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SYSTEMS AND METHODS FOR OPTIMIZING 
ENERGY AND RESOURCE MANAGEMENT 

FOR BUILDING SYSTEMS 

COPYRIGHT NOTICE 

0001. A portion of the disclosure of this patent document 
contains material, which is subject to copyright protection. 
The copyright owner has no objection to the facsimile repro 
duction by anyone of the patent document or the patent dis 
closure, as it appears in the Patent and Trademark Office 
patent files or records, but otherwise reserves all copyright 
rights whatsoever. 

FIELD OF THE INVENTION 

0002 Embodiments of the invention described herein 
generally relate to optimizing the managementofa buildings 
energy and other key resources such as water, ventilation, etc. 
More specifically, embodiments of the present invention are 
directed towards systems and methods for utilizing predictive 
modeling to optimize a plurality of inputs representing a 
buildings energy usage, water usage and other resource con 
Sumption. 

BACKGROUND OF THE INVENTION 

0003. In the United States, buildings consume a tremen 
dous amount of natural resources and are a major contributor 
to the carbon footprint and water footprint of cities. There is 
a great opportunity to optimize the management of energy 
and water while meeting the needs of the multitude of differ 
ent users of commercial and industrial buildings. From EPA 
2009 data, buildings account for 39% of energy used, 68% of 
electricity consumed and 38% CO2 emissions. Building 
managers face significant pressures requiring them to effi 
ciently manage energy consumption including corporate 
profit pressures coupled with increasing & Volatile fuel costs, 
corporate Sustainability top-down directives mandating car 
bon-reporting, GHG reductions, and usage of renewable 
energy sources, and building regulations mandating bench 
marking and improvement programs. 
0004. The need for new automation solutions to aid in the 
optimum use of these natural resources is significant given the 
uneven state of current building automation, with estimates of 
approximately 14% of commercial buildings having a build 
ing management system (BMS) or building automation sys 
tem (BAS) in place according to Pike Research. Where BMS 
or BAS systems are in place, the mode of operation of build 
ing resources is typically reactive management of heating, 
cooling ventilation and a portion of lighting based on Sched 
ule and reacting to set-points being exceeded. There is a 
significant opportunity for efficiency gains through shifting to 
proactive management based on demand forecasts and utiliz 
ing rich real-time data on building operation and disturbances 
Such as weather, occupancy, etc. Also, expanding the scope of 
proactive management from heating and cooling to a more 
complete integration of lighting controls and other building 
Subsystems including a variety of technologies and strategies 
available for meeting customer comfort with less energy con 
Sumed. 
0005 Opportunities also exist to apply a proactive 
approach of predictive demand forecasts leading to optimi 
Zation to additional areas such as water consumption plan 
ning/management, ensuring ventilation requirements are met 
(especially for areas such as labs that have more stringent or 
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regulatory requirements) and management of ancillary plug 
load capacity, which may be broken out separately for the data 
Center. 
0006 Another area of opportunity is for improved integra 
tion of the different approaches in use for energy management 
in a building, with facilities management often pursuing sepa 
rate and sometimes conflicting strategies for energy effi 
ciency programs to reduce base load/energy costs, demand 
response participation with both Voluntary and mandatory 
commitments to utilities, use of on-site generation and stor 
age technology, etc. Together with the increasing number of 
energy management approaches in place there has been an 
increase in different priorities for energy management: 
reduce overall energy costs, reduce greenhouse gas emis 
sions/carbon impact, increase use of on-site and renewable 
energy resources, and generate revenue from sale of energy or 
participation in demand response programs. There is an 
opportunity for technology to give customers a way to take a 
holistic view of the entire envelope of energy management 
approaches in place and use an objective analysis to incorpo 
rate business priorities to generate an integrated energy man 
agement Strategy. 
0007 Lastly there is an opportunity for the new energy 
management Solutions envisioned to be supported by a soft 
ware infrastructure that provides integration across disparate 
building monitoring and control systems (e.g. HVAC, light 
ing, plug load, etc.) and different real-time and historical data 
Sources (e.g. weather data, rate and price data, occupancy 
data, peer building usage data, etc.) to enable real-time rec 
ommendations or control actions based on rich real-time data 
as well as planning based on predictive demand forecasts. 

