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DESCRIPTION

Description

[0001] The present disclosure relates to a mobile hybrid generator system for providing grid-
like AC power output to a load at off-grid locations. The present disclosure further relates to a
tracked vehicle comprising the present hybrid generator system a power supply system.

Background

[0002] Power supply systems are known from the prior art, which are used in particular in
areas, where no power supply is guaranteed via the power grid, for example on construction
sites, for testing wind turbines before grid connection, remote fish farms, in remote areas or
when the power supply has failed, in order to supply a variety of devices with electricity
autonomously or independently of the grid. These power supply systems essentially have a
generator which is driven by an internal combustion engine, in particular a gasoline or diesel
engine. The devices to be operated can be connected to the generator and operated thereby.

[0003] A disadvantage of the known power supply systems is that in the combustion engines
used, the energy value contained in fossil fuels can be converted into electrical energy only to
a small extent. This ratio of consumed output energy to electrical energy further deteriorates
when the engine cannot operate in the optimum power range. The low energy conversion
efficiency results in a high demand for fuel, which creates deployment efforts and high costs.
Furthermore, unnecessarily emissions, in particular exhaust gases are released to the
environment.

[0004] To counter these disadvantages in part, systems are known from the prior art, in which
the generator is connected to a DC intermediate circuit, via a rectifier and thereby supplies an
electric energy storage device with power, as so called hybrid power supply system because it
is a hybrid between a traditional generator based power supply system and an energy storage
power supply system, aka a hybrid generator. Such hybrid systems makes it possible to
operate the generator at a better operating point. A disadvantage of these systems is the
limitation of the maximum load by the capacity of the energy storage. The electrical energy
storage must therefore be sized relatively large. Furthermore, especially in peak load
operation, considerable conversion losses occur due to the interposition of a DC buffer
between the generator and the load. As a result, the overall efficiency of the system is
significantly reduced.

[0005] In the prior art (cf. WO 2014/033467 and WO 2019/014691) this issue has been
handled by switching between first and second operating modes of the power supply system,
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wherein in the first operating mode the energy generated in the generator is supplied to the
DC intermediate circuit and thus in particular to the rechargeable electrical energy storage, and
supplied subsequently from there via the inverter to the load. The first operating mode is used
under normal load conditions. In the second operating mode the generator and the inverter are
connected in parallel, so that the load is supplied directly with energy both from the DC
intermediate circuit (and the rechargeable electrical energy storage) and the generator. A
control device which regulates the generator in dependence on the load of the electrical load is
provided. As a result, the output power can be increased and peak loads can be compensated
in the second operating mode. By providing the possibility of switching between these two
modes, it has been possible to dimension the generator smaller, since at peak loads the power
supply is ensured by the interaction between the generator and DC intermediate circuit rather
than the generator or the DC intermediate circuit having to uphold the power supply on their
own. Furthermore, the generator can be switched off, for example during repair or
maintenance work, but only very temporarily, because the generator needs to be ready for the
peak load requirement. The result is that the internal combustion engine will be running almost
constantly, at least in idle mode, with air and noise pollution as the result.

[0006] GB 2493631 discloses a portable generator system comprising an engine, a generator
driven by the engine to produce AC power, an energy storage system, such as a battery, a first
inverter or rectifier to convert the AC to DC and a second inverter to convert the DC outputs of
the energy storage system and the rectifier to AC.

[0007] A purpose of the present disclosure is to further optimize operation of a hybrid
generator system.

Summary

[0008] The present invention is defined in the appended claims.

[0009] The present disclosure relates to a mobile hybrid generator system for providing (grid-
like) AC power output to a load at off-grid locations which can be controlled such that much
reduced fossil fuel consumption can be realized - and with much better quality of the delivered
electricity. In general the presently disclosed hybrid generator system comprises a
rechargeable electrical energy storage unit, such as a battery, typically configured to provide a
DC power output. At least a first primary energy source may be provided, such as an
(combustion) engine, for charging the rechargeable energy storage unit, and an inverter unit
configured for converting the DC power output from the rechargeable energy storage unit to
the AC power output for the load. These components can be accommodated in a housing. A
key feature is that the presently mobile hybrid generator system preferably is configured and
dimensioned such that the AC power output is provided only from the inverter unit, both during
normal mode operation and during peak power operation, i.e. pure inverter based operation
can be provided at all times. |l.e. the presently mobile hybrid generator system is preferably
configured and dimensioned such that the AC power output is provided only from the
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rechargeable energy storage unit via the inverter unit, both during normal mode operation and
during peak power operation.

