may be configured to control a

compression ratio of the compressing device based on a sensed charged air

pressure.

10

15

20

[0032] In one implementation, the hydrogen supply system further includes

one or more temperature sensors The reformer device may include a first or

inflow temperature sensor arranged upstream of the reformer or in an

upstream portion of the reformer The inflow temperature sensor is preferably

arranged downstream of the evaporator and/or downstream of the pre-heater

The inflow temperature sensor allows for sensing or monitoring a temperature

of one or more of the gases in the reformer, such as the fuel or the charged air

or a fuel-charged air mixture. The control unit may be configured to control

any of above-described heaters based on the sensed inflow temperature. A

conversion rate of the fuel (e.g ammonia or methanol) may depend upon the

temperature of the gases in the fuel reformer. The control unit may be

configured to maintain the temperature at a predetermined temperature to

achieve a high conversion efficiency Furthermore, the control unit may be

configured to maintain the temperature below a predetermined threshold

temperature for safety reasons.

25

30

[0033] The reformer device may include a second or outflow temperature

sensor arranged downstream of the reformer or in a downstream portion of

the reformer. The outflow temperature sensor may be arranged upstream of

the reformed-gas tank The outflow temperature sensor allows for sensing or

monitoring a temperature of the reformed gas exiting the reformer. The

control unit may be configured to control any of above-described heaters

based on the sensed outflow temperature. Additionally, or alternatively, the

control unit may be configured to control the cooler based on the sensed

outflow temperature. The control unit may be configured to adjust the cooling

12
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of the reformed gas to ensure that the temperature drops below a

predetermined threshold temperature for safety reasons.

[0034] In one implementation, the reformed-gas tank has a purging valve

for draining liquid, in particular water After cooling down the reformed gas,

for example to ambient temperature, some of the components of the reformed

gas may liquify and may accumulate or amass at the bottom of the reformed-

gas tank The purging valve may allow for releasing or draining any liquid

components contained in the reformed-gas tank The control unit may be

configured to control operation of the purging valve.

10 [0035] The control unit may be configured to monitor each of the

parameters sensed by the sensors and control each of the abovementioned

pumps, compressors, valves, as well as heaters and coolers to maximise

conversion efficiency of the reforming process while ensuring safe operation

and while optimising energy efficiency.

15

20

25

[0036] According to an embodiment, the hydrogen supply system includes

a heat transfer system The heat transfer system allows for transferring heat

by means of one or more heat exchangers, In order to generate hydrogen in

the reformer at a high conversion rate, the hydrogen supply system of the

present di sclosure util ises a substantial amount of energy for heating purposes

in the reformer device. In order to efficiently store the reformed gas, and in

order to reduce or eliminate safety risks due to high-temperature hydrogen

gas, the hydrogen supply system utilises a substantial amount of energy for

cooling the reformed gas Beneficially, the heat transfer system allows for

heat transfer between the aforementioned heating and cooling systems and

therefore substantially increases the energy efficiency of the hydrogen supply

system.

[0037] Accordin to an embodiment, the heat transfer system includes a

first heat exchanger configured to cool gas received from the reformer device

by a heat transfer fluid. The first heat exchanger may correspond to the heat

13
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exchanger described above relating to cooling of the reformed gas The first

heat exchanger may also be referred to as a cooler. The heat transfer fluid,

when flowing into the first heat exchanger, may have a temperature

substantially below the temperature of the reformed gas, such as ambient

temperature or lower The first heat exchanger is preferably disposed

upstream of or within the reformed-gas tank. The heat transfer system is

preferably configured to transfer heat from the reformed gas to the fuel

upstream of the reformer based on the heat transfer fluid and the tirst heat

exchanger

10

15

[0038] According to an embodiment, the heat transfer system includes at

least one further (second, third, . ) heat exchanger. The further heat

exchanger may be disposed upstream of or within the reformer device The

further heat exchanger is preferably configured to heat fuel by means of a heat

transfer fluid. The further heat exchanger may also be referred to as a (first,

second, .) heater. The further heat exchanger may correspond to any of the

heat exchangers described above related to heating in the reformer device

(evaporator, pre-heater, reformer). The heat transfer fluid utilised in the first

heat exchanger and the heat transfer fluid utilised in the at least one further

heat exchanger may be the same or may be different fluids.

20 [0039] The heat transfer system may be generally configured such that the

thermal energy is transferred from the reformed gas to the fuel or fuel-charged

air mixture Preferably, the first heat exchanger and the further heat exchanger

are thermally connected.

25

[0040] In one embodiment, the heat transfer system is configured to transfer

thermal energy from the heat transfer fluid utili sed in the first heat exchanger

to the heat transfer fluid utilised in the at least one further heat exchanger. For

example, an additional heat exchanger may be provided to exchange heat

between the heat transfer fluids. In this embodiment„ the heat transfer system

14



WO 2025/252739 PCT/EP2025/065352

may include two separate heat transfer fluid circuits, which are thermally

coupled to each other.

