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ZERO CARBON EMISSION AND HIGHLY EFFICIENT INTELLIGENT
HYDROGEN-POWERED REFRIGERATION SYSTEM FOR TRANSPORTATION

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims all benefit, including priority, of United States
Provisional Patent Application Serial No. 63/189,435, filed 17 May 2021 and entitled “Zero
carbon emission and highly efficient intelligent hydrogen-powered refrigeration system for

transportation,” the entire contents of which are incorporated herein by this reference.
TECHNICAL FIELD

[0002] The disclosure relates to refrigeration and environmental control systems for
use in transportation, particularly the prediction, the anticipation, the control, the synergies,
the interdependencies and the multipurpose uses of the outflows of refrigeration and
environmental control subsystems resulting from the integration of hydrogen fuel cell
subsystems (FCs) and related components, including vapor-compression refrigeration
subsystems (Refri.) and refrigerated cargo final volume subsystems, and optimal control
systems (OCS).

BACKGROUND
[0003] Significant greenhouse gas (GHG) reductions have to be achieved in order to
avoid catastrophic global temperature rise and to meet the CO2 reduction targets that were
agreed under the Paris Agreement during COP21. Emission reductions need to come from
all verticals, as they are all contributors, and include the industrial, energy production,

agriculture, buildings and transportation sectors.

[0004] Among the several advantages offered by the various aspects and
embodiments of the invention is support of emission reduction objectives for the
transportation industry. Based on the Intergovernmental Panel on Climate Change 2014
report, emissions due to transportation represent 14% of the total global emissions which are
estimated, for CO, emission, at 10,000 million metric tons of carbon per year. Carbon
Dioxide is not the only GHG component but amounts for the majority of the GHG emission,
representing 76% of the total. Within the emissions coming from the transportation sector,
34% are linked to the trucking sector, which is our primary area of development. By
extrapolation of previous studies on trucking of refrigerated products, we have estimated that
more than 6,000,000 metric tons of CO- per year, globally, is generated by systems

providing refrigeration during the transportation of goods.
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[0005] Clear goals have been set worldwide to reduce emissions coming from all
transport industry actors. To meet these targets, countries have developed roadmaps to

achieve carbon neutrality and/or to de-carbonization.

[0006] One key solution considered by various countries, in combination with the
production increase of renewable energies, is to augment the production and use of green

hydrogen, as this environmentally-friendly energy can be stored.

[0007] However, the adoption of this storable green source of energy has been slow
due to two main factors. The first factor is the cost of this energy in comparison to other
energies. Large progress and technical advancements have been achieved in this regard in
recent years, now allowing for more competitive pricing of this energy. The second factor is
related to the status of the infrastructure allowing road access to this energy. This is

particularly critical for the mobility sector and progresses still need to be made.

[0008] Another challenge to be considered is the global population growth. Not only
has research demonstrated that the current levels of CO2 are directly related to the
population size but also that this increase is generating a growing demand in food products,

requiring additional food production and food distribution.

[0009] Combined with the fact that urbanization continues to rapidly expand, the
distribution demand will further increase, requiring refrigerated or other environmentally-
controlled transportation from regions where goods are produced to the cities and mega-
cities where these goods need to be delivered. Depending on the type of products and of
the duration prior to consuming them, transportation is required to accommodate safe
shipment for various categories of, for example, perishable and frozen goods. For example,
medicine and pharmaceutical products need to be delivered from cities to cities, countries to
countries, with similar safe transportation requirements, which are primarily based on air

quality and temperature management and control of the cargo.

[0010] Lastly, as we are facing global pandemics, concern for the safety and quality
of goods during shipment will further increase, augmenting the requirements for cold
transportation as a critical link in the cold chain, in particular in the developing nations where

safety standards will be harmonized with developed nations and regions.

[0011] As of today, more than 90% of transportation refrigeration unit (TRU)
solutions for long haul and large trailers are based on diesel technology to power the
refrigerated modules. Other solutions consider battery electric for smaller transportation

cargos or diesel hybrid, combining diesel and battery electric systems.
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[0012] Diesel systems have been somewhat effective up to now to support the
distribution of refrigerated goods but among other problems they are contributing to carbon
emissions and to other types of pollution including NOx, particulates and noise, with growing

global desire to reduce these types of pollution.

[0013] Battery electric solutions can be an effective way to reduce noise pollution
and CO2 emissions, assuming that the electricity is sourced from renewable energy, but
among other shortcoming are limited in scope to smaller transportation modules, as battery
size and weight increase exponentially for larger module applications, voiding the carbon
reduction benefit due to the demand of additional power and consumption from the
truck/tractor to carry this additional load. Another key limitation is the filling time needed to
recharge electric batteries to 100% capacity, requiring hours versus minutes for current
diesel solutions. Battery electric solutions have the added disadvantage of having to
transport the entire mass of the battery for the trip where fuel based systems reduce fuel

payload as energy is consumed.

SUMMARY OF THE INVENTION
[0014] This summary is provided to introduce a selection of representative concepts
in a simplified form that are further described below in the detailed description. This
summary is not intended to be limited to any “key features” or “essential features” of the
claimed subject matter, nor is it intended to be used in any way that would limit the scope of

the claimed subject matter.

[0015] In various aspects and embodiments the invention provides Transportation
Refrigeration Unit (TRU) systems, which we currently refer to as Hydro-Cool™, comprising
various components, including interdependent subsystems, and which provide highly
efficient solutions for the refrigeration or other environmental control of cargo volumes during
transportation. Such solutions can offer some or all of low to no CO2 emissions, NOx and
particulate pollution reduction, operation at reduced noise levels, fast charging, and reduced
weight and increased life expectancy compared to state of the art existing units. A further
advantage of the concept compared to Diesel powered TRUs is the ability of the concept to
be connected to and operate using available grid sourced or locally stored electric energy
when stationary in an efficient manner as the refrigeration system is electrically operated.
Diesel hybrid systems that are capable of being operated when stationary using available
grid sourced or locally stored electric energy require costly and mass intensive complexity

and redundancy to allow operation with both Diesel or electric power.

[0016] High levels of efficiency, corresponding to fuel consumption reduction and

system durability increase, can be realized through the anticipation and prediction of cooling

-3-
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or heating capacity requirements from intelligent on board control systems and components,
and by the multipurpose uses and synergy of the outflows of each subsystem and their
interdependence. In some illustrative embodiments we present how the refrigerated
subsystem can transfer cooling and heating energy to the fuel cell of the hydrogen
subsystem, how the fuel cell can generate electricity powering the overall system, how the
fuel cell can generate reduced oxygen air that is used in the cargo volume of the
refrigeration subsystem, how the refrigerated cargo volume can deliver reaction air for the
fuel cell of the hydrogen subsystem and how the optimal control system can anticipate,
predict, and autonomously reconfigure the overall system while submitting recommendations
to any human and/or automated or semi-automated system operators including for route

guidance and rest and refueling stop scheduling

[0017] Thus, for example, in various aspects and embodiments the invention
provides TRU solutions to support CO2 emission reduction in a plurality of ways: as one
example, by allowing transportation refrigeration units to operate without emitting any CO2;
as a second, by enhancing the usage of hydrogen including green hydrogen, consequently
increasing the rationale for hydrogen refueling infrastructure and its benefit and its use to the
broader mobility sector, third, by enabling use of renewable electric energy for operating
TRUs through providing connection to the grid when renewable energy is available or locally

stored renewable electrical energy or onboard renewable electrical energy generation.

[0018] Additionally, in various aspects and embodiments the invention provides
intelligent solutions for predicting and defining optimal solutions and configurations for
energy efficiency, able to operate with low noise level, able to fast-charge, with the option of
no weight penalty compared to current state-of-the-art systems, with a long life expectancy
and complying with the requirements for quality and safety of the food and pharmaceutical

distribution sectors.

[0019] Thus for example the disclosure provides intelligent solutions for predicting
and defining optimal TRU mission and TRU configurations for energy efficiency or pollution
reduction in accordance with various aspects and embodiments of the invention, in addition
to being applied to the Hydrogen powered TRU described in the embodiment, can be
applied to conventional and future TRU configuration including Diesel, Diesel Hybrid, or
battery powered TRUs addressing the need to improve the performance of the existing and
future TRU fleet.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0020] The invention is illustrated in the figures of the accompanying drawings, which
are meant to be exemplary and not limiting, and in which like references are intended to

refer to like or corresponding parts.

[0021] Figure 1 is a schematic block diagram showing communicational relationships
between components of an intelligent mobile environmental control system in accordance

with aspects and embodiments of the invention.

[0022] Figures 2.1, 2.2, 2.3, and 2.4 are schematic block diagrams showing energy
transfer relationships between components of an intelligent mobile environmental control

system in accordance with the same and other aspects and embodiments of the invention.

[0023] Figure 3 is a schematic block diagram showing thermal transfer relationships
between components of an intelligent mobile environmental control system in accordance

with the same and other aspects and embodiments of the invention.

[0024] Figure 3.1 is a schematic tabulation showing functional relationships between
system operational conditions and ambient environmental conditions in accordance with the

same and other aspects and embodiments of the invention.

[0025] Figures 3.2, 3.3, and 3.4 are schematic block diagrams showing thermal
transfer relationships between components of an intelligent mobile environmental control

system in accordance with the same and other aspects and embodiments of the invention.

[0026] Figures 4, 4.1, 4.2, 4.3, and 4.4 are schematic block diagrams showing fluid
management relationships between components of an intelligent mobile environmental
control system in accordance with the same and other aspects and embodiments of the

invention.

[0027] Figure 4.5 is a schematic tabulation showing functional relationships between
system operational conditions and ambient environmental conditions in accordance with the

same and other aspects and embodiments of the invention.

[0028] Figures 5, 5.1, and 5.2 are a schematic block diagrams showing control
relationships between components of an intelligent mobile environmental control system in

accordance with the same and other aspects and embodiments of the invention.

[0029] Figure 5.3 is a schematic tabulation showing example relationships between
system operating instructions and environmental conditions in accordance with the same

and other aspects and embodiments of the invention.
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[0030] Figure 5.4 is a schematic block diagram showing control relationships
between components of an intelligent mobile environmental control system in accordance

with the same and other aspects and embodiments of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0031] In the following description, specific details are set forth to provide a thorough
understanding of examples of various aspects and embodiments of the invention. However,
one skilled in the relevant arts will understand that the invention may be practiced in
accordance with variations of such details, and in some aspects and embodiments, without
them. To that end preferred embodiments of methods, systems, and apparatus according to

the invention are described through reference to the drawings.

[0032] As shown for example Figure 1, in various aspects and embodiments, an
intelligent mobile environmental control system 900, sometimes referred to as an innovative
Transportation Refrigeration Unit (TRU), comprises various subsystems and components,
and combinations of subsystems and components, which can be integrated and
interdependent, including for example one or more energy subsystem(s) 600, fluid
conditioning subsystem(s) 700, cargo space conditioning subsystem(s) 800, and or control
subsystem(s) 500. Novel methods are presented of electric energy management, thermal
energy management, air management and can be achieved by an intelligent mobile
environmental control system 900 providing synergy and control between subsystems.
Additionally an intelligent mobile environmental control system 900 can provide novel
methods to optimize the system performance that can include but not limited to predictive

methods.

