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ENERGY CHASSIS AND ENERGY EXCHANGE DEVICE

FIELD OF THE INVENTION

This invention relates to building, heating and cooling systems (HVAC) systems and
electrical systems, in particular to systems, methods, and devices used to sense and collcct local
sources of naturally renewable energy, 1o store energy and to redistribute energy to ethiciently

meet building needs by using a fully integrated, factory assembled device.

BACKGROUND AND PRIOR ART

ENERGY CONSUMPTION COSTS AND PROBLEMS

Energy consumption in commercial buildings is a very expensive component of the cost
for operating and maintaining a building. For example, commercial buildings have expensive air
conditioning and heating needs which over the lifetime of the building often add up to more than
double the first cost for construction. Attempts over the years to reduce energy consumption

have resulted in adding substantial increases in construction costs which are not recouped over

the short term.

The typical commercial building heating and cooling system used in the U.S. today 1s a
Variable Air Volume (VAV) system, typically configured this system cannot utilizc sustainable

energy sources. Buildings represent 40% of the energy used in the

CA 2797794 20177-06-06
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U.S. and are fueled almost entirely with fossil fuels that are expensive and damaging to

the environment. There are a number of problems that make these HVAC systems

energy inefficient, unhealthy, uncomfortable, and that create barriers to adopting new

technologies. These problems include:

Pressure on construction costs encourages owners to keep up front costs low by
purchasing inexpensive, wasteful HVAC systems

Wasting excess energy rejected through chillers, etc. rather than moving it to where it
is needed or storing it for later use

High energy movement through walls because of inadequate insulation - 1n
conventional systems the shell is not part of the solution, but in the invention it can be
made to be an energy storage device

Constantly reheating and re-cooling the building mass rather than holding 1t at
temperature

Overbuilt, inefficient systems that could be made much smaller

The 1nability to use local energy (e.g. solar, body heat, etc.)

Heating the building when the heating system is least efficient and likewise cooling
the building when the cooling system is least efficient — with energy storage, this can
be reversed to increase efficiency

Geothermal systems are typically more costly to build and their function 1s not
designed to maximize efficiency which in turn reduces the use of these systems

The rapidly changing alternative energy technologies that are being developed are

created in silos to perform the functions of that technology and do not work together

without custom integration. These often prove to be unreliable or fail. Few engineering
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firms have the resources to research and integrate innovative solutions and as a result do
not commonly design them into client buildings. This is the way that air conditioning
units were built before Carrier standardized the A/C unit which is described in U.S.
Patent No. 2,154,263 in which Willis Carrier patented a standard refrigeration unit for a
rail car. The custom-build process is very expensive and limits market use while the
standardized product brings down costs and expands the market.

While we are aware that there is a great deal of energy available locally (e.g. body
heat, lighting heat, computer heat, solar thermal, solar photovoltaic, geothermal, etc.) the
U.S. has failed to adopt a significant use of local energy harvesting (i.e. alternative or
renewable energy). According to the U.S. Department of Energy, in September of 2009,
alternative energy accounted for less than 1% of the energy used in the U.S. In order to
use local energy harvesting the building must have a system capable of sensing the
availability of different types of energy and of transporting that energy to where it 1s
needed.

To make that device cost effective, it must be manufactured inexpensively enough
to be affordable at a comparative cost to a conventional HVAC system. Further, in order
to make alternative energy equipment affordable it must have a longer range of operation
(1.e. use energy storage) than that of the intermittent energy sources it attempts to use
(e.g. the sun sets, people leave a building, lights are turned off, etc.). That intermittent
availability can be extended by storing the thermal energy and this in turn increases the

return on investment made in the energy harvesting equipment.
Therefore, designing the energy sensing, harvesting, storage, transportation and

controls as a single system capable of connecting a multitude of sources to a multitude of
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uses enables the efficient application of alternative energy and increases the return on

investment in the required equipment in order to make it affordable at the current market

cost threshold for HVAC equipment.

GEOTHERMAL HEAT PUMP/HEAT EXCHANGER COSTS AND PROBLEMS
Typical geothermal heat pump heat exchangers come in various configurations

including vertical closed loop, horizontal closed loop, "Slinky" loop, pond loop, thermal

piles, etc. but generally when applied to a system these configurations have the following

charactenstics:

1. A single fluid circuit is applied (e.g. a vertical loop is not combined with a
horizontal loop)
2. The fluid 1n the single fluid circuit is mixed and delivered to all heating/cooling
devices at a constant temperature. This 1s the case with U.S. Patent No. 7,571,762 and
7,407,003 issued to Ross, where both devices manifold all the geothermal bores together
mixing the fluids. This mixing of temperature dilutes its ability to transfer heat as a result
of a reduction of the temperature difference between the fluid and the terminal heat
transfer device. The greater the temperature difference, the greater the heat transfer and
conversely less temperature difference means less heat transfer.

Current geothermal heat exchanger design is not optimized to provide cooler
water to support sensible cooling devices such as radiant cooling panels and chilled
beams. Instead, they mix higher and lower temperature water together which reduces the

ability to provide sensible cooling with these devices. Additionally, current geothermal

heat exchanger design is not configured to maximize the ability to store energy for later

use by mixing/combining various heat exchanger configurations.
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Previous art includes combinations made of multiple types of alternative HVAC
equipment such as Nishman U.S. Patent No. 4,375,806 which combines a geothermal
system with a solar hot water panel and a system of sensors, circuits, and controllers that
only uses the solar panel and geothermal system in combination when it is efficient.
Nishman’s claims were for a system that simply turned two sources on or off based on
real time (only) efficiency of the two devices (rather than improving efficiency of the
entire system over time). The present invention goes beyond Nishman, with both
sources controlled individually to be able to use each source at a variable level to
optimize the complete system.

The Ross '762 and '003 patents presents a geothermal manifold which allows
geothermal loops to be piped in parallel to each other. This method does not allow for
loops to be separated for different uses; it combines all inputs and all outputs into a two
pipe (one in, one out) system. The invention entailed herein uses automated selection of
the best loop(s) to use, and can use loops in different modes simultaneously, can use
different types of loops simultaneously, or mix loop fluids as desired for efficiency.
Unlike Ross, the present invention has the ability to efficiently heat and cool at the same
time. It can achieve this via a heat pump or directly from a dedicated hot thermal energy
storage and a dedicated cold thermal energy storage simultaneously.

U.S. Patent No. 4,360,056 1ssued to O'Connell on November 23, 1982 teaches a
system with multiple geothermal loops which are pumped separately. This system still

combines or mixes all the geothermal fluids into a single fluid circuit (piped) system with

only one inlet and one output. This does not allow for multiple temperature fluids to be

used at the same time, a functionality that improves energy efficiency.
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U.S. Patent No. 5,934,369 1ssued Dosani on August 10, 1999 describes a method
and controller for predicting the charging loads and time for thermal energy
storage/thermal slabs. Unlike Dosani, the present invention goes beyond this previous
art. This prediction and knowledge of thermal energy storage is useful yet it is only fully
utilized when combined with building load predictions, on-peak/off-peak electrical cost
rate structure, and controls of sources and sinks as the invention herein covers.