10

[0041] According to another embodiment, the first heat exchanger is in

fluid communication with the further heat exchanger It is to be understood

that with "fluid communication" it is meant a fluid communication between

the first and the further heat exchanger via the heat transfer fluid (the first and

the further heat exchanger may additionally be in fluid communication due to

fluid flow through the reformer and into the reformed-gas tank) In this

embodiment, the first and the further heat exchanger utilise the same heat

transfer fluid. The hydrogen supply system may include a single heat transfer

fluid circuit. The heat transfer fluid may be conveyed from the first heat

exchanger to the at least one further heat exchanger and/or vice versa

15

20

[0042] The heat transfer system preferably defines a fluid circuit for

continuously circulating heat transfer fluid between the first heat exchanger

and the at least one further heat exchanger. Typically, the heat transfer system

includes a first heat transfer fluid line for supplying heat transfer fluid to the

first heat exchanger and a second heat transfer fluid line for draining heat

transfer fluid from the first heat exchanger. A downstream end of the first heat

transfer fluid line may connected to an inlet of the first heat exchanger. An

upstream end of the second heat transfer fluid line may connected to an outlet

of the first heat exchanger.

[0043] The heat transfer system may further include a pump for circulating

heat transfer fluid The pump may be arranged within the second heat transfer

fluid line

25 [0044] The at least one further heat exchanger may include a second heat

exchanger disposed within the pre-heater and/or a third heat exchanger

disposed within the evaporator. In case the pre-heater is dispensed with or in

case the pre-heater does not include a heat exchanger, the heat exchanger

disposed within the evaporator may also be referred to as second heat

15
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exchanger The at least one further heat exchanger may include a fourth heat

exchanger disposed within the reformer.

[0045] In case the heat transfer system only includes two heat exchangers,

the first and second heat transfer fluid lines may be both connected to the

second heat exchanger.

10

[0046] In case the heat transfer system includes three or more heat

exchangers, the heat transfer fluid may preferably be conveyed in series from

one heat exchanger to another heat exchanger. Illustratively, the heat transfer

system may be configured to continuously circulate heat transfer fluid or

thermal fluid from the first heat exchanger (e g arranged within the reformed-

gas tank) to the second heat exchanger of the pre-heater, from the second heat

exchanger of the pre-heater to the third heat exchanger of the evaporator, and

from the third heat exchanger of the evaporator to the first heat exchanger

15

20

[0047] For example, an upstream end of the first heat transfer fluid line may

connected to an outlet of the third heat exchanger The heat transfer system

may include a third heat transfer fluid line for conveying heat transfer fluid

from the second heat exchanger to the third heat exchanger For example, an

upstream end of the third heat transfer fluid line may be connected to an outlet

of the second heat exchanger and a downstream end of the third heat transfer

fluid line may be connected to an inlet of the third heat exchanger A

downstream end of the second heat transfer fluid line may be connected to an

inlet of the second heat exchanger.

25

[0048] In an embodiment, the heat transfer system is configured to

exchange thermal energy with an external cold source. This embodiment may

be particularly beneficial in case the heat transfer fluid is not cold enough to

sufliciently cool down the reformed gas by means of the first heat exchanger.

This may be the case if the at least one further heat exchanger does not

sufliciently cool the heat transfer fluid before entering the first heat

16



WO 2025/252739 PCT/EP2025/065352

exchanger For example, the external cold source may be a river, an outdoor

water tank, or the sea.

10

15

20

[0049] In one exemplary embodiment, the heat transfer system includes an

external heat exchanger for exchanging thermal energy between the heat

transfer fluid and the external cold source. The external heat exchanger may

be arranged upstream of the first heat exchanger. The external heat exchanger

may have a fluid connection to the first heat transfer fluid line Typically, the

external heat exchanger is not arranged within any of the heat transfer fluid

lines. The first heat transfer fluid line may include an upstream bypass or

upstream bifurcation for diverting at least a portion of the heat transfer fluid

into and through the external heat exchanger and a downstream bypass or

downstream bifurcation for directing the heat transfer fluid back to the first

heat transfer fluid line. This allows for selectively controlling the cooling by

means of the external cold source such that the heat transfer fluid is not cooled

down more than required The heat transfer system may further include an

upstream valve at the upstream bifurcation or upstream of the external heat

exchanger and/or a downstream valve at the downstream bifurcation or

downstream of the external heat exchanger. The control unit may be

configured to control the upstream valve and/or the downstream valve based

on a temperature sensed by the one or more temperature sensors.

25

30

[0050] In another embodiment, the heat transfer system is configured to

exchange thermal energy with a heat source. The heat source is preferably

exhaust gas of the power generating system, but alternatively can be an

external heat source, such as excess heat generated by a factory or the like

This embodiment may be particularly beneficial in case the heat transfer fluid

is not hot enough to sufficiently heat up the fuel by means of the further heat

exchanger(s). This may be the case if the first heat exchanger does not

suAiciently heat up the heat transfer fluid before flowing into the further heat

exchanger In case the heat is derived from exhaust gas, the exhaust gas may

be picked off directly from an exhaust gas manifold of the power generating

17
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system or may be picked off downstream of a turbine of the turbocharging

system.