[0010] Grid-like AC power is 50 Hz or 60 Hz, 110/120/220/240/400 V AC, typically threephase.
The presently disclosed hybrid generator system is preferably rated at at least 50 kVA, more
preferably at least 75 kVA, most preferably at least 90 or even at least 100 kVA, three phases.

[0011] As long at the generator + engine is connected directly to the output (possibly via an
inverter), the power factor is an issue. When a power requirement is created by the load, the
generator must be able to react to it. The generator itself is normally capable of doing that but
the engine side of the unit is typically not sized to be able to deliver the horsepower (kW) to
permit the generator to carry the load at the rated speed under all conditions. The industry
standard for generators is for them to be rated for up to a 0.8 power factor. l.e. a 140 kVA
traditional generator with a power factor of 0.8 can provide 0.8 x 140 = 112 kW, which
corresponds to a peak power capacity of approx. 140 kW for a few seconds. Taking the power
factor into account the engine in a traditional generator is over-dimensioned because also the
engine must be dimensioned for peak power requirements, even though the normal mode
operations specifications are much lower than peak power requirements.

[0012] The present inventor has realized that with pure inverter based operation the power
factor issue, usually associated with generators, is much less of an issue, i.e. by dimensioning
the inverter unit of the presently disclosed hybrid generator system for the peak load
requirements, much can be gained. In that regard it is noted that a 90 kVA inverter unit can
provide a power output of 180 kW for a few seconds with a suitable dimensioned battery. With
the inverter unit in itself being able to handle the peak power requirement, and if an engine is
used as the primary energy source, the engine can be dimensioned for the normal mode
operation, i.e. a much smaller and engine is required and the engine can be operated only
temporarily such that fuel efficiency and engine efficiency can be optimized. Under typical
loading conditions the load can be provided from the rechargeable energy source, and as the
engine is only used for charging the rechargeable energy source, operation of the engine can
be reduced to a few hours per day - which should be compared to close to 24 hour engine
operation, even with state of the art hybrid generator systems.

Description of drawings

[0013]

Figs. 1 and 1A shows schematic overviews of embodiments of the presently disclosed hybrid
generator system.

Figs. 2 and 2A show schematic overviews, including control units, of embodiments of the
presently disclosed hybrid generator system.

Fig. 3 shows an illustration of the housing showing the generator side of one embodiment of
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the presently disclosed hybrid generator system.

Fig. 4 shows an illustration of the housing showing the inverter + battery unit side of one
embodiment of the presently disclosed hybrid generator system.

Fig. 5 shows an illustration with a top view of the housing showing both the generator side and
the inverter + battery unit side of one embodiment of the presently disclosed hybrid generator
system.

Detailed description

[0014] The presently disclosed hybrid generator system is preferably configured such that
output from the primary energy source is only used to charge the rechargeable energy storage
unit - in that case the output from the primary energy source cannot be used for the load. |l.e.
typically there is no direct connection between the primary energy source and the inverter unit,
in that case they are only connected through the rechargeable energy storage unit.

[0015] The presently disclosed hybrid generator system is preferably further configured to
control start and stop of charging of the rechargeable energy storage unit by the primary
energy source based on a power status of the rechargeable energy storage unit. l.e. in the
preferred embodiment it is the status of the rechargeable energy storage unit, i.e. how much
electrical power is left, which determines whether charging from the primary energy source
shall take place. With an engine as the primary energy source, this means that the engine
should only start when charging of the rechargeable energy storage unit is required. l.e. the
system may be provided with a lower limit of the remaining electrical power of rechargeable
energy storage unit - when the lower limit is reached charging begins. A lower limit can be
around 20-40% of the maximum power. This lower limit may be situation dependent, i.e. during
night time the lower limit may be reduced further, i.e. to less than 20% to maintain silent mode
of the hybrid generator system during night time. In other situations the lower limit may be
increased, i.e. when the ambient temperature of the hybrid generator system is low, e.g. below
freezing temperature, the lower limit may be increased, possibly around 40-50% of the
maximum power. l.e. usually charging of the rechargeable energy storage unit is only
determined by the power remaining in the storage unit - and possibly external factors such as
time of day and ambient temperature - but typically not the current load requirements. Hence,
in case of an engine as the primary energy source, the engine is running completely
independent of the load requirements. However, in case of the rechargeable energy storage
unit being close to the lower limit, e.g. being within 5-20% percentage points from the lower
limit, and the load being above a certain limit, the system may be configured to charge the
rechargeable energy storage unit during this certain load requirement.