[0033] In the embodiment shown in Figure 1, the cargo space block 800 represents
the volume as a single volume, but the same method and innovation can apply to a cargo
final volume with several compartments, having distinct temperature requirements serviced
by common or by fully or semi-independent systems and components. A cargo space
represents a refrigerated cargo final volume or any conditioned volume able to store and
condition a cargo. A cargo space and its cargo and or its dunnage can be considered as a

thermal storage capacity.

[0034] In implementing various aspects and embodiments of the disclosure, and in
particular in moving flows and fluids between and/or within various components, valves and
other flow routing or control devices can be used to direct and or combine a fluid or multiple
fluids with or without electrical or mechanical or other actuation means and with or without

sensing capability. Switches can be used to direct and or combine electrical current(s) with
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or without electrical or mechanical or other actuation means and with or without sensing

capability.

[0035] Fluids and fluid flows represented in the figures can include many types and
combinations of types of conditioning fluids, used for various purposes. For example, in an
embodiment such as that shown in Figure 1, a first conditioning fluid that can be a refrigerant
fluid, a second conditioning fluid than can be an internal intake fluid, a third conditioning fluid
that can be at least one fluid of a cooling subsystem of an energy subsystem and or a fourth

conditioning fluid that can be external intake fluid.

[0036] In various aspects, the invention provides novel methods of electric energy
management between an energy subsystem 600, a fluid conditioning subsystem 700, a
cargo space conditioning subsystem 800 and a control subsystem 500 controlled by a
control subsystem 500 of an intelligent mobile environmental control system 900. This
electric energy management can comprise methods of managing electric energy between an
intelligent mobile environmental control system 900 and at least one other on board energy

source of a transport vehicle and or at least one off-board energy source.

[0037] Processor 206 can comprise any one or more data processor(s), computer(s),
and/or other system(s) or device(s), and necessary or desirable input/output,
communications, control, operating system, and other devices, including software, that are
suitable for accomplishing the purposes described herein. For example, a general-purpose
data processor provided on one or more circuit boards, as provided by Intel, IBM, Compaq,
and a number of other producers, using a UNIX, Apple, or Microsoft general-purpose
operating system and suitable navigation application software programs, will suffice. A large
number of suitable devices, including many adapted for long-term exposure to corrosive
environments, are now available and will doubtless hereafter be conceived and developed.
The selection of suitable components to serve as and/or with processors 204, including
support and control components and software, in accordance with the invention, will not
present difficulty to those of ordinary skill in the art once they have been made familiar with

this disclosure.

[0038] As illustrated in figure 2, an energy subsystem 600 can generate electric
energy and provide this electric energy to a fluid conditioning subsystem 700 and or to a
cargo space conditioning subsystem 800 and or to all their assemblies and components
requiring electric energy. Additionally an energy subsystem 600 can provide electric energy
to on board and or external demands, and or can receive electric energy from on board and

or external energy sources.
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[0039] When a fuel cell 580 and or a battery 560 of an energy subsystem 600 are
operating, they can generate electricity by chemical reaction. A battery 560 can comprise a
control unit that can be a control switch or an Electronic Control Unit (ECU) or a Battery

Management System (BMS).

[0040] In the case of a fuel cell 580, chemical reaction is the reaction of two
consumables, for example air and hydrogen. To achieve this reaction and generation of
electric energy, as illustrated in figure 2.1, a fuel cell 580 can receive hydrogen from an on-
board hydrogen tank(s) 589 that can be filled up from external sources via a tank charging
port, with compressed hydrogen (typically but not limited to 700 bar) that can be released to
the system as per the needed quantity controlled by at least one valve, a fuel cell ECU 599
(Electronic Control Unit(s)) and or a control subsystem 500. Hydrogen can also be stored
cryogenically in a liquid phase or in a metal hydride or in any other form of storage.
Hydrogen tank(s) 589 and tank charging port(s) can comprise sensors that can measure
hydrogen pressure and temperature in the tank and measure for example the hydrogen
intake flow, pressure, temperature, purity, and or other conditions. As the pressure can be
relatively high in hydrogen tank(s), pressure gradients between the pressure in the tank and
the pressure in an energy subsystem 600 can allow for the compressed hydrogen to flow for
example to an energy subsystem 600 and to at least one hydrogen filter 588 with its sensor
that can monitor the purity and pressure of the hydrogen and can help eliminate other
potential gases that may have been mixed with the hydrogen during the production process
(removing contaminants such as but not limited to CO2, CO, N2... critical to mitigate damage
to PEM fuel cells), storage, transportation, etc. The compressed hydrogen can then be
channeled to a pressure regulator 587 where sensor(s) can measure hydrogen intake and
output pressure, to reduce the hydrogen pressure from the tank(s) pressure to pressures
required by or otherwise compatible with the fuel cell 580, for example at around 2-3 bar
(can for example be higher with some types of fuel cells). It can then be delivered to a fuel
cell 580, as the first consumable for reaction, through at least one valve that can be in
communication with a fuel cell(s) ECU 599 and or a control subsystem 500 for overall
system management. The type of the fuel cell 580 shown in embodiment can be a PEM type
(Proton Exchange Membrane) but the invention can apply to the other types of fuel cells

such as Solid Oxide SOFC and or other reactants.

[0041] Other reaction consumable(s) required by a fuel cell 580 to operate can
include air that reacts with the hydrogen. For efficient operation of a fuel cell 580, such air,
which can be referred to as fuel cell reaction air, generally contains oxygen, and is preferred
to be stable and conditioned, pure, cool and humid air. This embodiment later described

methods to optimize the state of fuel cell reaction air.
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[0042] As illustrated in figures 2.1 to 2.2, in such embodiments, when an energy
subsystem comprises a fuel cell 580, the electrical current from a fuel cell 580 can pass
through a converter 557 (DC to DC) and through a battery 560 and, can be controlled by a
control subsystem 500 to power all systems requiring electrical energy via an inverter 556
that transforms DC to AC.

[0043] One purpose of a converter 557 can be to help ensure the health of a fuel cell
580 by preventing excessive current draw. In this configuration, a battery 560’s primary
function can include provision of electrical energy to a fuel cell 580 heating system during its
startup sequence, where for example this heating system acts as a fluid conditioning
subsystem 700 in reverse cycle (heat pump), further enhancing the integration and synergy
of an energy and fluid conditioning subsystems for improved efficiency. In this system
configuration, where a battery 560 can be an auxiliary energy source, the energy
specification of a battery 560 can for example be optimized for safe operation based on the
minimum electrical power output equivalent to the maximum continuous power of an
intelligent mobile environmental control system 900 for a period of time (for example 10
minutes requirement for a battery versus 10 hours of the system requirement). A battery 560
can either be recharged by for example the electrical energy transferred from a fuel cell 580,
when energy is available, or from, depending on the modes, other on board sources of
energy such as solar panels or wind turbine, if available, or by the power grid or any locally
stored electrical energy when the system is stationary and connected to the power grid or

locally stored electrical energy.

[0044] Through a battery 560 controlled by a control subsystem 500, a control
subsystem 500 can manage the distribution of electrical energy from various sources and
the electrical requirement of the system and of each electrical device, as illustrated in figure
2.3. An example of a control subsystem 500 electrical energy management can be to
combine electrical energy from various sources, by doing so creating a hybrid source. In this
configuration where various electrical energy sources are available, a control subsystem 500
can direct a portion of the total required energy generated by each source of energy,
including but not limited to, solar panels and or wind turbines and or a battery 560 itself, with
the electrical energy generated by a fuel cell 580, to a battery 560; by this means creating a
hybrid electrical energy arrangement used to power all systems requiring electrical energy
via an inverter 577 (transforming DC to AC).

[0045] When an intelligent mobile environmental control system 900 is in stand-by
and a fluid conditioning subsystem 700 “on” mode, operating but connected to the power
grid, a control subsystem 500 through a battery 560 controlled by a control subsystem 500

can allow for the electrical energy to be supplied from the power grid via for example a

-9-
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rectifier 501 (transforming AC to DC) or via a Voltage Frequency Control VFC unit, to any

systems requiring electrical energy.

[0046] Another hybrid configuration, depending on the availability of the electrical
power from the power grid, for example when the system is connected to a conventional low
power, low voltage power grid plug (for example 15-20A, 110-220V), a control subsystem
500, through a battery 560, can combine and direct the partial electrical energy from the
power grid with the electrical energy coming from a fuel cell 580, supplying the balance of
power to fulfill system operation requirements and reducing fuel consumption; or with the
electrical energy from other on-board sources or from a combination of all available sources

of electrical energy.

[0047] When an intelligent mobile environmental control system 900 is in stand-by
and a fluid conditioning subsystem 700 “off’ mode, connected to the power grid but with no
refrigeration requirement, the power grid can provide electrical current to the battery 560,
controlled by a control subsystem 500, for recharging purposes via the rectifier 501

(transforming AC to DC current) or via any VFC unit.

[0048] As will be appreciated by those skilled in the relevant arts, systems requiring
electrical power can comprise all subsystems, components and devices of an intelligent
mobile environmental control system 900 and can include electrical devices of the transport

vehicle.

[0049] In various aspects and embodiments, an energy system 600 can comprise a
battery 560 that can be an auxiliary energy source. A battery 560 energy capacity can be
specified with any energy payload including a payload sufficient to meet all mission energy
requirements. In the case, for example, that a battery 560 electric energy output is equal to a
fuel cell 580 electrical energy output, an intelligent mobile environmental control system 900
can be powered by a hybrid energy source comprising of a fuel cell and a battery and can
operate by using energy from both sources where a fuel cell 580 can operate as a range
extender and can operate to recharge a battery 560. In the case that a battery 560 is
specified to provide the maximum electric energy to the system for a mission, an energy
subsystem 600 does not require a fuel cell 580 or its accessories and can be replaced by a

battery 560 being, in this case, the sole source of electric energy storage.

[0050] In further aspects and embodiments, the disclosure provides novel methods
of thermal energy management between an energy subsystem 600, a fluid conditioning
subsystem 700, a cargo space conditioning subsystem 800 controlled by a control
subsystem 500 of an intelligent mobile environmental control system 900 as illustrated for

example in Figure 3.

-10-
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[0051] A by-product of a fuel cell 580 or of a battery 560 operation often includes the
generation of heat. For efficient and proper running operation of a fuel cell 580 or of a battery
560, in such embodiments the heat that is generated by a fuel cell 580 or of a battery 560
can be reduced in temperature and or/rejected. In some embodiments, a fuel cell
temperature is to be maintained in the 80°C/176°F to 100°C /212°F range and a battery
temperature is to be maintained in the 20°C/68°F to 50°C /122°F range.