10

15

20

[0051] In one exemplary embodiment, the heat transfer system includes an

exhaust gas heat exchanger for exchanging thermal energy between the heat

transfer fluid and the exhaust gas. The exhaust gas heat exchanger may be

arranged downstream of the first heat exchanger. The exhaust gas heat

exchanger may have a fluid connection to the second heat transfer fluid line

Typically, the exhaust gas heat exchanger is not arranged within any of the

heat transfer fluid lines. The second heat transfer fluid line may include an

upstream bypass or upstream bifurcation for diverting at least a portion of the

heat transfer fluid into and through the exhaust gas heat exchanger and a

downstream bypass or downstream bifurcation for directing the heat transfer

fluid back to the second heat transfer fluid line. This allows for selectively

controlling the heating by means of the hot exhaust gas such that the heat

transfer fluid is not warmed up more than required. The heat transfer system

may further include an upstream exhaust valve at the upstream bifurcation or

upstream of the exhaust gas heat exchanger and/or a downstream exhaust

valve at the downstream bifurcation or downstream of the exhaust gas heat

exchanger The control unit may be configured to control the upstream

exhaust valve and/or the downstream exhaust valve based on a temperature

sensed by the one or more temperature sensors.

25

[0052] The control unit may be configured to control operation of the heat

transfer system. The control unit may be configured to control the pump for

circulating heat transfer fluid and/or any of the aforementioned valves for

diverting heat transfer fluid to the exhaust gas heat exchanger and/or the

external heat exchan er, in particular based on a temperature sensed by the

one or more temperature sensors.

[0053] Accordin to another aspect of the present disclosure, a hydrogen

supply system for a power eneratin system is provided. The power

18
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10

15

generating system includes an intake manifold and a turbocharging system

for supplying charged air to the intake manifold. The hydrogen supply system

includes a reformer device including an autothermal reformer. The reformer

device is configured to supply a power generator of the power generating

system with hydrogen. The hydrogen supply system further includes a fuel

supply line configured for fluid communication with a fuel supply. The fuel

supply line is in fluid communication with the reformer device for supplying

fuel to the reformer device The hydrogen supply system includes an air

supply line in fluid communication with the reformer device for supplying

the reformer device with air. The hydrogen supply system further includes a

heat transfer system including a first heat exchanger configured to cool gas

received from the reformer device by a heat transfer fluid The heat transfer

system may be provided according to any the embodiments of the present

disclosure. Optionally, the air may be charged air. The air supply line may be

configured for fluid communication with the intake manifold for receiving

the charged air from the intake manifold The air supply line may further

include a compressing device upstream of the reformer device. The

compressing device may be configured to increase the pressure of the charged

air received from the intake manifold

20 [0054] According to another aspect of the present disclosure, a power

generating system is provided. The power generating system includes the

hydrogen supply system according to any embodiment of the present

disclosure The power generating system further includes a turbocharging

system, a power generator, an intake manifold and an exhaust manifold.

25

30

[0055] The turbocharging system includes at least one turbine and at least

one compressor. The at least one turbine of the turbocharging system is

configured to receive exhaust gas from the exhaust manifold. The turbine is

fluidically and mechanically connected to the exhaust manifold at a

downstream end thereof. Each turbine of the turbocharging system can have

a variable geometry device including a variable nozzle and/or a multi-entry,
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wherein at least one entry is configured to be closed, or at least partially

closed.

[0056] The compressor of the turbocharging system is configured to

provide the intake manifold with charged air. The compressor is fluidically

and mechanically connected to the intake manifold at an upstream end

thereof.

10

[0057] The turbocharging system of the present disclosure may be a single

stage turbocharging system or a multistage turbocharging system, with, for

each stage, at least one turbine and at least one compressor. The turbocharging

system may be an electric turbocharger including an electric machine. The

turbocharging system may include a heat exchanger downstream of the

turbine.

15

[0058] The compressor and the turbine may be connected via a shaft.

Further, the at least one electric machine can be arranged between the

compressor and the turbine. Alternatively, the at least one electric machine

can be arranged on the compressor side and coupled to the compressor.

20

25

[0059] The turbocharging system can be a shafted turbocharger. A "shafted

turbocharger" can be understood as a turbocharger, where the compressor and

the turbine are mechanically connected via a shaft. Alternatively, the

turbocharging system can be a non-shafted turbocharger. A "non-shafted

turbocharger" can be understood as a turbocharger, where the compressor and

the turbine are not mechanically connected or mechanically coupled. In other

words, in a non-shafted turbocharger, the compressor and the turbine are

typically configured to operate independently and are not connected by a

central shaft. Instead, the compressor and the turbine can be arranged in close

proximity, e.g, within the same housing or assembly, but do not share a

common shaft connecting them

20
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[0060] The intake manifold may be fluidly and/or mechanically connected

to the air supply line. The air supply line may include an air supply-intake

manifold interface connected to the intake manifold. The compressing device

may be arranged upstream of the air supply-reformer interface and

downstream of the air supply-intake manifold interface

10

15

[0061] According to an embodiment, the power generator is an internal

combustion engine having one or more combustion chambers. The internal

combustion engine may be in fluid communication with the reformed-gas

supply line, in particular in fluid communication with the reformed-gas tank.

