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ABSTRACT 

Systems and methods dynamically measure, ascertain, and 
compare a local facility load with local renewable energy 
generation in substantially real time and determine whether 
excess energy exists from the local distributed renewable 
energy resource. Further, systems and methods forecast the 
available excess energy from the local distributed renewable 
energy resource that can be managed and controlled in incre 
ments. The increments can be fed to the grid for purchase, 
stored in a regional energy store, stored in a local energy store, 
or shed. 

16 

BUILDING MANA 

104a 
K 
I 

SYSTEM S AND COM PON ENTS 
HVAC PLUG LOADS 

DATA/TELCO 

VAV | 

104D 

MEASUREMENT DEVICES L 

CONTROL SYSTEM 5 / 



Patent Application Publication Dec. 18, 2014 Sheet 1 0f 14 US 2014/0371935 A1 

100 

ENVI RONM ENTAL 
SERVICE 

118 
K 

116 
r 

BUILDING MANAGEM ENT 

114 

112 
f (1045‘ 

l 

106 SYSTEMS AND COMPONENTS 
( HVAC PLUG LOADS 

BIM LIGHTING DATA/TELCO 

GAS 

MEASUREMENT DEVICES -/ 
102 

( 
ENERGY SEARCH 

ENGINE 

110 

CONTROL SYSTEM S 

LOAD SHIFI'ING RELAYS T 

LOAD SHEDDING RELAYS 

\\ USER EM S/BMS 
INTERFACE CONTROLLERS 

104 

FIG. 1 



Patent Application Publication Dec. 18, 2014 Sheet 2 0f 14 US 2014/0371935 A1 

ENERGY MANAGEM ENT SYSTEM 
m 

COM PUTER/ SERVER/ PROCESSOR 
& 

DATA STORAGE 
M 

MODULES 
? 

DATABASE 
2_0_& 

FIG. 2 



Patent Application Publication Dec. 18, 2014 Sheet 3 0f 14 US 2014/0371935 A1 

CALCULATE MTHLY-EAVG-WD, THE AVERAGE ENERGY FOR EACH TIM E INTERVAL OF J 
THE DAY FOR ALL WORKS DAYS OF EACH MONTH 

I 312 
CALCULATE M TH LY-CD-WD, THE AVERAGE COOLING DEGREE REQUIREM ENT FOR —/ 

EACH TIM E INTERVAL OF THE DAY FOR ALL WORK DAYS OF EACH MONTH 

L 314 
CALCULATE EMIN-WD FOR EACH TIME INTERVAL OF THE DAY, WHERE EMIN-WD IS J 

THE MINIMUM OF ALL MTHLY-EAVG-WD FOR THAT TIM E INTERVAL 

I 316 
CALCULATE THE AVERAGE ENERGY USED FOR COOLING FOR EACH TIME INTERVAL J 
OF ALL WORKDAYS FOR EACH MONTH: MTHLY-ECOOL-WD = (MTHLY-EAVG-WD - 

EM lN-W D) 

I 
DIVIDE MTHLY-ECOOL-WD BY MTHLY-CD-WD FOR EACH TIM E INTERVAL OF THE DAY J 
FOR ALL WORK DAYS OF EACH MONTH TO CALCULATE MTHLY-ECOOL/CD-WD, THE 

COOLING ENERGY USED PER COOLING DEGREE 

I 
FOR EACH TIM E INTERVAL, CALCULATE M IN-ECOOL-CD, THE MINIM UM ENERGY 320 
NEEDED TO COOL ONE DEGREE, WHERE MlN-ECOOLICD = M INIM UM(MTHLY- J 

ECOOLICD-WD) 
I 322 

SELECT MIN-ECOOL/CD-HOT, THE M INIM UM VALUE OF MIN-ECOOL-CD FOR TIME J 
INTERVALS BETWEEN 1 PM AND 4 PM 

I! 324 
SELECT MlN-ECOOLICD-STD, THE M INIM UM VALUE OF M lN-ECOOL-CD FOR TIM E J 

INTERVALS OUTSIDE1 PM AND 4 PM 

I 
CALCULATE MTHLY-MIN-COOL-WD THE MINIM UM ENERGY REQUIRED TO COOL FOR 326 
EACH TIM E INTERVAL FOR WORKDAYS FOR EACH MONTH, WHERE MTHLY-M IN- -/ 
ECOOL-WD = (MTHLY-CD-WD X M lN-ECOOL/CD-HOT) FOR EACH TIME INTERVAL 

BETWEEN 1 PM AND 4 PM, 
AND 

MTHLY-MlN-ECOOL-WD = (MTHLY-CD-D X MlN-ECOOL/CD-HOT) FOR EACH 
TIME INTERVAL OUTSIDE 1 PM AND 4 PM 

I 
CALCULATE AVERAGE WASTED COOLING ENERGY MTHLY-WSTD-ECOOL-WD FOR J 
EACH TIM E INTERVAL FOR EACH MONTH, WHERE MTHLY-WSTD-ECOOL-WD = 