[0052] A synergy of this invention, illustrated in fig.3.1, can be to use a fluid
conditioning subsystem 700 and or a cargo space conditioning subsystem 800 of an
intelligent mobile environment control system 900 and controlled by a control subsystem 500

to cool a fuel cell 580 or to cool a battery 560.

[0053] To achieve this level of synergy, different cargo space conditioning
subsystem 800 and or energy subsystem 600 thermal management modes, can be
considered, as illustrated in figure 3.1, and can comprise (1) a cooling mode, (2) a heating

mode, (3) an energy subsystem warmup mode and or (4) a defrosting mode.

[0054] When the system 900 is configured in cooling mode, as for example
represented in figure 3.3, a first conditioning fluid flow, that can be a refrigerant flow, exiting
a fluid conditioning subsystem 700 and its external heat exchanger 660, operating as a
condenser, can be routed to at least of one of two distinct heat exchangers that can be
acting as evaporators. The first flow of a first conditioning fluid can be channeled to an
internal heat exchanger 780 of a cargo space conditioning subsystem 800, operating as an
evaporator, by a conditioned fluid delivery subsystem 680, to exchange cooling energy with
a second conditioning fluid, referred to as an internal heat exchanger intake fluid, that can be
air, propelled by an internal smart motor fan 778 and controlled by at least a valve 779, a
fluid conditioning subsystem ECU 699 and or a control subsystem 500. This second
conditioning fluid can be channeled to an internal heat exchanger 780 and can include for

example ambient air and or internal air and or a combination of both as illustrated in fig 6.3.

[0055] Internal air can include stable conditioned air coming from a cargo space 770
and or air coming from a fuel cell 580 outflow with reduced oxygen air when oxygen
reduction is required for certain types of perishable cargo and or conditioned air having gone
through a heating energy transfer with a cargo space fluid by the use of a cargo space

ventilation heat recuperator 759.

[0056] Flowing through an internal heat exchanger 780, internal fluid temperature
can be reduced, transforming it to a conditioned fluid that can be directed by an internal
smart motor fan 778 and at least one valve 779 to a cargo space filter to remove undesirable

particles and compounds and humidity while its sensor measures air pressure, humidity and
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purity, and can be transferred to a cargo space 770, achieving the conditioning of this space

or volume.

[0057] The second flow of a first conditioning fluid, that can be a liquid refrigerant,
exiting a fluid conditioning subsystem 700 can be channeled to at least one energy
subsystem heat exchanger, that can include a fuel cell heat exchanger 576 or a battery heat
exchanger 558, operating as an evaporator, controlled by valves, an energy subsystem ECU
599 and or a control subsystem 500, to exchange cooling energy with a third conditioning
fluid from a fuel cell 580 and or battery 560 cooling system. By this mean, the temperature of

a fuel cell or battery can be reduced during their operation.

[0058] After transfer of cooling energy with both internal intake fluid and energy
subsystem cooling subsystem fluid, the first conditioning fluid that is in its liquid state, can
change to a gaseous state and can be directed back to the main fluid flow by a conditioned
fluid delivery subsystem 680, where the first conditioning fluid circulates in a close loop. This
closed loop can consist of flowing the then gaseous fluid to a fluid suction accumulator
where it can be stored and accumulated and of flowing the gaseous fluid to a fluid
compressor 670 where its pressure and temperature can be increased. The gaseous fluid
can then flow to an external heat exchanger 660 to transfer thermal energy with a fourth
conditioning fluid that can be ambient air, propelled by an external smart motor fan 668 and
controlled by at least one valve. During this thermal energy transfer, the gaseous fluid
temperature can be reduced and the gaseous fluid state changed to a liquid state, where the
forth conditioning fluid can be exhausted to an ambient environment. The now liquid first
conditioning fluid can then be channeled to an expansion valve reducing further the pressure
of the liquid fluid and its temperature. Finalizing the first conditioning fluid close loop, the
conditioned liquid first conditioning fluid can travel back to an internal heat exchanger 780 of
a cargo space conditioning subsystem 800 and/or to at least one energy subsystem 600

heat exchanger 576 or 558.

[0059] A conditioned fluid delivery subsystem 680 can comprise one or several
valves 677, 678, 679 and at least one reversing valve 676 allowing the conditioned fluid
delivery subsystem 680 to receive a first conditioning fluid from and or direct the same first
conditioning fluid to the various assemblies of three (3) subsystems; a fluid conditioning
subsystem 700, that can include at least one compressor 670, at least one external heat
exchanger 660 and or a catalytic combustor 650; an energy subsystem 600 that can include
at least one heat exchanger 576 and 558; a cargo space conditioning subsystem 800 that

can include at least one heat exchanger 780.

-12-



10

15

20

25

30

35

WO 2022/243876 PCT/IB2022/054588

[0060] As detailed above, for example, a further synergy of the subsystems can be
demonstrated by the use of a fluid conditioning subsystem 700 as a cooling subsystem for
an energy subsystem 600 increasing the efficiency of an intelligent mobile environmental
control system 900. In this case, high efficiency can translate into system simplification and
consequently system quality and durability improvements, into system weight reduction and
into capital investment reduction by reducing or eliminating the need for a separate fuel cell
or battery cooling device. Additionally, durability improvements of a fuel cell 580 and of a

battery 560 can be achieved by avoiding high temperature operation.

[0061] When the system is configured in heating mode, two flows of a first
conditioning fluid, that can be refrigerant flows, can be reversed to two distinct evaporators.
In heating mode, a fluid conditioning subsystem 700 can be configured in reverse mode,
operating as a heat pump, to condition a second conditioning fluid that can be internal heat
exchanger intake air. This can be achieved by using a reversing valve 676 of a conditioned
fluid delivery subsystem 680 to direct a first flow of a first conditioning fluid, in its gas state,
to an internal heat exchanger 780 operating as a condenser to exchange heating energy
with a second conditioning fluid. The second conditioning fluid can be propelled by an
internal smart motor fan 778 controlled by at least one valve, by a fluid conditioning
subsystem ECU 699 and or a control subsystem 500 and can be routed through an internal
heat exchanger 780. This can result in an increase of the temperature of a second
conditioning fluid transforming it to a conditioned second conditioning fluid that can be
directed by an internal smart motor fan 778 and at least one valve to at least one cargo air
filter to remove undesirable particles and compounds and humidity while its sensor
measures air pressure, humidity and purity, and can be transferred to a cargo space 770,

consequently increasing the temperature of a cargo space 770.

[0062] After transfer of heating energy with a second conditioning fluid, via an
internal heat exchanger 780, the first flow of a first conditioning fluid, in its gas state, can
change to a liquid state and be directed back to an external heat exchanger 660 operating
as evaporator, by at least one valve where the flows of a first conditioning fluid circulate in a

closed loop.

[0063] This closed loop can consist of flowing a first flow of first conditioning fluid, in
its liquid form, from an internal heat exchanger 780 to an external heat exchanger 660 where
it can exchange heating energy with a fourth conditioning fluid that can be ambient air,
propelled by an external smart motor fan 668 and controlled by at least one valve. During
this heat exchange, a liquid first conditioning fluid temperature can be increased and a liquid
first conditioning fluid state can change to a gaseous state. The gaseous first conditioning

fluid can then be channeled through at least one control reversing valve to a first
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conditioning fluid suction accumulator where it is stored and accumulated. The gaseous first
conditioning fluid can then flow to a compressor 670 where its pressure and temperature are
increased, and closing the loop, a first flow of first conditioning fluid flows back to an internal

heat exchanger 780.

[0064] In such embodiments, a second flow of a first conditioning fluid, in liquid state,
can be channeled to a fuel cell heat exchanger 576 or a battery heat exchanger 558, both
operating as evaporators, controlled by at least one valve, an energy subsystem ECU 599
and a control subsystem 500, and exchange cooling energy with a third conditioning fluid
from a fuel cell 580 and or a battery 560 cooling subsystem to reduce the temperature of this
fluid and to reduce the temperature of a fuel cell 580 and or a battery 560 during their

operation.

[0065] After exchange of cooling energy with at least one energy subsystem third
conditioning cooling fluid, the second flow of first conditioning fluid in liquid state can change
to a gaseous state and be directed back to the main gaseous first conditioning fluid flow by a

control reversing valve where the second first conditioning flow circulates in a closed loop.

[0066] This closed loop can consist of flowing the then gaseous first conditioning
fluid to a suction accumulator where it can be stored and accumulated and of flowing a
gaseous first conditioning fluid to a compressor 670 where its pressure and temperature can
be increased, and, to finalize the closed loop, of flowing it back to an internal heat exchanger

780, operating as a condenser.

[0067] In some specific cases, which can be determined by a control subsystem 500
or other control, when the specified cargo space temperature is elevated, in particular during
the pull up cycle, and when the heating energy generated by an energy subsystem 600 is
not sufficient to increase the temperature of a cargo space 770, and when the ambient
environmental condition is too cold with a low level of humidity making the enthalpy of the
ambient air too low to efficiently operate a fluid conditioning subsystem 700 in reverse mode
using an external heat exchanger 660, operating as an evaporator, a catalytic combustor
650 that can include an integrated evaporator, can generate required or otherwise desired
levels of heating energy to be exchanged with a first conditioning fluid. This can for example
be achieved by a catalytic or energy ignited combustor 650 through a flameless or
conventional combustion of hydrogen delivered from an hydrogen tank 589 via a pressure
regulator 587 with its sensor measuring hydrogen intake and output pressure, with a fourth
conditioning fluid that can be ambient air delivered from an external smart motor fan 668.
Hydrogen and fourth conditioning fluid deliveries can be controlled by at least one valve as

well as by a catalytic combustor ECU and/or a control subsystem 500.
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[0068] During such flameless combustion, only air (depleted O2 air) and water are
exhausted, both of which can be reused within an intelligent mobile environment control
system 900. In particular the water, after separation from the depleted oxygen air, can be

pumped to a humidifier 578 for humidification of the air to be intake by a fuel cell 580.

[0069] The heating energy provided by this combustion can be exchanged for
example using the catalytic combustor 650 integrated evaporator with a first conditioning
fluid that can be a refrigerant. When the conditions listed above apply, a catalytic combustor
ECU and or a control subsystem 500 can send signals to a conditioned fluid delivery
subsystem 680 to direct a liquid first conditioning fluid flow to a catalytic combustor 650.
After the exchange of the heating energy with an evaporator of a catalytic combustor 650, a
liquid first conditioning fluid state can change to a gaseous state and can be directed by at
least one reversing valve to an internal heat exchanger 780, operating as a condenser,
transferring heating energy to a cargo space 770 as described above when a fluid
conditioning subsystem is operating as a heat pump. In another aspect and embodiment the
heating energy provided by this combustion can be exchanged through any other means

with an intelligent mobile environmental system 900.