SUMMARY OF THE INVENTION 

0008. The method receives a plurality of input values asso 
ciated with a building or plurality of buildings. In one 
embodiment, the method cleans the input values prior to 
constructing a thermal and electrical load model, wherein 
cleaning the input values prior to constructing a thermal and 
electrical load model comprises detecting abnormal data and 
invalid inputs. In an alternative embodiment, cleaning the 
input values prior to constructing athermal and electrical load 
model further comprises interpolating invalid data points and 
performing principle component analysis of the data set. In 
one embodiment, the method generates and optimizes an 
on-site generation model for variable and consistent on-site 
generation sources. 
0009. The method then constructs a thermal and an elec 
trical load model based on the inputs. In one embodiment, the 
thermal and electrical load models are generated based on 
built and stored demand models for a plurality of subsystem 
categories, wherein the plurality of Subsystem categories 
includes one or more of heating/cooling, ventilation, lighting, 
water, plug load, and data center demand models. The method 
then constructs an overall energy model, the overall energy 
model being based on the thermal and electrical load models 
and generates a plurality of demand models based on the 
constructed energy model. In one embodiment, energy rules 
comprise client-defined rules/constraints, strategies and gen 
eral rules and wherein the method further optimizes the mod 
els based on client-defined rules/constraints, strategies and 
strategies include rules for energy management specified by 
the building manager or owner. In an alternative embodiment, 
general rules include rules for optimizing building energy 
management include proprietary rules based on research, 
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rules based on comparisons to peer benchmarks and rules 
derived by comparing research to manufacturer-Supplied 
data. 
0010. The method then optimizes the demand models 
using complex multivariate optimization techniques, wherein 
optimizing is based on usage data and energy rules. Finally, 
the method displays recommendations based on the opti 
mized model or generating real-time, complementary control 
instructions based on the optimized model. 
0011. The present invention is further directed towards a 
system for optimizing building energy usage. The system 
comprises a plurality of data sources containing a plurality of 
input values associated with a building or plurality of build 
ings. The system further comprises a forecasting and optimi 
Zation engine operative to construct a thermal and an electri 
cal load model based on the inputs; construct an overall 
energy model, the overall energy model being based on the 
thermal and electrical load models; and generate a plurality of 
demand models based on the constructed energy model. 
0012. In one embodiment, the system further comprises a 
data conditioner operative to clean the input values prior to 
constructing a thermal and electrical load model, wherein the 
data conditioner is operative to detect abnormal data and 
invalid inputs. In an alternative embodiment, the data condi 
tioner is further operative to interpolate invalid data points 
and performing principle component analysis of the data set. 
In one embodiment, the system is further operative to gener 
ate and optimize an on-site generation model for variable and 
consistent on-site generation sources. 
0013 The system further comprises an optimization 
engine operative to optimize the demand models using com 
plex multivariate optimization techniques, wherein optimiz 
ing is based on usage data and energy rules. In one embodi 
ment, the forecasting and optimization engine generates the 
thermal and electrical load models based on built and stored 
demand models for a plurality of Subsystem categories. In 
alternative embodiments, the plurality of Subsystem catego 
ries includes heating/cooling, ventilation, lighting, water, 
plug load, and data center demand models. 
0014. The system further comprises a graphical user inter 
face operating on a client device operative to display recom 
mendations based on the optimized model or generating real 
and an interface to building control systems operative to 
transmit complementary control instructions based on the 
optimized model, the determination based on client prefer 
ences. In one embodiment, energy rules comprise client 
defined rules and strategies and general rules and wherein the 
optimizer further optimizes the models based on client 
defined rules and strategies include rules for energy manage 