(MTHLY-ECOOL-WD - MTH LY-M IN-ECOOL-WD) 

I' 330 
CALCULATE M INIM UM ENERGY FOR EACH TIM E INTERVAL FOR WORKDAYS FOR EACH J 

MONTH, MTHLY-MlN-E-WD = MTHLY-MlN-ECOOL-W + EMlN-WD 

FIG. 3 



Patent Application Publication Dec. 18, 2014 Sheet 4 0f 14 US 2014/0371935 A1 

400 \ 

Excessive Cooling 

Dec 

Nov 

Oct 
' Sep 

Aug 
Jul 
Jun 

M ay 
Apr 
M ar 

Feb 
Jan 

El 0-2125 2125-4250 III 4250-63755 6375-8500 El 8500-10625 El 10625-12750 

FIG. 4 



Patent Application Publication Dec. 18, 2014 Sheet 5 0f 14 US 2014/0371935 A1 

500 \ 

RECEIVE SUBSTANTIALLY $10 
CONTINUOUS M EASUREN| ENT OF 
ACTUAL ENERGY CONSUMPTION 

‘ 

512 
RECEIVE SUBSTANTIALLY N 

CONTINUOUS MEASUREM ENT OF 
AMBIENT CONDITIONS 

‘ 

OBTAIN TARGET ENERGY 514 
CONSUN| PTION BASED AT LEAST IN ’\/ 
PART ON AMBIENT CONDITIONS 

‘ 

COM PARE M EASUREM ENT OF J16 
ACTUAL ENERGY CONSUMPTION 
WWMWHWHW 

CONSUN| PTION 

‘ 

518 
CALCULATE SUBSTANTIALLY N 

CONT|NUOUS ENERGY PERFORMANCE 
ASSESSM ENT 

FIG. 5 



Patent Application Publication Dec. 18, 2014 Sheet 6 0f 14 US 2014/0371935 A1 

\ OBTAIN TI-IEORETICAL MINIMUM J 
ENERGY CONSUM PTION 

610 + 614 
OBTAIN MINIMUM ENERGY J OBTAIN ACHIEVABLE MINIMUM J 

CONSUM PTION ENERGY CONSUM PTION 

i 616 
V OBTAIN DESIGNED MINIMUM 

620 ENERGY CONSUM PTION 
RECEIVE SUBSTANTIALLY J 

CONTINUOUS M EASUREM ENT OF 
FACILITY ENERGY CONSUM PTION K 632 

COM PARE THEORETICAL M INIM UM J 
ENERGY CONSUMPTION TO 
M EASUREM ENT OF FACILITY 

v 630 ENERGY CONSUMPTION 
COMPAREMINIMUM ENERGY J L 

CONSUM PTION To COM PARE ACHIEVABLE MINIMUM 634 
M EASUREM ENT / 

OF FACILITY ENERGY ENERGY CONSUM PTION TO 
MEASUREM ENT OF FACILITY 

CONSUM PT' ON IN A ENERGY CONSUM PTION 
SUBSTANTIALLY CONTINUOUS 

WAY + 
COMPARE DESIGNED M INIM UM 636 
ENERGY CONSUM PTION TO / 
M EASUREM ENT OF FACILITY 

\ ENERGY CONSUMPTION 

642 
DETERMINE TI-IEORETICAL J 

ENERGY EFFICIENCY 

" 640 I, 644 
CALCULATE SUBSTANTIALLY J DETERMINE ACHIEVABLE / 

CONT'NUOUS ENERGY ENERGY EFFICIENCY 
PERFORMANCE ASSESSM ENT + 

646 
DETERMINE DESIGNED / 
ENERGY EFFICIENCY 

FIG. 6 



Patent Application Publication 

700 

\ 

Dec. 18, 2014 Sheet 7 0f 14 US 2014/0371935 A1 

710 
OBTAIN USAGE BENCHMARK J 

L 712 
RECEIVE SUBSTANTIALLY CONTINUOUS J 
M EASU REM ENTS OF ACTUAL ENERGY 
CONSUMPTION BEFORE INSTALLATION 
OF ENERGY IM PROVEM ENT M EASURES 

L 714 
ESTABLISH BEFORE BASELINE BASED IN PART J 

ON M EASUREM ENTS RECEIVED BEFORE 
INSTALLATION OF ENERGY IM PROVEM ENT 

M EASURES 

i 716 
COM PARE BENCHMARK WITH BEFORE J 

BASELINE 

' 718 
RECEIVE SUBSTANTIALLY CONTINUOUS J 
M EASUREM ENTS OF ACTUAL ENERGY 

CONSUM PTION AFTER INSTALLATION OF 
ENERGY IM PROVEM ENT M EASURES 

720 
ESTABLISH AFTER BASELINE BASED IN PART J 

ON M EASUREM ENTS RECEIVED AFTER 
INSTALLATION OF ENERGY IM PROVEM ENT 

M EASURES 

J, 722 
COM PARE BEFORE BASELINE WITH AFTER J 

BASELINE 

' 724 

COMPARE BENCHMARK WITH J 
AFTER BASELINE 

i 726 
QUANTIFY EFFECTIVENESS OF J 

ENERGY IMPROVEM ENT M EASURES 

FIG. 7 



Patent Application Publication 

800 \ 

Dec. 18, 2014 Sheet 8 0f 14 US 2014/0371935 A1 

Total Current Energy Costs (Gas and Electric) 2.29 $lft2* I 
*Equivalent square footage accounts for office, data center and outdoor spaces 

