wo 2012/174348 A2 |11/ 000 00O A O A

(43) International Publication Date
20 December 2012 (20.12.2012)

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2012/174348 A2

(51
eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

31

International Patent Classification: Not classified

International Application Number:
PCT/US2012/042613

International Filing Date:
15 June 2012 (15.06.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/497,421 15 June 2011 (15.06.2011) US
61/564,219 28 November 2011 (28.11.2011) US

Applicant (for all designated States except US): EXPAN-
ERGY, LLC [US/US]; 5050 Vista Blvd., Suite 102,
Sparks, NV 89346 (US).

Inventors; and

Inventors/Applicants (for US only): KAMEL, Michel,
Roger [CA/US]; 6315 San Rolando Circle, Buena Park,
CA 90620 (US). HANNA, Ganatios, Y. [US/US]; 5 Indi-
ana, Irvine, CA 92606 (US). DONAHUE, Paul, W.
[US/US]; 21 Saraceno, Newport Coast, CA 92657 (US).

Agent: ALTMAN, Daniel, E.; Knobbe Martens Olson &
Bear, LLP, 2040 Main Street, 14th Floor, Irvine, CA
92614 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: SYSTEMS AND METHODS TO ASSESS AND OPTIMIZE ENERGY USAGE FOR A FACILITY

186

106

Real Estate]

Dynamic
Data

=
7

Static
Data

Contre
Signa

6.7

Sensor
Data

POWER  GAS

U \

<

ISy

N

=
o
o o

ol
Is

Jougoo —

(57) Abstract: A system for assessing energy usage reads read at least one computer-aided design (CAD) file relating to the architec -
ture of a facility and extracts information from the CAD file for use in determining static energy characteristics corresponding to the
architecture of the facility, acquires information for use in determining dynamic energy characteristics of the facility, and calculates a
predicted energy usage of the facility based at least in part on the static and dynamic energy characteristics. The system further ac -
quires data from at least one sensor configured to measure actual energy usage of the facility in real-time and calculates the actual
energy usage of the facility. When the actual energy usage exceeds the predicted energy usage, the system transmits an alert to a user
and determines corrective measures to reduce energy usage.
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SYSTEMS AND METHODS TO ASSESS AND OPTIMIZE
ENERGY USAGE FOR A FACILITY

[0001] The present application claims priority benefit under 35 U.S.C.
§119(e) from U.S. Provisionai Application No. 61/497,421, filed June 15, 2011, titled
“SYSTEM AND METHODS FOR THE INTEGRATED AND CONTINUOUS DESIGN,.
SIMULATION, COMMISSIONING, REAL TIME MANAGEMENT, EVALUATION,
AND OPTIMIZATION OF FACILITIES,” and U.S. Provisional Application No.
61/564,219, filed November 28, 2011, titled “ENERGY SEARCH ENGINE
METHODS AND SYSTEMS” which are hereby incorporated herein by reference in
their entirety to be considered a part of this specification.

[0002] U.S. Patent Application No 13/452,618, filed April 20, 2012, titled
“SYSTEMS AND METHODS FOR ANALYZING ENERGY USAGE” is hereby
incorporated- herein by reference in its entirety to be considered a part of this

specification.

BACKGROUND

[0003] This disclosure relates generally to the areas of design, simulation,
commissioning and operation of building management systems, building energy
management systems and building energy simulation systems.

[0004] The challenge of meeting the increasing demand for energy and
limited energy supplies is passed down in varying forms from regulators to utilities to
conéumers. At the end of the energy supply chain, building owners and facility
energy managers are faced with increasing energy prices, more complex energy
pricing structures, and dynamic energy pricing. In tandem, energy managers have
an increasing selection of energy improvement measures and renewable energy
sources to choose from.

[0005] Careful management of energy use -within facilities can lead to
reductions in operating expenses and capital expenditures. For buildings starting
from the ground up, architects and designers should be aware of the energy
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properties of the building design, from the basic structure to the properties of the
structural and interior components including the electrical, water, and heating and
cooling systems, and design an energy efficient structure. Such energy awareness
is no less important for existing facilities being retrofitted or commissioned.

[0006] But awareness is not -enough. Once the energy properties of a
facility are understood, there needs to be a simple way for building owners and
facility managers to assess the performance of the facility and take corrective action
when the actual energy consumption does not meet the energy design. Comparing
the energy usage with a benchmark or an index are only applicable to the types of
buildings included in the energy survey that generated the data and doeé not take
into account real-time loads on the facility. Simulation software modeling of the
energy consumption of a building under specific load conditions using numerical
analysis, computational fluid dynamics or empirical equations can be accurate but
the method is computationally intensive and requires expert use. It does not lend

itself to real time and continuous assessment of a building’s performance.

SUMMARY

[0007] There is need to establish the prediéted energy consumption based
at least in part on the design, systems and construction materials of the building,
taking into account environmental factors, such as weather and occupancy and
compare that to the real-time and continuous assessment of the building
performance.

[0008] Embodiments relate to a lifecycle system to operate an energy
management system through the life of a facility. A design management element
includes the design specifications such as energy performance, energy ratings,' and
energy consumption profiles, and an engineering design element includes
architectural design specifications, such as computer aided drawings, systems with
the facility and their associated energy featurés, and material specification including
associated energy parameters. A computer aided modeling element renders 2D and
3D models of the building design, a computer aided simulation element simulates

the building's structural, mechanical, electrical and thermal loads, and a building
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management construction element manages the building's construction. After
construction is complete, a building commissioning element uses building
performance energy metrics to compare the measured energy behavior and the
energy performance metrics with predicted energy performance. Changes to energy:
components within the building during its life are monitored by a building
management and control element, which also provides controls to energy
consuming or saving components of the building, such as the HVAC system,
automatic window shades, increased or decreased air flow based on occupancy
level, for example. A continuous commissioning, verification and optimization
element compares the building’s design specifications with its real-time actual
energy usage.

[0009] Other embodiments relate to metrics for real time and continuous
energy assessment of a building and its systems used by the energy management
system. In one embodiment, a method uses a mix of measured data and computed
information to establish a performance metric that accurately reflects the trends in
energy efficiency of systems. The method breaks down the efficiency of a building
to that of its components, and calculates an overall building efficiency metric that is a
weighted aggregation of the efficiency of the components. The resulting metric
allows assessment of the building energy performance on a continuous basis and
quantifies the impact of any improvement measure, operational change, system
change, equipment malfunction, behavioral change, or weather phenomena on the
building’s energy performance and efficiency.

[0010] Certain embodiments relate to a method to calculate predicted
energy usage of a facility. The method comprises reading at least one computer-
aided design (CAD) file relating to the architecture of a facility, extracting information
from the CAD file for use in determining energy characteristics corresponding to the
architecture of the facility, and calculating a predicted energy usage of the facility
based at least in part on information extracted from the CAD file.

[0011] In accordance with various embodiments, a system to assess
energy performance of a facility is disclosed. The system comprises at least one
processor configured to read at least one computer-aided design (CAD) file relating
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to the architecture of a facility, at least one processor configured to extract
information from the CAD file for use in determining energy characteristics
corresponding to the architecture of the facility, the information extracted from the
CAD file comprising static energy data, and at least one processor configured to
acquire information for use in determining energy characteristics corresponding to
dynamic factors of the facility. The information corresponding to dynamic factors of
the facility comprises dynamic energy data. The system further comprises at least
one processor configured to calculate a predicted energy usage of the facility based
at least in part on the static energy data and the dynamic energy data, at least one
processor configured to acquire data from at least one sensor configured to measure
actual energy usage of the facility, at least one processor configured to calculate the
actual energy usage of the facility based at least in part on the data from the at least
one sensor, at least one processor configured to compare the predicted energy
usage and the actual energy usage, and at least one processor configured to
transmit an alert to a user when the actual energy usage exceeds the predicted
energy usage by a user selectable amount.

[0012] Certain other embodiments relate to a method to reduce energy
usage of a facility. The method comprises locating information for use in
determining energy characteristics-corresponding to the architecture of the facility in
a building information model for the facility. The information corresponding to the
architecture of the facility comprises static energy data. The method further
comprises acquiring actual energy usage data from at least one sensor configured to
measure actual energy usage of the facility, and acquiring information for use in
determining energy characteristics corresponding to dynamic factors of the facility.
The information corresponding to dynamic factors of the facility comprises dynamic
energy data. The method further comprises calculating a predicted energy usage of
the facility based at least in part on the static energy data and the dynamic energy
data, calculating the actual energy usage of the facility based at least in part on the
actual energy usage data, comparing the predicted energy usage and the actual

energy usage, and determining corrective measures to reduce energy usage when
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the actual energy usage exceeds the predicted energy usage by a user selectable
amount.

[0013] According to a number of embodiments, the disclosure relates to a
method to assess energy performance of a facility. The method comprises reading
at least one computer-aided design (CAD) file relating to the architecture of a facility,
and extracting information from the CAD file for use in determining energy
characteristics correspbnding' to the architecture of the facility. The information
extracted from the CAD file comprises static energy data. The method further
comprises acquiring information for use in determining energy characteristics
corresponding to dynamic factors of the facility. The information corresponding to
dynamic factors of the facility comprises dynamic energy data. The method further
comprises calculating a predicted energy usage of the facility based at least in part
on the static energy data and the dynamic energy data, acquiring data from at least
one sensor configured to measure actual energy usage of the facility, calculating the
actual energy usage of the facility based at least in part on the data from the at least
one sensor, comparing the predicted energy usage and the actual energy usage,
and transmitting an alert to a user when the actual energy usage exceeds the
predicted energy usage by a user selectable amount.

