wo 2024/073786 A1 |0 0000 KO0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
11 April 2024 (11.04.2024)

(10) International Publication Number

WO 2024/073786 Al

WIPO I PCT

(51) International Patent Classification:
H02J 1/10 (2006.01)

(21) International Application Number:
PCT/AT2023/060342

(22) International Filing Date:
03 October 2023 (03.10.2023)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
22199467.6 04 October 2022 (04.10.2022)  EP

(71) Applicant: AVL LIST GMBH [AT/AT]; Hans-List Platz
1, 8020 Graz (AT).

(72) Inventors: FLISCU, Catalin; Sovereign Court, Sir
William Lyons Road, Coventry CV4 7EZ (GB). GHOSH,
Saikat; Langdale House, Sable Way, Southfields Business
Park, Essex SS15 6LN (GB). WEINGRILL, David; Stall-
hofen 66, 8152 Stallhofen (AT).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN,HR,HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE, K G,
KH, KN, KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY,
MA, MD, MG, MK, MN, MU, MW, MX, MY, MZ, NA,
NG, NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO,
RS, RU,RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS§,
ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM,KE, LR,LS, MW, MZ, NA, RW, SC, SD, SL, ST,
SZ, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ,
RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
DE, DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT,
LU,LV,MC, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE,

(54) Title: FUEL CELL NETWORK

10

“}

30a 30b 20a 20b
50
40b Hv+
> HV-
40a HV+
N HV-
Fig. 1

(57) Abstract: The invention relates to a fuel cell network (10) for providing electric energy to at least two electrical propulsion units
(20a, 20b, 20c) driving a heavy-duty vehicle (100), comprising at least one fuel cell stack (30a, 30b, 30c) per propulsion unit (20a,
20b, 20c) further comprising at least one DC bus (40a, 40b, 40c) per propulsion unit (20a, 20b, 20c), wherein a first DC bus (40a)
is electrically isolated against every other DC bus (40b, 40c) and electrically connected to a first electrical propulsion unit (20a) and
further electrically connected to a first fuel cell stack (30a) via a DC-DC converter (50), wherein further at least one second DC bus
(40b) is electrically isolated against every other DC bus (40a, 40c¢) and electrically connected to a second electrical propulsion unit
(20b) and further electrically connected directly to a second fuel cell stack (30b).
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Fuel cell network

The present invention relates 1o a fuel cell network for providing eleciric energy to at
least 2 electrical propulsion units, a heavy-duty vehicle comprising such a fusl call
network as wall as a method for controlling the fuel cell stacks of a fuel cell network.

it is common knowledge to use fuel cell stacks for providing electric energy to propul-
sion units of vehicles. Usually such a vehicle comprises a fuel cell system with at
least one fuel cell stack to generale eleclric energy. At least one propulsion unitis
usually provided in form of an electric motor to use the provided slectric energy to
produce the driving force to drive the electric vehicle.

It is also known, that those fuel cell systems provide energy for so called heavy-duty
vehicles in marine applications or iarge vehicles like trucks. Since those heavy-duty
vehicles are in need of a bigger amount of electric energy for driving, it is also known
to provide systems with more than one fuel cell stack to provide the enhanced ener-
gy. Usually those multiple fuel cell stacks are electricaily connected in series fo pro-
vide the additional driving energy. The eleciric connection of those multiple fuel cell
stacks in series leads o a situation where the structure of one fuel cell is multiplied
and thereby the voltage of the complete system is increased. For example, a typical
fusl cell stack is structured to work with a voltage of 400 volts. In a heavy-duty vehi-
cle, using two of those fuel celi stacks, the electric serial connection of those two fuel
cell stacks jeads {0 a situation where the system voltage is increased o 800 volis.

A problem of the known sysiems is that the increase of voltage leads o several dis-
advantages. One disadvantage is the increased complexity coming along with the
increased voitage. Moreover, the necessary secondary componenis aiso known as a
balance of plant also need to be correlated io with the system voltage of 800 volis.
Since 400 volts is a typical voltage, an increased voltage leads to specific secondary
components with increased complexity, limited sources as wall as higher costs.

it is an object of the present invention {0 overcome above discussed problems. In
particular, it is an object of the present invention to provide a fuel cell network with a
cost-efficient energy source for heavy-duty vehicles.

Afore said object is achieved by a fuel cell network according o independent claim 1,
as well as a heavy-duty vehicie of independent claim 10 and a control method ac-
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cording to independent claim 11. Features of the main claims 1, 10 and 11 can be

combined with features of the respective subclaims as long as of technical sense.