[0016] As also indicated above the inverter unit is preferably configured such that the
maximum AC power output from the inverter unit matches a peak power requirement of the
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load. In that regard the inverter units is preferably modularized, i.e. comprises a plurality of
inverters, such as a plurality of 10 KVA inverters, such that the peak power requirements of a
load can be provided by a suitable number of inverters in a modular setup.

[0017] Correspondingly the maximum power output of the primary energy source, such as an
engine, is preferably configured to match a normal mode requirement of the load. This is in
contrast to prior art generators where the engine is dimensioned to match the peak power
requirement of the load - and even take the power factor into account.

[0018] Dimensioning and configuration of the rechargeable energy storage unit depends on
other factors. It should match the peak power requirement from the inverter unit, but that is
usually not an issue. A larger battery is more heavier and makes the presently disclosed hybrid
generator system less mobile - but a large battery also requires fewer charging cycles such
that silent mode of the present hybrid generator system can be upheld for longer periods. The
lifetime of a battery is typically defined in terms of charging cycle, i.e. how many charges are
possible - and how are these charging cycles defined. In that regard the dimensioning and
configuration of the rechargeable energy storage unit can be determined by a required lifetime
of the battery.

[0019] In the preferred embodiment the DC side of the presently disclosed hybrid generator
system, including the rechargeable energy storage unit, is low-voltage, typically less than 50 V,
such as 48 V.

[0020] The at least first primary energy source may be an engine, e.g. a combustion engine,
preferably an integral engine, powered by fluid fuel, such as gasoline, diesel, methanol, biofuel,
gas, hydrogen, etc., or a (hydrogen) fuel cell unit. l.e. a source of energy not relying a
renewables, like sun, wind, waves, etc. The presently disclosed hybrid generator system is
preferably configured for starting the engine a time period, e.g. 1-5 minutes, before charging of
the rechargeable storage unit begins, such that the engine is warmed up before load of the
engine begins. It may not be a predefined period, but may be based on a temperature
measurement of the engine. In that way the engine is not loaded before it is warm.

[0021] Along with an engine comes a generator unit driven by the engine for generating AC or
DC power. In case of an AC generator a rectifier unit is provided for converting the AC power
from the generator unit to DC power for charging the rechargeable energy storage unit. In
case of a DC generator a rectifier unit is not needed and with an appropriate selection of a DC
generator, e.g. a low-voltage DC generator, the primary energy source can directly charge the
rechargeable energy storage unit.

[0022] A major advantage of decoupling the primary energy source from the load, is that the
primary energy source can be operated completely independently, e.g. in terms of AC power
frequency. AC power output is usually provided at around 50 Hz. If the engine + generator is
connected to the load, 50 Hz requires an engine speed of around 1500 RPM with a four pole
generator. But a typical diesel engine does not operate efficiently at 1500 RPM. The primary
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energy source of the presently disclosed hybrid generator can be operated independently of
the load, such that in case of a primary AC power source, the frequency of the AC power
output from the primary energy source can be different than the frequency require of the AC
load. In case of an engine, 60 Hz AC power can be provided from around 1800 RPM, which is
much more efficient for a diesel engine. As the engine is integral it can be incorporated in the
housing configured such that the air intake to the engine is provided around the location of the
inverter unit and the rechargeable energy storage unit, such that a flow of air is provided
around the inverter unit and the rechargeable energy storage unit when the engine is running
which can be used as a cooling source for the inverter unit and the rechargeable energy
storage unit.

[0023] If an appropriate DC generator is used the operation of the engine can be even more
optimized because the RPM of the engine will then only determine the power output from the
DC generator, whereas the voltage output from the DC generator can be constant and
independent of the RPM of the engine.

[0024] A fuel tank, for holding fluid or liquid fuel, is preferably integrated in the housing, the fuel
tank preferably configured for holding at least 500 or 750 litres of fuel. In practice this means
that the presently disclosed hybrid generator system dimensioned to replace a 140 KVA
traditional generator, can deliver stable electrical power for weeks without needing refuelling.