Low High 
Range of Estimated Energy Waste Annually 015 $1“; (160 $1“; 
% of Total Energy Used 11% 26% 

Annual Energy (Gas and Electric) Wasted $265,519 $638,138 

Carbon Footprint 
Electrical Energy Carbon Footprint 5,735 Metric Tons of (:02 

12,628,604 to ofCOZ 
Gas Energy Carbon Footprint 2022 Metric Tons of 002 

4,453,254 lb of 002 
Total Energy Carbon Footprint 7,757 Metric Tons of 002 

17081855 IbofCOZ 
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SYSTEM AND METHODS TO ASSESS, 
MANAGE AND CONTROL DISTRIBUTED 
RENEWABLE ENERGY RESOURCES ON A 
GRID OR MICROGRID AND ACHIEVE A 
100% RENEWABLE ENERGY GRID OR 

MICROGRID FROM CLEAN, CARBON FREE, 
AND WATER CONSERVING DISTRIBUTED 
RENEWABLE ENERGY TECHNOLOGIES 

AND RESOURCES 

[0001] Any and all applications for which a foreign or 
domestic priority claim is identi?ed in the Application Data 
Sheet as ?led with the present application are hereby incor 
porated by reference under 37 CFR 1.57. 

BACKGROUND 

[0002] This disclosure relates generally to evaluating 
energy performance of a building, a building system, and/ or a 
collection of buildings locally or over a large geographic area. 

[0003] Existing energy and greenhouse gas measurement 
and veri?cation protocols rely on walk around and observe 
audits that are de?ned in, for example, International Stan 
dards Organization (ISO) 50001, American Society of Heat 
ing, Refrigerating and Air-Conditioning Engineers 
(ASHRAE) Level 1 audits, ASHRAE Level 2 audits, and the 
like. These rely on static analytics and do not produce accu 
rate results. 

[0004] Another example of existing energy protocols is the 
US. EPA’s Energy Star® program. The Energy Star® pro 
gram has developed energy performance rating systems for 
several commercial and institutional building types and 
manufacturing facilities. These ratings, on a scale of l to 100, 
provide a means for benchmarking the energy ef?ciency of 
speci?c buildings and industrial plants against the energy 
performance of similar facilities of the same space type, 
based on a national average. A rating can be generated for 
ratable space types based on building attributes, such as 
square footage, weekly operating hours, and monthly energy 
consumption data. The Energy Star® ratings rely on static 
analytics, estimates, and forecasting, and do not produce 
accurate results and can be dif?cult to verify. 

[0005] As a result of the lack of accurate and consistently 
reliable measurement and veri?cation standards, false claims 
of carbon credits, Negawatts (energy saved as a result of 
energy conservation or increased ef?ciency), and other 
energy reductions are being made. Further, the lack of accu 
rate and consistent energy assessment makes it dif?cult to 
accurately determine the bene?t of corrective actions to 
equipment and systems, to normalize energy conservation 
investments, to calculate paybacks from energy conservation 
investments and retro?ts of buildings, and the like. 

SUMMARY 

[0006] There is a need to dynamically assess the energy 
sustainability of a facility, i.e., how well it is using its energy, 
and identify wasted energy that is consistent and accurate. 
[0007] Embodiments relate to an energy search engine 
using dynamic analytic algorithms based at least in part on, 
but not limited to one or more of smart meter data, other 
sensor data, sub-metered energy measurement data, weather 
data, gas data, utility rate schedules, basic facility informa 
tion, such as, for example, the direction (north, south, east or 
west) that the building faces, total facility square footage, 
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occupant scheduling, facility use, and the like to dynamically 
assess the energy sustainability of a facility. 