U.S. Patent No. 5,778,683 issued to Drees on July 14, 1998, titled "Thermal
storage system controller and method" teaches a utility rate with a peak rate structure; 1t
does not entail thermal storage for reduction of system size and for increasing the
availability of sustainable energy as the present invention does. Drees entails a data
structure of the utility rate struCMG and determines the relative cost-effectiveness of
using thermal storage versus non-thermal storage and also how much of the thermal
storage capacity can be used. It does not cover the thermal capacity and charge/discharge
rate predictions/measurements that Dosani does. As it does not combine these inputs, it
cannot reach the most efficient energy use solution. The present invention does have the
additional functionality to create the most efficient energy system. The present invention
also includes the system design function to increase efficiency savings by predicting the
thermal storage performance along with a matrix of other factors which allow the system

to be properly sized and not waste first cost capital on an over sized, less efficient HVAC

system.

The need exists for solutions to the above problems with the prior art.
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SUMMARY OF THE INVENTION

A primary objective of the present invention is to provide systems, methods and
devices for a simple to implement, multifunctional, factory produced, self-contained
(aside from sources/sinks/storage and piping), fully integrated, automated heating and
cooling system that incorporates methods and devices required for a building HVAC
system that includes, but is not limited to, automated real time and future energy
requirement projections for a building, or group of buildings, to more efficiently meet
building energy requirements. This energy management capability uses devices having
the automated functionality of energy sensing, load forecasting, harvesting, storage,
management and transportation to increase the efficiency of building heating and cooling
systems while simplifying the design and construction of the building energy system.
This system requires much less custom engineering, less on-site construction time and
complexity than currently available alternatives.

A secondary objective of the present invention is to provide systems, methods and
devices to adapt computer technology to inventory energy sources that uses sinks and
computer technology to control the heat exchanger, refrigerant, sensors, motors, pumps,
valves and energy collection devices required to harvest energy from multiple local
sources.

A third objective of the present invention is to provide systems, methods and

devices to efficiently transport energy from where it is produced where it 1s needed

without introducing a lot of complexity to the construction process. This includes set up

screens for the system that allow it to be easily customized to the implementation.
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A fourth objective of the present invention is to provide systems, methods and
devices for a mechanical-controlled and computer-controlled fluid mix determination and
temperature-control systems and interconnectivity functionality including methods and
devices for controlling the transportation and exchange of energy. This functionality
facilitates the selection, interconnection and switching required for the mixing and use of
common and uncommon sources of energy, so as to use that energy more etficiently.
Said functionality also facilitates the selection, switching, and interconnection of the
common and uncommon devices including solar collectors, geothermal, energy recovery
units, fuel cells and other sources of energy required to use said sources and to allow the
sources to be mixed to increase the efficiency of the energy harvesting, to use multiple
inputs connected to multiple outputs, and to provide significant increase in energy
synergy.

A fifth objective of the present invention is to provide fully integrated and
automated systems, methods and devices for providing a next generation geothermal heat
exchanger that employs the ability to mix different types of loops in a single
implementation, to charge some of the loops with thermal energy while others are being
simultaneously discharged and to store energy in the loops and that incorporates the
intelligence and controls of the system into a standardized product that can be attached to
any form of closed loop geothermal heat pump system. This geothermal heat exchanger
can be used as an optional addition to the energy chassis device (i.e. the complete central
heating, cooling and energy management system that includes the computer, software,
refrigerant-based heat transfer device such as a heat pump, circulating pumps and

variable speed drives, interconnecting piping, sensors and control devices, plus the
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electrical connections, inverters, switches, fuses and wiring and the like required to
manage and control the electrical and HVAC system), or in a stand-alone configuration to
significantly reduce the custom engineering, construction time and construction
complexity required to implement a geothermal system with equivalent functionality.

A sixth objective of the present invention is to provide systems, methods and
devices for providing a next generation geothermal heat exchanger that uses emerging
computer technology, sensor and control technology, advanced heating and cooling
concepts, and the ability to package the intelligence and control platform into a
standardized product for a combination and integration of technology that increases the
performance of the geothermal system while maintaining, or reducing, the installed cost
of the system.

A seventh objective of the present invention is to provide systems, methods, and
devices for providing a next generation geothermal heat exchanger which can potentially
perform building sensible cooling for approximately 60 to approximately 80% of the total
cooling load, without the aid of energy consuming compressors and can be used as a
component of a total building energy system, or as a standalone device/unit.

An eighth objective of the present invention is to provide systems, methods, and
devices for managed and measured short and long-term thermal energy storage in a
hybrid configuration (i.e. the combination of multiple types of sources/sinks in the same
system), utilizing various forms of geothermal heat exchanger configurations in addition

to energy storage within the building fabric (structure) via embedded hydronic piping that

can also be combined with other thermal storage such as phase change matenals/ice

storage, chilled water storage, phase change materials/hot water storage, etc. The
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invention allows for integration with all thermal energy storage known in the art, as well
as any future energy storage. The use of thermal energy storage time shifts energy
harvested from the environment, so it can be used when the original source 1s not
available (e.g. the sun is down, waste heat is not being produced, people have left the
building, and the like). This allows multiple sources of energy to be merged so that when
one source is insufficient, or too expensive to implement to meet the full load
requirement, multiple sources can be used to reduce the amount of capital required to
build the entire system that makes each source available in a reservoir, so that it may be
reliably used according to projected system needs and optimization calculations.

A first embodiment of the present invention provides a method for determining an
optimal use of plural different thermal energy sources and sinks including storage 1n a
heating and cooling system. The steps include determining a thermal energy stored in
one or more of the thermal sources available to be extracted or utilized by the system;
determining a thermal energy capacity of one or more thermal sinks available to be
utilized by the system; determining a thermal energy storage and dissipation rate for the
one or more thermal source, sinks and storage; analyzing a thermal storage capacity for a
preselected time period; predicting a thermal energy loss and gain and a thermal retention
over a storage period; comparing available thermal sources to a target parameter,
selecting at least one of the thermal sources and sinks; and initiating a use of the selected
at least one thermal source and sink.