[0025] The presently disclosed hybrid generator system may also be configured to supplement
and boost existing AC grid connection. l.e. at construction sites there may be an AC grid
connection / outlet, which is not dimensioned to the maximum load requirement at the site. The
existing AC grid connection can then be seen as at least a second primary energy source
connected to the AC side of a rectifier unit and used to charge the rechargeable energy
storage unit. The maximum load requirement of the construction site can now be matched by
the present hybrid generator system. If the load requirement for a time period is more than the
AC grid connection can provide to the rechargeable energy storage unit, such that the
rechargeable energy storage unit is discharged, the primary energy source can supplement
the secondary energy source in form of the grid connection.

[0026] In the preferred embodiment the rechargeable energy storage unit is a battery unit,
such as a lithium-ion battery unit, such as a lithium iron phosphate battery (LiFePO 4) battery
unit, preferably a lithium-titanate (LTO) battery unit. As mobility is an issue with mobile
generator systems, LTO batteries are not the obvious choice for the presently disclosed
because the energy density of LTO batteries because a disadvantage of lithium-titanate
batteries is that they have a lower inherent voltage of 2.4 V, which leads to a lower specific
energy of about 30-110 Wh/kg) than conventional lithium-ion battery technologies, which have
an inherent voltage of 3.7 V. The lithium-titanate nanocrystals on the surface of the anode of a
LTO battery provides the anode a surface area of as high as about 100 square meters per
gram, allowing electrons to enter and leave the anode quickly. This makes fast recharging
possible and provides high currents when needed, and thereby the ability to deliver energy
over an extremely short period, i.e. an LTO battery can better match the peak power
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requirements of the load such that the AC power output is only inverter based on not
dependent on the primary energy source.. Furthermore, LTO batteries provides for very high
thermal stability and long lifespan and can be warranted for 20 years or 22,000 cycles.

[0027] The presently disclosed hybrid generator system may advantageously be configured for
integrating a renewable AC power source, preferably at the AC power output side of the
inverter unit, i.e. a wind turbine facility or a AC solar cell unit. Such a renewable AC power
source is per definition unstable and the presently disclosed hybrid generator system can be
used to provide the necessary stability. The advantage of integrating a renewable AC power
source at the AC side of the inverter unit is that the power from the renewable AC power
source can be used directly for the load which is more efficient in terms of conversion loss. The
presently disclosed hybrid generator system may then also be configured such that when
surplus AC power is provided from the renewable AC power source, this surplus AC power can
be directed through the inverter unit, i.e. converted to DC power and then used to charge the
rechargeable energy storage unit. |.e. when the requirements from the load is less than the
power output from the renewable AC power source, surplus power can be used to charge the
rechargeable power storage unit.

[0028] On the other hand: If a renewable DC power source is available, for example a DC
solar power source, it is more advantageously to integrate it at the input of the rechargeable
power storage unit for charging the rechargeable power storage unit, because then DC power
is readily available.

[0029] A renewable power source, either DC or AC, may even be part of the presently
disclosed hybrid generator system, e.g. a solar power source mounted on the roof of the
housing.

[0030] The housing of the presently disclosed hybrid generator system is preferably primarily
manufactured in plastics, such as thermoplastics, such as high density polyethylene. The main
advantage is that it is lightweight, solid and most importantly: is electrically insulating. The
housing can be manufactured by cutting, milling and/or punching large plates of thermoplastics
in suitable parts and weld them together to form the housing, much like working in steel, but
with a lightweight electrically insulating housing as the result. The thermoplastic plates used for
the housing can be a combination of 1) low cost solid plates that can we welded together, e.g.
for forming partitions in the housing and for attaching for various components, and 2) more
expensive sandwich plates for the larger sides of the housing, with integrated cavities such that
sandwich plates have lower weight, better sound absorbing properties and better shock-
absorbing properties. l.e. a thermoplastic housing can be cut, formed, milled, welded and
worked like metal but the advantages is that it works as an insulator, has lower weight, better
sound absorbing properties, better shock absorbing properties, can be made of recycled
material and can also be recycled after use. All in all a more energy efficient and
environmentally friendly solution.