[0014] Certain embodiments relate to a method to assess energy usage of
a facilty. The method comprises electronically receiving static energy data
associated with time independent information that relates to the architecture of a
facility, electronically receiving dynamic energy data associated with time dependent
information that relates to energy usage of the facility, electronically receiving sensor
data from at least one sensor configured to measure the energy usage of the facility;
and calculating, via execution of instructions by computer hardware including one or
more computer processors, energy assessment and energy guidance data for the
facility based at least in part on the static energy data, the dynamic energy data, and
the sensor data.

[0015] In accordance with various other embodiments, a method to assess
energy usage of a facility is disclosed. The method comprises electronically

receiving static energy data associated with time independent information that
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relates to the architecture of a facility, electronically receiving dynamic energy data
associated with time dependent information that relates to energy usage of the
facility, electronically receiving sensor data from at least one sensor configured to
measure the energy usage of the facility, and controlling, via execution of
instructions by computer hardware including one or more computer processors,
subsystems associated with the energy usage of the facility based at least in part on
the static energy data, the dynamic energy data, and the sensor data.

[0016] Certain other embodiments relate to a method to optimize facility
design and energy management. The method comprises electronically generating
design-based mechanical and electrical drawings and layouts for the construction of
a facility based at least in part on energy specifications, generating computer aided
models of the facility based at least in part on the design-based mechanical and
electrical drawings and layouts, electronically managing commissioning of the facility
based at least in part on the energy specifications, the design-based mechanical and
electrical drawings and layouts, and continuously managing and controlling, via
}execution of instructions by computer hardware including one or more computer
processors, energy subsystems within the facility for energy usage based at least in
part on the energy specifications, the design-based mechanical and electrical
drawings and layouts, and sensor data form at least one sensor configured to
measure energy usage of the facility.

[0017] For purposes of summarizing the disciosure, certain aspects,
advantages and novel features of the inventions have been described herein. It is to
be understood that not necessarily all such advantages may be achieved in
accordance with any particular embodiment of the invention. Thus, the invention
may be embodied or carried out in a manner that achieves or optimizes one
advantage or group of advantages as taught herein without necessarily achieving
other advantages as may be taught or suggested herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018] Figure 1 illustrates a schematic diagram of a system to assess and
optimize energy usage for a facility, according to certain embodiments.
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[0019] Figure 2 illustrates an exemplary schematic diagram of an energy
management system, according to certain embodiments.

[0020] Figure 3 illustrates a block diagram for a system of integrated and
continuous design, simulation, commissioning, real time management, evaluation
and optimization of facilities.

[0021] Figure 4 illustrates an exemplary schematic diagram of the energy
balance of a building, according to an embodiment.

[0022] Figure 5 illustrates an exemplary schematic diagram of the control
volume around a building envelope, according to an embodiment.

[0023] Figure 6 is a flow chart of an exemplary process to reduce energy

usage of a facility, according to certain embodiments.

DETAILED DESCRIPTION
[0024] The features of the systems and methods will how be described
with reférence to the drawings summarized above. ThroUghout the drawings,
reference numbers are re-used to indicate correspondence between referenced
elements. The drawings, associated descriptions, and specific implementation are
provided to illustrate embodiments of the inventions and not to limit the scope of the
disclosure.
[0025] Figure 1 illustrates an exemplary schematic diagram of a system
. 100 to assess and optimize energy usage for a facility or building 104. Facilities 104
can comprise one or more buildings, residences, factories, stores, commercial
facilities, industrial facilities, one or more rooms, one or more offices, one or more
zoned areas in a facility, one or more subsystems, such as electrical, mechanical,
electromechanical, electronic, chemical, or the like, one or more floors in a building,
parking structures, stadiums, theatres, or the like. The facility 104 and/or building
104 refer to the facility, its systems and its subsystems in the following discussion.
[0026] Energy entering the facility 104 can be of many forms, such as, for
example, thermal, mechanical, electrical, chemical, light, and the like. The most
common forms are typically electricity or power, gas, thermal mass (hot or cold air,

people), and solar irradiance. The electrical energy can be generated from
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traditional fossil fuels, or alternate forms of power generation, such as solar cells,
wind turbines, fuel cells, any type of electrical energy generator, and the like.
Ambient weather conditions, such as cloudy days, or time of day, such as nighttime,
may be responsible for radiant energy transfer (gains or losses).

[0027] The facility 104 comprises sensors configured to measure actual
energy usage in real time. For example, sensors can measure kilowatt hours and
energy spikes of electrical energy used to power the lighting system, to power the air
compressor in the cooling system and to heat water for lavatories, cubic feet of gas
consumed by a heating or HVAC system, amount of air flow from compressors in the
cooling or HVAC system, and the Iike. The sensors can comprise current sensors,
voltage sensors, EMF sensors, touch sensors, contact closures, capacitive sensors,
trip sensors, mechanical switches, torque sensors, temperature sensors, air flow
sensors, gas flow sensors, water flow sensors, water sensors, accelerometers,
vibration sensors, GPS, wind sensors, sun sensors, pressure sensors, 'light sensors,
tension-meters, microphones, humidity sensors, occupancy sensors, motion
sensors, laser sensors, gas sensors (CO2, CO), speed sensors (rotational, angular),
pulse counters, and the like.

[0028] The facility 104 further comprises control systems to control energy
consuming and energy saving components of the facility 104. For example, one or
more controllers can raise or lower automatic blinds, shut off/reduce heating or
cooling in an HVAC system in the entire or just one room of the facility 104, switch
usage of electricity from conventional generation to electricity generated by alternate
forms, such as wind or solar, and the like,.

[0029] The system 100 comprises an energy management system 102,
building information modeling database 106, a dynamic information database 107,
and a'user interface 108. In an embodiment, the energy management system 102 is
a cloud computing system based in a network 110, such as the Internet 110, as
illustrated in Figure 1. In other embodiments, the energy management system 102
is not a cloud computing system, but receives and transmits information through the
network 110, such as the Internet 110, a wireless local network, or any other

communication network.
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[0030] The user interface 108 allows a user to transmit information to the
energy management system 102 and receive information from the energy
management system 102. In an embodiment, the user interface 106 comprises a
Web browser and/or an application to communicate with the energy management
system 102 within or through the Internet 110.

[0031] The user interface 108 can further comprise, by way of example, a
personal computer, a display, a keyboard, a QWERTY keyboard, 8, 16, or more
segment LEDs, LCD panels, a display, a smartphone, a mobile communication
‘device, a microphone, a keypad, a speaker, a pointing device, user interface control
elements, combinations of the same, and any other devices or systems that allow a
user to provide input and receive outputs from the energy management system 102.

[0032] The building information database 106 comprises the drawings,
specifications, and geographical information to build the facility 104. For example,
the building information database 106 comprises design requirements, architectural
draWings, such as computer aided design (CAD) drawings, system schematics,
material specifications, Building Information Modeling (BIM) data, GIS (Geographic
Information System) data, and the like, that are used to create the facility 104. This
information or data does not change and can be considered static data.

[0033] The dynamic information database 107 comprises data from, for
example, a weather database with provides weather current weather and forecast
information, a real estate database which provides property valuation information, a
scheduling database with provides people occupancy information for the facility 104,
and other time dependent information. The dynamic information database
comprises information, which unlike the static data, is capable of change. For
example, the occupancy of a room within the facility 104 can change frbm 0 to 400
for a scheduled specific period of time. This would affect the actual and predicted
energy use for the facility 104 because, there is a greater need for air conditioning to
maintain the attendees comfort when the room is occupied than when it is empty.
Examples of dynamic data are the ambient weather, environmental data, weather
forecast, energy rates, energy surveys, grid loading, facility occupancy schedules,
and the like.
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[0034] The energy management system 102 receives sensor information
from the facility comprising actual energy usage data for the facility 104. In addition,:
the energy management system 102 locates or retrieves the static data pertaining to
the construction and design of the facility 104 from the building information modeling
database 106. Further, the energy management system 102 receives dynamic datar
from the user through the user interface 108, facility 104 sensor data, the dynamic
information database 107, and other dynamic data.

[0035] The energy management systeh 102 analyses the sensor, static,
and dynamic data, and calculates a predicted energy usage of the facility 104 and
an actual energy usage of the facility 104 based at least in part on the received
sensor, static, and dynamic data. '

[0036] In an embodiment, the energy management system 102 analyzes
the data to calculate energy loads, determine possible energy reductions, identify
malfunctioning systems, determine carbon footprints, calculate phase imbalance,
calculate power quality, calculate power capacity, calculate energy efficiency
metrics, calculate equipment duty cycles, calculate energy load profiles, identify
peak energy, determine wasted energy, analyze root cause of wasted energy,
identify losses due to simultaneous heating and cooling, calculate overcooling,
calculate overheating, calculate schedule losses, calculate rate analysis, calculate
payback of energy improvement measures, calculate occupancy efficiency, calculate
optimum capacity and maximum payback of alternate energy sources, calculate
demand reduction potential, calculate energy forecast, and the like.