According to the present invention a fuel cell network is proposed for providing elec-
fric energy 1o at least two electrical propulsion units driving a heavy-duty vehicle.
Such a fuel cell network comprises at least one fuel cell stack per propulsion unit. It
further comprises at least one DC bus per propulsion unit. The first DC bus is electri-
cally isolated against every other DC bus and electrically connected to a first electri-
cal propulsion unit. The first DC bus is further electrically connected to & first fuel cell
stack via a DC-DC converter. Further at least one second DC bus is provided and
electrically isolated against every other DC bus. That at least one second DC bus is
also electrically connected to a second electrical propulsion unit and further eleciri-
cally connected directly 1o a second fuel cell stack.

One core idea of the present invention is to provide a fuel cell network to produce
energy to be provided to at least two different electrical propulsion units such as elec-
tric motors for example. The eleclric energy is provided specifically for each of those
electric propulsion units by the slectric connection via a separate DC bus. According
to one the idea of the present invention each of the DC bus is specific for a fuel cell
stack at one end of the electrical connection and one propulsion unit at the other end
of the electrical connection. This means that the fuel celi stack, the correlating DC
bus as well as the directly connecled propulsion unit are creating electrically isolated
subsystems which are electrically independent from all the other subsystems.

The afore mentioned separation of those specific subsystems brings some significant
advaniages. The first advaniage is that each of those subsystems can be specifically
designed to fulfil the respective needs of the respective propulsion unit. As explained
later in more detail each of the fuel cell stacks of the respective DC bus and the re-
spective propulsion unit can have a different structure, size or complexity to fulfil the
respective specific needs of the connected propulsion unit. A further advantage of
this subsystem structure is the fact that only one single DC-DC converter is needed.
Since each of the subsequent DC bus, the subsequent propulsion units and in partic-
ular the subsequent fuel cell stacks are specifically correlated to each other. Each of
the fuel cell stacks can specifically comprise the elecirical components and the elec-
trical structure as nesded to fulfil the needs of the connected propulsion unit. A DC-
DC converter therefore is not necessary for the additional subsystems. Since the DC-
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DC converter is still provided for the main subsystem in form of the first fuel cell stack
there is a controllability for the first subsystem and thereby the other subsystems can

be free of a specific DC-DC converter.

Furthermore, an advaniage of the present structure of the different and specifically
isolated subsystems is the fact that the overall voliage of such a fuel cell network can
be kept low in particular at the standard level of 400 volts. This is independent from
the number of subsystems provided since all of the subsystems are electrically iso-
lated thereby creaiing a structure of parallel working fuel cell stacks which have, in
contrast to the state-of-the-art structure of serial electrical connection, a non-
increased voltage of the fuel cell network. This leads to the additional advantage to
allow usability of standard components as balance of plant components for each of
those subsystems since a standard level of voltage, for example 400 volts, is kept for

the whole fusl cell network.

The operability of an inventive fuel cell network allows for example 1o use one sub-
system in form of the first fuel cell stack 1o provide the general cperation mode. ifa
heavy-duty vehidle, for example in form of a fruck, is used on a regular frack the first
fusl cell stack is sufficient to provide the necessary ensrgy for one propuision unit in
form of the main drive unit. in case of circumstiance changes, for example in case the
truck starts 1o ascent a track on a hill, additional propulsion energy is needed. This is
recognized by the later on described control method and the additional propulsion
energy may exceed the maximum load of the first fuel cell stack. In this special or
heavy-duty operation mode the at least one second fuel cell stack is aclivated o
generate the additional propuision energy. This additional energy can be directed to
a separate and heavy-duty mode propuision unit in form of a separate propulsion
unit, for example a separate electric motor. Since the specific amount of propulsion
energy necessary for this heavy-duty mode is dependent for example from the angle
and the speed of the ascending truck movement, the first fuel cell stack can still be
controlied {o generate specifically and exactly the amount of eleclric energy needed
for the specific operation mode of the heavy-duty vehicle.