A second embodiment provides a geothermal heat exchanger system that includes

multiple different independent geothermal fluid sources and sinks and multiple

geothermal heat exchanger fluid circuits which are circulated or grouped independently

10
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to allow the multiple different geothermal fluid sources and sinks to be used
simultaneously as independent sources and sinks for use as a hot, cold or other
temperature fluid source or sink. One or more of the independent geothermal fluid
sources can be dedicated for use as thermal storage and the thermal storage is designed to
store energy for a predetermined time period. One or more of the multiple independent
geothermal fluid sources can be configured to optimize performance as a hot or cold loop
and a flow of fluid for each of the multiple independent geothermal fluid sources are
independently connected to be controlled by a computer controller for use and mixing. In
an embodiment, a geothermal heat exchanger is connected with one or more of the
selected multiple independent geothermal fluid sources for a preselected use.

A third embodiment of the invention provides prefabricated central energy plant
for the process and transportation of air conditioning, heating, ventilation, electricity, or
any combination thereof in a building, community, or campus. The energy plant includes
plural connections for multiple sources and sinks of thermal fluid and electrical energy,
multiple independent fluid lines each having an independent fluid temperature, a
computer controlled valve and pump connected with at least one of the multiple
independent fluid lines for controlling fluid movement and mixing, and at least one
computer integrated sensor for sensing at least one of a temperature, flow rate, energy
transfer rate and total energy transfer. The energy plant can also include one or more of
at least one of hybrid fluid sinks and a hybrid fluid sources dedicated to one or more of a

hot fluid, a cold fluid and a preselected temperature fluid for thermal storage for a
predetermined storage duration. The energy plant can also include a heat pump

connected to at least one of the multiple fluid sources and sinks, a control valve

11
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connected between the heat pump and at least one of the multiple fluid sources and sinks,
a sensor connected between the heat pump and at least one of the multiple fluid sources
and sinks, and a pump connected to pump a fluid from at least one of the multiple fluid
sources and sinks to the heat pump and can include a two-ended distribution header
having separate supply and return line that directs a warm fluid to one end and a cool
fluid cooler than the warm fluid to the other end of the two-ended distribution header.

The energy plant can also include one or more of a fabricated skid or modular
transportable unit wherein the prefabricated central energy plant is scalable and the
prefabricated central energy plant can be expandable by adding at least one of a second
modular transportable unit, a domestic hot water source, additional heating units,
additional chilling units, additional thermal energy storage units, additional sensors,
additional pumps, additional valves, and the like .

In regard to the computer system, the energy plant can include one or more of an
algorithm for metering and billing of a heating and cooling supply based on usage, an
artificial intelligence software executed by a computer to controllably mix and move flud
to and from one or more of the multiple fluid sources and sinks and to and from one or
more of the multiple electrical sources; an integration software for configuration and set
up and a software and internet or LAN connection to track and share performance data
with the designer and building operator.

Further objects and advantages of this invention will be apparent from the
following detailed description of preferred embodiments which are illustrated

schematically in the accompanying drawings.

12
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BRIEF DESCRIPTION OF THE FIGURES
Fig. 1 shows a schematic of the energy chassis system with a computer for controlling
heating and cooling operations in a commercial building.
Fig. 2 shows a schematic of the energy exchange unit with computer (i.e. the system that
manages the sensing, independent routing, selecting of energy sources and uses including
the computer, software, circulating pumps and variable speed drives, interconnecting
piping, electrical connections, inverters, switches, fuses, wiring, sensors and control
devices and the like, to manage and operate the system) for a commercial building
according to a preferred embodiment of the present invention.
Fig. 3 is a schematic block diagram of the energy system management computer
interfaces and databases according to a preferred embodiment of the present invention.
Fig. 4 is a block diagram of an intelligent independent fluid selection showing the energy
exchange unit interfaced with sources/sinks and system loads.
Fig. 5 1s a block diagram of hybrid energy harvesting and thermal storage management
according to the present invention.
Fig. 6 1s a schematic diagram showing multiple different independent geothermal loops.
Fig. 7 1s a block diagram showing the system load data according to an embodiment of
the present invention.
Fig. 8 shows a variety of user inputs and set points by zones.
Fig. 9 shows a variety of collective data for different types of sources and sinks.

Fig. 10 shows an example of different system data and equipment specifications.
Fig. 11 shows energy management computer data types and different optimization target

parameters.

13
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Fig. 12 shows building and system controls and examples of design method, engineering

and software data.

Fig. 13 is a schematic block diagram showing examples of system load signals.

Fig. 14 is a schematic block diagram showing an example of an optimized control

method.

Fig. 15 is a process flow diagram showing process optimization.

Fig. 16 is a process flow diagram showing optimization of sources and sinks.

Fig. 17 shows examples of data used to design an energy chassis device and energy
exchange device according to a preferred embodiment of the present invention.

Fig. 18 is a process flow diagram showing an example of design optimization according

to a preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
Before explaining the disclosed embodiments of the present invention in detail 1t
is to be understood that the invention is not limited in its application to the details of the
particular arrangements shown since the invention is capable of other embodiments.
Also, the terminology used herein is for the purpose of description and not of limitation.

The following 1s a list of reference numerals used in the description and the

drawings to identify components:

1 hot fluid return 5 cold fluid source
2 hot fluid source 25 6 temp. indicator and sensor
3 energy chassis 7 flow meter
4 cold fluid return 8 three-way control valve

14
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0 isolation valve

10 variable volume circulation

pump

11 fluid-to-fluid refrigeration-based

heat pump

12 supply from "warm" side of
energy exchange device

13 return connection to "warm" side
of energy exchange device

14 computer-based control system
15 supply connection from "“cool”
side of energy exchange device

16 return connection to "cool" side
of energy exchange device

17 variable volume circulation

puiip

20 geothermal earth heat exchanger

return

21 geothermal earth heat exchanger

supply

22 Vertical closed loop geothermal

heat exchange

25

30

35

40

15

PCT/US2011/0353935

27 exchange computer

23 horizontal, "Slinky" closed loop

geothermal heat exchanger

29 heat exchanger
31 energy sys management
computer

32 real-time load/demand

33 historical tracking of loads
34 user inputs to load predictions
35 internct/LAN interface

36 building and system sensors

37 building and system controls
38 database, history, real-time and
predicted

39 database, system updates

41 energy exchange unit

42 controller

43 fluid control valves
fluid mixer

44

46 thermal storage unit
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The following is a list of definitions for terminology is used throughout the
detailed description and appended claims.
Coolth: The noun form of "cool”; opposite of warmth.
Energy Demand: User driven requirements to change building set points for temperature,
humidity, air quality, and electricity.
Energy Sink aka Sink: An environment capable of absorbing energy from an object with
which it is in thermal contact. A sink can be used for depositing, or dissipating heat. A
sink can under certain conditions become a reservoir for the storage of heat or coolth
energy that can then be extracted for use upon demand.
Break even date: number of years until apparatus is paid off, via energy savings, tax
incentives, and the like

Coolth energy is sometimes used as a linguistic convenience to describe cooling as a

form of energy like heat (this is common usage, but not technically correct because cool
is the absence of thermal energy).