[0037] Further, the energy management system 102 compares the
predicted energy usage and the actual energy usage. In one embodiment, when the
actual energy usage exceeds the predicted energy usage of the facility 104 by an
amount, the energy management system 102 sends an alert to the user interface
108. In another embodiment, when the actual energy usage exceeds the predicted
energy usage by the amount, the energy management system 102 sends
recommendations of possible corrective measures or energy guidance data to the
user interface 108. In an embodiment, energy management data or energy

assessment data comprise the energy guidance data.

-10-
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[0038] [n a further embodiment, when the actual energy usage exceeds
the predicted energy usage by the amount, the energy management system 102
transmits control signals to the control systems in the facility 104 to control the
energy consuming and the energy saving components of the facility 104. For
example, the control signals can generate pulse width modulation (PWM) signals to
control the loading of electrical circuits, trigger relay interrupts, trigger software
interrupts, generate frequency modulation signals, generate voltage modulation
signals, trigger current clamping, and the like.

[0039] In one embodiment, the cloud-based energy management system
102 is an energy information system that interfaces with static data 106, dynamic
data 107, an Energy Management System in facility 104, sensors in facility 104, ,and
a user interface 108, to provide energy information, energy usage assessment and
energy reduction guidance.

[0040] Figure 2 illustrates an exemplary block diagram of an embodiment
of the energy management system 102. The energy management system 102
comprises one or more computers 202 and memory 204. The memory 204
comprises modules 206 configured to locate system requirements and engineering
design parameters, perform three-dimensional modeling, perform computer aided
energy simulation, perform building construction energy modeling, perform building
commissioning energy modeling, manage energy usage, and provide for the
continuous commissioning, verification, and optimization for the facility 104 and its
systems. The memory 204 further comprises data storage 208 inclUding a static
database 210 to store the static data and a dynamic database 212 to store the
dynamic data. '

[0041] In an embodiment, the energy management system 102 is remote
from the facility 104 and/or the user interface 108 and communicates with the facility
104, the building information modeling database 106, and the user interface 108
through the Internet 110. The computers 202 comprise, by way of example,
processors, Field Programmable Gate Arrays (FPGAs), System on a Chip (SOC),
program logic, or other substrate configurations representing data and instructions,

which operate as described herein. In other embodiments, the processors can

-11-
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comprise controller circuitry, processor circuitry, processors, general-purpose single-
chip or multi-chip microprocessors, digital signal processors, embedded
MiCroprocessors, microcontrollers and the like. The memory 204 can comprise one
or more logical and/or physical data storage systems for storing data and
applications used by the processor 202. The memory can further comprise an
interface module, such as a Graphic User Interface (GUI), or the like, to interface
with the user interface 108.

CIoud-Based~Enerqv Management System

[0042] In the embodiment illustrated in Figure 1, the energy
management system 102 can be under control of a cloud computing environment
including one or more servers and one or more data storage. The various
computers/servers and data storage systems that create the “cloud” of energy
management computing services comprise the computers 202 and the memory 204,
respectively.

[0043] In such an embodiment, the energy management system 102
receives sensor data from sensors located in facility 104 through direct Ethernet
communicétion with the Ethernet-enabled sensors, via an Ethernet-enabled gateway
that serves as a communication interface between the energy management system
102 and sensors in facility 104,or through other existing-and{future communication
systems.

[0044] In one embodiment, the energy management system 102 sends
control signals to fability subsystems and to equipment located in facility 104-through
direct Ethernet communication, or other existing—and—futdre communication
protocols, or via an Ethernet-enabled gateway that serves as a communication
interface between the energy management system 102 and systems in facility 104.
The control signals are based at least in part on analysis of the static energy data,
the dynamic energy data, and the sensor data of each facility 104.

[0045] In one embodiment, the energy management system 102
communicates with other cloud-based systems through.web services to obtain
dynamic data including but not limited to weather data, utility meter data, utility
pricing information, security data, occupancy data, schedule data, asset data,

-12-
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energy surveys, solar panel output, generator output, distributed generation output,
onsite power generation output, energy alerts, security alerts, emergency alerts,
maintenance logs, event logs, activity logs, alert logs, environmental data, inventory
data, production logs, shipping logs, attendance data, Google maps, Google Earth,
and the like.

[0046] In one embodiment, the energy management system 102 obtains
dynamic, static and sensor data through user interface 108. '

[0047] The energy management system 102 can communicate with other
systems to obtain static data including but not limited to- CAD drawings associated
with or relating to the architecture of the facility 104, BIM data, real estate data,
Geographic Information System (GIS) data, map data, imagery data, public
information data, specification fixed asset data, vendor specification sheets,
operation manuals, medical data, reference manuals, and the like.

[0048] In one embodiment, the energy management system 102
communicatés with users through a user interface 108. The user interface 108 can

" be cloud-based software, a mobile application, a desktop application, a desktop
widget, a social media portal, a wall mounted device, a desk mounted device a
personal device, or the like.

[0049] In one embodiment, the energy management system 102 is used to
provide cloud-based managed energy services to facility 104 that may include
Automated Demand Response services, energy (power, water, gas) broker services,
energy equipment maintenance services, and the like.

[0050] In one embodiment, the energy management system 102 is used to
provide bundled services including managed energy services, facility management
services, managed security services, asset tracking services, inventory tracking
services, managed personal health services, based at least in part on the static
energy data, the dynamic energy data, and the sensor data of each facility.

[6051] In one embodiment, the energy management system 102 is used to
deliver information to end users including marketing material, vendor information,
products pricing information, equipment specification sheets, advertisement, service

provider information, services pricing information, information on standards and

-13-
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regulations, digital publications, digital reference material, etc., based at least in part
on the static energy data, the dynamic energy data, and the sensor data of each
facility.

[0052] In one embodiment, the energy management system 102 is used to
electronically aggregate and electronically control energy demand response and
load shedding across multiple facilities based at least in part on the static energy
data, the dynamic energy data, and the sensor data of each facility.

[0053] In one embodiment, information obtained from the energy
management system 102 is used to execute power purchase agreements with
utilities and end useré for the purpose of supplying power and / or managing energy
sourcing to end user.

' [0054] In one embodiment, the cloud-based energy management system
102 serving a facility 104 communicates and shares best practices to another facility
104 based at least in part on the static energy data, the dynamic energy data, and
the sensor data of each facility.

[0055] In one embodiment, the cloud-based energy management system
102 creates benchmarks on energy usage in facilities based at least in part on the
static energy data, the dynamic energy data, and the sensor data of each facility.

[0056] In one embodiment, the cloud-based energy management system
102 has a user interface 108 that includes any or all of a web-based discussion
forum, web based portal, web-based bulletin board, social media sites, twitter feeds,
Really Simple Syndication (RSS) feeds, Google Maps®, Google Earth®, 3™ party
user interfaces, web-based blog site, web-based frequently asked questions, web-
based trouble shooting guide, web-based best practices guide, and the like, that is
accessible to users, facility managers, company officers, vendors, service providers,
and/or the general public. Accessibility can be limited and user privileges may be in
effect.

[0057] In one embodiment, the cloud-based energy management system
102 provides product performance data to vendors, manufacturers, consumer

groups, marketing agencies, regulatory agencies and end users based at least in
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part on the static energy data, the dynamic energy data, and the sensor data of each
facility.

[0058] In one embodimént, the cloud-based energy management system
102 rates energy services provided to facility based at least in part on the static
energy data, the dynamic energy data, and the sénsor data of each facility. The
service rating information can be provided to service providers, vendors,
manufacturers, consumer groups, marketing agencies, regulatory agencies, end

users and others.

[0059] Figure 3 illustrates a block diagram for an energy management
system 300 providing integrated and continuous' design, simulation, commissioning,
real time management, evaluation and optimization of energy management for
facilities 104. In an embodiment, the system 300 comprises a design management
element 302, an engineering design element 304, a computer aided modeling
element 306, a computer aided simulation element 308, a building construction
management element 310, a building commissioning management element 312, a
building energy management and control element 314, and a continuous

commissioning, verification, and optimization element 316.

Design Management Element

[0060] The design management element 302 provides functions for the -
definition and flow down of requirements for the new building 104 or for retro-
commissioning the existing building 104. The requirements may include
specifications for construction material, architectural design, structural design,
electrical design, mechanical design, facility systems, energy performance, energy
ratings, energy consumption profiles, peak demand, load profile, load factor, and
specifications for the building management system. These specifications are
passed on seamlessly to other elements in the system 300. The design
management element 302 can be used by architects, project managers, projéct
engineers, and owners to define and document the requirements of the new building

104 or the retro-commissioning of an existing building 104.

Engineering Design Element
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[0061] The engineering design element 304 provides functions for the
structural, mechanical, and electrical engineering design of the building 104. The
engineering design element 304 verifies the designs with the requirements specified
in design management element 302 and alerts users of any violations or deviations
.in the requirements. Element 304 can be used by building architects and engineers.

[0062] Further, the engineering design element 304 can generate design-
based mechanical and electrical drawings and layouts necessary for the
construction or retro-commissioning of the building 104 based at least in part on the
energy specifications from the design management element 302.