Preferably, the fuel supply line is fluidly connected to the intake manifold.

The internal combustion engine may utilise hydrogen or reformed gas as a

main fuel. Preferably, the reformer device may be configured to supply the

internal combustion engine with hydrogen for promoting combustion at cold

start or at partial load operations. The internal combustion engine may uti li se

another type of fuel as its main fuel, such as ammonia or methanol. The

internal combustion engine may also be a dual fuel engine, utilising a first

type of fuel, such as ammonia or methanol, and a second type of fuel, such as

diesel. The reformed gas may be provided as a combustion promoter

20

25

30

[0062] The fuel supply may be fluidically connected to the internal

combustion engine The fuel supply line may include a bifurcation or splitting

portion The fuel supply line may have a reformer fuel supply branch and a

power generator fuel supply branch. The reformer fuel supply branch may be

fluidly connected to the reformer device and/or the power generator fuel

supply branch may be fluidly connected to the power generator, such as the

internal combustion engine The power generator fuel supply branch may

include a power generator supply valve. The power generator fuel supply

branch may be directly connected to the cylinders of the internal combustion

engine, such as through a high-pressure injection system to achieve diffusion

combustion. Alternatively, the power generator fuel supply branch may be

connected to the intake manifold for premixed combustion.
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10

[0063] According to an embodiment, the power generator is a fuel cell. The

fuel cell is in fluid communication with the reformed-gas supply line, in

particular the reformed-gas tank. The fuel cell may include a fuel supply

interface connected to the reformed-gas supply line The fuel cell may be any

kind of fuel cell, but preferably is a high or mid-temperature fuel cell, such as

a solid oxide fuel cell, a molten-carbonate fuel cell, or a protonic ceramic fuel

cell. Alternatively, the fuel cell may also be any other type of fuel cell, for

example a low-temperature or a high-temperature Proton Exchange

Membrane Fuel Cell In case the power generator is a fuel cell, the reformed

gas provided by the hydrogen supply system may correspond to a main fuel

supply

15

20

[0064] The power generating system may further include a control unit or

power generator control unit. The control unit may be configured to control

operation of the power generating system. The control unit of the hydrogen

supply system may be a separate device than the power generator control unit,

with both control units being operatively connected to each other. For

example, the power generator control unit may be configured to send a

hydrogen demand signal or reformed gas demand signal to the control unit of

the hydrogen supply system The power generator control unit may be

configured to control the power generator supply valve. In other

implementations, the control unit of the hydrogen supply system is a portion

or a subunit of the power generator control unit

25

[0065] The power generating system may include a plurality of power

generators, such as a plurality of internal combustion engines, or a plurality

of fuel cells or a combination of fuel cells and internal combustion engines.

The hydrogen supply system is preferably configured to provide reformed gas

to each of the power generators of the power generating system.
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[0066] The power generating system of the present disclosure may be

particularly utilised in the fields of power generation, and marine

applications

[0067] Those skilled in the art will recognise additional features and

advantages upon reading the following detailed descripnon, and upon

viewing the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

10

[0068] The components in the Figures are not necessarily to scale, instead

emphasis being placed upon illustrating the principles of the invention.

Moreover, in the Figures, like reference signs designate corresponding parts

The accompanying drawings relate to embodiments of the disclosure and are

described in the following.

Fig. 1 shows a schematic view of a hydrogen supply system according to

embodiments described herein;

Fig. 2 shows a schematic view of a hydrogen supply system according to

embodiments described herein;

Fig. 3 shows a schematic view of power generating system including an

internal combustion engine according to further embodiments

described herein;

20 Fig. 4 shows a schematic view of power generating system including a

fuel cell according to further embodiments described herein.
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DETAILED DESCRIPTION OF EMBODIMENTS

[0069] Reference will now be made in detail to the various embodiments,

one or more examples of which are illustrated in each figure Each example

is provided by way of explanation and is not meant as a limitation For

example, features illustrated or described as part of one embodiment can be

used on or in conjunction with any other embodiment to yield yet a further

embodiment It is intended that the present disclosure includes such

modifications and variations.

10

[0070] Within the following description of the drawings, the same reference

numbers refer to the same or to similar components Generally, only the

differences with respect to the individual embodiments are described. Unless

specified otherwise, the description of a part or aspect in one embodiment can

apply to a corresponding part or aspect in another embodiment as well.

15

[0071] With exemplary reference to Figure I, a hydrogen supply system

100 is described. The hydrogen supply system 100 includes a reformer device

110. The reformer device 110 includes an autothermal reformer 111 and may

optionally include a pre-heater 112 and an evaporator 113.