ment specified by the building manager or owner. In another 
embodiment, general rules include rules for optimizing build 
ing energy management include proprietary rules based on 
research, rules based on comparisons to peer benchmarks and 
rules derived by comparing research to manufacturer-Sup 
plied data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 The invention is illustrated in the figures of the 
accompanying drawings which are meant to be exemplary 
and not limiting, in which like references are intended to refer 
to like or corresponding parts, and in which: 
0016 FIG. 1 presents a block diagram illustrating a system 
100 for monitoring one or more building control systems 
according to one embodiment of the present invention; 
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0017 FIG. 2 presents a block diagram illustrating an ana 
lytical engine used for use in monitoring and communication 
with one or more building control systems to optimize the 
performance of building assets according to one embodiment 
of the present invention; 
0018 FIG. 3 presents a block diagram illustrating a fore 
casting and estimation engine according to one embodiment 
of the present invention; 
0019 FIG. 4 presents a block diagram illustrating an opti 
mization engine according to one embodiment of the present 
invention; 
0020 FIG. 5 presents a flow diagram illustrating a method 
for cleaning input data according to one embodiment of the 
present invention; 
0021 FIG. 6 presents a flow diagram illustrating a method 
for generating predictive building Subsystem demand models 
according to embodiment of the present invention; 
0022 FIG. 7 presents a flow diagram illustrating a method 
for creating an on-site generation model according to one 
embodiment of the present invention; 
0023 FIGS. 8A and 8B present a method for optimizing a 
demand model according to one embodiment of the present 
invention; 
0024 FIG. 9 presents a flow diagram illustrating a method 
for generating recommendations based on simulated Sce 
narios according to one embodiment of the present invention; 
0025 FIG. 10 presents a flow diagram illustrating a 
method for detecting faults in building control systems 
according to one embodiment of the present invention; and 
0026 FIG. 11 presents a flow diagram illustrating a 
method for predicting faults in building control systems 
according to one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0027. In the following description, reference is made to 
the accompanying drawings that form a part hereof, and in 
which is shown by way of illustration specific embodiments 
in which the invention may be practiced. It is to be understood 
that other embodiments may be utilized and structural 
changes may be made without departing from the scope of the 
present invention. 
0028 FIG. 1 presents a block diagram illustrating a system 
100 for monitoring one or more building control systems 
according to one embodiment of the present invention. 
According to the embodiment that FIG. 1 illustrates, an ana 
lytical engine 108 interacts with external data source(s) 102, 
real-time building data source(s) 104, and historical data 
source(s) 106 and transmits information to and from user 
interface 110 and building control systems 112. At a high 
level, analytical engine 108 receives a plurality of data inputs 
from sources 102, 104, and 106 and performs various statis 
tical analyses on the incoming data inputs, as will be dis 
cussed further herein. In one embodiment, analytical engine 
108 employs various machine-learning mechanisms to gen 
erate a predictive model based on the received data. Analyti 
cal engine 108 may further employ various optimization rou 
times based on client-defined goals or constraints in order to 
optimize the generated predictive model. 
0029. User interface 110 and building control systems 112 
utilize the optimized model generated by analytical engine 
108. In the illustrated embodiment, user interface 110 may 
provide various GUI representations of data or predictions 
gleaned from the predictive model generated by analytical 
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engine 108. In alternative embodiments, user interface 110 
may additionally combine real-time sensor reading or other 
data regarding the state of a given building or campus of 
buildings. In the illustrated embodiment, the user interface 
110 may provide an operator with data values and predictions 
to allow the operator to make informed decisions regarding 
changes in operation of building control systems 112. 
0030. In addition to user interface 110, the building con 