[0063] Further yet, the engineering design element 304 comprises a library
of standard (commercially available) structural materials stored in memory 204, and
permits the user to select structural components that are to be used in the design or
retro-commiésioning of the building 104. Examples of structural components are,
but not limited to, metallic beams, wood studs, drywall, cement walls, windows,
doors, floor tiles, ceiling tiles, roofing tiles, insulation, pre-defined standard wall
types, ramps, stairs, elevator shafts, and the like. The library of structural
components includes the design and performance attributes associated with the
structural components. These attributes may include dimensions, density, mass,
insulation performance, tensile and sheer strength coefficients, expansion
coefficients, thermal coefficients, color, material, cost, irradiance, refractive indices,
and the like. The library of structural components can be modified by the user to
add new or custom structural components including their design and performance
attributes. The predicted energy usage, recommendations for optimized energy
performance, and the performance of corrective measures for the facility 104 can be
based at least in part on the selected structural components and their associated
attributes.

[0064] The engineering design element 304 further comprises a library of
standard (commercially available) mechanical and electrical components/systems
stored in memory 204, and permits the user to select mechanical and electrical
components that are to be integrated into the design or retro-commissioning of the
building 104. Examples of structural components are, but not limited to, HVAC,
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piping, sprinklers, lighting, pumps, elevators, escalators, shutters, generators, PV
panels, and the like. The library of mechanical and electrical components/systems
includes the design and performance attributes associated with the mechanical and
electrical components. These attributes may include pressure ratings, energy
consumption, energy generation, power quality, duty cycles, load capacity, heat
emission, noise emissions, electromagnetic waves emissions, flow rates, working
fluid characteristics, dimensions, density, mass, insulation performance, tensile and
sheer strength coefficients, expansion coefficients, therma! coefficients, color,
material, cost, irradiance, refractive indices, and the like. The library of mechanical
and electrical components/systems can be modified by the user to add new or
custom mechanical and electrical components including their design and
performance attributes. The predicted energy usage, recommendations for
optimized energy performance, and the performance of corrective measures for the
facility 104 can be based at least in part on the selected mechanical and electrical
components/systems and their associated attributes.

[0065] The engineering design element 304 further comprises a library of
loads stored in memory 204 and permits the user to select projected or actual
building mechanical, electrical and occupancy loads for the facility 104. Examples of
the loads are, but not limited to, humans, plants, animals, computers, machinery,
office equipment, kitchen appliances and furniture, and the like. The library of loads
includes the design and performance attributes associated with the loads. These
design and performance attributes may include pressure ratings, energy
consumption, energy generation, power quality, duty cycles, load capacity, heat
emission, noise emissions, electromagnetic waves emissions, flow rates, working
fluid characteristics, dimensions, density, mass, insulation performance, tensile and
sheer strength coefficients, expansion coefficients, thermal coefficients, color,
material, cost, irradiance, refractive indices, and the like. The library of loads can
be modified by the user or by third parties to add new components with their design
and performance attributes. The predicted energy usage, recommendations for

optimized energy performance, and the performance of corrective measures for the
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facility 104 can be based at least in part on the selected loads and their associated
attributes.

[0066] In addition, tne engineering design element 304 allows the user to
select the geographical {ocation of the building_104 and the building’s orientation.
Element 304 uses the geographical information to retrieve weather patterns, sunlight
patterns, wind pattérns, utility rates and schedules, and carbon footprint data
‘associated with local energy sources. The predicted energy usage,
recommendations for optimized energy performance, and the performance of
corrective measures for.the facility 104 can be based at least in part on the selected

geographical information.

Computer Aided Modeling Element

[0067] The computer aided modeling element 306 provides functions for
the computer aided two and three dimensional geometric modeling of the building
104 and its components based at least in part on the information selected and
entered in the design management element 302 and engineering design element
304.

[0068] In an embodiment, the computer aided modeling element 306
permits the user to rotate and section the geometric model of the building 104 and
associated components, take a virtual tour of the building 104 and associated
components, and create video clips showing the three dimensional geometric model
and associated components.

[0069] Further the computer aided modeling element 306 verifies the
integrity of the design and compares the design with the selected and entered in the
design management element 302 and engineering design element 304 and alerts
the user of any violations or conflicts in the design of the building 104 or in the layout
and design of any of the associated components.

Computer Aided Simulation Element

[0070] The computer aided simulation element 308 provides functions for
the computer aided simulation of the facility’s structural, mechanical, electrical and -
thermal loads resulting from expected environmental factors, weather patterns,

projected building mechanical components and systems, projected building electrical
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components and systems, projected building occupancy and usage. The simulation
results can include lifecycle stress analysis, lifecycle thermal analysis, lifecycle
simulation of the building’s energy consumption, lifecycle s‘imulafion of the building’s
energy costs, lifecycle simulation of the carbon footprint of the building 104, and the
like.

[0071] The computer aided simulation is based at least in part on the
information entered in the design management element 302 and engineering design
element 304, and uses the models generated in the computer aided modeling
element 306. The information is passed on to other of the elements 308, 310, 312,

and 316 seamlessly without the need for additional input or human intervention.

Building Construction Management Element

[0072] The building construction management element 310 permits the
user to manage the construction process including, but not limited to, tracking
construction progress, engineering modifications, component selections or
modifications, budget overruns, schedule overruns, and the like.

' [0073] The building construction management element 310 enables the
user to view (based on access privileges) any of the information available in
elements 302, 304, 306, 308, allows the user to record any modifications that are
made to the initial building plans, verifies that any changes made in the construction
phase do not violate the energy design requirements or the integrity of any aspect of
the design or layout of the building 104, and alerts the user of any violations.

[0074] Further, the building construction management element 310 allows
a construction contractor or project engineer, for example, to verify and/or select the
individual equipment installed in the building 104 from an equipment library of
commercially available equipment, including, but not limited to, HVAC equipment,
elevators, pumps, generators, transformers, lighting systems, and the like. Further
yet, the building construction management element 310 allows the construction
contractor, system integrator, or project engineer, for example, to verify and/or select
the sensors, such as, for example, temperature sensors, occupancy sensors, light

sensors, motion sensors, gas sensors, heat sensors, water sensors, humidity
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sensors, air flow sensors, water flow sensors, load sensors, stress sensors, and the
like, installed in the building 104 and to specify the location of the sensors.

[0075] In addition, the building construction management element 310
allows the user to enter progress information on the construction or retro-
commissioning of the building 104 and the installation of equipment and allows the
user to enter cost and schedule information related to the construction or retro-

commissioning of the building 104.

Building Commissioning Management Element

[0076] The building commissioning management element 312 provides
functions for the commissioning of new b-uildings 104 or retro-commissioning of
existing buildings 104 based on the design réquirements and the installed systems.
The building commissioning management element 312 compares the list of installed
systems and construction progress to the design requirements.

[0077] Commissioning, in an embodiment, is the process of verifying, in
new construction or in retro-fitting existing buildings 104, that all the subsystems for
HVAC, plumbing, electrical, fire/life safety, building envelopes, interior systems, such
as laboratory units, for example, cogeneration, utility plants, sustainable systems,
lighting, wastewater, controls, building security, and the like achieve the owner's
project requirements as intended by the building owner and as designed by the
building architects and engineers.

[0078] In an embodiment, the building commissioning management
element 312 comprises aspects of a building control system, a building management
system, and the energy'management system 102. The building control system
embedded in the building commissioning management element 302 can control
installed equipment that can be remotely controlled, such as, for example, security,
HVAC, lighting, signage, shutters, doors, programmable logic controllers, relays,'
modules, controllers, current, voltage, and the like. The building management
system embedded in the building commissioning management element 312 can
acquire information or sensor data from sensors and sensing modules installed in
the building 104.
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[0079] The energy management system 102 can calculate and analyze
predicted and consumed power, demand, electric load profile, electric load factor for
the building, panels, circuit breakers, power outlets and individual equipment, and
the like, using the algorithms and information embedded or entered in one or more
of the design management element 302, the engineering design element 304, the
computer aided modeling element 306, the computer aided simulation element 308,
and the building construction management element 310. In addition, the building
commissioning management element 312 can acquire weather information and
weather forecast information which can be used in the calculations for the predicted
and consumed power. Examples of algorithms and metrics for calculating and
analyzing predicted and consumed energy are described below in more detail with
respect to Figures 4 and 5.

[0080] The building commissioning management element 312 initiates and
cycles through control sequences simulating the energy behavior of the building 104
and its systems under different scenarios of occupancy, usage, and accidental and
environmental loads, and compares measured behavior and performance metrics
with the specifications and selections of the design management element 302 and
engineering design element 304. Performance metrics may include energy
consumption, energy generation, energy efficiency, and the like. Behavior may
include specific performance and duty cycle of equipment of installed equipment,
such as, for example, HVAC, generators, elevators, pumps, sprinklers, and the like.

Building Energy Management and Control Element

[0081] The building energy management and control element 314
comprises aspects of the building management system, the building contro! system,
and the energy management system 102, and can be used by, for example, facility
managers, building owners, and the like, to manage the systems of the building 104.

[0082] The building energy management and control element 314 permits
the user to record any modifications made to the building 104 or any part of the
building 104, such as, for example, the addition or replacement of windows and
doors, window shades or shutters, carpets, insulatibn; replacement of equipment,

installation of new equipment, and the like. The building energy management and
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control élement 314 permits the user to select additional equipment and sensors that
are installed after the commissioning or retro-commissioning of the building 104.
The items are selected from a library of equipment and sensors that are
commercially available or that have been specified in any of the previous elements
310, 312, 314, 316. Element 314 allows the user to add new items to the library of
equipment and sensors along with their performance specifications and attributes.
Element 314 verifies the compatibility of any change or new installation with the
initial requirements and specifications of the building 104, and the impact of these .
changes on structural, mechanical and electrical designs.