[0031] The presently disclosed hybrid generator system is preferably mobile, a self-contained
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transportable plug-and-play system which can be transported to remote places and deliver
grid-like electrical AC power. A wheeled chassis, such as a trailer, may be provided for holding
the housing, i.e. for holding the entire hybrid generator system, thereby providing the mobility.
The presently disclosed hybrid generator system with a 90 kVA inverter unit, a 50 kVA primary
energy source in the form of an integral 3 liter, 4 cylinder diesel combustion engine +
generator, a 36 kWh 48 V LTO battery unit, a 40 kW rectifier unit and a fuel tank for holding
750 litres of diesel, can replace a traditional 140 kVA generator. The weight of such a unit
(including a trailer) can be kept under 3000 kg, even with full fuel tank, such that the hybrid
generator system with trailer can be towed by a car and not necessarily a truck. Thereby even
very remote locations can be easily reached at low transportation costs. With 750 litres of
diesel weeks of operation can be achieved without refuelling and the engine will typically only
need to run one to two times a day for few hours for recharging the battery. This is in
comparison to the traditional 140 kVA generator with an engine running 24/7 and which must
typically be refuelled every 3 days, and serviced several times of the year, i.e. less fossil fuel
pollution and less noise with the presently disclosed hybrid system. As the engine can be
operated at much more optimal conditions, lifetime and service intervals of the engine are
much longer than for traditional generators.

[0032] The presently disclosed hybrid generator system maybe network / cloud connected via
a modem and/or router such that it can be monitored and controlled online and remotely.

[0033] In a further embodiment the at least first primary energy source comprises at least one
DC voltage generator, such that the output from the first primary energy source is DC power.
The DC voltage generator can for example be a permanent magnet assisted synchronous
reluctance motor used as generator. As with a AC generator the DC voltage generator may be
driven by a combustion engine. The DC voltage generator may advantageously be configured
to provide an output voltage of less than 100 Volts DC, preferably less than 75 Volts DC, more
preferably less than 50 Volts DC, most preferably 48 Volts DC. In such case the voltage output
from the DC generator can be selected to match the voltage input of the rechargeable energy
storage unit such that the system can be simplified. |.e. the DC power output from the primary
energy source may be configured for direct charging of the rechargeable electrical energy
storage unit, i.e. preferably without a rectifier. A low DC voltage of sub 50 V at the output of the
DC voltage generator is also much safer than a 400 Volts AC Voltage at the output of an AC
generator. Therefore care for some security measures, such as providing an earth wire
coupled for example to metallic touch parts, are not strictly compulsory for the power source,
which simplifies the design of the system.

[0034] With a DC generator it becomes even more important that the inverter unit is
dimensioned for peak power requirement of the load, because with a DC voltage generator the
primary energy source cannot drive the AC load directly.

[0035] The DC voltage generator is preferably a low-voltage DC voltage generator, such as a
permanent magnet assisted synchronous reluctance motor, preferably relying on stator cage
technology. One example is the Molabo ISCAD (Intelligent Stator Cage Drive) V50 motor, in
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this case used as a generator, which has a weight of only 45 kg. A low weight of the generator
and avoiding the rectifier unit can provide a saving of several hundred kilos compared to a
typical AC generator solution.

[0036] Avoiding the power loss in a rectifier will further improve the efficiency of the system and
also save weight. Low weight is an important factor of these systems because they are mobile
and are typically be transported on a trailer. It is much convenient to have a total weight below
3000 Kg in order to be able to transport the trailer with a car. Reducing further the total weight
of the power source is very advantageous because it allows to use a larger fuel tank and
therefore allows a longer autonomous working time-spam of the hybrid generator. Alternatively,
a lower weight power source allows a lighter trailer, possibly also smaller in size and therefore
easier to transport and more environmentally friendly.

[0037] Efficiency is another important factor for a mobile hybrid generator because a more
efficient hybrid generator allows for lower fuel consumption per outputted Watt, yielding a
longer autonomous working time for a given fuel tank, a smaller impact on the environment
and a reduced cost of the fuel for a given working time.

[0038] The DC voltage generator may be configured for providing a constant nominal power
output of at least 30 kW, more preferably at least 35 kW, even more preferably at least 45 kW,
most preferably at least 50 kW. The DC voltage generator may further be configured for
providing a peak power output of at least 45 kW, more preferably at least 50 kW, even more
preferably at least 70 kW, most preferably at least 80 kW. This may provide for constant
charging of the rechargeable energy storage unit with a power of at least 30 kW, more
preferably at least 35 kW, typically 37 kW of charging power delivered to the storage unit, and
a peak power charging at 50 kW of charging power delivered to the storage unit.