Energy Chassis Device: The complete central heating, cooling and energy management
system that includes the computer, software, refrigerant-based heat transter device such
as a heat pump, circulating pumps and variable speed drives, interconnecting piping,
sensors and control devices, plus the electrical connections, inverters, switches, fuses and
wiring and the like required to manage and control the electrical and HVAC system.
Energy Exchange Device: The system that manages the sensing, independent routing,

selecting of energy sources and uses including the computer, software, circulating pumps

and variable speed drives, interconnecting piping, electrical connections, inverters,
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switches, fuses, wiring, sensors and control devices and the like to manage and operate
the system.

Energy Source: A device, or material from which energy can be extracted. That energy
can be of any type including coolth, heat energy, or electrical.

Equipment Specifications: response time, BTUor/TON capability, differential accuracy,
efficiency, controllability, flow rate, energy tlow rate, power usage, residual generation,
cooling mechanisms and effectiveness and the like.

Hybrid sources/sinks: The combination of multiple types of sources/sinks in the same
system, €.g. a verﬁcal bore geothermal field in the same system as a slinky loop
horizontal geothermal bore filed, or a cooling tower combined with a solar thermal panel
combined with a closed loop vertical bore field, and the like.

HVAC: Heating, ventilation, and air-conditioning.

Internet/LAN: Access to the internet that can be wired or wireless.

Independent connections: Fluids from each source or to each sink in the system can be
used independently, or mixed but are not required to be mixed as current art does.

Load: Work (i.e. heating, cooling, lighting, the operation of plug in devices) that is to be
done. Building load refers to the amount of energy required for the building to maintain
temperature, humidity, air quality, or the energy required to meet electrical device (1.e.

“plug load’’) demands.

Modular: Can be scaled up or down in size by adding or replacing units, combined with

others, and can be transported.

Operating cost: energy cost, maintenance cost, part replacement cost, service cost, and

the like.
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Optimized: Optimal based on one or more optimization characteristics.

Optimization target parameters include: initial cost, operating cost, lifecycle cost, break
even date, energy usage, environmental impact, thermal comfort, indoor air quality and
the like.

Optimal system performance: when user weighted parameters are determined and the
energy system is subsequently, successfully operated to those parameters with the least

margin of standard error.

Optimal selection: matching user weighted parameters with the least margin of standard
erTor.

Performance characteristics: Energy capacity, energy decay and gain, energy dissipation
rate, efficiency, environmental impact and the like for each of the different energy types.
Prefabricated: Manufactured in an offsite facility as a pre integrated, transportable,
installable, unit.

System data: Equipment identification and specification, piping specifications, radiant
specifications, duct specifications, and the like.

Thermal storage: A material, device, substance for the use of storing heat or coolth
energy, €.g. geothermal, phase change, building fabric, and the like.

User inputs: include desired temperature, desired humidity, predicted or planned
occupancy, equipment operation schedule, ventilation and the like, for one or more
heating and cooling zone.

The present invention relates to systems, methods, and devices used to sense and

collect local sources of naturally renewable energy, to store energy and to redistribute

energy to efficiently meet building needs by using a fully integrated, factory assembled
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device. This device uses equipment that harvests or converts energy, stores energy and
moves that energy to locations requiring energy. The device can also include optional
equipment including a next generation geothermal heat exchanger that achieves higher
energy harvesting etficiency and provides greater functionality than current geothermal
exchangers.

While the invention i1s described for heating and cooling of an interior space, the
energy chassis device can be used to provide electrical power. For example, the energy
chassis device can be connected with a variety of electrical sources such as an electrical
orid, a solar photovoltaic electricity generator, a wind powered electricity generator and
the like. In this example, the software would track and predict electrical usage and the
cost of providing electrical from each of the sources, then determine which electrical
source to use to best meet the various electrical loads.

Fig. 1 is a schematic diagram of a preferred embodiment of the energy chassis
system with a computer controller for controlling heating and cooling operations in a
commercial building. As shown, the energy chassis device enclosure 3 includes a hot
fluid return 1 connection from the heating loads, a hot fluid supply 2 connection to the
heating loads, a cold fluid return 4 from the loads and a cold fluid supply 5 to the cooling
loads with a temperature sensor and indicator 6 for monitoring the temperature of the hot
and cold inputs and outputs and produce a corresponding temperature signal that is fed
into the computer controller 14. The energy chassis device enclosure also includes a

supply connection 12 from "warm" side of energy exchange device and a return

connection 13 to "warm" side of energy exchange device. Similarly, the cold side
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includes a supply connection 15 from "cold” side of energy exchange device and a return
connection 16 to "warm" side of energy exchange device.

Each of the hot fluid supply 2 and the cold fluid supply 5 lines also include a flow
meter 7 to monitor the flow of fluid out of the energy chassis device and a variable
volume circulation pump 17 to provide hot or cold fluid directly to the loads without
refrigeration system operation and allows the computer controller 14 to monitor and
control the fluid into and out of the energy chassis device enclosure 3. Each hot fluid
return 1 and cold fluid return 4 includes an isolation valve 8. 11. A three-way control
valve 8 is provided for selectively controlling fluid into and out of each individual flmid-
to-fluid refrigeration-based heat pump 11. The system can be configured to have a
different quantity and size of the heat pumps 11 depending on the building that 1s being
heated and cooled. The fluid line between the three-way control valves 8 and the heat
pump 11 includes temperature sensors 6, isolation valves 9 and a variable volume

circulation pump 10 in the input line between isolation valves 9 on each of the hot and

the cold sides of the heat pump 11.

Fig. 2 shows a schematic of the energy exchange unit system with a computer
controller 27 for a commercial building. The energy exchange unit 1s the system
component of the energy chassis device. The embodiment shown in Fig. 2 illustraits the
energy exchange connected to geothermal loops. This is one possible configuration and
should not be used to limit the scope of the invention as claimed.

The hot and cold input 2, 5 and output lines 1, 4 of the geothermal energy
exchange unit shown in Fig. 2 are similar to the configuration shown in Fig. 1 including

temperature sensors 6 and variable circulation pumps 8 to and from the heat exchanger 29
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and between the heat exchanger 29 and the vertical closed loop geothermal heat
exchanger 32 and horizontal, "Slinky" closed loop geothermal heat exchanger 33.

The energy exchange device is a standalone component of the energy chassis
device that provides energy transfer, switching, and mixing capability to allow multiple
sources of energy to be utilized simultaneously. In a preferred embodiment, the energy
chassis device includes the energy exchange device as well as the heat pumps, pumps,
valves piping and the like normal to a heat pump heating and cooling system. In order to
improve the synergy of the system, the energy exchange determines and utilizes the most
cost-effective real time and predictive combination of sources required to meet the load
demand. The energy exchange then mixes and delivers the energy from the selected

sources for use, possibly by multiple devices. This energy exchange device can be used

to both acquire needed energy, or to manage the storage of excess energy.