20

25

[0072] The hydrogen supply system 100 further includes an air supply line

130. The air supply line 130 is connectable or connected to a power

generating device (not shown in Figure I), and receives charged air from the

power generating device. The air supply line 130 has an air supply-intake

manifold interface 132 for connecting the air supply line 130 to the power

generating system. The air is preferably charged by a turbocharging system

(not shown in Figure I), and may have a pressure of 5 bar, for example. The

air supply line 130 further includes a compressing device or compressor I 33

arranged within the air supply line 130. The compressing device 133 further

compresses the char ed air, for example up to a pressure of about 10 bar. The

air supply line 130 may further include an air supply valve 134 for controlling

the flow of charged air through the air supply line 130. The air supply valve
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134 is preferably arranged downstream of the compressing device 133 The

air supply line 130 includes an air supply-intake manifold interface 131 for

connecting the air supply line 130 to the reformer I I 1.

10

15

[0073] The hydrogen supply system 100 includes a fuel supply line 120 for

supplying fuel to the reformer device 110. In the embodiment shown in Figure

I, the fuel is liquid ammonia. The fuel supply line 120 is configured to receive

fuel from a fuel supply 210. The fuel supply line 120 is connectable or

connected to the fuel supply 210 The fuel supply line 120 further includes a

fuel pump 122 for pumping fuel through the fuel supply line 120 and a fuel

supply valve 121 for controlling the flow of fuel through the fuel supply line

120. The fuel supply 120 is connected to the reformer device 110 In the

embodiment shown in Figure I, the fuel supply line 120 is connected to the

evaporator 113. Furthermore, the fuel supply line 120 may be a manifold

including different lines For example, the fuel supply line 120 may include a

splitter or bifurcation 123 having a reformer fuel supply branch 124

connected to the reformer device 110 and a power generator fuel supply

branch 125 connectable to the power generating system. The power generator

fuel supply branch 125 may include a power generator supply valve 126 for

controlling the flow of fuel to the power generating system.

20

25

[0074] The evaporator 113 may receive the fuel in liquid form from the fuel

supply line 120 and is configured to evaporate the fuel to generate gaseous

fuel. The reformer device 110 includes a as line connecting the evaporator

113 and the pre-heater 112, such that gaseous fuel flows from the evaporator

113 to the pre-heater 112 The pre-heater 112 is configured to heat up the fuel

to at least 250 'C or to at least 300 'C or even up to at least 350-450 'C The

reformer device 110 further includes a gas line connecting the pre-heater 112

and the autothermal reformer 111, such that gaseous fuel flows from the pre-

heater 112 to the reformer 111

25
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[0075] In the reformer 111, a gas mixture including the fuel and the charged

air are reformed to generate a reformed gas including hydrogen. The reformer

I I I includes a heater 117 for heating or maintaining the fuel-charged air

mixture at an elevated temperature. Preferably, the heater is an electric heater

117. A catalyst 154 or catalyst brick may be arranged within the reformer 111

The catalyst 154 may be disposed on the heater 117, for example provided as

a coating on the heater, or downstream of the heater 117.

10

15

[0076] The hydrogen supply system 100 further includes a reformed-gas

tank 140. A gas line may connect an outlet of the reformer 111 with a

reformed-gas tank inlet 141 A reformed-gas supply line 143 is connected to

the reformed-gas tank 140 via a reformed-gas tank outlet 142 The reformed-

gas supply line 143 is connectable or connected to the power generating

system, such as the intake manifold. The reformed-gas tank 140 further

includes a reformed-gas supply valve 144, for example arranged in the

reformed-gas supply line 143.

20

[0077] The hydrogen supply system 100 may include one or more sensors.

An inflow temperature sensor 114 may be arranged upstream of the reformer

111 and/or an outflow temperature sensor 115 may be arranged downstream

of the reformer 111. One or more pressure sensors 116 may be provided, in

particular in the fuel supply line 120 and/or in the air supply line 130 as well

as in any of the evaporator 113, the pre-heater 112, or the reformer 111. For

instance, a pressure sensor 116 may be provided to measure the pressure of

the heated gaseous fuel downstream of the pre-heater 112.

25

[0078] The hydrogen supply system 100 further includes a control unit 160.

The control unit 160 may be configured to control operation of the hydrogen

supply system 100, such as any of the valves, sensors, pumps, compressors

and heaters

[0079] With exemplary reference to Figure 2, a hydrogen supply system

100 is described. The hydrogen supply system 100 illustrated in Figure 2
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corresponds to that illustrated in Figure I, but contains several further

optional features.

[0080] The hydrogen supply system 100 shown in Figure 2 includes a heat

transfer system 150. The heat transfer system 150 includes a first heat

exchanger 161 for cooling down the reformed gas in the reformed-gas tank

140, such as to approximately ambient temperature. The heat exchanger 161

preferably includes a tube or pipe through which a working fluid or heat

transfer fluid is conveyed to cool down the reformed-gas The heat transfer

fluid preferably flows in a circulating manner.

10

15

[0081] The heat transfer system 150 further includes a second heat

exchanger 153 disposed within the pre-heater 112 and a third heat exchanger

155 disposed within the evaporator 113. The second and third heat exchangers

153, 155 are configured to heat up liquid or gaseous fuel. The heat exchangers

153, 155 preferably include a tube or pipe through which a working fluid or

heat transfer fluid is conveyed to heat up the fuel. The heat transfer fluid

preferably flows in a circulating manner. In addition, the evaporator 113 may

include an electric heater 118 and/or the pre-heater 112 may include an

electric heater 119.