[0039] In case of a combustion engine and an AC voltage generator, the required speed of the
combustion engine is tied to the frequency of the AC generator, e.g. a speed of about 1850
rpm is near optimal for an AC frequency of 60 Hz. But with a DC generator the operation of the
engine can be even more optimized because the RPM of the engine will then only determine
the power output from the DC generator, whereas the voltage output from the DC generator
can be constant and independent of the RPM of the engine. l.e. the combustion engine may be
operated at a speed / RPM which is most efficient for the combustion engine, the DC voltage
generator and/or the rechargeable energy storage unit. In particular the RPM of the
combustion engine may be adjusted depending on the needed time for recharge of the energy
storage unit. This feature brings the desirable effect that a shorter recharge time may be
achieved when needed by the application. If for example noise of the engine is an issue, the
engine can be operated at higher RPM providing a higher output power of the DC voltage
generator such that the rechargeable energy storage unit can be fully charger faster. The 140
kVa hybrid generator exemplified herein can for example provide 24 hour normal operation
and only need on the order of 2 hours of engine operation per day if the battery is charged at
peak power. On the other hand the engine can alternatively be operated at an RPM the
provides the maximum fuel efficiency, e.g. at around 2600 RPM, yielding a lower fuel
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consumption per output Watt, with desirable effect of a longer duration of the autonomous
working time of the system for a given fuel tank, desirable effect of lower environmental impact
per Watt, and desirable effect of shorter charging time of the energy storage element for a
given energy storage capacity.

[0040] Further weight reductions of the presently disclosed system can be by making the
trailer in aluminium - prior art trailers are typically made in steel - which may reduce the weight
of the entire system by approx. 100 kg.

[0041] The housing of presently disclosed system may further be provided with large grooves
in the bottom for matching the fork of a fork lift truck such that the entire housing can be lifted
for semi-permanent operation, i.e. still transportable by a trailer but it is possible to lift the
system for a more permanent operation thereby not using the trailer.

Examples

[0042] Fig. 1 shows a schematic overview of one embodiment of the presently disclosed hybrid
generator system, an embodiment where the primary energy source is a traditional combustion
engine + a generator, the engine drives the generator and the generator converts the engine's
mechanical energy to electrical energy (AC). The charger/rectifier unit converts the power from
AC to DC, charges the battery and ensures the current does not run "backwards" towards the
generator. The energy storage unit in the form of a battery unit battery stores the electrical
energy. An inverter unit converts the DC power from the battery to grid-like AC power, e.g. 50
Hz or 60 Hz, 220/240/400 V AC.

[0043] Fig. 1A is similar to fig. 1, but with a DC generator replacing the AC generator +
rectifier. Fig. 1A shows a schematic overview of one embodiment of the presently disclosed
hybrid generator system, an embodiment where the primary energy source is a traditional
combustion engine + a DC generator, the engine drives the DC generator and the generator
converts the engine's mechanical energy to electrical energy (DC). The DC power output can
charge the battery directly, i.e. no need for a rectifier unit. The energy storage unit in the form
of a battery unit battery stores the electrical energy. An inverter unit converts the DC power
from the battery to grid-like AC power, e.g. 50 Hz or 60 Hz, 220/240/400 V AC.

[0044] In both fig. 1 and fig. 1A the load is the "client", e.g. an off-grid wind turbine under
construction, that receives the power. The load is specified with a peak power requirement and
a normal mode requirement and possibly an idle mode requirement and the presently
disclosed hybrid generator is typically specified / configured to match those load requirements.

[0045] The DC parts of the presently disclosed hybrid generator system form a major part of
the system. In case of an AC generator it is the rectifier unit, the energy storage unit and the
inverter unit (even though the rectifier unit has an AC input and the inverter unit has an AC
side), in case of a DC generator even more components are DC, such that most of the internal
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electrical connections can be low-voltage DC, i.e. quite safe.

[0046] As illustrated in fig. 1, and as also explained previously, a secondary AC source can be
connected to the rectifier unit, a renewable DC power source can be connected via the DC side
of the rectifier unit and a renewable AC power source can be connected to the AC side of the
inverter unit. Surplus power from the renewable AC power source can be routed to the
rechargeable energy storage unit via the inverter.