The co-inventors' studies of buildings being built today to ASHRAE 90.1-2007
Standard show that with the use of the energy chassis device according to the present
invention, as the central component of a total building, can reduce building energy
consumption by approximately 35 to approximately 50% with little, or no increase in
construction cost. To achieve this level of energy savings requires that the energy chassis
be a standardized product in lieu of the traditional approach which attempts to create a
unique, one-of-a-kind field-constructed system within each construction project.

There 1s a precedent for this strategy. A similar approach to creating a

standardized product that embodied the technical solution for air conditioning and

reduced the complexity of designing and installing air conditioning is credited to Mr.

Willis Carrier who founded Carrier Corp. the largest manufacturer of air conditioning
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equipment. His efforts to make standardized air conditioners that could be mass
marketed are generally seen as making air conditioning both reliable and atfordable. This
was achieved in part because he eliminated the need for a custom design and on-site
assembly increased reliability. With this strategy he succeeded in building the Carrier
Corporation. The energy chassis device of the present invention is designed to be
manufactured in a process that includes techniques to reduce manufacturing costs and
increase quality as compared to solutions that are integrated solely on the construction
site.

The energy chassis device consists of several primary components which may
include refrigerant-based fluid-to-fluid heat pumps or chillers connected to an energy
transportation system composed of PEX tubing embedded in concrete, or similar water
transport devices and/or hollow core concrete that can use forced air to transport energy
designed to be compatible with radiant heating and cooling and thermal storage. Plural
different energy harvesting devices can be used, some existing and some not yet
perfected or imagined, with software models that predict the performance of the plural
different devices under a range of circumstances and provide the data required to
optimize the entire system.

Fig. 3 is schematic block diagram of the energy system management computer
interfaces and databases according to a preferred embodiment of the present invention.
As shown, the energy system management computer 1s interfaced with real time

load/demand data 32, historical load tracking data 33, user inputs for a user to input load
predictions 34 (Fig. 8) for each zone, a data base 38 for storing history, real time, and

predictive data, failure or alarm notice output to system, installer, user, and/or owner and
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a memory to store data related to system updates, patches, add on packages 39. The
energy system management computer also includes an interface with the building sensors
36 and controls 37 and an Internet/LAN interface for receiving real-time information
such as weather forecast, and electrical rate structure 35.

The energy chassis device computer controller includes data bases with
parametric optimization models that can be executed to determine the components,
component characteristics, and size that will optimize for user determined parameters for
the system design. This step reduces the custom engineering required to configure the
system properly for different buildings and environmental situations. The energy chassis
device also includes plate and frame heat exchangers or similar for direct heat transfer
without using a refrigeration system, circulating pumps with variable frequency drives,
control valves and sensors as shown in Fig. 1.

Fig. 4 is a block diagram of an intelligent independent fluid selection system
showing energy exchange unit 41with a computer-based controller 42 interfaced with
sources and sinks A, B and C, with fluid mixers 44 and flow control valves 43 to one or
more loads X, Y and Z, three in the example shown.

Fig. 5 1s a block diagram showing hybrid energy harvesting from different sources
such as, but not limited to, solar A, geothermal B, the outdoor environment C, body heat
D and other sources E to the energy exchange unit 41 shown in Fig. 4 to and from the
thermal storage umt 46.

Referring to Fig. 1 in conjunction with Fig. 2, each of the heat pumps 11 is piped
to access the following fluid streams via various control value sequences, the hot fluid

supply/return 1 and 2, chilled fluid supply/return 4 and 5, warm geothermal fluid
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supply/return 12 and 13 and cool geothermal fluid supply/return 15 and 16. Additional
custom temperature fluids are optional. The energy chassis device includes computer
controller to selectively position control valves 8, 9 and control the speed of the
circulating pumps 10 to allow each heat pump module 11 to operate independently to
move heat from any fluid to any other fluid.

When fluid temperatures are in the range required for cooling the building space,
the device can use a plate and frame heat exchanger to provide chilled fluid from the cool
geothermal fluid 15 and 16 by operating the circulating pumps 10 only and not operating
the refrigeration system thereby significantly reducing energy consumption and
increasing energy efficiency. Additionally the system can manage the various thermal
energy storage devices to add heat to, or subtract heat from the various fluid paths.

The computer-based control system determines on a real-time basis the current
heating and cooling current energy need and the projected energy need. In real time,
using the internet, the system includes current electricity rate structures and on-peak/off-
peak rate structures as well as voluntary electrical load shedding or rescheduling.
Predictions for the projected energy needs are based partly upon one, or more of weather
forecasts provided via internet connection and accumulated building/weather
performance response history. The energy chassis system includes artificial intelligence
software that uses the weather data and the building performance response history to
optimize the use of energy based on one or more of the present and predicted cost of the

energy and the environmental impact. Then, based upon these loads and the temperatures

of the various fluid streams, the control system determines which individual fluid stream
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or combination of fluid streams to extract heat from or deposit heat into, to optimize

energy cost.

The controller also maintains communication with the next generation geothermal
heat exchanger (described below) to optimize its operation with consideration for current
and projected energy needs and fluid temperatures. The control system also logs all
operating parameters to allow for system tuning and optimization as well as providing
information related to equipment failure for trouble shooting and logs operating
parameters to allow for system tuning and optimization as well as providing information
related to equipment failure for trouble shooting. Fig. 9 shows a variety of collective data
for different types of sources and sinks such as fabric, geothermal, phase change, etc.

Fig. 6 is a schematic diagram showing multiple different independent geothermal
loops connected to a central plant. This heat exchanger takes advantage of installing the
intelligence and controls of the system into a standardized product that can be attached to
any form of closed loop geothermal heat pump system. It uses emerging computer,
sensor, and control technology, advanced heating and cooling concepts, and the ability to
package the intelligence and control platform into a standardized product to increase the
performance of the geothermal system while maintaining, or reducing the cost of the
system. Building sensible cooling often equal to approximately 60 to approximately 80%

of the total cooling load, can potentially be performed without the aid of energy

consuming compressors. The heat exchanger can be used as a component of a total

building energy system, or stand alone.
A typical geothermal, heat pump, heat exchanger system comes in various

monolithic fluid circuit configurations using only one of these: vertical closed loop,

23



10

15

20

CA 02797794 2012-10-25
WO 2011/140369 PCT/US2011/035395

horizontal closed loop, "slinky" loop, pond loop, etc. but generally when applied to a
system they will have the following characteristics. First, a single fluid circuit
configuration is applied. For example, a vertical loop 1s not typically combined with a
horizontal loop. Second, the fluid in the single fluid circuit 1s generally mixed and
delivered to all heating/cooling devices at one temperature. This mixing of temperature
dilutes the ability to transfer heat through a reduction of the temperature difference
between the fluid and the terminal heat transfer device. The greater the temperature
difference, the greater the heat transfer and conversely less temperature difference means
less heat transfer.