[0083] Users can enter schedule and occupancy information for the facility
104. Further, the building energy management and contro! element 314 manages
the list of equipment and sensors entered the other elements 302, 304, 306, 308,

- 310, 312 of the system 300. In an embodiment, the building energy management
and control element 314 comprises a graphical user interface and provides
visualization to the user of the energy calculations and corrective actions using the
two and three dimensional models of the building 104 from the computer aided
modeling element 306.

[0084] The building energy management and control element 314 uses the
algorithms and information such as, for example, sensor data, occupancy schedule,
usage schedule, ambient weather, weather forecast, utility rates, customer
preferences, and the like, from the design management element 302, the
engineering design element 304, the computer aided modeling element 306, the
computer aided simulation element 308, the building construction management
element 310, the building commissioning management element 312 to perform
various building management and control tasks. For example, the building energy
management and control element 314 can perform one or more of managing the
critical systems of the building 104 in real time, optimizing the management of the
critical systems, identifying and prioritizing system maintenance lists, scheduling
preventative maintenance of the critical systems, measuring energy consumption of
the building 104, calculating the energy efficiency of the building 104, calculating thé
carbon footprint of the building 104, optimizing load shedding measures in real time,
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managing default settings for the building’s critical electrical and mechanical
systems and components, and the like.

[0085] The building energy management and control element 314 uses the
design requirements of the design managément element 302, the engineering
design element 304 as well as entered geographic location information and utility
rate structures to set the default settings and control algorithms for real time
automated demand response and/or for intelligent demand response and verifies the
effectiveness of demand response and load shedding measures implemehted.
Element 314 permits participation in demand response programs with algorithms for
real time calculation of optimum demand response and load shedding.

[0086] In other embodiments, the building energy management and
control element 314 surveys comfort levels of occupants using desk top, mobile, or
web based applications and other forms of communications, solicits feedback from,
for example, architects, engineers, facility managers, building managers, occupants,
technicians, accountants, administrators, and others using mobile desk top or web
based applications, and accepts problem reporting in real time from, for example,
architects, engineers, facility managers, building managers, occupants, technicians,
accountants, administrators, and others using mobile, desk top, or web based
applications.

[0087] Energy usage and cost information can be transmitter, relayed, or
made available to manufacturing resource planning software, material resource
planning software, enterprise resource planning software, accounting software, and
any other corporate, accounting or facility management software and/or database
through the use of plug in modules or imbedded links in the above-referenced
software. .

[0088] The building energy management and control element 314 can be
implemented in various architectures. In one embodiment, element 314 is
implemented in a master-slave architecture using a central processor (master) and
distributed sensors and actuators (slave). In another embodiment, element 314 is
implemented in a client-server architecture using a central processor, such as a

server, and distributed sensors and clients capable of initiating communication with
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the server, and responding to requests from the server. Clients can comprise one or
more of actuators, controliers, processors, ICs, electrical equipment, electro-
mechanical equipment with embedded processing, communication, and storage
capabilities, and the like. '

[0089] In a further embodiment, the building energy management and
control element 314 is implemented in a peer-to-peer architecture using distributed
nodes that consist of one or more of sensors, actuators, controllers, processors, ICs,
electrical equipment, electro-mechanical equipment with embedded processing,
communication, and storage capabilities, and the like. In yet another embodiment,
element 314 is implemented in a cloud architecture using intelligence embedded in
the building’s electrical and electro-mechanical equipment and appliances, as is
illustrated in Figure1.

[0090] In one embodiment, the building energy management and control
element 314 is a plug-in to CAD software and building simulation and modeling
software to display energy usage information using the software’s 2D and 3D display
functionality. Energy information can be displayed -as color overlays, digital
overlays, charts, gauges, or the like. In another embodiment, the building energy
management and control element 314 is a plug-in to CAD software and building
simulation and modeling software to control energy usage using the software’s 2D
and 3D display functionality. In a further embodiment, the building energy
management and control element 314 is a plug-in to energy management system
(EMS) and e'nergy information systems (EIS) software to import CAD and BIM data
into the EMS and EIS software.

Continuous Commissioning, Verification and Optimization Element

[0091] The continuous commissioning, Veriﬁcation, and optimization
elemen‘t 316 provides functions for the continuous commissioning, verification and
optimization of the building 104 and associated systems.

[0092] The continuous commissioning, verification, and optimization
element 316 uses the algorithms and information of the design management
element 302, the engineering design element 304, the computer aided modeling

element 306, the computer aided simulation element 308, the building construction
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management element 310, the building comrhissioning management element 312,
and the building energy management and control element 314 to perform various
commissioning, verification, and optimization tasks. For example, the continuous
commissioning, verification, and optimization element 316 can perform one or more
of comparing or continuously comparing the building’s behavior with respect to its
predicted and actual energy usage with the design requirements, comparing or‘
continuously comparing the building’s behavior with respect to its predicted and
actual énergy usage with its behavior at the time of commissioning, continuously
comparing in real time the simulated building behavior and loads, such as the
structural, mechanical and electrical loads, with the measured behavior and Ioads,
continuously calculating in real time building performance metrics, including but not
limited to structural metrics, mechanical metrics, energy and energy efficiency
metrics, carbon footprint metrics and the like.

[0093] Further, the continuous commissioning, verification, and
optimization element 316 compares measured performance with expected and
simulated performance to assess, validate and/or improve the algorithms used in the
design management element 302, the engineering design element 304, the
computer aided modeling element 306, the computer aided simulation element 308,
the building construction management element 310, the building commissioning
management element 312, and the building energy management and control
element 314.

[0094] The continuous commissioning, verification, and optimization
element 316 calculates in real time one or more energy efficiency metrics for a
collection of buildings 104, a specific building or facility 104 and/or for critical
equipment inside the facility 104. The energy efficiency metrics use real time
measured energy information, occupancy information, usage information, equipment |
loads, weather information, weather forecast, thermal loads, the simulated or
predicted energy information, calculated energy information, in addition to sensor
data/information such as temperature, flow, pressure, occupancy, humidity, light,
gas, and the like, from sensors distributed throughout the building 104 té determine

the real time energy efficiency metric for the campus, building, floor, work space,
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equipment or any combination of the above associated with the facility 104. A time
averaged efficiency ratirig can be calculated using the real time data for any period
of time. Multiple energy efficiency metrics are defined to measure absolute energy
efficiency (based on theoretical maximum efficiency for systems), relative energy
efficiency (relative to rated efficiency of systems), actual energy efficiency
(measured efficiency of systems), carbon footprint efficiency (overall carbon footprint
efficiency for multiple energy sources used), energy cost efficiency (overall cost
efficiency for multiple energy sources used), energy source and load matching
efficiency (effectiveness of energy source and associated load), and the like. In an
embodiment, energy management data or énergy assessment data comprise at
least one of the energy efficiency metrics.

[0095] In one embodiment, the continuous communication, verification and
optimization element 316 is a plug-in to CAD software and building simulation and
modeling software to display energy usage information using the software’s 2D and
3D display functionality. Energy information can be displayed as color overlays,
digital overlays, charts, gauges, or other. In another embodiment, the continuous
communication, verification and optimization element 316 is a plug-in to CAD
software and building simulation and modeling software to control energy usage
using the software’s 2D and 3D display functionality. In a further embodiment, the
continuous communication, verification and optimization element 316 is a plug-in to
EMS and EIS software to import CAD and BIM data into the EMS and EIS software.

[0096] In one embodiment, one or more of the design management
element 302, the engineering design element 304, the computer aided ‘modeling
element 306, the computer aided simulation element 308, the building construction
management element 310, the building commissioning management element 312,
the building management and control element 314, and the continuous
communication, verification and optimization element 316 are part of the integrated
software that is used at one or more stages of a building’s life cycle starting from
design through operations and de-commissioning. In this embodiment, the

integrated software comprises the facility’'s Energy Management System 102.

Energy Metrics
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[0097] A method enables real time and continuous energy assessment of
the building 104 and its systems. The method uses a mix of measured data and
computed information to establish a performance metric that accurately reflects the
trends in energy efficiency of systems. The method breaks down the efficiency of
the building 104 to that of its components and the energy management system 102
calculates an overall building efficiency metric that is a weighted aggregation of the
efficiency of the components.

[0098] The energy consumption of the building 104 is a function of several
factors, including, but not limited to:

- Ambient weather conditions

- Building location and orientation

- Building envelope design, material and construction

- HVAC design and componenté

- Lighting design and components

- Building activity mix

- Occupancy levels and schedules

- Equipment load

[0099] Most of the above factors are dynamic in nature and therefore the
energy performance of the building 104 will be a function of time. An accurate
performance metric will have to take into account the above factors in real time.