trol systems 112 may additionally interact with the predictive 
model generated by analytical engine 108. In one embodi 
ment, the analytical engine 108 may transmit control instruc 
tions to the building control systems 112. The analytical 
engine 108 may transmit Such instructions using various pro 
tocols or interfaces as needed for various building Subsystems 
(e.g., HVAC, lighting, water, etc.). In one embodiment, the 
analytical engine 108 may transmit these instructions auto 
matically to the systems, thus automating the building sys 
tems based on predictions formed from the generated model 
(s). In alternative embodiments, the system 100 may allow the 
building owner/manager to automatically communicate with 
an energy Supplier regarding on-site generation capabilities 
via an interface such as OpenADR. 
0031 FIG. 2 presents a block diagram illustrating an ana 
lytical engine used for use in monitoring and communication 
with one or more building control systems to optimize the 
performance of building assets according to one embodiment 
of the present invention. In the illustrated embodiment, the 
analytical engine 200 includes a plurality of data stores 202 
212 including real-time building data storage 202, real-time 
external data storage 204, historical data storage 206, on-site 
energy resources storage 208, real-time energy availability 
storage 210, and client energy approaches storage 212. 
Although illustrated as single storage modules, the storage 
modules 202-212 may comprise a plurality of components 
including equipment or sensors that generate data. 
0032. In the illustrated embodiment, real-time building 
data storage 202 stores various metrics relating to the current, 
or real-time, state of a given building, or campus of buildings. 
Real-time data may include Such data such as Supply air 
temperature data, outside air temperature data, water tem 
perature data, heating & cooling medium (e.g., water, Steam, 
etc.) pressure data, humidity data, air flow data, air pressure 
data, air quality data, CO levels, lighting usage data, fuel or 
electricity consumption data, and water usage data. Real-time 
external data storage 204 may contain data Such as environ 
mental temperature data, Solar position and irradiance data, 
wind speed data, and other weather data, as well as fuel oil 
rate data, natural gas rate data, electricity rate data, and other 
energy rate data. In the illustrated embodiment, the real-time 
external data storage 204 may receive Such data from external 
Sources. Historical data storage 206 maintains historical data 
previously stored in real-time building data storage 202 and 
real-time external data storage 204. In the illustrated embodi 
ment, historical data storage 206 may contain various histori 
cal data regarding the building or campus including, but not 
limited to building Zone conditions (e.g., temperature, humid 
ity, CO), occupancy history, HVAC conditions (e.g., tem 
perature, humidity, air flow), weather conditions (e.g., Solar 
radiation, temperature, humidity, wind speed) and energy 
rates. 