The method, systems and devices of the present invention addresses the
efficiency-reducing characteristics of the said typical geothermal system by incorporating
multiple independently-circuited geothermal heat exchangers, multiple independent
variable speed circulating pumps, control valves to direct the fluid flow to either a
"warm" or "cool" geothermal fluid header (optional as the tlows can remain
independent), and sensors to measure fluid temperatures and heat flow based on
temperature difference and mass flow rate, or from a simple btu meter in each loop and in
the warm and cool geothermal fluid headers. Computer-based controls include the
software designed to optimize and manage the flows and temperatures. Fig. 7 1s a block
diagram showing an example of an efficient system load data according to a preferred
embodiment of the present invention including real-time loads, predicted load data as

well as present and historical system performance data.

As shown in Fig. 7, the system determines the real time load and the predicted

load and uses the load data in combination with the system performance data and
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historical system performance data to determine the effective system load. The system
uses information such as equipment load, occupancy, humidity external environment
conditions along with user inputs and the like to determine the real time load.
Information used to determine the predicted load includes information such as historical
weather data, historical internal loads, occupancy predictions, weather forecast, the fabric
thermal mass, surface temperature and core temperature and the like as well as user
inputs and set points. Examples of user inputs are shown in Fig. 8 as desired
temperature, humidity, predicted and or planned occupancy of the space, equipment
schedule, ventilation and the like. The user input can be by zone, for example an
auditorium may be expected to have full occupancy at the same time the office space 1s
not occupied. In this example the two zones with different predicted occupancy will
have different energy requirements.

The independent geothermal heat exchangers, in the configuration shown in Fig.
2, are arranged on a two-ended distribution header with separate supply and return piping
that directs "warmer" geothermal fluid to one end and "cooler" geothermal fluid to the
opposite end. This configuration allows unique operational characteristics including not
mixing hot to cold geothermal fluid so that the temperature is not diluted and retains an
ability to transfer heat because of the greater temperature differences. Second, sensible
cooling devices such as active and passive chilled beams and radiant cooling panels can
be supplied with much cooler water (typically 55 to 60°F) for most, if not all, of the

cooling season by only operating a circulating pump and not engaging refrigerant-based

heat pumps. This is possible with the configuration shown in Fig. 2 because the novel

circuiting and controls prevents the "cooler” independent geothermal heat exchangers
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from being thermally contaminated with relatively high temperature rejected heat from
refrigerant-based heat rejection devices.

The rejected heat from refrigerant-based heat rejection devices is circuited to the
"warmer" independent geothermal heat exchangers where their heat is dissipated. The
"warmer" geothermal heat exchangers become more efficient in heat recovery, in heating
mode, due to the higher temperature difference between the fluid and the surrounding
earth. The heat stored in the warmer heat exchangers 1s available as a first source for heat
extraction systems that might be heating domestic hot water, etc. If the building heating
load, the extraction of heat from the earth and moving it to heat the building or its
systems, 1S greater than the heat available in only the "warm" geothermal heat
exchangers, or if it is more efficient to do this, the "cooler” geothermal heat exchangers
are diverted to become a heat source instead of a heat sink and thereby they will be
"recharged" to a lower temperature to provide sensible cooling.

If the annual heating/cooling demands are heating dominated, and additional heat
sources are available such as solar thermal collection, one or more of the "warmer"”
geothermal heat exchangers can be designated as the "hottest” and 1t will receive any
solar-generated heat that 1s not used immediately. This heat raises the temperature of the
soil surrounding this geothermal heat exchanger and a portion of this heat will remain
available for future use. This allows the system to take advantage of natural seasonal
temperature swings to capture and store heat, or cool when it is available for use later in

the year when it is needed. This long term thermal storage increases the availability of

harvested energy for future use, resulting in increased efficiency as well as providing a
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mechanism to manage the total energy available in the exchangers thereby reducing the
potential that the energy in the exchangers will become depleted and run short of energy.

The configuration shown in Fig. 6 allows for an optimum mix of the various
geothermal heat exchanger configurations (vertical, horizontal, pond loop, thermal piles,
etc.) to be used simultaneously in a manner that controls and optimizes the varying
thermal characteristics of each of these heat exchanger types. This will increase the
opportunities to use geothermal and to more cost effectively build geothermal based on
the available land. It also allows the geothermal heat exchangers to be designed
specifically for long term or short term storage, hot or cold storage, or direct use a.k.a. no
storage such as an open loop system.

This invention also covers an alternative to said covered fluid header which 1s to
connect every geothermal heat exchanger, heat exchanger, source/sink independently and
control them independently. This would allow for full optimization and could increase
efficiency even compared to the fluid header. This is due to all the same independent,
direct temperature uses as described above.

The computer-based controls, in coordination with energy chassis device (Figs. 1-
2) and its embedded energy exchange unit (Fig. 4) described above, will monitor and
measure heat flow into and out of the ground as well as determine the thermal response
characteristics of each independent geothermal heat exchanger, alternative source/sink, to
allow the system operational sequences to be optimized real time and predictive as actual

performance data is measured.

Each independent energy source and or sink has independent performance

characteristics that are stored in a data base as collective data. An example is shown in
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Fig. 9 with present and historical performance characteristics including, energy capacity,
energy decay and gain, dissipation rate, efficiency and the like. Fig. 10 shows an
example of different system data and equipment specifications that are used when
selecting equipment and designing the heating/cooling system for a building. The system
data includes tracing the equipment used and the specification for the equipment, the
piping specifications, radiant and duct specification and specifications for any other
equipment connected with the system. Each piece of equipment also has specifications
and operating parameters, examples of which are shown 1n Fig. 10.

Fig. 11 shows energy management computer data types and different optimization
target parameters. When optimizing the system it is important to keep in mind the initial
cost, intermediate cost and lifecycle cost. Other important parameters include energy
usage, which effects the total cost, the impact usage has on the environment, and the
value of thermal comfort and indoor air quality. Of course, owner and user requirements
and requests should also be considered. The energy management computer maintains
collective data of the sources and sinks available to the system, tracks system load data,
and determines the optimized control method and controls the outputs. Initial system
performance, historical system performance and historical equipment performance is
maintained for use during system operation.

Fig. 12 shows building and system controls for components with variable outputs
including pumps, valves, and heat pumps to name a few and provides examples of design

method, engineering and software data. Fig. 13 is a schematic block diagram showing

examples of system load signals. For example, the system receives equipment failure

signals and responds with equipment failure notification and the system data is
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communicated to the user, owner, hardware and/or software engineer, and installation
specialist as appropriate.