[0047] Controllers are usually an integral part of the presently disclosed hybrid generator
system, in figs. 2 and 2A illustrated as a control unit but in practice it is a plurality of separate
controllers, e.g. an engine control unit for starting and stopping the engine, a control unit for
controlling the charging of the energy storage unit, a battery control unit in the form of a BMS
(battery management system), a BMS extender module and an inverter control unit for
controlling the inverter and thereby controlling and monitoring the output to the load.

[0048] Fig. 3 the housing mounted on a trailer showing the engine + generator side of one
embodiment of the presently disclosed hybrid generator system. The housing is built in
thermoplastic in the form of high density PE. The engine is visible inside the housing and the
fuel tank is integrated in the housing below, and separated from, the engine.

[0049] Fig. 4 shows the opposite part of the embodiment of fig. 3 showing the inverter +
battery unit side of the housing. The modularized inverter unit, with four visible 10 kVA inverter
modules, is hanging on the wall and a modularized LTO battery unit is located in the bottom of
the housing.

[0050] The embodiment of figs. 3 and 4 is shown from the top in fig. 5, where it can be seen
the housing is split in two "compartments”, one compartment (top in fig. 5) for the engine +
generator and one compartment (bottom in fig. 5) for the inverter modules + battery modules.
The four 10 kVA inverter modules visible in fig. 4 are also visible in fig. 5 along with five
additional 10 kVA inverter modules hanging parallel to the first four 10 kVA inverter modules
providing a 90 kVA inverter unit.
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PATENTKRAV

1. Mobilt hybridgeneratorsystem til at levere netlignende vekselstremsoutput til en
belastning pa steder uden for nettet, hvor hybridgeneratorsystemet omfatter et
kabinet, der rummer:

- en genopladelig lagringsenhed til elektrisk energi, sdsom et batteri, konfigu-
reret til at levere et jeevnstremsoutput,
- i det mindste en farste primaer energikilde, sdsom en forbraendingsmotor, til
opladning af den genopladelige energilagringsenhed, og
- eninverterenhed, der er konfigureret til at omdanne jeevnstreamsoutputtet fra
den genopladelige energilagringsenhed til det netlignende vekselstramsout-
put,
- hvor den mobile hybridgenerator er konfigureret saledes, at
1) det netlignende vekselstramsoutput kun leveres fra den genopladelige
energilagringsenhed via inverterenheden, og
2) outputtet fra den primeere energikilde kun bruges til at oplade den gen-
opladelige energilagringsenhed,
bade under normaltilstandsdrift med normaltilstandseffektbehov og under
spidsbelastningseffektdrift med spidsbhelastningseffektbehov,
hvor det mobile hybridgeneratorsystem er kendetegnet ved, at den mindst
ene forste primaere energikilde er dimensioneret til normaltilstandseffektbe-

hovene, dvs. meget mindre end til spidsbhelastningseffektbehovene.

2. Mobilt hybridgeneratorsystem ifglge krav 1, konfigureret til at styre start og stop
af opladning af den genopladelige energilagringsenhed ved hjeelp af den pri-
maere energikilde baseret pa en stremstatus for den genopladelige energilag-

ringsenhed og/eller baseret pa belastningsbehovene.

3. Mobilt hybridgeneratorsystem ifelge et hvilket som helst af de foregaende krav,
hvor inverterenheden er konfigureret séledes, at vekselstremsoutputtet matcher
et spidsbelastningseffektbehov for belastningen, og hvor den primaere energi-

kilde er konfigureret til at matche et normaltilstandsbehov til belastningen.
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Mobilt hybridgeneratorsystem ifalge et hvilket som helst af de foregaende krav,
hvor den genopladelige energilagringsenhed er konfigureret til at matche en for-
uddefineret opladningscyklus, og hvor den genopladelige energilagringsenhed

er en lavspaendingsenhed, der arbejder ved mindre end 50 volt, sdsom 48 volt.

Mobilt hybridgeneratorsystem ifalge et hvilket som helst af de foregaende krav,
omfattende en braendstoftank til at indeholde flydende breendstof, integreret i
kabinettet, idet breendstoftanken fortrinsvis er konfigureret til at rumme mindst
500 liter breendstof, og hvor den primaere energikilde er en forbreendingsmotor

drevet af det flydende braendstof.

Mobilt hybridgeneratorsystem ifalge et hvilket som helst af de foregaende krav,
omfattende i det mindste en anden primaer energikilde, sdsom en veksel-
stremsnetforbindelse, og/eller hvor den genopladelige energilagringsenhed er

en litium-titanat-batterienhed.