[0070] In heating mode, the temperature increase of a cargo space 770 can also be
achieved by, for example, propelling either hot reduced oxygen air, by-product of a fuel cell
580’s operation, described later in this embodiment, or by propelling a conditioned second
conditioning fluid that can be hot makeup air from a reverse fluid conditioning subsystem 700
(heat pump) to a cargo space 770, or by propelling a combination of both. By such means,
the temperature of a cargo space 770 can be increased using the total system heating
energy, i.e. the available energy from a fuel cell 580 of an energy subsystem 600, energy
from a heat pump being a fluid conditioning subsystem 700 and from the energy transfer of a

fuel cell 580 and or of a battery 560 via a first conditioning fluid.

[0071] Another configuration, listed in the figure 3.2, can be when the energy
subsystem 600 is in warmup mode. A fuel cell 580 or a battery 560 can for example be
warmed prior to operating as required or desired (typically, specified warmup temperature
range from 40°C/104°F to 80°C/176°F for a fuel cell and range from -10°C/14°F to 10°C/50°F
for a battery), for efficiency, wear and durability management of a fuel cell or a battery. In
such a mode, only one first conditioning fluid flow can be active, the other being shut-off by

at least one valve.

[0072] In this warm up mode configuration and depending of the operating
conditions, a fluid conditioning subsystem 700 can be powered by the grid and or by an

external power source and or by a battery 560 and or a catalytic combustor 650, and can be
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configured in reverse mode, operating as a heat pump, to provide heating energy to a fuel
cell 580 and or a battery 560. This can be achieved by a control reversing valve of a
conditioned fluid delivery subsystem 680 directing the gaseous first conditioning fluid to a
fuel cell heat exchanger 576 and or to a battery heat exchanger 588, operating as
condenser, to exchange heating energy with a third conditioning fluid of a cooling
subsystem(s) of an energy subsystem 600, to increase the temperature of this fluid and
consequently warming a fuel cell 580 and or a battery 560. After exchange of heating energy
with a third conditioning fluid, the gaseous first conditioning fluid state can change to a liquid
state and can be directed back to a fluid conditioning subsystem external heat exchanger
660, operating as a evaporator, by a conditioned fluid delivery subsystem 680 where a first

conditioning fluid circulates in a closed loop.

[0073] A closed loop in accordance with such an example can consist of flowing a
liquid first conditioning fluid from a fuel cell heat exchanger 576 and or a battery heat
exchanger 588 to an external heat exchanger 660 where it exchanges heating energy with a
fourth conditioning fluid than can be ambient air propelled by an external smart motor fan
668 and controlled by at least one valve. During such a heat exchange, a liquid first
conditioning fluid temperature can be increased and a liquid first conditioning fluid state can
change to a gaseous state. The gaseous first conditioning fluid can then be channeled
through a conditioned fluid delivery subsystem 680 to a suction accumulator where it can be
stored and accumulated. The gaseous first conditioning fluid can then flow to a compressor
670 where its pressure and temperature can be increased, and closing the loop, a first

conditioning fluid can flow back to at least one energy subsystem 600 heat exchanger.

[0074] Similar to the condition described during the heating mode, in some specific
cases, when for example the atmospheric condition is too cold with a low level of humidity
making the enthalpy of the ambient air too low to efficiently operate a fluid conditioning
subsystem 700 in reverse mode using an external heat exchanger 660, operating as an
evaporator, a catalytic combustor 650 that can include an integrated evaporator can
generate the required heating energy to a liquid first conditioning fluid. During the flameless
combustion, exhaust can be limited to air (depleted O2) and water that can be reused within
the system. In particular such water, after separation from the depleted oxygen air, can be

pumped to a humidifier 578 for humidification of the air to be intake by the fuel cell 580.

[0075] After exchange of the heating energy with a catalytic combustor 650, a liquid
first conditioning fluid state can change to a gaseous state that can be directed by a
conditioned fluid delivery subsystem 680 to at least one energy subsystem 600 heat
exchanger transferring heating energy to a fuel cell 580 or a battery 560 as described in this

embodiment. In further aspects and embodiments the heating energy provided by this
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combustion can be exchanged through any other means with an intelligent mobile

environmental system 900.

[0076] After exchange of the heating energy with a catalytic combustor 650, a liquid
first conditioning fluid state can change to a gaseous state that can be directed by a
conditioned fluid delivery subsystem 680 to at least one energy subsystem 600 heat
exchanger transferring heating energy to a fuel cell 580 or a battery 560 as described in this
embodiment. In another aspect and embodiment the heating energy provided by this
combustion can be exchanged through any other means with an intelligent mobile

environmental system 900.

[0077] Once the sequence of an energy subsystem warmup mode is conducted, an
intelligent mobile environment control system 900, controlled by a fluid conditioning
subsystem ECU 699 and a control subsystem 500, can reconfigure itself to operate the

sequence of a fluid conditioning subsystem in cooling, heating or defrosting mode.

[0078] A further configuration in accordance with such embodiments is when the
system is configured in defrosting mode, listed in figure 3.2. Defrosting of fluid conditioning
or cargo space conditioning subsystems can for example be required at startup of operation
and from time to time during steady operation due to ice build-up when the atmospheric
condition is warm, hot and humid and depending on the temperature of the cargo space. The
defrosting mode configuration is similar to the heating mode configuration where two first
conditioning fluid flows are reversed to two distinct evaporators, as described in this

embodiment.

[0079] Defrosting of a fluid conditioning or a cargo space conditioning subsystem
can be achieved by flowing a conditioned first conditioning fluid respectively through a heat
exchanger 660 or 780, operating as a condenser, melting and eliminating the ice build-up on
the condenser. In this case, only hot conditioned first conditioning fluid is flowing through
heat exchangers with no heat exchange with other conditioning fluids and a fluid conditioning
subsystem can be powered by a fuel cell 580 and or a battery 560 and or the power grid and
or any external power source. In the scenario that additional heating energy is required to
defrost a heat exchanger 780 and that a fluid conditioning subsystem 700 is powered by a
fuel cell 580, hot reduced oxygen air (at 80°C), by-product of the fuel cell 580’s operation,
can be delivered to an internal heat exchanger 780, using an internal smart motor fan 778
and at least one valve. By such means, the ice build-up can be melted and eliminated by
flowing hot reduced oxygen air and conditioned first conditioning fluid through an internal

heat exchanger 780. After passing through the internal heat exchanger, hot reduced oxygen
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air can be either exhausted to the atmosphere or channeled to a cargo space 770 when

permitted by the cargo space air composition and temperature requirements.

[0080] In the event that additional heating energy is required while a fuel cell and or
a battery is not operating and the system is connected to the power grid, defrosting can be
achieved by channeling hot conditioned second conditioning fluid that can be makeup air to
an internal heat exchanger 780, operating as a condenser, from the heat pump, being the
reverse fluid conditioning subsystem 700, powered by the grid, and configure in heating
mode. Other defrosting alternatives are to operate a direct electrical resistance heating
device, powered by a fuel cell 580 and or a battery 560 and or the power grid or to combine
the above solutions, i.e. defrosting by flowing conditioned first conditioning fluid and or hot
reduced oxygen air and or conditioned second conditioning fluid and or defrosting by

operating an electrical heating device.

[0081] Example system configurations in heating mode, energy subsystem warmup
mode and defrosting mode construct another synergy and interdependency that maximizes
or otherwise promotes overall energy efficiency. This efficiency can for example be obtained
primarily by eliminating the need for a separate fuel cell or battery heater device simplifying
the system architecture and consequently improving the system quality and durability,
reducing the system weight and capital investment; and by reducing the heat pump power

requirement in the heating and defrosting mode.

[0082] Defrosting of a heat exchanger(s) can be controlled by a fluid conditioning
ECU 699 and or a control subsystem 500. After defrosting, a fluid conditioning subsystem
700 can reconfigure itself in cooling or heating mode, or to operate the pull down or pull up

cycle described in this embodiment.

[0083] TRU pull down and pull up cycles can be based on or otherwise informed by
goods transportation quality guidelines and best practices (examples can be found in the
IRTA-GCCA Sanitary Transportation of Human and Animal Food (STF) / Refrigerated
Transportation Best Practices Guide) specifying that, prior to loading goods for
transportation, not only should the TRU be free of frost, ice buildup from previous shipments
but also a cargo space of the TRU be at the specified set up temperature, requiring to either
pull down the temperature from the actual cargo space temperature orto pull it up. The
various novel aspects and embodiments disclosed herein describe specific advantageous

ways of accomplishing the goals of such guidelines in an energy and fuel efficient manner.

[0084] During the various cycles disclosed herein, and depending on operating
conditions that can be factors such as ambient conditions, stand by duration of the unit prior

to the next shipment, shipment specifications, etc., an intelligent mobile environment control
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system 900 can run in continuous operation providing the necessary heating and or cooling
energy to obtain and maintain required or otherwise desirable temperatures, humidity, and
other conditions for a cargo space 770, prior to cargo loading. This required energy can be
important, in particular during pull down cycles compared to heating and/or cooling energy
requirements in steady state operation during transportation where the system will adjust to

maintain the specified temperature.

[0085] In order to optimize or otherwise increase the efficiency of subsystems and or
components in accordance with the various aspects and embodiments of the invention,
during these pull up/down cycles, various controlled parameters and characteristics can be
adjusted by a control subsystem 500. As in some embodiments these cycles occur when
there is a possibility to connect the system to the power grid or locally stored electrical
energy, eliminating or reducing the required electrical energy to be generated by a fuel cell
and or a battery, a control subsystem 500 can configure the system to operate in stand-by

mode, connected to the grid, that is described in this embodiment.

[0086] Where for example power grid connection is not an option, a fuel cell 580 and
or a battery 560 or other onboard power sources such as, but not limited to, solar panels or
wind turbines or a combination of these power sources can supply electrical energy to the
system where other parameters, characteristics and conditioning instructions will be
controlled by a control subsystem 500, such as, but not limited to, the duration of the pull up
or down cycle, the number of and duration of defrosting cycles to optimize the system

efficiency by minimizing energy consumption.

[0087] In various embodiments configurations of a fluid conditioning subsystem 700
during the pull down and pull up cycles are similar to respectively the configuration in cooling
mode and in heating mode. Once the pull down is conducted, a fluid conditioning subsystem
700 controlled by a fluid conditioning ECU 699 and/or a control subsystem 500, can continue
to operate in cooling mode. Once the pull up cycle is conducted, a fluid conditioning
subsystem 700 controlled by a fluid conditioning ECU 699 and/or a control subsystem 500,

can continue to operate in heating mode.

[0088] Another method to optimize the system efficiency by minimizing energy
consumption can be to vary the flow of a first conditioning fluid in relation to the required
system performance and in particular to the cargo space 770 temperature, humidity and

conditioning requirements.