[0008] In accordance with various embodiments, a method 
to assess energy usage comprises receiving in a substantially 
continuous way a measurement of actual energy consump 
tion, receiving in a substantially continuous way a measure 
ment of ambient conditions, and comparing the measurement 
of actual energy consumption with a target energy consump 
tion to calculate a substantially continuous energy perfor 
mance assessment, wherein the target energy consumption is 
based at least in part on the measurement of ambient condi 
tions. The method further comprising receiving in a substan 
tially continuous way a measurement of facility occupancy 
and usage, wherein the target energy consumption is based at 
least in part on the measurement of ambient conditions and 
facility usage. In one embodiment, receiving in the substan 
tially continuous way the measurement of ambient conditions 
comprises receiving the measurement of ambient conditions 
at least every 15 minutes. In one embodiment, the substan 
tially continuous energy performance assessment comprises 
comparisons occurring at least every 15 minutes of the mea 
surement of actual energy consumption with the target energy 
consumption. 
[0009] Certain embodiments relate to a method to dynami 
cally assess energy ef?ciency. The method comprises obtain 
ing a minimum energy consumption of a system, receiving in 
a substantially continuous way a measurement of actual 
energy consumption of the system, and comparing the mini 
mum energy consumption to the measurement of actual 
energy consumption to calculate a substantially continuous 
energy performance assessment. The system can be at least 
one of a building envelope, a building, a zone within a build 
ing, an energy subsystem, a facility, a group of buildings in 
near proximity to each other, a geographically diverse group 
of buildings, and the like. 
[0010] In an embodiment, comparing the minimum energy 
consumption to the measurement of actual energy consump 
tion comprises at least one of comparing in a substantially 
continuous way a theoretical minimum energy consumption 
of the system to the measurement of actual energy consump 
tion to determine a theoretical energy ef?ciency for the sys 
tem, where the theoretical minimum energy consumption is 
based at least in part on the theoretical performance limit of 
system components, comparing in a substantially continuous 
way an achievable minimum energy consumption of the sys 
tem to the measurement of actual energy consumption to 
determine an achievable energy ef?ciency for the system, 
where the achievable minimum energy consumption is based 
at least in part on speci?cations for high energy ef?cient 
equivalents of the system components, and comparing in a 
substantially continuous way a designed minimum energy 
consumption of the system to the measurement of actual 
energy consumption to determine a designed energy ef? 
ciency for the system, where the designed minimum energy 
consumption is based at least in part on speci?cations for the 
system components. 
[0011] Certain other embodiments relate to a method to 
dynamically assess energy usage. The method comprises 
obtaining an expected energy usage for a building having 
installed building systems and a load pro?le, receiving in a 
substantially continuous way measurements of actual energy 
consumption after an installation of at least one energy 
improvement measure for the building, establishing an 
energy usage for the building with the load pro?le based at 
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least in part on the measurements received after the installa 
tion of the at least one energy improvement measure, and 
determining an impact of the at least one energy improvement 
measure. The method further comprises quantifying the 
effectiveness of the at least one energy improvement measure 
by determining at least one of a payback calculation, a pay 
ment of an incentive, a valuation of real property, and a carbon 
offset used in carbon trading. The installed building systems 
can comprise at least one of an HVAC system, a lighting 
system, at least one plug load, a data center system, a water 
heating system, and the like. Installed energy improvement 
measure can comprise installing a renewable energy system, 
retro?tting equipment, commissioning, load shifting, load 
shedding, installing energy storage, and the like. 
[0012] According to a number of embodiments, an appara 
tus to dynamically assess energy usage of a system comprises 
computer hardware including at least one computer proces 
sor, and computer readable-storage comprising computer 
readable instructions that, when executed by the computer 
processor, cause the computer hardware to perform opera 
tions de?ned by the computer-executable instructions com 
prising obtaining a minimum energy consumption of a sys 
tem, receiving in a substantially continuous way a 
measurement of actual energy consumption of the system, 
and comparing the minimum energy consumption to the mea 
surement of actual energy consumption to calculate a sub 
stantially continuous energy performance assessment. 
[0013] The computer-executable instructions further com 
prise at least one of comparing in a substantially continuous 
way a theoretical minimum energy consumption of the sys 
tem to the measurement of actual energy consumption to 
determine a theoretical energy ef?ciency for the system, 
where the theoretical minimum energy consumption is based 
at least in part on the theoretical performance limit of system 
components, comparing in a substantially continuous way an 
achievable minimum energy consumption of the system to 
the measurement of actual energy consumption to determine 
an achievable energy ef?ciency for the system, where the 
achievable minimum energy consumption is based at least in 
part on speci?cations for high energy ef?cient equivalents of 
the system components, and comparing in a substantially 
continuous way a designed minimum energy consumption of 
the system to the measurement of actual energy consumption 
to determine a designed energy ef?ciency for the system, 
where the designed minimum energy consumption is based at 
least in part on speci?cations for the system components. 
[0014] The system can comprise at least one of a building, 
a building envelope, at least one building system, a zone 
within the building, a data center, and the like. Receiving in 
the substantially continuous way the measurement of actual 
energy consumption of the system can comprise receiving the 
measurement of actual energy consumption at least every 15 
minutes. The substantially continuous energy performance 
assessment can comprise comparisons occurring at least 
every 15 minutes of the minimum energy consumption to the 
measurement of actual energy consumption and at least one 
of a gas energy carbon footprint, an electrical energy carbon 
footprint, an estimate of wasted energy, an energy rating, an 
energy ef?ciency, and a power index. 