It is a further advantage of the present invention to provide a fuel cell network where-
in the first DC bus is electrically connected to a first battery device. This system in
general provides a hybrid soiution for the first DC bus. This leads to an increased
flexibility of operation of the heavy-duty vehicle and furthermore o a more constant
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operation mode of the first fuel cell stack. The fuel cell stack can be operated in a
constant or almost constant manner while overproduction of energy is stored in the
connected electrical battery device and for a short period of time additional amount of
energy can be provided out of the battery device without activating the at least one
second fuel cell stack and/or without increasing the load situation for the first fuel cell
stack. In particular only the first DC bus is connected io a battery device as dis-
cussed in the foliowing.

it is also an advantage in case of an inventive fuel ceil network wherein only the first
DC bus is connected {o a first batlery device while every other DC bus is free from
any battery device. This reduces significanily the complexity of the overall network
since only one batiery device is necessary. Moreover, the first subsystem, which is
constructed in hybrid form using the battery device, can make use of a standard fuel
cell system, which is common knowledge for example used in standard vehicles.
That standard hybrid system is enhanced by adding the at least one second fuel cell
stack and the correlated second DC bus for the second propulsion unit. The reduced
complexity and in particular the use of at least partly standard components and
standard control methods, reduces complexity of such a fuel cell network and thereby
this leads 1o a reduction of costs.

it is also an advantage in case of an inventive fuel cell network when every DC bus is
glectrically connected to further elecirical components specific for each DC bus.
Those further electrical componenis or secondary electrical components, also be
calied balance of plant components (BOP), are specific for each DC bus and thereby
provide the necessary electrical specifications as needed for each DC bus. As al-
ready discussed, the electrical specifications depend on the voltage of each of the
subsystems and since each of the subsystems can keep the voitage down o the
standard ievel of for example 400 volis. The standard components can also be used
for each of the subsystem electrical components.

Further of advantage is a fuel cell network, wherein the first fuel cell stack and the at
least one second fuel cell stack are identical or in general identical. in particular when
a heavy-duty vehicle is in need of multiple propulsion units for an amount of electrical
energy produced by a muliiple number of fuel cell stacks, each of those fuel cell
stacks can be structured modularly identically so that all of those fuel cell stacks and
all of the sub systems are in genseral interchangeable. In particular only one of those
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fuel cell stacks needs to be controlied by the DC-DC converter since all of the sec-
ondary fuel cell stacks provide the basic load (o generate the necessary amount of
glectrical energy. The identical structure of most of the fuel cell stacks reduces costs
and complexity of an inventive fusl cell network even further.

it is also of advantage for a fuel cell network according to the present invention
wherein at least one DC bus is connected to at ieast two fuel cell stacks in paraliel.
This means that one DC bus can use the energy of more than one fuel cell stack
thereby generating a higher amount of electrical energy. This allows the usage of two
fuel cell stacks which are also connected in parallel via the one single DC converter
to the DC bus and thereby aliow to produce and provide additional elecirical energy
o the respective electrically connected propulsion unit.

A further advantage can be a fuel cell network wherein at ieast one DC bus is electri-
cally connected to a fuel cell stack being different 1o at least one other fuel cell stack.
As already mentionad above, the fuel cell stacks in terms of their maximum load op-
ergtion mode can be correlated with the respeciive connected propulsion unit. This
ailows different propulsion units with different energy specifications, and thereby spe-
cifically with those energy specifications correlating fuel cell stacks can be part of the
invented fuel cell network, Of course, it is possible to combine a fuel cell network with
multiple identical fuel cell stacks with one or more different fuel cell stacks within one
single fuel cell network.

ftis also an advantage of an inventive fuel cell network wherein at ieast one DC bus
comprises an elecirical connection to the fuel cell stack free from a DC-DC converier.
in particular, as already mentioned above, the DC-DC converter is only in place for
the first fuel cell stack and the first DC bus. According to this embodiment of the pre-
sent invention all other connections of each other DC bus are free from such a DC-
DC converter, since the controllability is efficiently provided by the first fuel cell stack
and the correlated DC-DC converter. To limit the overall fuel cell network down to
one single DC-DC converter reduces complexity and costs of the structure and fur-
thermore the complexity and the cosis of the conirol method.

Further of advantage is a fusl cell network wherein the fuel cell stacks comprise a
paraliel feed and/or exhaust gas connection. While a parallel feed and exhaust gas
connection is an advantage the vaives to provide the feed and to get rid of the ex-
haust gas can be provided as singie valves for the complete fuel cell network thereby
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opening the gas pipelines or closing them completely. In particular, those valves can
be guantitative controliable valves, basically binary shutting down or opening the re-
spective pipeline, or qualitative valves, giving a flexible and controliable rate of differ-
ent flow rates o and from each of the fuel cell stacks.