[0089] In various aspects and embodiments, a fluid conditioning subsystem 700 can
be configured to allow speed variation of a first conditioning fluid compressor 670. A motor

669, of a first conditioning fluid compressor 670 (ideally with direct connection) that can
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deliver compressed first conditioning fluid to the system, can be supplied with AC electric
current from an inverter 556 that can pass through a AC/DC rectifier, through a DC link filter
and through a VFC (Voltage & Frequency Control) inverter converting back the current to AC
and can allow variable frequency and voltage output to a motor 669. The rotating speed of a
first conditioning fluid compressor 670 can be transmitted to its motor by communication
between a compressor 670 with a voltage & frequency control module, and consequently
with a VFC inverter, with a fluid conditioning subsystem ECU 699 and or a control
subsystem 500. By such means, the rotating speed of a first conditioning fluid compressor
670 can vary as well as the compressed first conditioning fluid flow to be delivered to the
system. By this method, infinitely variable flow of first conditioning fluid, delivered to the
system, can be achieved, varying first conditioning fluid flow based on operating conditions

and conditioning instructions.

[0090] A further aspect and embodiment, a cargo space and its cargo and or its
dunnage can be used as a thermal storage capacity where a cargo space 770 fluid can
exchange thermal energy to an energy subsystem through directing directly cargo space
conditioned air to a fuel cell 580 and or a battery 560 to condition the environment of a fuel
cell 580 and or battery 560 allowing efficient and or durable operation of an intelligent mobile

environmental control system 900.

[0091] This section of the embodiment describes novel methods of air management
between an energy subsystem 600 and a cargo space conditioning subsystem 800
controlled by a control subsystem 500 of an intelligent mobile environmental control system

900, as illustrated in Figure 4.

[0092] When the energy subsystem 600 comprises at least one fuel cell 580, an
additional synergy can occur between an energy subsystem 600 and a cargo space
conditioning subsystem 800. In this configuration of an intelligent mobile environmental
control system 900, fluid and conditioned fluid can represent respectively air and conditioned
air. This additional synergy can provide efficiency improvements of an intelligent mobile
environmental system 900 by directing a stable conditioned air flow from a cargo space
conditioning subsystem 800 to a fuel cell 580 air intake for reaction with other fuel cell
consumables as illustrated in figure 4. This efficiency improvement can combine the benefit
of cooling or heating a fuel cell 580, requirement described later in this embodiment, of
providing cool dense oxygen rich air, and the benefit of venting or ex-filtrating a portion of the
air of a cargo space conditioning subsystem 800 to modify the air chemistry when required
(discussed later). These efficiency improvements of the system can be translated into a
durability increase and efficiency of the fuel cell through reducing operating power

requirements.
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[0093] To achieve the first set of benefits of providing cool dense oxygen rich airto a
fuel cell 580, and or venting or ex-filtrating a portion of the air of a cargo space conditioning
subsystem 800, a cargo space conditioning subsystem 800 can comprise an air
management subsystem 760 illustrated in Figures 6.3 and 6.31. Depending on the ambient
air conditions and on a cargo space 770 air temperature and air composition, an air
management subsystem 760 can direct air for reaction within a fuel cell 780 from either

conditioned internal or ambient air, or a combination.

[0094] Conditioned internal air can include stable conditioned air from a cargo space
770, conditioned air delivered by a cargo space heat recuperator 759 and/or conditioned air

delivered by an internal heat exchanger 780.

[0095] In such configuration, an air management subsystem 760 can receive stable
conditioned air from a cargo space 770 that can be controlled and monitored by sensors and
at least one valve 756 that can direct stable conditioned air to a cargo space heat
recuperator 759 or to a cargo space conditioning subsystem 800 as return air (typically 20%

of a cargo space air is returned to the evaporator).

[0096] If required, depending on the temperature and or other conditions, stable
conditioned air that can be directed to a cargo space heat recuperator 759 can exchange
cooling energy with ambient air propelled by a fan 757 or can be inactive. When a cargo
space heat recuperator 759 is active, the transfer of cooling energy can increase the
temperature of the stable conditioned air coming from a cargo space 770 to the temperature
required prior to the intake of a fuel cell or prior to compression, at the intake of a fuel cell
reaction air compressor 570, and to the temperature required by a fuel cell 580 for reaction
air (which is typically between 15°C and 25°C; 59°F and 77°F).

[0097] During the heat exchange, air temperatures being monitored, ambient air can
be cooled to a temperature lower than the temperature required at the intake of a fuel cell
reaction air compressor 570. This conditioned air, depending on its temperature, can then be
either reintroduced, by a valve 754, to the flow of stable conditioned air from a cargo space
770 for use as fuel cell reaction air, can be directed to the air flow of a cargo space
conditioning subsystem 800 for use as air intake of an internal heat exchanger 780 or can be

exhausted.

[0098] When the conditions require additional conditioned air to be directed to a fuel
cell 780, for example when stable conditioned air from a cargo space 780 is not sufficient or
when cargo space air ventilation is not required, conditioned air from an internal heat

exchanger 780 of a cargo space condition subsystem 800 can be directed to the conditioned

air flow to be provided to a fuel cell 580 air intake by the use of valves 777 and 753.
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[0099] Cargo space air ventilation requirement, controlled by a control subsystem
500, can be evaluated with respect to the quantity of air that needs to be exchanged
between a cargo space air and ambient air and or fuel cell reduced oxygen air outflow
depending on their respective temperature and composition to achieve the air temperature

and composition setting in a cargo space 770.

[00100] When the conditions don’t require or allow the supply of stable conditioned air
from a cargo space 770 to a fuel cell 580, for example when the ambient air conditions are at
or near to the optimal conditions of fuel cell reaction air or for example when stable
conditioned air conditions from a cargo space 780 (in particular air composition,
temperature) are not at optimal fuel cell air intake requirements, or when a cargo space 780
requires a large amount of return air, or when a cargo space 780 requires ventilation, the
stable conditioned air from a cargo space 780 can be returned to a cargo space
environmental control subsystem 800 or purged to an ambient environment by the use of a
valve 755 and ambient air or conditioned air from the internal heat exchanger 780 can be

directed to a fuel cell 580 for air intake.

[00101] Prior to being delivered to a fuel cell 580, conditioned internal or ambient air,
at the required temperature prior to fuel cell intake or compression, can be channeled to a
filter 579, to remove potential non desirable particles and compounds where its sensor
measures air pressure, oxygen concentration, purity, and/or other conditions. It can then be
channeled to a compressor 570 for compression during which the air temperature can be
further increased to the final temperature required by a fuel cell 580. After being pressurized,
conditioned internal or external ambient air can flow to a humidifier 578 increasing the water
content in the air as required by a fuel cell 580 while the humidifier sensor measures air
temperature, humidity and pressure. Water input to a humidifier 578 can be directed from a
water separator 577 where water can be generated by a fuel cell 580 as a byproduct of its
operation. The then processed stable conditioned, pressurized, and purified air can be
delivered to a fuel cell 580 controlled by valve(s), an energy subsystem ECU 599 as well as

by a control subsystem 500, and optionally by other systems or components as desired

[00102] Further benefits can be achieved by directing the same stable conditioned air
flow to a fuel cell 580. This stable conditioned air flow can reduce or maintain a fuel Cell 580
operating temperature during the fuel cell reaction process in its operating range that can be
80°C/176°F to 100°C /212°F and can in some cases permit higher power output without

reducing durability.

[00103] The benefits described above, that are related to a fuel cell 580 air intake and

a cargo space 780 air outflow, provide efficiency improvements of the system that can result

-22-



10

15

20

25

30

35

WO 2022/243876 PCT/IB2022/054588

in a durability increase of a fuel cell through reducing operating power, temperature and
contaminants through the intake of conditioned and purified air that can minimize the effect
of fuel cell catalyst poisoning, that can be irreversible, due to intake of dry, impure air

containing for example but not limited to SO-.

[00104] For example fuel cell operating power reduction can be estimated at up to 8%
(or 0.6kW) when taking into account the power saved to pump air to a fuel cell and the
power saved to cool a fuel cell considering a fuel cell heating energy generation at 20% of
the total fuel cell energy, the thermodynamic and air density laws and considering a
conditioned air intake temperature at +15°C versus ambient air intake temperature at +50°C

at equal pressure of 3 bar.

[00105] As previously described when the energy subsystem 600 comprises at least
one fuel cell 580, in addition to producing electricity and heat, in various embodiments a fuel
cell 580 also exhausts hot reduced oxygen air and water. In startup or steady operations, the
hot reduced oxygen air can be used as a source of heating energy to either heat a cargo
space 770 when oxygen reduction and air chemistry modification is required for certain type
of perishable products or to defrost the system internal heat exchanger 780. Additionally and
as seen previously, the hot reduced oxygen air, after been cooled during heat exchange with
the system internal heat exchanger 780, operating as an evaporator, can also provide
oxygen reduction during the cooling mode to a cargo space conditioning subsystem 800
when oxygen reduction and air chemistry modification is required for certain types of

perishable or environmentally sensitive cargo.

[00106] Air chemistry modification can be required, or otherwise desirable, when
perishable goods like fruits and vegetables are transported with fresh air for refrigeration
(temperature between +2°C/36°F to +15°C/59°F). As these products continue, in these
conditions, to respire, to age, to release water, to release carbon dioxide, to release ethylene
and heat, reducing the amount of oxygen in a cargo space 770 air permits to minimize the
quantity of these releases. The air chemistry modification can be achieved by ventilation of a
cargo space that can be achieved by replacing some of cargo space air with either reduced
oxygen air from a fuel cell 580 or with ambient air or with conditioned air or with a
combination of these solutions. The average rate of a cargo space air ventilation is up to 30-
40% of its volume per hour depending on the type and quantity of cargo. The ventilation of a
cargo space can be done by the use of valves controlled by a fluid conditioning subsystem
ECU 699 and a control subsystem 500.

[00107] As illustrated in fig 6.3, internal intake air can represent intake air that can be

directed to an internal heat exchanger 780. Internal intake air can comprise ambient air,
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conditioned air, reduced oxygen air, return air or a combination of all. In embodiments where
internal intake air comprises fully or partially reduced oxygen air from a fuel cell 580,
conditioned air made from heat exchange with an internal heat exchanger 780 can be
directed by valves to an air filter to remove non desirable particles and compounds and
remaining water content, while at least one sensor measures air pressure, humidity and

purity, and then can be directed to a cargo space 770.

[00108] In such configurations of a transportation refrigeration unit where reduced
oxygen air can be directed into a cargo space 770, fuel cell reaction air can be supplied from
several sources of conditioned air, taking into consideration the air composition and in

particular the amount of N2 within the air that is acceptable for fuel cell operation.

[00109] In addition to fuel cell reaction air sources previously described and illustrated
in figure 6.31, an alternative supply of conditioned air for a fuel cell 580 can include varying
stable air flow coming from a cargo space conditioning subsystem 800 that passes through
an air management subsystem 760. By varying stable air flow, increasing or decreasing the
amount of stable air directed to a fuel cell 580, the specified amount of oxygen (O2) can still
be provided to a fuel cell 580 even with a higher content of nitrogen (N2) in the air

composition.