Fig. 14 is a schematic block diagram showing an example of an optimized method
for controlling the system based on inputs from the target parameters, system data,

collective data related to the system sources and sinks and the system load data. Based

on the collected data, control is optimized to measure fluid temperatures and mixing of
fluids for optimized performance.

The flow diagrams shown in Fig. 15 and Fig. 16 show the steps for optimization
of the system performance to meet the needs of the occupants of the building. As shown,
data is collected and stored and used to made decisions for heating and cooling of the
interior space and determining if the load requirements are met. Referring to Fig. 16, the
steps include determining which sources and/or sinks to use, and which sources and sinks
to mix to best fill the optimization parameters.

Fig. 17 shows examples of data used to design an energy chassis device and
energy exchange device according to a preferred embodiment of the present invention
including independent equipment data, building material information, building
construction data and shows examples of the types of data maintained on the system
management computer. The examples shown are for illustration and not limitation. Fig.
18 1s a process flow diagram showing an example of design optimization according to a
preferred embodiment of the present invention.

Experimental Results for Energy and Cost Efficiency Analysis

System Performance and Description Summary:
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The following is a simulation of a laboratory building that has been subsequently
designed and is now being built for the University of Findlay. The inventors prepared a
system simulation including the building envelope, HVAC, fume hood controls and
lighting configuration to provide a lower life cycle cost facility that is more energy
efficient compared to standard design and construction. The simulation of this system
uses the techniques described in the present patent application. The result of these efforts
1s an integrated building energy system design that when compared to a conventional

building and HVAC practices provides substantial benefits to the University of Findlay

including:
. 100% outside air (no recirculation) to improve occupant health and safety
° Up to 68% energy cost reduction and 35% maintenance cost reduction

. Up to 76% peak electrical demand reduction

. Up to 68% building energy footprint reduction

¢ Up to 68% CO2 emission reduction

. Annual energy and maintenance savings of approximately $1.20 per square foot
of tloor arca

. Simple payback period of 4.3 years on the initial additional investment of
$200,000

The system is based on radiant heating/cooling technology embedded within the
building structure and coupled with active chilled beams. The entire system is supplied

with heating and cooling fluids from a central geothermal heat pump energy plant with a

geothermal earth heat exchanger. This design uses both the short term energy storage of
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the thermally-massive building with the seasonal energy storage of the earth heat
exchanger.

When compared to a conventional HVAC System, the inventor's system has a
first cost premium of approximately $200,000 based on an initial cost of $1,400,000 for
the system according to the present invention versus $1,200,000 for the conventional
HVAC system. These estimates do not include any potential financial incentives— there
are opportunities to reduce the first cost difference via current government incentives for
alternative energy systems that are not included in the cost comparisons.

Comparison to Standard HVAC System:

The inventors prepared a cost estimate and energy simulation for a standard
HVAC system typical for this application, but sized to handle the significant additional
requirements of the laboratory fume hoods. The HVAC configuration included a variable
air volume air handling unit (the penthouse was increased in size by 800 SF to
accommodate this larger unit). The air handling system was supplied hot water from a
new boiler and chilled water from a new air-cooled chiller. Conditioned air was fed via
ductwork to variable air volume reheat boxes which were also connected to the hot water
system. Note that this conventional system recirculates air from room-to-room whereas
the inventors system does not. A computer-based building automation system was
included in the estimate.

Estimated energy savings for the inventors system are approximately $39,000 per

year based on a standard HVAC energy cost estimate of $57,500 per year versus the

inventions annual energy cost of $18,500 per year and the estimated maintenance savings

are $7,500 per year based on a standard HVAC maintenance cost estimate of $21,500 per
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year versus a the inventions annual maintenance cost of $14,000 per year. This yields a
simple payback period of approximately 4.3 years.
Description of the Building:

This project includes an approximately 40,000 square foot, two story addition to
the Davis Street Facility on the University of Findlay Campus in Findlay, Ohio.
Projected building use includes multiple labs with fume hoods, classrcoms, faculty
offices and various support spaces.

Design Process:

The inventors completed multiple energy simulations looking at various
components within the building including wall construction, windows, roof insulation,
lighting, and the like; tested various configurations of the invention and determined
which areas were providing the best positive impact on overall energy use. Building
operating schedules and projected fume hood usage were provided by University Statf.
Utility rate structures were assumed to average $0.075/kWH and $10.00 per million BTU
natural gas.

A base building configuration was also prepared to give us a benchmark to which
to contrast the invention design. In this case the inventors followed the US Green
Building Council guideline for LEED certification and used the ASHRAE 90.1-2007
Energy Conservation Standard as the baseline for their methodology. The base case
building model was assumed to be fully compliant with this standard. The simulation
results were quite significant, see Table 1 which shows the proposed building using
ASHRAE and LEED standards showing results for invention compared to results for

standard design.
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Table 1

Changing from This 1s equal
ASHRAE 90.1-2007 | to a reduction
Construction to the of the

invention could save | following

approximately percentage
Peak Heating Load (MBH) 179 ' 15%
Peak Electrical Demand (kW) 287 [ 76%
Annual Electrical Usage (KWH) | 68%
Bldg Energy Footprint (KBTU/SF/Year) 46 68%
CO2 Emissions (tonnes/year) 419 68%
Maintenance Costs ($/year) 7,525 35%
Energy Costs ($/year) 38,088 68%
Maintenance + Energy ($/year) 46,513 59%
Net Savings in Annual Maint. & Energy Costs/SF | 1.21 59%

The results in Table 1 are based on the full system with the proposed geothermal
system and control options. These calculations were based on decisions made by the
inventors— as those decisions change the energy model needs to be updated as well.
Energy System Configuration:

The building energy system includes the present invention; the energy chassis
device that includes the energy exchange unit as shown in Fig. 5. This system monitors
performance of each system component on a real time basis and in turn provides hot or

chilled water to the building from the most efficient source.

The energy exchange unit monitors and controls both a combination of
geothermal earth heat exchangers (this is a configuration that is unique to the invention —

instead of a single, mixed-flow earth heat exchanger the present invention uses several
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and separate them for specific thermal applications) and other heat sources and sinks such
as cooling towers and boilers.

The unique energy saving opportunity with this configuration is its ability to
provide chilled water for the radiant floor and active chilled beam systems without
starting a heat pump for a significant portion of the year. When in this mode, the system
can deliver cooling at an Energy Efficiency Rétio (EER) that is approximately 75 to 100
versus a conventional chiller EER of 10 to 15. This allows us to provide a significant
portion of the cooling at an energy consumption rate that is approximately one-seventh

(1/7th) of a regular HVAC system.