20

[0082] The heat transfer system 150 defines a closed fluid circuit. The heat

transfer system 150 includes a pump 158 for circulating heat transfer fluid

through the first, second and third heat exchangers 161, 153, 155.

25

[0083] The heat transfer system 150 includes a first heat transfer fluid line

151 which connects an outlet of the third heat exchanger 153 within the

evaporator 113 with a first heat exchanger inlet 157 of the first heat exchanger

161. The heat transfer system 150 includes a second heat transfer fluid line

152 which connects a first heat exchanger outlet 156 of the first heat

exchanger 161 with an inlet of the second heat exchanger 153. The pump 158

for circulating heat transfer fluid may be arranged in the second heat transfer

fluid line 152. The heat transfer system 150 further includes a third heat
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transfer fluid line 159 which connects an outlet of the second heat exchanger

153 with an inlet of the third heat exchanger 155.

10

15

[0084] Additionally, the heat transfer system 150 may include an external

heat exchanger 162 for exchanging heat between the heat transfer fluid and a

cold external fluid, such as a river. The external heat exchanger 162 may

include a first external cold source interface 164 for receiving the external

fluid, and a second external cold source interface 165 for draining the external

fluid The first heat transfer fluid line 151 may include an upstream bypass or

upstream bifurcation for diverting at least a portion of the heat transfer fluid

into and through the external heat exchanger 162 and a downstream bypass

or downstream bifurcation for directing the heat transfer fluid back to the first

heat transfer fluid line 151 The heat transfer system 150 may further include

an upstream valve at the upstream bifurcation or upstream of the external heat

exchanger 162 and a downstream valve at the downstream bifurcation or

downstream of the external heat exchanger 162

20

25

30

[0085] Additionally, or alternatively, the heat transfer system 150 may

include an exhaust gas heat exchanger 163 for exchanging heat between the

heat transfer fluid and exhaust gas Typically, exhaust gas may be diverted

from the exhaust manifold of the power generating system or from

downstream of a turbine of a turbocharging system of the power generating

system to the exhaust gas heat exchanger 163 The exhaust gas heat exchanger

163 may include a first exhaust gas interface 166 for receiving the exhaust

gas, and a second exhaust gas interface I 67 for draining the exhaust gas. The

second heat transfer fluid line 152 may include an upstream bypass or

upstream bifurcation for diverting at least a portion of the heat transfer fluid

into and through the exhaust gas heat exchanger and a downstream bypass or

downstream bifurcation for directing the heat transfer fluid back to the second

heat transfer fluid line 152 The heat transfer system 150 may further include

an upstream exhaust valve at the upstream bifurcaflon or upstream of the

exhaust gas heat exchan er 163 and/or a downstream exhaust valve at the
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downstream bifurcation or downstream of the exhaust gas heat exchanger

163.

[0086] The reformed-gas tank 140 may further include a purging valve 146

for draining liquid, in particular water The purging valve allows for releasing

or draining any liquid components contained in the reformed-gas tank 140.

[0087] With exemplary reference to Figure 3, a power generating system

200 is described. The power generating system 200 includes the hydrogen

supply system 100 according to any embodiment described herein.

10

[0088] The power generating system 200 includes a power generator, the

power generator being an internal combusflon engine 201. The power

generaflng system 200 includes an intake manifold 220 and an exhaust gas

manifold 250 fluidly connected to the internal combustion engine 201

20

[0089] The power generating system 200 further includes a turbocharging

system 240 having a compressor 241 and a turbine 242 which may be

mechanically connected to each other by means of a shaft The exhaust gas

manifold 250 is connected to a turbine inlet 244 of the turbine The intake

manifold 220 is connected to a compressor outlet 245 of the compressor 241.

The compressor 241 is configured to provide charged air to the intake

manifold 220 The turbocharging system 240 may include one or more heat

exchangers, such as a heat exchanger 243 disposed within the air intake

manifold 220.

25

[0090] The air intake manifold 220 is fluidly connected to the air supply

line 130 of the hydrogen supply system 100. For example, a portion of the

charged air may be diverted from the intake manifold 220 by means of an air

supply line 280 of the power generating system 200, which is connected to

the air supply line 130 of the hydrogen supply system 100.
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[0091] The reformed gas supply line 143 is fluidly connected to the internal

combustion engine 201. For example, the reformed gas supply line 143 may

be connected to a reformed-gas supply line 270 of the power generating

system 200 which is connected to the air intake manifold 220.

10

[0092] The power generator fuel supply branch 125 may be directly

connected to the cylinders of the internal combustion engine 20 l via a fuel

supply line 260 of the power generating system 200, such as through a high-

pressure injection system to achieve diffusion combustion Alternatively, the

power generator fuel supply branch 125 may be connected to the intake

manifold 220 for premixed combustion.