[0015] For purposes of summarizing the disclosure, certain 
aspects, advantages and novel features of the inventions have 
been described herein. It is to be understood that not neces 
sarily all such advantages may be achieved in accordance 
with any particular embodiment of the invention. Thus, the 
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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 advan 
tages as may be taught or suggested herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 illustrates a schematic diagram of a system to 
assess and optimize energy usage for a facility, according to 
certain embodiments. 

[0017] FIG. 2 illustrates an exemplary schematic diagram 
of an energy management system, according to certain 
embodiments. 

[0018] FIG. 3 is a ?ow chart of an exemplary energy search 
engine process to assess the amount of energy used for cool 
ing and the amount of excessive cooling affected, according 
to certain embodiments. 

[0019] FIG. 4 is an exemplary substantially continuous 
excessive cooling performance assessment, according to cer 
tain embodiments. 
[0020] FIG. 5 is a ?ow chart of an exemplary energy search 
engine process to assess energy usage, according to certain 
embodiments. 
[0021] FIG. 6 is a ?ow chart of an exemplary energy search 
engine process to dynamically assess energy ef?ciency, 
according to certain embodiments 
[0022] FIG. 7 is a ?ow chart of an exemplary energy search 
engine process to quantify the effectiveness of energy 
improving measures, according to certain embodiments. 
[0023] FIG. 8 is an exemplary substantially continuous 
energy performance assessment, according to certain 
embodiments. 
[0024] FIG. 9 is an exemplary continuous yearly key per 
formance indicator assessment, according to certain embodi 
ments. 

[0025] FIG. 10 is an exemplary continuous monthly key 
performance indicator assessment, according to certain 
embodiments. 

[0026] FIG. 11 illustrates an exemplary block diagram of a 
system on a chip or circuit board for real time continuous and 
automated digital measurement, analysis, and communica 
tion with optional input from external sensors, analysis of 
energy use, analysis of external data and control of energy use 
and the measurement, analysis, storage, and reporting of 
energy quality and metrics, according to certain embodi 
ments. 

[0027] FIG. 12 illustrates an exemplary block diagram of 
an energy data reduction system that enables the use of exist 
ing communication methods and channels to handle the 
anticipated broadband ?ow of energy and control data that 
will emerge as “smart grid” data measurement, communica 
tion, and control tools expand in use and reach into resi 
dences, buildings, commercial facilities, industrial facilities 
and into smart appliances and devices, according to certain 
embodiments. 
[0028] FIG. 13 illustrates an exemplary block diagram of 
the system of FIG. 1, according to certain embodiments. 
[0029] FIG. 14 represents a unique algorithm that can be 
used with this invention or with any energy or environmental 
measuring and reporting device or embodiment and/ or with 
any network of energy or environmental devices or systems 
that measure, report, and optionally control energy or envi 
ronmental data. 
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DETAILED DESCRIPTION 

[0030] The features of the systems and methods will now be 
described with reference to the drawings summarized above. 
Throughout the drawings, reference numbers are re-used to 
indicate correspondence between referenced elements. The 
drawings, associated descriptions, and speci?c implementa 
tion are provided to illustrate embodiments of the inventions 
and not to limit the scope of the disclosure. 
[0031] Embodiments of an energy search engine use 
dynamic energy related data to determine how well a facility 
is using energy and to identify wasted energy. Further 
embodiments dynamically guide building system adjust 
ments to reduce energy waste, and verify the results of such 
actions. For example, contemporary heating, ventilation, and 
air conditioning (HVAC) systems use a combination of 
chilled coolant or chilled water, evaporative coils, forced air 
ducting, and hot water intermixed to provide comfort and 
fresh air to occupants of buildings. To provide this comfort, 
many building HVAC systems waste energy by simulta 
neously heating and cooling building air by relying on static 
factors and no external information to dynamically adjust the 
various HVAC components. 
[0032] In one embodiment, a combination of dynamically 
varying factors are evaluated to dynamically adjust HVAC or 
other building systems for optimum occupancy comfort, low 
est energy use, lowest tariff cost, and lowest GHG emissions. 
These factors include, but are not limited to, natural and 
environmental factors, occupant factors, utility tariff factors, 
and GHG emission factors. For example, outside tempera 
tures near a building vary hourly throughout the workday and 
evening. Throughout the day, the sun heats different aspects 
of the building which creates a variable heating component. 
As occupants move in and out of rooms and in and out of the 
building during the workday, their heat load contribution, 
fresh air requirements, occupant comfort requirements, and 
energy use via lighting, computers, and other of?ce equip 
ment or industrial processes in the building vary. 
[0033] The energy search engine incorporates at least one 
of these dynamic variables in energy modeling algorithms to 
provide, for example, one or more of benchmarking energy 
use, comparing required energy use and costs to wasted 
energy use and costs, dynamically guiding building system 
adjustments, verifying the results of such actions, and deter 
mining an optimum size of alternate electric energy systems, 
such as solar, wind, fuel cells, and the like to generate energy 
for the building. 
[0034] FIG. 1 illustrates an exemplary schematic diagram 
of a system 100 to dynamically assess and optimize energy 
usage for an energy subsystem of a facility, the facility or a 
network of facilities 104. Facilities 104 can comprise one or 
more buildings, residences, factories, stores, commercial 
facilities, industrial facilities, data centers and the like, one or 
more rooms, one or more of?ces, one or more zoned areas in 