[00110] In various embodiments, an intelligent mobile environmental control system
900 can be configured to allow speed variation of an air compressor 570. A motor, of an air
compressor 570 (ideally with direct connection) that can deliver compressed reaction air to a
fuel cell 580, can be supplied with AC electric current from an inverter 556 that can pass
through a AC/DC rectifier, through a DC link filter and through the VFC (Voltage &
Frequency Control) inverter converting the current to AC and can allow variable frequency
and voltage output to a motor of an air compressor 570. The rotating speed of an air
compressor 570 can be transmitted to its motor by communication between an air
compressor 570 with a voltage & frequency control module, and consequently with a VFC
inverter, with an energy subsystem ECU 599 and a control subsystem 500. By such means,
the rotating speed of an air compressor 570 can vary as well as the compressed air flow to

be delivered to a fuel cell 580.

[00111] By such methods, almost infinite variable flow of fuel cell reaction air,
delivered to a fuel cell 580, can be achieved, varying fuel cell reaction air intake flow based

on conditioning instructions.

[00112] In the same manner, all air fans of an intelligent mobile environmental control
system 900 controlled by a fluid conditioning subsystem ECU 699 and control subsystem

500, can be supplied with electrical current from an inverter 556 and equipped with smart
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motors, can vary their motor speed and can provide variation of air flow based on

conditioning instructions.

[00113] Another alternative to supply conditioned air to a fuel cell intake can be a
blended solution combining conditioned air from a cargo space conditioning subsystem 800,
from the external environment, from a cargo space 770 with stable air flow variation and

controlled by valves and a control subsystem 500.

[00114] The distribution of reduced oxygen air to a cargo space 770, generated by a
fuel cell 580, represents another synergy and interdependency of the subsystems allowing to
improve the overall system efficiency. In this case the efficiency improvement can be
measured by the reduction of the perishable product transpiration, respiration, decay,
ripening and aging. Additionally the heat generated by these products during their respiration
can be reduced and can represent a reduction of approximately 20%* of the cooling capacity
requirement, that can be equivalent to 0.8 kW when the ambient temperature is at +50°C and

a cargo space temperature is just above 0°C.

[00115] This section of the embodiment describes novel methods for defining optimal
conditioning instructions that can be control policies for an intelligent mobile environmental

control system 900, in accordance with the invention.

[00116] A deep-learning based control subsystem 500 of an intelligent mobile
environmental control system 900 can be implemented in the form of hardware-software
systems that can estimate, among other values and functions, the transformation function
between input operating conditions 400 and output conditioning instructions 200 to provide
continuous optimal system performance during the system lifecycle, to anticipate the future
state of the system and adjust its configuration to the optimal control policy, to predict and
provide optimal mission suggestions to a transport vehicle operator, which may for example
include any one or more human and/or non-human operator(s) of any manned or unmanned
vehicle(s) operated as autonomous, semi-autonomous, and/or otherwise connected
autonomous transport vehicle(s), in order to minimize the fuel consumption and ameliorate a
number of additional constraints such as for example a cargo space 770 temperature and air
composition, operator requirements, cargo delivery schedule, battery pre-charge
conditioning and durability of the hardware components of the system while maintaining

cargo within specified conditions.

[00117] Control policies can be defined as a continuously generated set of
conditioning instructions 200 which can include one or a set of control parameters and that
can take into consideration at least operating conditions 400. Control parameters can

influence at least one condition of operating conditions 400.
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[00118] Figure 5 illustrates such a control subsystem 500 comprising of at least one
signal processing unit that can generate these control policies, that can process data and or
signals and that can register the state of the system in general, or the state of at least one of
the system subsystems, assemblies, components and fluids, using an array of sensors
including sensors attached to the subsystems, assemblies, components or fluid of interest. A
control subsystem 500 can also process signals from a transport vehicle 1000 or from
external sources and can be configured to generate conditioning instructions 200 based at
least in part on signals representing at least one operating condition 400 associated with the

transport vehicle 1000.

[00119] The relation between operating conditions 400 and conditioning instructions
200 can be represented by transformation functions that can be complex and or non-linear,

with its mathematical form being unknown apriori.

[00120] Such control policies can be implemented as series of deep neural networks
within a control subsystem 500. A deep neural network is a machine learning algorithm
consisting of series of layers and differentiable non-linear activation functions which can be
used to provide such conditioning instructions 200 to control the behavior of the various
subsystems, assemblies and components of an intelligent mobile environmental control

system 900.

[00121] A control subsystem 500 can receive operating conditions 400 and their
readings by collecting their representing signals from internal subsystems comprised within
an intelligent mobile environmental control system 900 and or from external systems,
including, but not limited, a transport vehicle 1000, other transport vehicles, APIs
(Application Programming Interfaces), ITS (Intelligent Transportation Systems) and remote

service servers.

[00122] A control subsystem 500 can provide conditioning instructions 200 by sending
their representing signals to internal subsystems comprised within an intelligent mobile

environmental control system 900 and or to a transport vehicle 1000.

[00123] As described in this embodiment, conditioning instructions 200 can be
influenced by operating conditions 400, being the conditions in which an intelligent mobile

environmental control system 900 can operate within and or will operate within.

[00124] Some operating conditions can be configurable and can represent
environmental conditions that can include functional conditions, where environmental
conditions represent the state of the environment surrounding and within a subsystem, or a
system and or a transport vehicle. Within these environmental conditions, this embodiment

considers but is not limited to, vehicle operating conditions 380, subsystems operating
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conditions 370, ambient environmental conditions 390, predicted environmental conditions

360, operator conditions 280, mission requirements 260, and mission conditions 240.

Operating conditions 400 can include the following:

1.

Vehicle and or subsystems operating conditions can represent the
environmental conditions surrounding and within a transport vehicle 1000
and or subsystems of an intelligent mobile environmental control system
900.

Vehicle operating conditions 380 can include the states and conditions of a
vehicle 1000 and that can include for example but not limited to the vehicle
location, vehicle speed, the vehicle energy type, the vehicle insulation type,
the vehicle cargo door type and the vehicle cargo door opening or locking
status. These operating conditions and their readings can be collected and
communicated to a control subsystem 500 via their representative signals
coming from a vehicle GPS, and or a transport vehicle 1000 speedometer
and or a transport vehicle 1000 control unit, and or any remote service

server calls through networks.

Subsystems operating conditions 370 can comprise energy subsystem
operating conditions, fluid conditioning subsystem operating conditions and
cargo space conditioning subsystem operating conditions. These
subsystems operating conditions can include the states and conditions of
assemblies, components and fluids within each of these subsystems.
Fluids can include fluids in their solid, gaseous or liquid form and can
include but not limited to hydrogen, oxygen, nitrogen, air, refrigerant, water.
States can include but not limited to pressure, temperature, composition,

chemistry, purity, humidity and quantity.

These subsystem operating conditions and their readings can be collected
and communicated to a control subsystem 500 via their representative
signals coming from sensors and monitoring devices mounted on
subsystem assemblies and components and from an energy subsystem
ECU 599 and a fluid conditioning subsystem ECU 699.

Ambient environmental conditions 390 can represent the ambient
environment surrounding a transport vehicle. An ambient environment can

comprise, but is not limited to, temperature, chemistry, purity, pressure
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(barometric), density (altitude), humidity as well as wind speed, wind

direction and solar intensity.

These ambient environmental conditions and their readings can be
collected and communicated to a control subsystem 500 via their
representative signals coming from on board sensors and monitoring
devices mounted on a transport vehicle 1000 such as, but not limited to,
speedometers, anemometers, wind indicators, altitude sensors,
temperature sensors, pressure sensors, hygrometers, solar radiation DNI
pyrheliometers, ground temperature and ground emissivity. The ambient
environmental condition and their readings can also be collected and
communicated to a control subsystem 500 via their representative signals
coming from off board data from other vehicles, APIs , ITS or from any
remote service server calls through networks or point to point
communications and can represent the actual or forecast state of these
conditions.

Predicted environmental conditions 520, illustrated in figure 5.1, can
represent, but are not limited to, readings and representative signals on
the actual and forecast state of the road status, terrain conditions, route
configurations, types of energy station, cargo conditions of transported
cargo and driver availability.

Road status can comprise, but are not limited to, readings and their
representative signals on the actual and forecast state of the traffic status
as well as on fuel and energy station locations for filling or refilling and can
be collected and communicated to a control subsystem 500 via off board
data from other vehicles, APIs , ITS or from any remote service server
calls through networks or point to point communications and can represent
the actual or forecast state of these conditions.

Terrain conditions can comprise, but are not limited to, readings and their
representative signals on the actual and forecast state of the types of road
and their conditions and can be collected and communicated to a control
subsystem 500 via off board data from other vehicles, APIs , ITS or from
any remote service server calls through networks or point to point

communications and can represent the actual or forecast state of these
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conditions.

Route configurations can comprise, but are not limited to, readings and
their representative signals on the actual and forecast state of the types of
cargo loading and unloading dock (indoor, outdoor, conditioned...), the
types of rest stop (short, long rest, location...), the accessibility to a grid or
to other external energy sources and to the types of these external energy
source (connection type, current and voltage and rate...). Route
configuration readings and their representative signals can be collected
and communicated to a control subsystem 500 via off board data from
other vehicles, APIs , ITS or from any remote service server calls through
networks or point to point communications and can represent the actual or

forecast state of these conditions.

Energy station conditions can comprise, but not limited to, readings and
their representative signals on the actual and forecast state of the fuel and
energy status, i.e. the type of energy, capacity and availability of energy,
occupancy at the station, waiting time, and to readings and signals on the
cost of energy at stations, current, voltage and power types at stations and
on hydrogen types at stations (pressure, H2 phase, purity, cost, flow
rate...). Energy station condition readings and their representative signals
can be collected and communicated to a control subsystem 500 via off
board data from other vehicles, APIs , ITS or from any remote service
server calls through networks or point to point communications and can

represent the actual or forecast state of these conditions.

Cargo conditions of transported cargo can include, but not limited to,
readings and their representative signals on the actual and forecast state
of the product behavior and characteristics over time of the transported
cargo at various environmental conditions and or the type of cargo
monitoring devices and or requirements. The cargo conditions of
transported cargo readings and their representative signals can be
collected and communicated to a control subsystem 500 via off board data
from other vehicles, APIs or from any remote service server calls through
networks or point to point communications and can represent the actual or

forecast state of these conditions.
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[00125]

Operator conditions 280 can be input by an operator or by a cargo
transportation end-user and can represent, but not limited to, readings and
their representative signals on the actual and forecast availability and
location of drivers and substitutes, and or on biological and stop
requirements, operator regulations and or on transportation company
operator policies. Operator conditions 280 readings and their
representative signals can be collected and communicated to a control
subsystem 500 via an operator interface 420, and or APIs, and or remote
end-user TMS (Transport Management System), and or remote end-user
VRS (Vehicle Routing System) and or from any remote service sever calls

through networks.