[0100] Figure 4 illustrates an exemplary schematic diagram of the energy
balance of the building 104. The change in the interna! energy of a closed system is
equal to the amount of heat supplied to the system minus the amount of work
performed by the system on its surroundings. The building 104 is continuously
exchanging energy with its surroundings. The energy entering the building 104 can
be of many forms, such as, for example, thermal, mechanical, electrical, chemical,
and light. The most common forms of energy entering a building are electric, radiant
energy (solar light, body heat), thermél energy (through the walls, air flow, water
flow), and chemical energy (gas lines). Most of the energy entering the building 104
ends up in the form of thermal energy, i.e. is converted to heat. This is true for sun

rays through a window, rays emitted from light bulbs, active electric power
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consumed by electronic devices, active electric power used to drive conveyor belts
and motors, gas being burned to heat water used in HVAC systems, and the like.
[0101] As more energy is turned into heat inside the building 104, excess
heat has to be removed to maintain comfortable temperatures inside the building
104. Removal of heat itself is a process that may require energy.
[0102] The main paths for heat transfer to and from the building 104 can
be divided into four categories:

1. Heat conducted through surfaces, either walls or windoWs. This
is a function of the surface’'s material properties of the surface, the internal
surface temperature and the external surface temperature. For a given
external and internal surface temperature, the heat conducted through the
surface is a function of the insulation characteristics of the building envelope.
Qeonducted = Quivect radiationtQds f fuse radistion+Qre flected radiation +Qomwected

= kA(Tmf%, — Toury. acti )

where k is the thermal conductivity of the surface, and A is the area of the
surface. The thermal conductivity of a wall is a function of the wall's material
and construction. It may vary from one wall to the other and sometimes
within the same wall surface.

2. Heat transmitted through surfaces. This is heat entering or
leaving the building in the form of transmitted radiation (light) through
windows and open surfaces (open doors, open windows). It is a function of
the surface transmissivity characteristics of the building envelope.

3. Heat transported by mass transfer in and out of building. This is
the heat entering or leaving a building through mass transfer (air or water).
The net heat added (removed) is the difference in enthalpy of the mass
leaving minus that of the mass entering the building. This mass can be
intentionally transferred (e.g. by HVAC systems) or unintentionally through
leaks in the building envelope.

4, Heat generated in a building from other forms of energy. This is
heat generated from lighting systems, plug load, or occupants.
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Measures of a Building's Enerqy Efficiency

[0103] = The efficiency of the building 104 is defined here as a measure of
how close the actual energy consumed in the building 104 is to the least amount of
energy required for proper operations. The energy consumed in the building 104 is
either used to run processes inside the building 104, to illuminate the building 104 or
to ventilate and condition the air in the building 104. Hence, when discussing energy
efficiency of the building 104, a further distinction has to be made as to whether the
efficiency applies to the processes inside the building 104, the illumination of the
building 104, or the ventilation and conditioning of the air inside the building 104.

[0104] Building Energy Efficiency:

.. __ (minimum energy needed by building for proper operutions)
Twilding = (actual energy

— (Eavac+ELigntingtEPiug Loud)minimum
(Egvac+ELighting tEPing Load)uctual

[0105] In the equation above, the actual energy consumed by the building

104 can be measured. However, the minimum energy required by the building 104
is more challenging to calculate and is harder to define. The definition of the
minimum energy required for the building 104 will be a function of what standards
are being applied for ventilation, cooling comfort levels, and on the activities and
processes occurring inside the building 104.

[0106] Individual building system efficiency can be éimilarly defined as

such:
— (AERVAC)min
HVAC Energy Efficiency: NHVAC = li‘:’nmc).am
Neichting = (%’i‘ms)m_u
Lighting Energy Efficiency: Lighting Lighting Jactual

(Eptug Load)min

Plug Load Energy Efficiency: 179 Load = (Epig Laaddoctuat

[0107] Again, actual energy consumed by each system can be measured
directly, with the challenge limited to defining and calculating the minimum energy

required for each system for proper operation.
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Building Envelope Efficiency

[0108] The building envelope efficiency, a new metric introduced here,
reflects the efficiency of the building design, material and construction in maintaining
the building’s inside environment. It refiects how well the building is insulated from
ambient conditions, irrespective of the efficiency of the HVAC system used to cool
the building 1404 or the energy consumed by equipment and processes inside the
building 104. For example, if two buildings exist with identical geometry, location,
orientation, HVAC systems, lighting systems, processes and occupancy, then they
should have identical energy consumption. If equivalent systems in both buildings
have the same energy efficiency, then "any differences in building energy
consumption is attributed to differences in envelope material and construction, with
one building doing a better or worse job than the other in keeping the heat in the
winter or losing it more easily in the summer. For such a case, the efficiency of the
building envelope will be different. In real life, no two buildings are identical in this
manner; however, this example illustrates the need for an envelope efficiency that is
independent of the efficiency of the HVAC.

[0109] Figure 5 illustrates an exemplary schematic diagram of a control
volume 502 around a building envelope 504 for the building 104.

[0110] In calculating the envelope efficiency, the control volume 502 is
drawn around the building envelope 504 (the volume of the building 104) but
excluding the HVAC system, as shown in Figure 5. The energy consumed inside
the building is included in the calculations. If the HVAC systems are included on the
roof, the efficiency of the HVAC system becomes irrelevant in calculating the
building’s envelope efficiency. If HVAC systems are included within the building
104, then the heat genefated by these systems has to be added to the building’s
internal heat load.

[0111] The energy balance equation for the control volume shown in
Figure 2 is given by:

A Bypitiing = AQomducted + AQransmitted + AQeneruted + AQiransported
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where' Qconducted 1S the heat conducted through the walls, which is the sum of
radiated and convected heat, Quansmies iS the heat transmitted by light through
windows and open surfaces, Qgenerated iS the heat generated inside the building, and
Qurransported 1S the heat added or removed through mass transfer.

[0112] In the ideal case, the change of energy in a building is always zero
and the heat removed from the building 104 is equal to the heat generated inside the
building 104 plus the heat entering the building:

AQtransported = AQoonducted + BQtransmiticd + AQgenerated

[0113] In most cases, AQuansported the heat (forcibly) transported to or from
a building can be measured. The heat generated inside the building 104 can be
calculated using actual measurements for heat generated by lighting systems and
plug loads, and estimates for heat generated by occupénts. The challenging part of
the equation is the estimation of the heat entering or leaving through the walls.

[0114] If leaks through the building envelope 504 are ignored, then the
AQyranspored 1S €qual to the enthalpy difference of HVAC fluids entering and leaving
the building. Hence, the more efficient the building envelope 504 is, the lower the
amount of Heat that has to be removed from within the building 104. Therefore the
building envelope efficiency can be defined as:

_BQeranoportodpyin

R Bl <
where,

AQtronsported = (Huir + Huater)out — (Hair + Huater)in
“and can be measured in real time.

Reference Case: Ideal Building in Hot Ambient Weather

[0115]  The building 104 with optimum envelope efficiency, when subject to
hot ambient weather and intense sun radiation, will have walls and windows with a
thermal conductivity of zero, or a thermal insulation of infinity making AQconducted = 0.
The ideal building will have windows and open surfaces_that can have 100%

transmissivity when needed and 0% transmissivity when not needed. When ambient
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conditions are sunny and hot, the windows would have 0% transmissivity and all

open surfaces will be closed, making AQansmittes = 0.

[0116] Therefore, for the ideal building, the minimum value of AQyansported
AQtrmwported = AQgeneratcd

[0117]  The efficiency of the control volume reduces to:
— AQtﬂnupartuEn“-n
r’enwelope - tronspericd, ..t

— AQgeusm ted
mtmutwtcd,dm,

— Aogcnarulcd
{Hair+Hwater Jout —(Hgir +Hwater)in

[0118] The closer the value of this metric is to 1, the closer the building
104 is to the ideal case of perfectly insulated walls and windows, i.e. a perfect
envelope. The closer itis to 0, the farther it is from optimum envelope insulation.

[0119] This metric is a measure of the performance of the building
envelope 504 but does not account for effects of ambient weather on the envelope
efficiency. To illustrate this, consider the building 104 on two hot and sunny days.
Assume that at both times, the building 104 has the same levels of AQgenerates: ON
the hotter day, AQuransported actual will be larger to make up for the increase vaiues of
AQyansmitted @Nd AQeonducted due to the higher ambient temperatures and solar
irradiance. This will result in the building 104 seemingly having a lower envelope
efficiency on the hotter day, even though the envelope is the same. The hotter the
weather and the poorer the insulation, the closer this metric is to zero. This metric
works well to compare buildings 104 that are subject to the same weather patterns.
it will be proportional to the envelope efficiency of the respective buildings 104. The
buildings 104 with better envelope efficiency will have a larger ratio. But if buildings
104 are in different climate zones, then a different metric is needed that takes into

account real time ambient weather.

Building Envelope Heat Removal Ratio

[0120] Consider the following ratio:
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. _ {actual heat removed)
Q"“"uct‘lal = {absolute maxtmum heat that can enler the building)

LHnir ‘#Huatar !Wl_(Hoir+Hwa ter lin

= annarulad"‘odiract rvndialion+Qreflech:d radiah'nn""Qdi[que radiati +Q d

where the actual heat removed is the difference in enthalpy of the air
conditioning fluids entering and leaving the building envélope 504 (downstream the
HVAC systems). The absolute maximum heat that can enter the building 104 is the
heat generated in the building 104 pius the heat that would enter the building 104 if
the envelope had zero insulation, i.e. if all irradiated heat and convected heat
entered the building instantly.