0033. On-site energy resources storage 208 contains data 
relating to on-site energy generation (e.g., historical load 
profiles, system capacity limits, etc.) and on-site energy Stor 
age (e.g., historical storage profile data, System capacity lim 
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its, etc.). Real-time energy availability storage 210 contains 
data relating to the availability of energy Such as the avail 
ability of the energy grid. Client energy approaches storage 
212 may store data supplied by the client, as will be discussed 
further herein. Such data may comprise occupant comfort 
constraints, client energy management strategies (e.g., 
energy efficiency, demand response, demand management, 
renewable energy, on-site generate, and on-site storage strat 
egies), and prioritized optimization criteria. 

0034. In the illustrated embodiment, forecasting and esti 
mation engine 214 receives data from the data storage mod 
ules 202-212 and generates a demand model using predictive 
modeling, as will be discussed in more detail with respect to 
FIGS. 3 and 6. In one embodiment, in order to generate 
demand models forecasting and estimation engine 214 
receives data from real-time external data storage 204, his 
torical data 206, on-site energy resources storage 208, real 
time energy availability storage 210, and client energy 
approaches 212. In addition to data from storage modules 
202-212, forecasting and estimation engine 214 may addi 
tionally receive feedback from the optimization engine 216 in 
order to refine the generated demand models further. In the 
illustrated embodiment, forecasting and estimation engine 
214 may generate a plurality of demand models for each 
desired Subsystem (e.g., heating, cooling, lighting, ventila 
tion, water, plug load, data center, etc.). 
0035. After the forecasting and estimation engine 214 
generates the demand models, optimization engine 216 
receives the models and attempts to optimize them. In the 
illustrated embodiment, optimization engine 216 may utilize 
data from client energy approaches storage 212, real-time 
external data storage 204, and real-time building data storage 
202 in order to further refine the models. In one embodiment, 
the optimization engine 216 may attempt to meet targets for 
multiple optimization criteria simultaneously using prioriti 
Zation of optimization criteria drawn from client energy 
approaches stored in 212. For example, a given client may 
indicate that after occupant comfort constraints have been 
met that minimizing cost is the top priority for optimization 
and that minimizing greenhouse gas emissions/carbon impact 
is the second priority. Based on this prioritization the optimi 
Zation engine 216 may try to optimize the demand models in 
order to minimize energy costs and minimize greenhouse gas 
but weighting energy cost minimization overgreenhouse gas 
emissions minimization. Further discussion of the optimiza 
tion method is discussed more fully with respect to FIGS. 8A 
and 8B. 