15

[0093] The power generating system 200 includes an internal combustion

engine (ICE) controller or ICE control unit 230. The ICE controller 230 may

be configured to control operation of the power generating system 200.

Although Figure 3 shows the ICE control unit 230 and the control unit 160 as

separate devices, it is to be understood that the power generating system may

include a single control unit or any other number of control units for

controlling operation of the power generating system

20

[0094] With exemplary reference to Figure 4, a power generating system

300 according to another embodiment is described The power generating

system 300 includes the hydrogen supply system 100 according to any

embodiment described herein

25

[0095] The power generating system 200 includes a power generator, the

power generator being a fuel cell 301 The power generating system 300

includes an intake manifold 320 and an exhaust gas manifold 350 fluidly

connected to the fuel cell 301.

[0096] The power generating system 300 further includes a turbocharging

system 340 having a compressor 34l and a turbine 342 which may be

mechanically connected to each other by means of a shaft The exhaust
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manifold 350 is connected to a turbine inlet of the turbine 342 The intake

manifold 320 is connected to a compressor outlet of the compressor 341. The

compressor 341 is configured to provide charged air to the intake manifold

320. The turbocharging system 340 may include one or more heat exchangers,

such as a heat exchanger 343 disposed within the air intake manifold 320 The

heat exchanger 343 may be configured to exchange between exhaust gas from

downstream of the turbine 342 and charged air from downstream of the

compressor 341.

10

[0097] The air intake manifold 320 is fluidly connected to the air supply

line 130 of the hydrogen supply system 100 For example, a portion of the

charged air may be diverted from the intake manifold 320 by means of an air

supply line 380 of the power generating system 300, which is connected to

the air supply line 130 of the hydrogen supply system 100.

15

[0098] The reformed gas supply line 143 is fluidly connected to the fuel cell

301. For example, the reformed gas supply line 143 may be connected to a

reformed-gas supply line 370 of the power generating system 300 which may

be connected to a (fuel) intake manifold

20

[0099] Although Figure 4 shows the power generator fuel supply branch

125 being present, the power generator fuel supply branch 125 may not be

connected the fuel cell 301 or dispensed with entirely

[00100] Further, although Figure 4 does not show any control units, the

power generating system 300 may include a fuel cell controller or fuel cell

control unit (or broadly, a power generator controller). The fuel cell controller

may be configured to control operation of the power generating system 300.
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[00101] While the foregoing is directed to embodiments, other and further

embodiments may be devised without departing from the basic scope, and the

scope is determined by the claims that follow

REFERENCE NUMERALS

5 100

110

112

113

10 1 14

115

116

117

15 I 19

120

121

122

123

20 124

125

126

130

131

25 132

133

134

hydrogen supply system

reformer device

reformer

pre-heater

evaporator

inflow temperature sensor

outtlow temperature sensor

pressure sensor

electric heater reformer

electric heater evaporator

electric heater pre-heater

fuel supply line

fuel supply valve

fuel pump

bifurcation

reformer fuel supply branch

power generator fuel supply branch

power generator supply valve

air supply line

air supply-reformer interface

air supply-intake manifold interface

compressing device

air supply valve
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140

141

142

143

5 144

145

150

151

152

10 153

154

155

156

157

15 158

159

160

161

162

20 163

164

165

166

167

reformed-gas tank

reformed-gas tank inlet

reformed-gas tank outlet

reformed-gas supply line

reformed-gas supply valve

purging valve

heat transfer system

first heat transfer fluid line

second heat transfer fluid line

second heat exchanger for pre-heater

catalyst

third heat exchanger for evaporator

first heat exchanger outlet
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pump for circulating heat transfer fluid

third heat transfer fluid line
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second exhaust as interface

25 200, 300
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fuel supply

air intake manifold

ICE controller
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240, 340

241, 341

242, 342

243, 343

5 244

245

250, 350

260

270, 370

10 280, 380

301

turbocharging system

compressor of turbocharging system

turbine

heat exchanger

turbine inlet

compressor outlet

exhaust gas manifold

fuel supply line

reformed-gas supply line

air supply line

fuel cell
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CLAIMS

A power generating system (200, 300) comprising an intake manifold

(220), a power generator, an exhaust manifold, a turbocharging system

(240, 340) for supplying charged air to the intake manifold (220, 320), and

a hydrogen supply system (100), the hydrogen supply system (100)

comprising:

a reformer device (110) comprising a reformer (111), the reformer device

(110) configured to supply the power generator (201, 301) with hydrogen,

10

a fuel supply line (120) configured for fluid communication with a fuel

supply (210), the fuel supply line being in fluid communication with the

reformer device (110) for supplying fuel to the reformer device (110);

15

an air supply line (130) configured for fluid communication with the intake

manifold (220, 320) for receiving the charged air from the intake manifold

(220, 320), the air supply line being in fluid communication with the

reformer device (110) for supplying the reformer device with the charged

air;

20

wherein the air supply line (130) further includes a compressing device

(133) upstream of the reformer device (110), the compressing device (133)

configured to increase the pressure of the charged air received from the

intake manifold (220, 320).