'[0121] Effect of ambient weather: Increasing ambient température and
solar irradiance will increase the absolute maximum heat that can possibly enter the
building 104; and will also increase the amount of heat needed to be removed from
the building 104 to maintain a constant internal temperature. Hence, the numerator
and denominator in the equation above will both increase with increasing heat from
the ambient weather. |

[0122] Effect of increased internal load: Increasing heat generated by
internal loads (lighting, plug load, occupants) will increase the maximum heat the
building 104 is subjected to, and will also increase the amount of heat needed to be
removed from the building 104 to maintain a constant internal temperature. Again,
the numerator and denominator in the equation above will both increase with
increasing heat from internal loads.

[0123] Effect of poor insulation: Poor insulation will lead to more heat
entering the building envelope 504 and hence more heat that will have to be
removed to maintain constant temperatures inside the building 104. In the ratio
above, poorer insulation does not change the denominator since it assumes zero
insulation, but only the numerator. Hence, everything else being equal, the poorer
the insulation the more heat is removed from the building 104, the larger the value of
the above ratio.
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[0124] The above ratio is proportional to the insulation of the building
envelope 504 and is used as a metric to measure the efficiency of the building
envelope 504. The metric can be calculated in real time: the numerator is a value
that is calculated knowing the supply and return temperatures of HVAC air and

_ water, the denominator is a value that can be calculated knowing the location of the

building, its orientation and the ambient weather conditions.

[0125] Figure 6 is a flow chart of an exemplary process 600 of the energy
management system 102 to reduce or optimize energy usage of the facility 104,
including facility systems and facility subsystems. The facility 104 and/or building
104 refer to the facility, its systems and its subsystems in the following discussion.
Beginning at block 602, the process 600 locates information for use in determining
static energy characteristics of the facility 104. In an embodimeht, the static energy
characteristics of the facility 104 are energy related features of the facility 104 that
do not change over time. Examples of the static energy data are square footage
and number of floors, the properties of the wall insulation, the size and orientation of
the windows, specification of the HVAC system, specification of the lighting system,
list of integrated equipment and machinery, the efficiency of the HVAC system, the
geographical orientation, facility BIM data, CAD drawings, panel schedules,
electrical single line diagrams, and any other information relating to the design,
construction, equipment, and material that does not change or changes rarely. In an
embodiment, the static energy data are stored in the component/system/ioad
libraries associated with the engineering design element 304.

[0126] At block 604, the process 600 acquires information for use in
determining dynamic energy characteristics of the facility 104. In an embodiment,
the dynamic energy characteristics of the facility 104 are energy related features of
the facility 104 that change over time. Examples of dynamic energy data are
occupancy schedule, usage schedule, ambient weather, weather forecast, utility
rates, customer preferences, energy survey databases, utility meter data, third party
software data, measure of building activity (production output, services performed,

processes executed, patients processed, number of students, etc.), equipment duty
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cycles, maintenance logs, event logs, relevant alerts, and any other data relating to
energy consumption of the facility that is time dependent or changes over time. In
an embodiment, the dynamic energy data are stored in databases associated with
the design management element 302, the engineering design element 304, the
computer aided modeling element 306, the computer aided simulation element 308,
the building construction management element 310, and the building commissioning
management element 312.

[0127] At block 606, the process 600 calculates predicted energy usage of
the facility 104 based at least in part on the static energy information and the
dynamic energy information. In an embodiment, the continuous commissioning,
verification, and optimization element 316 uses the static and dynamic energy data
to calculate the predicted energy usage of the facility 104.

[0128] At block 608, the process 600 acquires actual energy usage data
from at least one sensor configured to measure the actual energy usage of the
facility 104. In an embodiment, the building management system embedded in the
building commissioning management element 312 acquires information or sensor
data from sensors and sensing modules installed in the building 104.

[0129] At block 610, the process 600 calculates the actual energy usage of
the facility 104 based at least in part on the actual energy usage data. In an
embodiment, the building commissioning management element 312 calculates the
actual energy usage. In another embodiment, the continuous commissioning,
verification and optimization element 316 calculates the actual energy usage of the
facility 104.

[0130] At block 612, the process 600 compares the predicted or estimated
energy usage of the facility 104 with the actual energy usage of the facility 104. In
an embodiment, the process 600 calculates one or more of the building energy
efficiency, the HVAC energy efficiency, the lighting energy efficiency, the plug load
-energy efficiency, and the building envelope efficiency.

[0131] At block 614, the process 600 transmits an alert when the actual
energy usage of the facility 104 or any of its subsystems exceeds the predicted
energy usage of the facility 104 or the respective subsystem by a user determined
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amount. In an embodiment, the alert is transmitted when the actual energy usage
exceeds the predicted energy usage by at least 10%. In another embodiment, the
alert is transmitted when the actual energy usage exceeds the predicted energy
usage by at least 2% or any other amount selected or determined by the user. In
another embodiment, the process 600 transmits an alert when one or more of the
building energy efficiency, the HVAC energy efficiency, the lighting energy efficiency,
the plug load energy efficiency, and the building envelope efficiency does not
exceed a user specified ratio. In yet another embodiment, the alert is transmitted by
one of the building commissioning management element 312, the building energy
management and control element 314, and the continuous commissioning,
verification and optimization element 316.

[0132] In another embodiment, at block 614, when actual energy exceeds
predicted energy usage, the process 600 can identify malfunctioning equipment
based on thei_r energy consumption and measured performance. For example,
where the process measures pressure upstream and downstream for a pump
associated with the facility. Based at least in part on its energy consumption, the
process 600 determines that the pump is malfunctioning. Hence the process 600
transmits prioritized alerts of malfunctioning systems associated with the facility 104.

[0133] At block 616, the process 600 determines corrective measures to
reduce energy usage of the facility 104 when the when the actual energy usage of
the facility 104 exceeds the predicted energy usage of the facility 104 by the user
determined amount. In an embodiment, the corrective measures are determined
when the actual energy usage exceeds the predicted energy usage by at least 10%.
In another embodiment, the corrective measures are determined when the actual
energy usage exceeds the predkned energy usage by at least 2%. In another
embodiment, the corrective measures are determined by one of the building
commissioning management element 312, the building energy management and
confrol element 314, and the continuous commissioning, verification and
optimization element 316.

[0134] At block 618, the process 600 performs corrective measures to
reduce the energy usage of the facility when the actual energy usage of the facility
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104 exceeds the predicted energy usage of the facility 104 by a user determined
amount. In an embodiment, the corrective measures are performed when the actual
energy usage exceeds the predicted energy usage by at least 10%. In another
embodiment, the corrective measures are performed when the actual energy usage
exceeds the predicted energy usage by at least 2%. In another embodiment, the
corrective measures are -preformed by one of the building commissioning
management element 312, the building energy management and control element
314, and the continuous commissioning, verification and optimization element 316,
which transmits control signals through the network 110 to the facility 104.

[0135] Depending on the embodiment, certain acts, events, or functions of
any of the algorithms described herein can be performed in a different sequence,
can be added, merged, or left out all together (e.g., not all described acts or events
are necessary for the practice of the algorithm). Moreover, in certain embodiments,
acts or events can be performed concurrently, e.g., through multi-threaded
processing, interrupt processing, or multiple processors or processor cores or on
other parallel architectures, rather than sequentially.

[0136] The various illustrative logical blocks, modules, and algorithm steps
described in connection with the embodiments disclosed herein can be implemented
as electronic hardware, computer software, or combinations of both. To clearly
illustrate this interchangeability of hardware and software, various illustrative
components, blocks, modules, and steps have been described above generally in
terms of their functionality. Whether such functionality is implemented as hardware
or software depends upon the particular application and design constraints imposed
on the overall system. The described functionality can be implemented in varying
ways for each particular application, but such implementation decisions should not
be interpreted as causing a departure from the scope of the disclosure.

[0137] The various illustrative logical blocks an'd modules described in
connection with the embodiments disclosed herein can be implemented 6r
performed by a machine, such as a general purpose processor, a digital signal
processor (DSP), an ASIC, a FPGA or other programmable logic device, discrete
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gate or transistor logic, discrete hardware components, or any combination thereof
designed to perform the functions described herein. A general purpose processor
can be a microprocessor, but in the alternative, the processor can be a controller,
microcontroller, or state machine, combinations of the same, or the like. A
processor can also be implemented as a combination of computing devices, e.g.,.a
combination of a DSP and a microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core, or any other such
configuration.

[0138] The steps of a method, process, or algorithm described in
connection with the embodiments disclosed herein can be embodied directly in
hardware, in a software module executed by a processor, or in a combination of the
two. A software module can reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a removable disk, a CD-
ROM, or any other form of computer-readable storage medium known in the art. An
exemplary storage medium can be coupled to the processor such that the processor
can read information from, and write information to, the storage medium. In the
alternative, the storage medium can be integral to the processor. The processor and
the storage medium can reside in an ASIC.

[0139] The above detailed description of certain embodiments is not
intended to be exhaustive or to limit the invention to the precise form disclosed
above. While specific embodiments of, and examples for, the invention are
described above for illustrative purposes, various equivalent modifications are
possible within the scope of the invention, as those ordinary skilled in the relevant art
will recognize. For example, while processes or blocks are presented in a given
order, alternative embodiments may perform routines having steps, or employ
systems having blocks, in a different order, and some processes or blocks may be
deleted, moved, added, subdivided, combined, and/or modified. Each of these
processes or blocks may be implemented in a variety of different ways. Also, while
processes or blocks are at times shown as being performed in series, these
processes or blocks may instead be performed in parallel, or may be performed at

different times.