0036. The system 200 further contains a fault detection 
and prediction module 218, which may be operative to detect 
faults from sensor or equipment data and also predict Such 
faults. In the illustrated embodiment, fault detection and pre 
diction module 218 may be operative to transmit data relating 
to detections and predictions to forecasting and estimation 
engine 214 to further refine the generated demand models, to 
the on-site energy resources 208 to refine information on 
availability of energy Supply for later use in the optimization 
or to the building, or to the building control systems 112 to 
update building resource status. Fault detection and predic 
tion is discussed more fully with respect to FIGS. 10 and 11. 
Additionally, the system 200 contains a planning module 220. 
Planning module 220 may be operative to utilize the opti 
mized demand models in determining an optimized response 
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to a hypothetical demand scenario. The use of demand mod 
els with respect to planning is discussed more fully with 
respect to FIG.9. 
0037. After the optimization engine 216 optimizes the 
demand models, the analytical engine 214 is operative to 
receive real-time inputs and generate predictions based on the 
optimized demand models. For example, if the analytical 
engine 200 receives inputs stating that there is a change in 
temperature, the analytical engine 200 inputs the temperature 
changes into the appropriate demand model. In response, the 
analytical engine 200 may take a plurality of actions. In one 
embodiment, the analytical engine 200 may generate control 
instructions that may automatically adjust equipment settings 
and parameters. In this embodiment, the analytical engine 
200 may interact directly with the building control systems 
224 via an interface to the control systems 222. The interface 
to the control systems 222 allows the analytical engine 200 to 
communicate with a plurality of disparate services (e.g., 
HVAC, lighting, etc.). Alternatively, the analytical engine 200 
may simply generate recommendations 226 and display Such 
recommendations to an operator or building manager via a 
graphical user interface. In an alternative embodiment, the 
analytical engine 200 may utilize both automatic generation 
of control instructions and recommendations as determined 
by the building owner. In alternative embodiments, the sys 
tem 200 may allow the building owner/manager to automati 
cally communicate with an energy Supplier regarding on-site 
generation capabilities via an interface Such as OpenADR. 
0038 FIG. 3 presents a block diagram illustrating a fore 
casting and estimation engine according to one embodiment 
of the present invention. In the illustrated embodiment, 
engine 300 contains a data conditioner module 302. In the 
illustrated embodiment, the data conditioner 302 receives 
input data, Such as data from storage modules 202-212. This 
data may comprise data relating to sensor or equipment read 
ings within a building or campus of buildings. For example, 
one input may comprise various lighting readings from within 
a specific Zone (e.g., a room or group of rooms) within a 
building. The data conditioner 302 parses the received input 
data and cleans the input data. In one embodiment, cleaning 
the data may comprise detecting invalid or abnormal data. 
Methods for conditioning input data are discussed more fully 
with respect to FIG. 5. 
0039. After the data is conditioned, the engine 200 sends 
the input data to thermal model generator 304. In alternative 
embodiments, the engine 200 sends input data to an appro 
priate model generator based on the Subsystem being mod 
eled. Before generating a thermal model, the engine 300 may 
be operative to determine a plurality of modeling parameters 
for specific areas. For example, the engine 300 may select the 
temperature and heating and cooling system data represent 
ing heating and cooling (such as temperatures, humidity, 
heating or cooling load). Additionally, the engine 300 may 
determine modeling parameters for ventilation (Such as air 
changes, air flow, air quality), lighting (Such as illumination, 
electricity), water (such as total water volume, potable water 
volume, domestic hot water (DHW) volume, make up water 
Volume), plug load (Such as electricity), and data centers 
(such as electricity). 
0040. In the illustrated embodiment, thermal model gen 
erator 304 is operative to process a plurality of thermal inputs 
and generate a predictive model based on the inputs. A variety 
of techniques may be used in generating Such the thermal 
model, and other models discussed herein, including, but not 
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limited to, memory-based time-series regression analysis 
using ARIMA, ANN, SVM or other regression techniques, 
etc. In the illustrated embodiment, the thermal model genera 
tor 304 aggregates building component data from the most 
granular data (e.g., specific HVAC equipment). The thermal 
model generator may additionally generate the model based 
on a granular building Zone to be conditioned. 
0041 After generating the thermal model, the electrical 
load model generator 304 generates an electrical load model. 
The electrical load model comprises a predictive model gen 
erated similar to the thermal model that is, based on granular 
Subsystem measurements. The engine 300 may then generate 
an energy demand model via energy demand model generator 
308. In the illustrated embodiment, the demand model gen 
erator 308 may generate the energy demand model by com 
bining the models generated by the thermal model generator 
304 and electrical load model 306. In the illustrated embodi 
ment, the demand model generator 308 analyzes the interac 
tive effects and trade-offs between the thermal and electrical 
model. Although not illustrated, the engine 300 may include 
other model generators including, but not limited to, a venti 
lation model, water model, plug load model, and data center 
model. 