a facility, one or more ?oors in a building, parking structures, 
stadiums, theatres, and the like, one or more systems, sub 
systems, and/ or components 1 04a, a zone within the building/ 
facility 104, a building envelope, and the like, locally or 
geographically remote. 
[0035] The network of facilities 104 can comprise, for 
example, a geographic area, facility owner, property man 
ager, campus, weather pattern, climate zone, facility activity 
type, facility total square footage, facility occupied square 
footage, volume of facility free space, facility schedule, facil 
ity activity levels (e.g. production quantities, number of stu 
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dents, etc.), utility company, applicable utility rate schedule, 
source of energy, type and size of local generation systems, 
type and size of local alternative energy systems (e.g. thermal 
solar, thermal storage, energy storage, etc.), type of construc 
tion material used, type of energy systems used, model of 
energy systems used, facility design speci?cations, required 
air changes, measured air changes, type of energy manage 
ment system installed, model of energy management system 
installed, performance of any existing energy management 
system, applicable energy codes, applicable energy regula 
tions, applicable energy standards, applicable greenhouse gas 
emissions codes, applicable greenhouse gas emissions regu 
lations, applicable greenhouse gas emissions standards, 
energy service company servicing the facility, energy con 
sulting ?rm servicing the facility, and the like. 
[0036] Examples of the systems, subsystems and/or com 
ponents 10411 include but are not limited to fans, pumps, 
motors, chillers, lights, heaters, heat exchangers, blowers, 
electric valves, air conditioning equipment, compressors, 
heat pumps, HVAC systems, lighting systems, motors, water 
heating systems, plug loads, data/Telco, variable air volume 
devices (VAV), gas systems, electrical systems, mechanical 
systems, electromechanical systems, electronic systems, 
chemical systems, and the like. 
[0037] The facility 104 and/ or building 104 in the following 
discussion refer to the facility, its systems, subsystems, com 
ponents, and/or a network of facilities as described above. 

[0038] 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 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). 
[0039] The facility 104 comprises measurement devices 
1041) con?gured to measure actual energy usage in real time. 
For example, sensors, such as wired and/ or wireless sensors 
and/or sensor systems, 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 ?ow from compres 
sors in the cooling or HVAC system, and the like. The sensors 
can comprise current sensors, voltage sensors, EMF sensors, 
touch sensors, contact closures, capacitive sensors, trip sen 
sors, mechanical switches, torque sensors, temperature sen 
sors, air ?ow sensors, gas ?ow sensors, water ?ow 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. 
[0040] The facility 104 further comprises control systems, 
such as, for example, load shedding relays, load shifting 
relays, Energy Management Systems (EMS), Building Man 
agement Systems (BMS), and the like, 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, 
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switch usage of electricity from conventional generation to 
electricity generated by alternate forms, such as wind or solar, 
and the like. 
[0041] The system 100 comprises an energy search engine 
102 and a user interface 108. In an embodiment, the energy 
search engine 102 is a cloud computing system based in a 
network 110, such as the Internet 110, as illustrated in FIG. 1. 

[0042] In other embodiments, the energy search engine 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. In an embodiment, the energy search engine 102 is 
hosted in a device located inside the facility 104. The device 
acquires sensor data and/or smart meter data directly from 
existing sensors and smart meters 10419. The device receives 
weather information, utility rate schedules, utility pricing 
information, grid usage information, BIM information, and 
other via RF broadcast signals. The device calculates locally 
the energy performance, actionable information and commu 
nicates control signals to local relays 104c, energy systems 
and other systems. 
[0043] The user interface 108 allows a user to transmit 
information to the energy search engine 102 and receive 
information from the energy search engine 102. In an 
embodiment, the user interface 108 comprises a Web browser 
and/ or an application to communicate with the energy search 
engine 102 within or through the Internet 110. In an embodi 
ment, the user interface 108 is associated with a display and a 
user input device, such as a keyboard. 
[0044] The energy search engine 102 receives energy usage 
information from the measurement devices 1041) measuring 
energy usage of the systems, subsystems, and components 
1040 of the facility 104 in a substantially continuous way. The 
measurement devices 1041) deliver data output that can 
include but is not limited to electric energy consumption data, 
natural or renewable gas data, air temperature data, air ?ow 
data, air quality data, building occupancy data, building zone 
level occupancy data, water data, environmental data, and 
geographic data, and the like. This data can be derived from 
individual circuits, critical components within the building 
104 or its zones, or those systems that externally serve a 
building or group/network of buildings. In another embodi 
ment, additional measurements of vibration, temperature, 
sound from critical motor components, and the like within 
buildings 104 or wherever motors are used for industrial or 
manufacturing processes are used to gauge the health of 
motor and equipment functions within the facility 104. 
[0045] Further, the energy search engine 102 receives in a 
substantially continuous way dynamic data relating to energy 
usage from one or more of a Building Information Modeling 
(BIM) 106, a power grid 112, a utility company 114, building 
management 116, and an environmental service 118. For 
example, the BIM 106 can provide, but is not limited to 
speci?cations for the systems, subsystem, and components 
104a installed in the facility 104, speci?cations for the sys 
tems, subsystem, and components with a higher energy rating 
that could have been installed in the facility 104, and the like. 
The power grid 112 can provide, but is not limited to a 
dynamic gridresponse to renewable energy sources, plug-ins, 
projected grid demand, grid load information, energy supply 
capacity, and the like. The utility company or other sellers of 
energy 114 can provide, but are not limited to utility rate 
tariffs, real-time energy pricing, price bids, and the like. The 
building management 116 can provide, but is not limited to 
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facility and zone level scheduling of the facility 104, occu 
pancy information, system status information (e.g. open 
doors, open windows, open shutters, etc.), and the like. The 
environmental service, such as a weather service, can pro 
vide, but is not limited to dynamic weather data for the loca 
tion of the facility 104, projected weather for the location of 
the facility 104, sever weather alerts, geographical factors, 
and the like. 