-38-



WO 2012/174348 PCT/US2012/042613

[0140] Unless the context clearly requires otherwise, throughout the

»

description and the claims, the words “comprise,” “comprising,” and the like are to be
construed in an inclusive sense, as opposed to an exclusive or exhaustiVe sense;
that is to say, in the sense of “including, but not limited to.” The words “coupled” or
connected”, as generally used herein, refer to two or more elements that may be

either directly connected, or connected by way of one or more intermediate

» o n o«

elements. Additionally, the words “herein,” “above,” “below,” and words of similar
import, when used in this application, shall refer to this application as a whole and
not to any particular portions of this application. Where the context permits, words in
the above Detailed Description using the singular or piural number may also include
the plural or singular number respectively. The word “or” in reference to a list of two
or more items, that word covers all of the following interpretations of the word: any of
the items in the list, all of the items in the list, and any combination of the items in the
list.

[0141] Moreover, conditional language used herein, such as, among

" ou n o« LY [IT

might,” “may,

[ Y]

others, “can,” “could, e.g.,” “for example,” “such as" and the like,
unless specifically stated otherwise, or otherwise understood within the context as
used, is generally intended to convey that certain embodiments include, while other
embodiments do not include, certain features, elements and/or states. Thus, such
conditional language is not generally intended to imply that features, elements
and/or states are in any way required for one or more embodiments or that one or
more embodiments necessarily include logic for deciding, with or without author
input or prompting, whether these features, elements and/or states are included or
are to be performed in any particular embodiment.

[0142] The teachings of the invention provided herein can be applied to
other systems, not necessarily the systems described above. The elements and
acts of the various embodiments described above can be combined to provide
further embodiments.

[0143] While certain embodiments of the inventions have bAeen described,
these embodiments have been presented by way of example only, and are not

intended to limit the scope of the disclosure. Indeed, the novel methods and
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systems described herein may be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of the methods and
systems descfibed herein may be made without departing from the spirit of the
disclosure. The accompanying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope and spirit of the
disclosure.
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WHAT 15 CLAIMED 15:

1. A method {0 assess energy usage of a facility, comprising:

electronically receiving static energy daia associated with time
ndependent information that relates {o the architecture of a facility;

electronically receiving dynamic energy data associated with time
dependent information that relales to energy usage of the facility;

electronically receiving sensor data from at least one sensor
configured (o measure the energy usage of the facility; and

calculating, via execution of instructions by computer hardware
including one or more computer processors, energy assessment data and
energy guidance data for the facility based at least in part on the sialic energy
data, the dynamic energy data, and the sensor data.

2. The method of Claim 1 further comprising electronically communicating
the static energy data o an energy management system for the facility.

3. The method of Claim 1 further comprising electronically communicating
the energy assessment and energy guidance data o a computer aided design
module.

4. The method of Claim 3 further comprising displaying on a graphical
user inlerface associaled with the compuler aided design module the energy
assessment data and energy guidance data such that the energy assessment data
and energy guidance data is visualized by the computer aided design module.

5. The method of Claim 1 further comprising electronically communicating
the energy assessment and energy guidance data (o a building information database
for use in energy management of the facility.

8. The method of Claim 1 further comprising elecironically communicating
an alert based at least in part on the static energy data, the dynamic energy dala,
and the sensor dala.

7. The method of Claim 1 wherein the electronically receiving the stalic
energy data, electronically receiving the dynamic energy data, electronically

receiving the sensor data, and calculating are electronically performed through the
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Internet and wherein commands o conirol the subsystems are electronically
communicated to the facility through the Internet.

8. The method of Claim 1 whergin the method is performed under control
of a cloud computing environment including one or more servers and one or more
data storage.

9. The method of Claim 8 wherein the cloud computing environment
comprises entrusts energy management services with a user's static energy,
dynamic energy and sensor data, energy management software and energy metric
computation over a network.

10. The method of Claim 1 wherein the static energy data is extracted from
a computer aided design {(CAD) file.

1. A method to assess energy usage of a facility, comprising:

electronically receiving stalic energy data associated with fime
independent information that relates {o the architecture of a facility;

electronically receiving dynamic energy data associated with fime
dependent information that relates o energy usage of the facility;

electronically receiving sensor data from al least one sensor
configured to measure the energy usage of the facility; and

controlling, via execution of instructions by computer hardware
including one or more computer processors, subsysiems associaled with the
energy usage of the facility based at least in part on the static energy data,
the dynamic energy data, and the sensor data.

12, The method of Ciaim 11 further comprising electronically caiculating
the energy usage of the facilily based al least in part on the stalic energy data, the
dynamic energy data, and the sensor data o provide commands to control the
subsysiems.

13, The method of Claim 11 wherein the electronically recelving the static
energy dala, electronically receiving the dynamic energy data, electronically
receiving the sensor data, and controlling are electronically performed through the

internet.
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14. The method of Claim 13 wherein the method is performed under
control of a cloud computing environment including ong or more servers and one or
more data storage.

15. The method of Claim 14 wherein the cloud computing environment
comprises entrusis energy management services with a user's siatic energy,
dynamic energy and sensor data, energy management software and energy metric
computation over a network.

16. The method of Claim 13 further comprising elecironically aggregating
and electronically controlling energy demand response across mulliple facilities
based at least in part on the static energy data, the dynamic energy data, and the
sensor data of each facility.

17.  The method of Claim 13 further comprising electronically aggregating
and electronically controliing power purchase across mulliple facilities based at least
in part on the static energy data, the dynamic energy data, and the sensor data of
each facility.

18. The method of Claim 13 further comprising electronically providing
energy services to the facility based at ieast in part on the static energy data, the
dynarmic energy data, and the sensor data.

19,  The method of Claim 11 further comprising:

electronically calculating a predicled energy usage of the facility based
at least in part on the static energy data and the dynamic energy dalg;

electronically calculating the aclual energy usage of the facility based
at least in part on the sensor dala;

electronically comparing the predicted energy usage and the actual
energy usage; and

communicating, via execution of instructions by computer hardware
ncluding one or more compuler processors, an alert to a user when the
actual energy usage exceeds the predicted energy usage by an amount.

20. The method of Claim 11 wherein the stalic energy data is extracted

from a computer aided design (CAD) file.
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21, A method to optimize facility design and energy management,
COMmprising:

electronicaily  generating design-based mechanical and
electrical drawings and layouts for the consiruction of a facility based
at least in part on energy speciications;

generating computer aided models of the facility based at least
in part on the design-based mechanical and slectrical drawings and
layouts;

electronically managing commissioning of the facility based at
least in part on the energy specifications, the design-based mechanical
and electrical drawings and layouls; and

confinuously managing and controlling, via execution of
instructions by computer hardware including one or more computer
processors, energy subsysiems within the facility for energy usage
based at least in parl on the energy specifications, the design-based
mechanical and electrical drawings and layouts, and sensor data form
at least one sensor configured {0 measure energy usage of the {acility.

22. The method of Claim 21 further comprising electronically acquiring
design specifications and the energy specifications for the facility, the energy
specifications including at least one of an energy performance, an energy rating, an
energy consumption profile, a peak demand, a load profile, and a load factor.

23. The method of Claim 21 further comprising electronically simulating
structural, electrical, and thermal loads of the facilily based af least in part on the
energy specifications, the design-based mechanical and eleclrical drawings and
fayouis, and the computer aided models.

24, The method of Claim 23 further comprising electronically managing
construction of the facility based al least in part on the energy specifications, the
design-based mechanical and eleclrical drawings and layouts, the computer aided
models, and the simulated structural, electrical, and thermal loads.

25, The method of Claim 24 further comprising continuously electronically

optimizing and continuously electronically verifving the commissioning based at least
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in part on the energy specifications, the design-based mechanical and electrical
drawings and layouts, and sensor dala from al least one senor configured 1o
measure energy usage of the facility.

26.  The method of Claim 21 further comprising:

electronically calculating a predicied energy usage of the facility based
at least in part on static energy data and dynamic energy data, the static
energy data including the energy specifications and the design-based
mechanical and electrical drawings and layouis;

electronically calculating the actual energy usage of the {acility based
at least in part on the sensor data;

electronically comparing the predicted energy usage and the actual
energy usage; and

communicating, via execution of instructions by computer hardware
including one or more computer processors, an alert to a user when the
actual energy usage exceeds the predicted energy usage by an amount.

27.  The method of Claim 21 wherein the elecironically receiving the static
energy data, electronically receiving the dynamic energy dala, electronically
receiving the sensor data, and calculating are electronically performed through the
Internet and wherein commands (o control the subsystems are electronically
communicated to the facility through the Internel.

28. The method of Claim 21 wherein the method is performed under
control of a cloud computing environment including one or more servers and ong or
more data storage.

29,  The method of Claim 28 wherein the cloud computing environment
comprises entrusts energy management services with a user's energy specifications,
design-based mechanical and electrical drawings and layouts, and sensor data form
at least one sensor configured o measure energy usage of the facility.

30. The method of Claim 21 wherein the energy specifications are
exiracied from a computer aided design (CAD) file.
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