0042. In addition to the energy demand model, the on-site 
generation model generator 310 is operative to generate a 
predictive model based on a building or campuses on-site 
generation activities. In the illustrated embodiment, the on 
site generation model is based primarily on historical on-site 
power generation data and real-time, historical, weather fore 
cast data. Additionally, on-site storage model generator 312 is 
operative to generate a predictive storage model based on 
historical storage inflow/outflow data and capacity data. 
Methods for generating on-site generation and storage mod 
els are discussed more fully with respect to FIG. 7. 
0043 FIG. 4 presents a block diagram illustrating an opti 
mization engine according to one embodiment of the present 
invention. According to the embodiment that FIG. 4 illus 
trates, an optimization engine 400 receives a plurality of 
un-optimized models 402 from the forecasting and estimation 
engine 300. These un-optimized models 402 serve as inputs 
to the optimizer 404. In addition, the optimizer 404 receives 
various constraints, strategies, and rules 406-412 that shape 
the optimization of the un-optimized models 402. In the illus 
trated embodiment, the system 400 may additionally store 
heuristics or statistics regarding the building or campus of 
building. 
0044. In the illustrated embodiment, energy management 
strategies 410 may comprise various strategies that the build 
ing manager or owner may wish to employ when optimizing 
the models. For example, the building management may wish 
to achieve a specified energy cost reduction. Additionally, the 
building management may wish to reduce greenhouse gas 
emissions/carbon impact by a target amount and utilize as 
much on-site power as percent of total power used as possible. 
In conjunction with energy management strategies 410, con 
straints and objectives 412 may additionally be specified by 
the building management. For example, the building manage 
ment may specify various occupant comfort constraints such 
as temperature, humidity, and ventilation requirements. 
Additionally, the management may set constraint that certain 
thresholds for various equipment not be exceededora general 
rule Such as manufacturer-supplied input may create Such a 
constraint. 
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0045 Based on the constraints, strategies, and rules 406 
412, the optimizer 404 optimizes the received models 402. In 
the illustrated embodiment, the optimizer may use various 
optimization techniques including, but not limited to, nonlin 
ear programming techniques including, but limited to, non 
linear programming techniques including Genetic Algo 
rithms, Simulated Annealing, Artificial Neural Networks, or 
other techniques or linear approximation techniques includ 
ing Tailor series expansions or artificial neural networks 
(ANN). The optimizer 404 may output the optimized models 
to a storage module (not shown) for Subsequent retrieval and 
usage. Additionally, the optimizer 404 may output the opti 
mized model to the forecasting and estimation engine as 
feedback for subsequent model generation. Further details 
regarding the optimization of un-optimized models are dis 
cussed further with respect to FIG. 8. 
0046 FIG. 5 presents a flow diagram illustrating a method 
for cleaning input data according to one embodiment of the 
present invention. According to the embodiment that FIG. 5 
illustrates a method 500 receives building inputs, step 502. In 
one embodiment, building inputs may comprise environment 
and physical building characteristics (e.g., physical place 
ment, Solar placement, envelope, ventilation, number of win 
dows, ratio of window to walls, etc.), building measurements, 
and disturbance in weather, occupancy, and rate/fuel price 
data. 