Mission requirements 260 can be input by an operator or by a cargo
transportation end-user, and can represent, but are not limited to, readings and
their representative signals on the type of cargo, on the type of dunnage, on the
temperature requirement of the cargo space, on the air composition requirement
of the cargo space, on the destination locations and on the loading and
unloading stop locations. Mission requirements 260 readings and their
representative signals can be collected and communicated to a control
subsystem 500 via an operator interface 420, and or a fluid conditioning

subsystem ECU 699 and or a transport vehicle control unit.

Mission conditions 240 can be input by an operator or by a cargo transportation
end-user, and can represent, but not limited to, readings and their representative
signals on the type of route, loading and unloading stop duration, rest stop
locations, rest stop duration, refuel and or recharge stop locations, refuel and or
recharge stop duration, time between stops and the overall mission duration.
Mission conditions 240 readings and their representative signals can be
collected and communicated to a control subsystem 500 via an operator
interface 420, and or a fluid conditioning subsystem ECU 699 and or a transport

vehicle control unit.

As described in this embodiment, a control subsystem 500 can be configured

to generate conditioning instructions 200 based at least in part on readings and signals

representing at least one operating condition 400 associated with a transport vehicle 1000.

These conditioning instructions 200 can include, but not limited to, subsystems instructions

190 and or vehicle instructions 100.
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[00126] Subsystems instructions 190 can be a vector of configurable parameters and
can represent, but not limited to, the instructions to operate at least one subsystem to
optimize the system performance. Energy subsystem instructions, fluid conditioning
subsystem instructions, cargo space conditioning subsystem instructions are all part of the
subsystems instructions 190, and can comprise instructions to modify various control

parameters of the assemblies and components of these subsystems.

[00127] Control parameters can include but are not limited to the rate of flow of fluids,
fluids can include fluids in their gaseous, liquid and solid forms and can include but are not
limited to hydrogen, oxygen, nitrogen, air, refrigerant and water. Control parameters can also
include the speed and power of motors, power of energy sources, position of valves and
switches, the duration of the pull up or down cycle, the number, timing and duration of
defrosting cycles as well as the notification of service requirements of at least one
component included within the subsystems. These subsystem instructions can result in
various modes of operation of an intelligent mobile environmental control system 900 that
can include but are not limited to, the cooling, heating, warmup, defrosting, stand-by
refrigeration on, stand-by refrigeration off modes, and perform alerting, alarming, recording,

logging, data transmitting, displaying, hosting and service notifying functions.

[00128] Subsystems instructions 190 readings and their representative signals can be
communicated from a control subsystem 500, to a fluid conditioning and or cargo space

conditioning subsystems ECU 699 and or to an energy subsystem ECU 599.

[00129] Vehicle instructions 100, illustrated in figures 5.2, can represent instructions
to a transport vehicle to achieve an optimal mission to optimize the system performance and
can include, but not limited to, a vehicle route, speed and direction, route distance, route
duration, rest point location, rest period duration, refueling point location, refueling duration,
grid and or external energy source connection location, grid and or external energy source
connection duration, loading and or unloading location, loading and or unloading frequency
and duration, estimated time of arrival, delivery prioritization by cargo product type & state,
vehicle stopping, starting, refueling and or recharging, cargo door opening, cargo door
locking, grid and or external energy source connection, cabin electric energy transfer and
vehicle maintenance and service . These vehicle instructions can result in various modes of
operation of a vehicle 1000 that can include but are not limited to, the starting, idling,
refueling, connecting to external electric energy source, docking, loading, unloading, driving,

stopping modes.
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[00130] Vehicle instructions 100 readings and their representative signals can be
communicated from a control subsystems 500 to an operator interface 420 and orto a

transport vehicle 1000 control unit.

[00131] Conditioning instructions can be generated by a control subsystem 500 to
optimize the system performance of an intelligent mobile environmental control system 900.
System performance can include, but is not limited to, cargo temperature, cargo space
temperature, cargo space humidity, cargo space fluid composition, cargo space fluid purity,
energy consumption, energy quantity, durability and reliability of subsystems, cargo delivery,
emissions, battery temperature (pre-conditioning status for charging) and or energy cost.
System performance can represent a cumulative value of instantaneous system
performance over a period of time and their readings and or absolute values and their
representative signals can be communicated from a control subsystem 500 to an operator

interface 420 and or any transportation end user remote server.

[00132] From the system performance, mission status report can be generated and
can include reading reports and recordings on the actual status of system performance and
report readings and representative signals can be communicated from a control subsystems

500 to an operator interface 420.

[00133] As discussed in this embodiment, a control subsystem 500, illustrated in the
figure 5.4, can comprise at least one processing unit that can generate at least one of four
functions; an optimization function 470, a predictive assistance function 440, a safe state

estimation function 460 and a backup control function 450.

[00134] In various aspects and embodiments, a control subsystem 500 can be
composed of at least one of these multiple functions implemented both as hardware devices
(microcontrollers, general purpose processor, application specific hardware circuits,
application specific low-powered processors, NAND flash storage devices, spinning-disk
hard drives) and as software packages (neural networks and its components, external API

client code, external API server code, integration software).

[00135] To generate continuous conditioning instructions 200, that will result in
optimal system performance, control subsystem 500 can continuously analyze response
values, at least one processing unit of a control subsystem 500 can collect operating
conditions 400 from various on-board and off-board readings described in this embodiment,
can transform and aggregate these conditions into a sensor array 490. A sensor array 490
can be a hardware-software system implemented on the microcontroller device in a format

acceptable by the other components of the system.
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[00136] Response values can also be aggregated into a sensor array 490, can then
be stored in a sensor value storage 480 which can be a hardware-software complex used to
store some “Kk” latest readings of these sensors. Storage can be implemented as a hardware
device using NAND flash drive, spinning disk drive, or other storage medium. In a similar
manner, conditioning instructions 200 can be aggregated and stored in sensor value storage
480.

[00137] An optimization function 470 can be based on a deep learning network and
can then incorporate the past readings of a sensor array 490 retrieved from a sensor values
storage 480 into the decision process on optimal control parameters of subsystems which
can be a vector of configurable parameters. These optimal control parameters can be
generated based on the current readings of sensors, past readings retrieved from the
storage and predictions of the future state of the system made within an optimization
function 470. As described in this embodiment, adjustment of these control parameters can
allow modifications of their respective operating conditions 400. An optimization function
470 can be trained and implemented on an application specific processor (including, but not
limited to Graphical Processing Units) where a neural network can be implemented as a

modification of a Long-Short Term Memory algorithm.

[00138] A trained optimization function 470 can be achieved in two stages: The first
stage can include modeling of a physical intelligent mobile environmental control system
using a deep neural network. The relationship between operating conditions 400 and
conditioning instructions 200 can be some unknown non-linear function that can be
estimated during this first stage of the system built. The second stage can include the
learning of optimal control strategy(ies) using the model from the first stage as a proxy for an
intelligent mobile environmental control system 900, to simulate the response of the system
to a different combination of operating conditions 400. During this stage, an optimization
function 470 receives as an input response values of an intelligent mobile environmental
control system 900, and outputs conditioning instructions 200 for convergence towards

optimal system performance.

[00139] As described in the embodiment, an optimization function 470 can achieve
continuous optimization of response values by continuously providing conditioning
instructions 200 allowing continuous adjustment of control parameters and subsequently of
configurable operating conditions and by taking into consideration non-configurable

operating conditions.

[00140] A second function of a control subsystem 500 can include a predictive

assistance function 440 that can be implemented as a software-hardware system and as a
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combination of different software algorithms including, but not limited to, neural networks. A
predictive assistance function 440 can take as an input at least one of the forecast reading of
the operating conditions 400 from the sensor array 470, at least one of the response values

from a sensor value storage 480 and can produce vehicle instructions 100.

[00141] A third function of a control subsystem 500 can include a safe state
estimation function 460 that can be implemented in the form of a software application
running on a microcontroller or general-purpose processor and can be configured to
estimate the stability of the current state of the system based on current readings of
operating conditions 400 from a sensor array 470 and or sensor value storage 480 and that
can include sensor readings of vehicle and or subsystem operating conditions 380 and of
their control parameters. If the current state of the system is judged unstable, the estimation

function 460 can engage a backup control function 450.

[00142] Finally a fourth function of a control subsystem 500 can include a backup
control function 450 that can be implemented as a more or less trivial control algorithm that
can control a more limited number of control parameters, for example at least cargo
temperature. A backup control function 450 can include driving an intelligent mobile
environmental control system 900 into a stable state where the deep-neural network based

optimization function 470 can operate.

[00143] An operator interface 420 can be a HMI (Human Machine Interface) or any
interface that can allow an operator or an end-user of a transport vehicle, being manned or
unmanned, to input at least mission requirements 260 and to input mission conditions 240 if
available. The same operator interface 420 can allow the same operator to receive readings
of vehicle instructions 100 and of a mission status report 20. Such an operator interface 420
can communicate and exchange signal readings of mission requirements 260 and mission
conditions 240 to a control subsystem 500 and can receive the result signal readings of a

predictive assistance function 440 of a control subsystem 500.

[00144] One or various functions of a control subsystem 500 can be performed within
at least one control subsystem 500 onboard processing unit or within at least one off board
processing unit that can be accessible remotely by a control subsystem 500 onboard

processing unit using calls through the same cellular network or any network.

[00145] Figure 8.6 is a matrix presenting examples of various functions of a control
subsystem 500 in accordance with various aspects and embodiments of the invention, and
examples of operational scenarios in which such functions can be employed, including for

examples scenarios in which controllers can intelligently respond to changing route and
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external conditions and mitigate risk to cargo while minimizing or otherwise optimizing

energy consumption.

[00146] An example of an intelligent mobile environmental control system 900
efficiency and its optimal control policy being to reduce energy consumption, can be when
5 anticipation and recommended live updates can be sent to an operator requesting a change

of the original and or current route to a more efficient route.

[00147] For example, when considering a mission route scenario “A” and a predicted

alternative route “B” established by a control subsystem 500, where:

) Route scenario A is a 500 km route, with traffic, equivalent to a 10 hours
10 journey duration during which loading, shipping and delivering of goods are
conducted at a transported temperature of -20°C (+/-5°C) and where the ambient

conditions are sunny with an ambient air temperature of +20°C.

) The anticipated alternative route scenario B is a 500 km route, with no traffic,

equivalent to 7 hours and 45 min journey duration during which loading, shipping and

15 delivering of goods are conducted at a transported temperature of -20°C (+/-5°C) and
where the ambient conditions are with an opaque sky, covered by clouds, and an

ambient air temperature of +10°C.

[00148] Considering these scenarios and the cooling capacity requirement, Qc, that, in
this example, is the sum of the transmission heat load, Q;, and of the solar radiation heat
20  load, Qs, and where:

> 1 = KX S XAT
e Q unit being in W,

¢ Krepresents the heat transfer coefficient of the trailer walls and is established
at 0.5 W/im2 K,

25 e S represents the heat transfer surface area, defined at 150 m?, calculated as
the geometric mean of the inside surface area and the outside surface area of

the trailer walls,
¢ AT is the difference of the internal trailer and external ambient temperatures.