[0046] The energy search engine 102 analyzes the static 
data and the dynamic data received in the substantially con 
tinuous way and provides a substantially continuous energy 
assessment. Examples of the substantially continuous energy 
assessment include but are not limited to reports, benchmark 
results, energy performance assessments for the facility 104, 
network of facilities 104 or any of its systems, subsystems, 
and components 104a, site energy carbon footprint, source 
energy carbon footprint, source energy assessment, building 
and systems commissioning strategies, lighting strategies, 
data center and Telco strategies, water performance assess 
ment, gas performance assessment, energy retro?t assess 
ment, renewable energy assessment, and the like. 

[0047] In an embodiment, the energy search engine 102 
transmits commands to the control systems 1040 to control 
the systems, subsystems, and components 10411 to reduce or 
optimize the energy usage of the facility 104. In an embodi 
ment, the energy search engine 102 controls the systems, 
subsystems, and components 10411 in a substantially continu 
ous way. 

[0048] In an embodiment, substantially continuous com 
prises within a length of time or not to exceed a length of time 
which occurs at regular intervals. In another embodiment, 
data received in a substantially continuous way comprises 
data that is received within a de?nite length of time marked 
off by two instances. In other words, data received in a sub 
stantially continuous way is data that is received at regular 
time intervals, where the time interval does not exceed a 
pre-de?ned time interval. In another embodiment, the time 
interval is approximately within a pre-de?ned time interval. 
In another embodiment, the time interval is based at least in 
part on the type of information received. For example, 
weather can be received substantially continuously every 
hour, smart meter information can be received substantially 
continuously every 15 minutes, and grid load can be received 
substantially continuously every time interval which does not 
exceed an hour. 

[0049] Further, in an embodiment, providing substantially 
continuous energy assessment comprises providing the 
energy assessment within a pre-de?ned time interval, not to 
exceed a pre-de?ned time interval, or the like. Further yet, 
controlling in a substantially continuous way to optimize 
energy usage comprises sending commands to the control 
systems 1040 or the like within a pre-de?ned time interval. 
Again, the time interval is based at least in part on the speci?c 
system being controlled. For example, the energy search 
engine may direct the facility 104 to shed or redistribute 
power at an interval not to exceed 5 minutes, while directing 
the blinds to raise or lower at an interval not to exceed 2 hours. 