The power generating system (200, 300) of claim 1, wherein the reformer

(1 1 1) includes an electric heater (117), configured to heat a gas mixture

contained within the reformer (111) to at least 300 'C, preferably to at least

400 'C
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The power generating system (200, 300) of claim 2, wherein the electric

heater (117) is coated with a catalyst (154).

The power generating system (200, 300) of any preceding claim, further

comprising a reformed-gas tank (140), the reformed-gas tank having a

reformed-gas tank inlet (141) in fluid communication with an outlet of the

reformer device (110) and a reformed-gas tank outlet (142) configured for

fluid communication with the power generating system (200, 300).

10

The power generating system (200, 300) of claim 4, wherein the hydrogen

supply system (100) further comprises a heat transfer system (150)

including a first heat exchanger (161) configured to cool gas received from

the reformer device (110) by a heat transfer fluid, in particular wherein the

first heat exchanger (161) is disposed upstream of or within the reformed-

gas tank (140).

The power generating system (200, 300) of claim 5, wherein the heat

transfer system (150) includes at least one further heat exchanger (I 53,

155) disposed upstream of or within the reformer device (1 I 0), the further

heat exchanger being in particular configured to heat a fluid or fluid

mixture by a heat transfer fluid, wherein the first heat exchanger (16 I) and

the further heat exchanger are thermally connected

20 7. The power generating system (200, 300) of claim 6, wherein the first heat

exchanger (161) is in fluid communication with the further heat exchanger

(153, 155).
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8. The power generating system (200, 300) of claim 6 or 7, wherein the

reformer device (110) includes a pre-heater (112) in fluid communication

with the fuel supply line (120), and contigured to supply heated fuel to the

reformer (I 1 1), wherein the at least one further heat exchanger includes a

second heat exchanger (153) disposed within the pre-heater (112)

10

The power generating system (200, 300) of any one of claims 6 to 8,

wherein the reformer device (110) includes an evaporator (113) in fluid

communication with the fuel supply line (120), the evaporator being

configured to supply gaseous fuel to the pre-heater (112) or the reformer

(111), wherein the at least one further heat exchanger includes a third heat

exchanger (155) disposed within the evaporator (112).

20

10 The power generating system (200, 300) of any one of claims 6 to 9,

wherein the heat transfer system (150) defines a tluid circuit for

continuously circulating heat transfer fluid between the first heat

exchanger (161) and the at least one further heat exchanger (153, 155), in

particular wherein the heat transfer system (150) is configured to

continuously circulate heat transfer fluid from the first heat exchanger

(161) of the reformed-gas tank (140) to the second heat exchanger of the

pre-heater (112), from the second heat exchan er of the pre-heater (112) to

the third heat exchanger of the evaporator (113), and from the third heat

exchanger of the evaporator (113) to the first heat exchanger (161) of the

reformed-gas tank (140)
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11 The power generating system (200, 300) of any one of claims 5 to 10,

wherein the heat transfer system (150) includes an external heat exchanger

(162) for exchanging heat between the heat transfer fluid and an external

cold source; and/or wherein the heat transfer system (150) includes an

exhaust gas heat exchanger (163) for exchanging heat between the heat

transfer fluid and exhaust gas.

12. The power generating system (200, 300) of any one of claims 4 to 11,

wherein the reformed-gas tank (140) has a purging valve (145) for draining

liquid

10 13. The power generating system (200, 300) of any preceding claim, further

comprising a control unit (160), and

15

a) wherein the hydrogen supply system (100) further includes a

pressure sensor (116), preferably arranged upstream of the reformer (111),

for sensing a fuel pressure, wherein the fuel supply line (120) further

includes a fuel supply valve (121), and wherein the control unit (160) is

configured to control the fuel supply valve (121) based on the sensed fuel

pressure, and/or

20

b) wherein the reformer device (110) comprises at least one

temperature sensor (114, 115), preferably arranged upstream of the

reformer (111), for sensing a temperature of the fuel or the charged air or

a fuel-charged air mixture, and wherein the control unit (160) is configured

to control the electric heater (117) and/or the heat transfer system (150)

based on the sensed temperature; and/or
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c) wherein the hydrogen supply system (100) further comprises a

reformed-gas supply valve (144), preferably arranged downstream of the

reformed-gas tank (140), and wherein the control unit (l 60) is configured

to control the reformed-gas supply valve (144) to set a flow of reformed

gas supplied to the power generator (201, 301); and/or

10

d) wherein the hydrogen supply system (100) further comprises an air

supply valve (134), preferably arranged upstream of the reformer device

(110), and wherein the control unit (160) is configured to control the air

supply valve (134) to set a flow of charged air supplied to the reformer

device (110).

14. The power generating system (200) of any one of claims 4 to 12, wherein

the power generator is an internal combustion engine (201) having a

combustion chamber, wherein the internal combustion engine (201) is in

fluid communication with the reformed-gas tank outlet (142).

1S 15. The power generating system (300) of any one of claims 4 to 12, wherein

the power generator is a fuel cell (301), the fuel cell being in fluid

communication with the reformed-gas tank outlet (142).
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