Mobilt hybridgeneratorsystem ifalge et hvilket som helst af de foregaende krav,
konfigureret til at integrere en vedvarende vekselstremskilde pa vekselstrams-
udgangssiden af inverterenheden og konfigureret saledes, at nar belastnings-
behovet er mindre end outputtet fra den vedvarende vekselstremkilde, bruges

overskydende strem til at oplade den genopladelige energilagringsenhed.

Mobilt hybridgeneratorsystem ifalge et hvilket som helst af de foregaende krav,
konfigureret til at integrere en vedvarende jeevnstremskilde ved indgangen til
den genopladelige energilagringsenhed til opladning af den genopladelige ener-

gilagringsenhed.

Mobilt hybridgeneratorsystem ifalge et hvilket som helst af de foregaende krav
5-8, konfigureret til at starte motoren, et tidsrum f@r opladning af den genopla-
delige lagringsenhed begynder, séledes at motoren varmes op, fer belastning

af motoren begynder.

Mobilt hybridgeneratorsystem ifalge et hvilket som helst af de foregaende krav
5-9, omfattende en generatorenhed drevet af motoren til generering af veksel-
strem og en ensretter til at omdanne vekselstrem fra generatorenheden til
jeevnstrem til opladning af den genopladelige energilagringsenhed, og hvor fre-

kvensen af vekselstremsoutputtet fra generatorenheden er forskellig, sdsom 60
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Hz, og uafhaengig af frekvensen af vekselstremsoutputtet fra inverteren, sasom
50 Hz, og valgt til at optimere driften af motoren, som evt. kan kares ved 1850

omdr./minut.

Mobilt hybridgeneratorsystem ifalge et hvilket som helst af de foregaende krav
5-10, konfigureret saledes, at luftindtag til motoren er tilvejebragt i naerheden af
placeringen i kabinettet til inverterenheden og den genopladelige energilag-
ringsenhed, saledes at en luftstrem er tilvejebragt omkring inverterenheden og

den genopladelige energilagringsenhed, nar motoren kerer.

Mobilt hybridgeneratorsystem ifalge et hvilket som helst af de foregaende krav,
hvor kabinettet (primaert) er fremstillet af plast, sdsom polyethylen med hgj den-
sitet, som er udskaret i dele og svejset sammen til dannelse af kabinettet, sale-

des at kabinettet er en elektrisk isolator.

Mobilt hybridgeneratorsystem ifalge et hvilket som helst af de foregaende krav,

omfattende et chassis pa hjul, sdsom en trailer, til at holde kabinettet.

Mobilt hybridgeneratorsystem ifalge et hvilket som helst af de foregaende krav,
hvor den i det mindste fgrste primeere energikilde omfatter mindst én jeevn-
stremsspaendingsgenerator, saledes at outputtet fra den farste primeere energi-

kilde er jeevnstram.

Mobilt hybridgeneratorsystem ifglge krav 14, hvor jeevnstremsspaendingsgene-
ratoren er en permanent magnetassisteret synkron reluktansmotor, der anven-
des som generator, og eller hvor jeevnstremsspeaendingsgeneratoren er konfigu-
reret til at tilvejebringe en udgangsspaending pa mindre end 100 volt jaevn-
strem, fortrinsvis mindre end 75 volt jeevnstrem, mere foretrukket mindre end
50 volt jeevnstrem, mest foretrukket 48 volt jeevnstrem, og/eller hvor jeevn-
stremsoutputtet fra den primaere energikilde er konfigureret til direkte opladning
af den genopladelige elektriske energilagringsenhed uden en ensretter, og/eller
hvor jeevnstremsspaendingsgeneratoren er drevet af en forbreendingsmotor,
og/eller hvor jeevnstremsspaendingsgeneratoren er konfigureret til at tilveje-
bringe en konstant nominel udgangseffekt pa mindst 30 kW, mere foretrukket
mindst 35 kW, endnu mere foretrukket mindst 45 kW, mest foretrukket mindst
50 kW, og/eller hvor jeevnstremsspaendingsgeneratoren er konfigureret til at til-

vejebringe et spidsbelastningseffektoutput pa mindst 45 kW, mere foretrukket
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mindst 50 kW, endnu mere foretrukket mindst 70 kW, mest foretrukket mindst
80 kWV.
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FIG. 3
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