The chilled or warm water is distributed via piping to both radiant cooling/heating
(PEX tubing embedded in a concrete structure), active chilled beams, and reheat coils.
These devices work together to provide space temperature control. Ventilation air 1s
provided by a Dedicated Outside Air System (DOAS) located in the Penthouse
Mechanical Room. This unit recovers typically wasted energy from building exhaust and
uses it to pre-condition outside air used for ventilation. This system provides 100%
outside air to each room — no air is recirculated from space to space. This reduces the
potential for the spread of airborne contaminants and odors.

All of the above systems are controlled and optimized by a computer-based direct
digital control system shown in Fig. 15. This system could also provide an energy

performance “dashboard” that could be located in a public area to provide on-going

feedback on building performance.
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While the invention has been described, disclosed, illustrated and shown in
various terms of certain embodiments or modifications which it has presumed in practice,
the scope of the invention is not intended to be, nor should it be deemed to be, limited
thereby and such other modifications or embodiments as may be suggested by the
teachings herein are particularly reserved especially as they fall within the breadth and

scope of the claims here appended.
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CLAIMS:
L. A heating and cooling system comprising:
a plurality of thermal energy sources and a plurality of thermal energy sinks; and
a controller, the controller configured to:
determine a thermal energy stored in each of the thermal sources;
determine a thermal energy capacity of each of the thermal sinks;

determine a thermal energy storage and dissipation rate for each of the thermal

SOUrCes;
determine a thermal storage capacity each of the thermal sinks;

predict a thermal energy loss and gain and a thermal retention of the system over a
preselected time period based upon use of one or more of the thermal sources or sinks and the
determined thermal energy, the determined thermal energy capacity, the thermal energy
storage and dissipation rate, and the determined thermal storage capacity of the one or more

of the thermal sources or sinks;

compare the predicted thermal energy loss and gain and the thermal retention of the

system to a target parameter,

select at least one of the plurality of thermal sources or sinks based upon the

comparison; and
initiate a use of the selected at least one thermal source or sink.

2. A method for using a plurality of thermal energy sources and a plurality of thermal

energy sinks of a heating and cooling system to heat or cool a building comprising the steps

of:

38

CA 2797794 2018-05-09



predicting a thermal energy loss and gain for each of the thermal sources and thermal
sinks over a selected time period, wherein each of the thermal energy sources is configured to
store thermal energy and to allow for extraction of the stored energy therefrom, and wherein

each thermal energy sink is configured to absorb and store thermal energy;

comparing the thermal energy loss and gain for each of the thermal sources and
thermal sinks to a thermal energy demand of the building for the selected time period to

obtain a comparison;
selecting at least one of the thermal sources or sinks based upon the comparison; and

heating or cooling the building to meet the thermal energy demand by 1nitiating a usc
of the selected at least one thermal source or sink for the selected time period based upon the

comparison.
3. The method of claim 2, further comprising:

determining the amount of thermal energy stored in each of the thermal sources and

sinks:

determining the thermal energy capacity of each of the thermal sources and thermal

sinks for the selected time period; and

determining the thermal energy storage and dissipation rate of each of the thermal

sources and sinks for the sclected time period; and

wherein the step of predicting a thermal energy loss and gain for each of the thermal
sources and thermal sinks over a selected time period comprises predicting the thermal energy
loss and gain based upon the determined amount of thermal energy, thermal energy capacity,

and thermal energy storage and dissipation rate.

4. The method of claim 2 or 3, wherein the thermal sources and thermal sinks comprise

hybrid thermal sources and thermal sinks.
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3. The method of claim 2 or 3, wherein each of the thermal sources and thermal sinks

comprise at least one geothermal source or sink.

6. The method of any one of claims 2 to 5, further comprising determining the thermal

energy demand based upon real-time data.

7. The method of any one of claims 2 to 6, wherein the thermal energy demand of the

building is a predicted future thermal energy demand of the building.

8. The method of claim 7, further comprising preheating or precooling of a thermal

storage source or sink based upon the predicted future thermal energy demand.

9. The method of claim 7 or 8, further comprising predicting the future thermal energy

demand of the building based upon weather trends or historical data.

10. The method of any one of claims 7 to 9, further comprising charging at least one ot the
thermal sources or thermal sinks to at least partially meet the predicted future thermal energy

demand of the building.

11. The method of any one of claims 2 to 10, further comprising repeating the steps ot
predicting and comparing to obtain a second comparison; and selecting and initiating the use

of a second thermal source or sink based upon the second comparison to further heat or cool

the building.
12. A heating and cooling system comprising:

a plurality of thermal energy sources and a plurality of thermal energy sinks, wherein
each of the thermal energy sources is configured to store thermal energy and to allow for
extraction of the stored energy therefrom, and wherein each thermal energy sink 1s configured

to absorb and store thermal energy; and

a controller, the controller configured to:
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predict a thermal energy loss and gain for each of the thermal sources and thermal

sinks over a selected time period;

compare the thermal energy loss and gain for each of the thermal sources and thermal

sinks to a thermal energy demand for the selected time period to obtain a comparison;
select at least one of the thermal sources or sinks based upon the comparison; and
initiate a use of the selected at least one thermal source or sink.

13.  The system of claim 12, wherein the controller is further configured to:
determine the amount of thermal energy stored in each of the thermal sources 1n sinks;

determine the thermal energy capacity of each of the thermal sources and thermal

sinks for the selected time period; and

determine the thermal energy storage and dissipation rate of each of the thermal

sources and sinks for the selected time period; and

wherein the step of predicting a thermal energy loss and gain for each of the thermal
sources and thermal sinks over a selected time period comprises predicting the thermal energy
loss and gain based upon the determined amount of thermal energy, thermal energy capacity,

and thermal energy storage and dissipation rate.

14. The system of claim 12 or 13, wherein the thermal sources and thermal sinks comprise

hybrid thermal sources and thermal sinks.

15. The system of claim 12 or 13, wherein at least one of the thermal sources and thermal

sinks 1s a geothermal source or sink.

16.  The system of any one of claims 12 to 15, the controller further configured to

determine the thermal energy demand based upon real-time data.
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17.  The system of any one of claims 12 to 16, wherein the thermal energy demand 1s a

predicted future thermal energy demand.

18.  The system of claim 17, wherein the controller is further configured to preheat or
precool a thermal storage source or sink based upon the predicted future thermal energy

demand.

19.  The system of claim 17 or 18, wherein the controller is further configured to predict

the future thermal energy demand based upon weather trends and historical data.

20, The system of any one of claims 17 to 19, wherein the controller is further configured

to charge at least one of the thermal sources or thermal sinks to at least partially meet the

predicted future thermal energy demand.

21.  The system of any one of ¢claims 12 to 20, wherein the controller is turther contigured
to repeat the steps of predicting and comparing to obtain a second comparison and select and

initiate the use of a second thermal source or sink based upon the second comparison.
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