A further aspect of the present invention is a heavy-duty vehicle comprising at least a
first electrical propulsion unit to provide driving force in regular operation mode and at
least a second slectrical propulsion unit providing driving force in a heavy operation
mode. Such a heavy-duty vehicle further comprises a fuel cell network according to
the present invention, wherein every propulsion unit is electrically connected o a
separate DC bus of the fuel cell network. Thereby an inventive heavy-duty vehicle
brings the same advantages as in detail described related to the fuel cell network
above.

A further aspect of the present invention is related to a method for controlling the fuel
cell stacks of an inventive fuel cell network according to the present invention, com-
prising the following steps:

— Capturing the present propulsion demand of a heavy-duty vehicle,

Comparing the captured propulsion demand with the maximum load of the fuel
cell stacks of the fuel cell network,

Selecting the specific fusl cell stacks being able fo fulfil the captured propul-
sion demand,

Operating the selected fuel cell stacks according to fulfii the captured propul-
sion demand.

An inventive method comes along with the same advantages as already discussed in
detail with respect to the inventive fuel cell network.

The present invention is discussed in more detaill with respect to the accompanying
figures as discussed below. The figures show schematically:

Fig. 1 a first embodiment of an inventive fuel cell network,

Fig. 2 a second embodiment of a fus! cell network,
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Fig. 3 a third embodiment of the fuel cell network,
Fig. 4 a further embodiment of a fuel cell network,
Fig. 5 a further embodiment of a fuel cell network,
Fig. 8 a further embodiment of a fuel cell network,
Fig. 7 an embodiment of a heavy-duty vehicle.

Figure 1 shows the one embodiment of a fuel cell network 10 comprising two differ-
ent fuel cell stacks 30a and 30b. Each of the fuel cell stacks 30a and 30b are gener-
ally identically so that they can be produced cost efficient in a modular way. Moreo-
ver, a first DC bus 40a is electrically connected via a high voltage connection to the
first fuel cell stack 30a via one single DC-DC converter 50. The electric energy gen-
erated by the first fuel cell stack 30a is converted by the DC-DC converter 50 in a
controlled manner and is provided via the first DC bus 40a to a first propulsion unit
2Ca in form of an electric motor. In case the respectively equipped heavy-duty vehicle
100, as for example is depicted in figure 7, is in need of higher electrical propulsion
energy the additional power demand can only be fulfilled by adding the second fusl
cell stack 30b o the operation. The second fuel cell stack 30b is activated and now
also starts o provide energy in an electrical form via the second DC bus 40b to the
second propulsion unit 20b. In particular this second DC bus 40b is free from a DC-
DC converter 50 since only the first DC bus 40a is controlled via the DC-DC convert-
er 50.

Figure 2 shows a further embodiment based on the embodiment depicted in figure 1.
it shows an identical situation but with an additional third fuel cell stack 30c¢ electrical-
ly connected via a third DC bus 40c¢ {o a third propulsion unit 20c. This adds an addi-
tional step for even further increased power demand of the heavy-duty vehicle 100 so
that in the maximum heavy operation modse of the heavy-duty vehicle 100 all three
fuel ceil stacks 30a, 30b and 30c are in operation and provide electric energy to ali 3
propulsion units 20a, 20b and 20c¢.

in figure 3 the embodiment of figure 2 is advanced by adding a battery device 80 to
the first DC bus 40a. This allows a more stable and constant operating mode for the
first fuel celi stack 30a since the battery device 80 provides a balancing or a leveiling
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hetween the actual power demand of the connected first propulsion unit 20a and a
stabilized operation mode of the energy providing first fus! cell stack 30a.

in figure 4 additionally for each of the 3 DC busses 40a, 40b and 40c all of them are
connected (o balance of plant secondary electrical components 70a, 70b and 70c.
Those can be provided in a simple and cost-efficient manner since the voltage of all
of the different subsystems of the DC bus 40a, 40b and 40¢ are kept for example at
the standard level of 400 volts.

in figure 5 a further embodiment is shown wherein the first DC bus 40a is connected
to 2 separate but identical fuel cell stacks 30a via the identical same and single DC-
DC converter 50. This allows to produce a higher in particular at least the double of

the electrical energy to be provided to the first and main propulsion unit 20a.

in figure 6 a further embodiment of the fuel cell network 10 is shown. In this embodi-
ment the auxiliary fuel cell stacks 30b and 30c¢ are structured and constructed smaller
in terms of size, costs and complexity, so that they function as auxiliary power pro-
viders only. Respectively, they correlate with smaller constructed propulsion units
20b and 20c which can aiso be considered {0 be auxiliary propulsion units.