[0050] In certain embodiments, substantially continuous 
time intervals comprise one of time intervals not to exceed 1 
minute, time intervals not to exceed 5 minutes, time intervals 
not to exceed 15 minutes, time intervals no to exceed 1 hour, 
time intervals not to exceed 1 day, and time intervals not to 
exceed 1 week. 
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[0051] FIG. 2 illustrates an exemplary block diagram of an 
embodiment of the energy search engine 102. The energy 
search engine 102 comprises one or more computers or pro 
cessors 202 and memory 204. The memory 204 comprises 
modules 206 including computer-executable instructions, 
that when executed by the computer 202 cause the energy 
search engine 102 to analyze the energy data and provide the 
substantially continuous energy assessment metrics. The 
memory 204 further comprises data storage 208 including 
one or more databases to store the dynamic and or static data 
by the modules 206 to analyze energy usage and provide 
energy usage assessments. 
[0052] The computers 202 comprise, by way of example, 
processors, Field Programmable Gate Arrays (FPGAs), Sys 
tem on a Chip (SOC), program logic, or other substrate con 
?gurations representing data and instructions, which operate 
as described herein. In other embodiments, the processors 
202 can comprise controller circuitry, processor circuitry, 
processors, general-purpose single-chip or multi-chip micro 
processors, digital signal processors, embedded micropro 
cessors, 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 proces 
sor 202. The memory 204 can further comprise an interface 
module, such as a Graphic User Interface (GUI), or the like, to 
interface with the user interface 108. 
[0053] In one embodiment, the energy search engine 102 
calculates a score re?ecting the energy performance of the 
facility 104. In an embodiment, the score is a weighted aver 
age of one or more metrics that are calculated based at least in 
part on one or more energy variables. Examples of energy 
variables include, but are not limited to the time history of the 
energy (power, water, gas) consumed by the facility, the car 
bon equivalent of energy used at the site, the carbon equiva 
lent of the energy generated at the source, the time history of 
the ambient weather conditions, the facility activity type, the 
facility total square footage, the facility occupied square foot 
age, the volume of free space in the facility, the facility sched 
ule, the facility activity levels (e. g. production quantities, 
number of students, and the like), the location of the facility, 
the applicable utility rate schedule, the output of any existing 
local (or on site) generation systems, the output of any exist 
ing local alternative energy systems (e.g. thermal solar, ther 
mal storage, energy storage, and the like), the potential for 
local renewable generation, the potential for local alternative 
energy systems, the type of construction material used, the 
type of energy systems used, the facility design speci?ca 
tions, required air change, measured air changes, the type of 
energy management system installed, the performance of any 
existing energy management system, data from any existing 
energy, environmental and security monitoring systems, and 
the like. 
[0054] The facility 104 and/ or building 104 and/ or sub 
systems 104a refer to one or more of the facility, its systems, 
subsystems, and components, multiple buildings comprising 
the facility located locally or remotely, and a network of 
facilities in the following discussion. 
[0055] In an embodiment, the score or energy metrics are 
calculated based on historical energy data for the past week, 
month, quarter, year or longer time period. 
[0056] In an embodiment, data from one time period is used 
to back?ll data missing from another time period. For 
example, if the data for February of 2012 is missing, then it 
can be back?lled using the following: 
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where X1 is the average workday energy consumption for 
January 201 1, X2 is the average workday energy consumption 
for January 2012, and Y1 is the 15-minute, hourly, daily, or 
weekly energy consumption for workdays in February 2011, 
and Y2 is the 15-minute, hourly, daily, or weekly energy 
consumption for the corresponding workdays in February 
2012. The above method can be used to back?ll missing 
energy data for off days. 

[0057] In another example, the same missing data for Feb 
ruary 2012 can be back?lled using the following: 

where X1 is the average workday energy consumption for 
January 201 1 , X2 is the average workday energy consumption 
for January 2012, Z 1 is the average workday energy consump 
tion for March 2011, Z2 is the average workday energy con 
sumption for March 2012, and Y1 is the 15-minute, hourly, 
daily, or weekly energy consumption for workdays in Febru 
ary 2011, and Y2 is the 15-minute, hourly, daily, or weekly 
energy consumption for the corresponding workdays in Feb 
ruary 2012. The above method can be used to back?ll missing 
energy data for off days. 

[0058] In an embodiment, the energy used by the facility is 
calculated using the following equation: 

Energy UsedIEnergy Sourced by the Utility+Energy 
Generated on Site—Energy Stored on Site 

where energy sourced by the utility is energy that is purchased 
from the utility company. The energy generated on site (lo 
cally) is energy generated by local energy generation systems 
as solar PV, wind turbines, fuel cells, gas powerplant, etc. The 
energy stored on site is energy that is purchased from the 
utility or generated locally but is stored at the time of purchase 
or generation for later use in energy storage systems such as 
batteries, compressed air, pumped water, thermal storage, etc. 
If the energy storage systems are discharging, then the sign of 
the stored energy in the equation above is negative. Each of 
the components in the equation above can be measured, cal 
culated or estimated. 

[0059] In an embodiment, the energy score and metrics can 
be proportional to the energy performance of a facility rela 
tive in a speci?c time period compared to its performance in 
a base period. In an embodiment, the base period is one year. 

[0060] In an embodiment, the metric can be proportional to 
the composition of source energy (solar PV, utility power, fuel 
cell, solarthermal, gas generator, energy storage, etc.) relative 
to an optimum composition of source energy for a facility, 
given the measured, calculated or estimated energy usage of 
the facility, the type of systems in the facility, the facility 
schedule, the facility location, the ambient weather condi 
tions, and the like. 

[0061] In an embodiment, the metrics include but are not 
limited to the facility electric energy use index (kar/ft2), the 
facility gas use index (therms/ft2), and the facility electric 
demand index (kw/ft2). 
[0062] In an embodiment, the metric can be proportional to 
the equivalent greenhouse gas emissions of the energy used at 
the facility 104, proportional to the energy generated using 
local renewable energy systems, proportional to the energy 
generated using alternative fuel systems (e.g. hydrogen fuel 
cells, or the like), proportional to the use of alternative energy 
systems, proportional to the ratio of energy used during off 
hours to the energy used during work hours, proportional to 
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