> Qs is assumed a constant based on the allowance of the sun effect table from
30 the 2006 ASHRAE handbook on refrigeration and corresponding at a load of 0.3kW

for the scenario A,
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We can for example obtain the following cooling capacity requirement for scenario A: Qc=
3.3 kW and for scenario B Qc= 2.2 kW. Considering the efficiencies of electric motors and of
a fuel cell respectively at 85% and 60%, and knowing that the energy of 1kg of H2 = 33.3
kWh, we can conclude that the H2 energy and fuel consumption for a 500 km journey and

for the defined routes are:
. Energy scenario A = 65 kWh equivalent to 1.9 kg of H2,;
. Energy scenario B= 34 kWh equivalent to 1.0 kg of H2
Where the Energy = [(Qc) / (Effm x Effic)] X t with
Effn= Motor Efficiency;
Effi=fuel cell Efficiency and
t = journey duration.

[00149] In this example, a saving of 0.9 kg of H2 can be achieved by using the
anticipated alternative route scenario B compared to the original route A, equivalent to a 31
kWh of energy saving or a 47% of H2 fuel saving to refrigerate a cargo space. It is important
to note that scenario B is not only saving fuel to refrigerate the cargo space but is also
saving fuel of the trailer vehicle due to the prediction and the optimized route
recommendation B that has a shorter duration and less acceleration (due to the fact that

there is no traffic) than the initial route A.

[00150] A further attribute of an intelligent mobile environmental control system 900
can be a “hosting” function. The hosting function can allow for hydrogen refueling and or
electrical recharging and or transfer of cooling energy to other fix or mobile users (being
land, sea or air mobile users that can be manned or unmanned), whenever it is possible,
based on conditions managed by a control subsystem 500. This can for example be
achieved by communicating remotely, using the same communication protocols, with these
users on the available quantity of hydrogen fuel and or on the available quantity of electrical
energy and or on the available quantity of conditioned fluid, and by communicating on the
current location of transport vehicle with an intelligent mobile environmental control system
900, user vehicles or fix location. It can also be achieved by evaluating and communicating
the recommended safe location to conduct such a refueling and or recharging, and or
transfer of cooling energy and by evaluating the duration of this event versus the actual

mode of an intelligent mobile environmental control system 900.

[00151] The fuel recharging operation can be conducted by either direct connection of

a port to be charged to host system tank charging ports, or by tank exchange with a host
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system tank when the system is configured with multiple tank(s) and having quick-

disconnect features.

[00152] The electrical recharging operation can be conducted by use of either a direct
connection of a port to be charged to a host system connector including but not limited to
conductive or inductive connectors, or by battery exchange with a host system battery when

the system is configured with multiple batteries and having quick-disconnect features.

[00153] The transfer of cooling energy can be achieved by direct connection between
a port to be charged and a host system thermal energy port included but not limited to by

conductive, convective and radiative connection.

[00154] While exchanging information with users to be refueled and or to be
recharged and or to transfer cooling energy and during the operation, a control subsystem
500 can be recording and logging all the data pertaining to this operation and the status of

each step.

[00155] The various aspects and embodiments of systems and components
described above can be combined to provide further embodiments, and modified to achieve
the advantages set forth. In general, the terms used should not be construed to limit the
invention to the specific embodiments disclosed, but should be construed to include all

Hydro-Cool system configurations in accordance with the claims.

[00156] While the disclosure has been provided and illustrated in connection with
specific, presently-preferred embodiments, many variations and modifications may be made
without departing from the spirit and scope of the invention(s) disclosed herein. The
disclosure and invention(s) are therefore not to be limited to the exact components or details
of methodology or construction set forth above. Except to the extent necessary or inherent
in the processes themselves, no particular order to steps or stages of methods or processes
described in this disclosure, including the Figures, is intended or implied. In many cases the
order of process steps may be varied without changing the purpose, effect, or import of the
methods described. The scope of the invention is to be defined solely by the appended

claims, giving due consideration to the doctrine of equivalents and related doctrines.

Selected features from one or more of the above-described embodiments may be combined
to create alternative embodiments not explicitly described, features suitable for such
combinations being readily apparent to persons skilled in the art. The subject matter
described herein in the recited claims intends to cover and embrace all suitable changes in

technology.
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CLAIMS
What is claimed is:

1. An intelligent mobile environmental control system for a transport vehicle, comprising:
an energy subsystem comprising at least one fuel cell and at least one battery;
a fluid conditioning subsystem configured for use of energy provided by the energy
subsystem to:
condition at least one physical attribute of a first conditioning fluid in accordance
with at least one conditioning instruction received from an environmental control
subsystem; and
direct the conditioned conditioning fluid to at least one heat exchanger of a cargo
space environmental control subsystem;
a cargo space environmental control subsystem heat exchanger configured to use the
conditioned conditioning fluid to control an environment of a cargo space; and
an environmental control subsystem comprising at least one signal processing unit
configured to generate the conditioning instruction based at least in part on signals

representing at least one operating condition associated with the transport vehicle.

2. The intelligent mobile environmental control system of claim 1, wherein the operating

condition comprises a transport vehicle operating mode.

3. The intelligent mobile environmental control system of claim 1, wherein the operating

condition comprises an intelligent mobile environmental control system operating mode.

4. The intelligent mobile environmental control system of claim 1, wherein the operating

condition comprises an environmental condition.

5. The intelligent mobile environmental control system of claim 1, wherein the signals
representing at least one operating condition represent at least one condition sensed by at

least one sensor of the transport vehicle.

6. The intelligent mobile environmental control system of claim 5, wherein the at least one
sensor comprises at least one of a positioning system, a speedometer, an anemometer,
wind indicator, an altitude sensor, temperature sensor, a pressure sensor, a hygrometer, and

a solar radiation DNI pyrheliometer.

7. The intelligent mobile environmental control system of claim 1, wherein the signals
representing at least one operating condition are received via an electronics communication

network from a source located off board the transport vehicle.
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8. The intelligent mobile environmental control system of claim 1, wherein the signals
representing at least one operating condition represent at least one ambient environmental

condition.

9. The intelligent mobile environmental control system of claim 1, wherein the signals

representing at least one operating condition are predictive.

10. The intelligent mobile environmental control system of claim 1, wherein based at least
partly on the signals representing at least one operating condition the at least one processor

generates at least one transport vehicle operating instruction.

11. The intelligent mobile environmental control system of claim 1, wherein the conditioning

instruction comprises signals representing a transport vehicle operational recommendation.

12. The intelligent mobile environmental control system of claim 1, wherein the energy
subsystem comprises an external power interface configured to receive power from an

external power source and deliver it to at least one component of the energy subsystem.

13. The intelligent mobile environmental control system of claim 1, wherein the energy
subsystem comprises an external power interface configured to deliver power provided by at

least one component of the energy subsystem to an off-vehicle system.

14. The intelligent mobile environmental control system of claim 1, comprising an ambient
environmental fluid interface configured for thermal energy exchange between an ambient

environment and at least the first conditioning fluid.

15. The intelligent mobile environmental control system of claim 1, wherein at least one of
the fluid conditioning subsystem and the cargo space environmental control subsystem is
configured to direct thermal energy to the energy subsystem for use in controlling an

environmental state of at least one component of the energy subsystem.
16. The intelligent mobile environmental control system of claim 1, wherein:
the energy subsystem comprises at least one heat exchanger; and

at least one of the fluid conditioning subsystem and the cargo space environmental
control subsystem is configured to direct the same or other conditioned conditioning
fluid to the energy subsystem heat exchanger to control an environmental state of

at least one component of the energy subsystem.
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17. The intelligent mobile environmental control system of claim 1, comprising an ambient
environmental fluid interface configured to mix conditioned fluid with ambient environmental
fluid and deliver the mixed fluids to at least one of the energy subsystem, the fluid

conditioning subsystem, and the cargo space environmental control subsystem.
18. An intelligent mobile environmental control system for a transport vehicle, comprising:
an energy subsystem comprising at least one battery;

a fluid conditioning subsystem configured for use of energy provided by the energy

subsystem to:

condition at least one physical attribute of a conditioning fluid in accordance with

a conditioning instruction received from an environmental control subsystem; and

direct the conditioned conditioning fluid to a heat exchanger of a cargo space

environmental control subsystem;

the cargo space environmental control subsystem heat exchanger configured to use

the conditioned conditioning fluid to control an environment of a cargo space; and

the environmental control system comprising at least one signal processing unit
configured to generate the conditioning instruction based at least in part on signals

representing at least one operating condition associated with the transport vehicle.
19. A mobile environmental control system for a transport vehicle, comprising:
an energy subsystem comprising at least one fuel cell and at least one battery;
a cargo space for containing cargo; and
a cargo space environmental control subsystem;
the mobile environmental control system configured:

in a first mode, to direct at least a first conditioning fluid from the energy subsystem to
at least one of a heat exchanger, a cargo space environmental control subsystem,
and a heat exchanger of fluid conditioning subsystem, to control an environment of

a cargo space; and

in a second mode, to direct the same or another conditioning fluid from the cargo

space to the energy subsystem, to control an environment of the energy subsystem.
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20. The mobile environmental control system of claim 19, wherein at least one of the

conditioning fluids comprises conditioned air.

21. The mobile environmental control system of claim 19, comprising at least one ambient
environmental fluid interface and configured to mix conditioning fluid with ambient fluid for

use in controlling at least one environment of the mobile environmental control system.

22. The mobile environmental control system of claim 19, comprising an ambient
environmental fluid interface configured for thermal energy exchange between an ambient

environment and at least the first conditioning fluid.

23. The mobile environmental control system of claim 19, comprising at least one signal
processing unit configured to generate instructions for conditioning at least one physical
parameter of the conditioning fluid, the conditioning instructions based at least in part on

signals representing at least one operating condition associated with the transport vehicle.

24. The mobile environmental control system of claim 23, wherein the signals representing

at least one operating condition represent vehicle operational recommendations.

25. The mobile environmental control system of claim 23, wherein based at least partly on
the signals representing at least one operating condition the at least one processor

generates at least one transport vehicle operating instruction.

26. The mobile environmental control system of claim 23, wherein the signals representing
at least one operating condition represent at least one condition sensed by at least one

sensor of the transport vehicle.

27. The mobile environmental control system of claim 24, wherein the at least one sensor
comprises at least one of a positioning system, a speedometer, an anemometer, wind
indicator, an altitude sensor, temperature sensor, a pressure sensor, a hygrometer, and a

solar radiation DNI pyrheliometer.

28. The mobile environmental control system of claim 23, wherein the signals representing
at least one operating condition are received via an electronics communication network from

a source located off board the transport vehicle.

29. The mobile environmental control system of claim 23, wherein the signals representing

at least one operating condition represent at least one ambient environmental condition.
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30. The mobile environmental control system of claim 23, wherein the signals representing

at least one operating condition are predictive.
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