In figure 7 a heavy-duty vehicle 100 is shown in form of a truck. This is provided with
a fued cell network 10 in form of one of the embodiments of figures 1 10 8. This fuel
cell network 10 is connected via three different DC busses 40a, 40b and 40c¢ to three
different propuision units 20a, 20b and 20c driving and providing driving force o dif-
ferent axles of this fruck. A conirol method is now able to select specific fuel ceall
stacks 30a, 30b and 30c¢ within the fuel cell network to fulfil a detected power de-
mand of cne or even more of the propulsion units 20a, 20b und 20c¢.

The description of the embodiments is by the way of example only.
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Reference

10 fuel cell network

20a  propulsion unit

20b  propulsion unit

20c  propulsion unit

30a fuel cell stack

30b  fuel cell stack

30c  fuel cell stack

40a DCbus

40b DCbus

40c  DCbus

50 DC-DC converter

80 batiery device

70a electrical components
70b  electrical componenis
70c  electrical components
100 heavy-duty vehicle
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Claims

Fuel cell network (10) for providing electric energy to at least two elecirical
propuision units (20a, 20b, 20c) driving a heavy-duty vehicle (100}, comprising
at least one fuel cell stack {30a, 30b, 30¢) per propulsion unit (20a, 20b, 20c¢)
further comprising at least one DC bus (40a, 40b, 40¢) per propulsion unit
{203, 20b, 20c), wherein a first DC bus (403a) is electrically isolated against
every other DC bus (40b, 40c¢} and electrically connectad {o a first electrical
propuision unit (20a) and further electrically connected to a first fuel cell stack
{30a) via a DC-DC converter (50), wherein further at least one second DC bus
{40b) is electrically isolated against every other DC bus (40a, 40c¢) and electri-
cally connected to a second electrical propulsion unit (20b) and further slectri-
caily connecled directly {0 a second fusl cell stack (30b).

Fuel cell network (10) according to claim 1 characterised in that at least the
first DC Bus (40a) is electrically connected to a first batiery device (60).

Fuel call network (10) according to claim 2, characterised in that only the first
DC-Bus (408) is connected to a first battery device (80), while every other DC
bus (40b, 40c) is free from any baltery device (60).

Fuel cell network (10) according to any of the proceedings claims, character-
ised in that every DC bus (40a, 40b, 40c¢) is electrically connected to further
electrical components (70a, 70b, 70c) specific for each respective DC Bus
{40a, 40b, 40c).

Fuel cell network (10) according to any of the proceedings claims, character-
ised in that the first fuel cell stack (30a) and the at least one second fuel cell
stack (30b, 20c) are ideniical or in general identical.

Fuel cell network (10} according to any of the proceedings claims, character-
ised in that at least one DC-Bus (40a, 40b, 40¢) is connected to at least two
fuel cell stacks (3Ca, 30b, 30c¢) in paraliel.

Fuel cell network (10) according to any of the proceedings claims, character-
ised in that at least one DU Bus (40a, 40b, 40¢) is electrically connected to a
fuei cell stack (30a, 30b, 30¢) being different (o at least one other fuel celi
stack (30a, 30b, 30c).
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8. Fuel cell network (10) according to any of the proceedings claims, character-
ised in that at least one DC Bus (40b, 40¢) comprises an electrical connection
to the fuel cell stack (30h, 30c) free from a DC-DO converter.

9. Fuel cell network (10) according to any of the proceedings claims, character-
ised in that the fuel cell stacks {30a, 30b, 30¢) comprise a parallel feed and/or
exhaust gas connection.

10, Heavy-duty vehicle (100), comprising at least a first electrical propulsion unit
(20a) to provide driving force in regular operation mode and at least a second
electrical propulsion unit (20b, 20¢) providing driving force in a heavy opera-
tion mode, further comprising a fuel cell network {10) with the features of any
of claims 1 10 8, wherein every propulsion unit {20a, 20b, 20¢) is electrically
connected {o a separate DT Bus (40a, 40b, 40c¢) of the fuel cell network (10).

11, Method for controlling the fuel cell stacks (30a, 30b, 30c) of a fuel cell network
{10} with the features of any of claims 1 10 8, comprising the following steps:

Capturing the present propulsion demand of a heavy-duty vehicle (100},

- Comparing the captured propulsion demand with the maximum load of
the fuel cell stacks (30a, 30b, 30c¢) of the fuel cell network (10},

- Selecting the specific fuel cell stacks (30a, 30b, 30¢) being able to fulfil
the captured propulsion demand,

- Operating the selected fuel cell stacks (3Ca, 30b, 30c¢) according to fulfil
the captured propuision demand.
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