0047. The method 500 then pre-processes the input data 
by filtering signal noise, step 504. The method 500 then scans 
the remaining data points, step 506. The method 500 first 
determines if there is abnormal databased on pattern recog 
nition, step 508. In the illustrated embodiment, the method 
500 may employ various pattern recognition algorithms in an 
attempt to identify data values that differ from the normal data 
values expected. Next, the method 500 determines if there are 
any invalid input values due to faults in the sensors or building 
systems such as an air handling unit by employing fault 
detection techniques, step 510. In the illustrated embodiment, 
the method 500 may utilize a fault detection and prediction 
algorithm such as that illustrated in FIGS. 10 and 11. 
0048 If either step 508 or 510 detect anomalous data, the 
method will reject the data point, step 512. The method 500 
then determines if there are any more data points left to be 
analyzed, step 514. After Scanning the data points, the method 
500 additionally may interpolate the value of the rejected data 
points based on similar data, step 516. In the illustrated 
embodiment, the method 500 interpolates data for abnormal/ 
anomalous data and data from a defective device. For 
example, a given building Zone may have a plurality of sen 
sors monitoring temperature. If all sensors other than defec 
tive sensor report temperatures within a limited range, the 
method 500 may interpolate the value from the defective 
sensor to be in line with the correct data from the other 
sensors. In alternative embodiments, the method 500 may not 
interpolate the value of data points and may simply reject 
noisy data points. 
0049. After scanning the data points, rejecting anomalous 
data points, and interpolating data points, if desired, the 
method then performs principal component analysis of the 
data set, Step 518. In performing the principal component 
analysis (PCA), the method500 reduces the dimensionality to 
identify a feature set for the data points. In the illustrated 
embodiment, the method 500 may use various PCA tech 
niques known in the art for computing the feature set. 
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0050 FIG. 6 presents a flow diagram illustrating a method 
for generating predictive building Subsystem demand models 
according to embodiment of the present invention. According 
to the embodiment that FIG. 6 illustrates, a method 600 
receives input values, step 602, and feedback from the opti 
mizer, step 604. In the illustrated embodiment, input values 
may correspond to raw data from sensors, equipment, real 
time external data, and other data sources as discussed previ 
ously. Additionally, the method 600 receives feedback from 
the optimizer in order to further refine the demand model 
forecasts based on the optimized models. The feedback from 
the optimizer (step 604) together with the updated input val 
ues (step 602) provide adaptive learning about the building to 
improve the accuracy of future demand forecast predictions. 
0051. After receiving the input and feedback, the method 
600 determines modeling parameters, step 606, and builds 
and stores the demand models, step 608. In one embodiment 
of step 606, memory-based time-series regression analysis 
may employ analytical techniques such as ARIMA, ANN, 
SVM or other regression techniques to update the parameters 
of the demand model considering the history of the process, 
general energy rules (from knowledge base held in, for 
example, storage 408), a physical model of the Subsystem (if 
available) and the new input values from 602. In the illus 
trated embodiment, the method 600 generates demand mod 
els for a plurality of discrete Subsystems including, but not 
limited to ventilation, lighting, water, plug load, and data 
centers. In step 608, we use the model parameters from step 
606 to forecast the demand for each subsystem (including but 
not limited to lighting, water, ventilation, plug load and data 
center) In this approach we build the demand forecast hierar 
chically going from the most granular to the aggregate model 
for each Subsystem to produce the overall Subsystem demand 
forecast for the entire building/building complex/campus. 
The method 600 determines the relevant parameters for each 
demand model. For example, the method 600 may generate 
parameters for heating/cooling (such as temperatures, humid 
ity, heating or cooling load), ventilation (such as air changes, 
air flow, air quality), lighting (such as illumination, electric 
ity), water (such as total water Volume, potable water Volume, 
domestic hot water (DHW) volume, make up water volume), 
plug load (such as electricity), and data centers (such as 
electricity). 
0.052 Steps 610-614 illustrate a method for generating 
demand models for heating and cooling Subsystems. The 
method 600 first receives the subsystem demand models from 
608, then calculates a thermal model and electrical load 
model for each subsystem relevant to the overall energy 
demand model, step 610. For example, the method 600 may 
generate thermal and electrical load models for HVAC, ven 
tilation, lighting, water, data center, and plug load systems as 
each system has an impact on the thermal and electrical load 
modeling. A variety of techniques may be used in generating 
Such the thermal model, and other models discussed herein, 
including, but not limited to, memory-based time-series 
regression, ARIMA, ANN, SVM or other regression tech 
niques. In the illustrated embodiment, after generating the 
thermal model based on the demand models, the method 600 
updates the stored demand models for ventilation, lighting, 
water, plug load, and data centers based on the calculated 
thermal load model, step 616. 
0053. After generating the thermal and electrical load 
models and in addition to updating the received stored 
demand models, the method 600 constructs the overall build 
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ing energy model based on the thermal and electrical load 
models, step 612. In the illustrated embodiment, constructing 
an overall building energy model comprises combining both 
the thermal and electrical load models to form a complete 
energy model for a given building/building complex or cam 
pus of buildings. Combining the thermal and electrical load 
models may be performed by a plurality of methods includ 
ing, but not limited to, constructing a composite forecast 
using Bayesian techniques. After creating the combined, 
overall building energy model, the method 600 generates the 
heating and cooling demand model, step 614. In the illus 
trated example, the method 600 generates an appropriate 
demand model for heating and cooling systems based on the 
overall building energy model. 
0054 Finally, the method 600 outputs specific subsystem 
demand models, step 618. In the illustrated embodiment, the 
specific Subsystem demand models are based on the demand 
models generated in Step 614 as well as retrieved and updated 
stored demand models, step 616. In one embodiment, the 
retrieved demand models may comprise demand models for 
lighting, ventilation, water, data center, and plug load while 
the generated demand models correspond to heating and 
cooling demand models. 
0055. In the illustrated embodiment, the method 600 may 
be utilized to generate (and potentially optimize) demand 
forecasts for a plurality of combinations of Subsystems 
including but not limited to heating and cooling, lighting, 
water, ventilation, plug load, and data center Subsystems. 
Examples of some potential combinations include, but are not 
limited to: heating/cooling and light; heating/cooling, venti 
lation, and lighting; heating/cooling, lighting and water, heat 
ing/cooling, water, heating/cooling, ventilation, and water; 
heating/cooling, ventilation, lighting and water; heating/ 
cooling, Ventilation, lighting, plug load; heating/cooling, 
ventilation, lighting, plug load, water, water; heating/cooling, 
ventilation, dedicated data center EMS; all electrical demand 
across all building Subsystems (H&C, lighting, ventilation, 
water, plug load, data center); heating/cooling, lighting, and 
plug load; heating/cooling, lighting, plug load, and water, 
heating/cooling, ventilation, lighting, dedicated data center 
EMS; heating/cooling, lighting, plug load EMS, dedicated 
data center EMS, or heating/cooling, ventilation, lighting, 
plug load EMS, dedicated data center EMS. 
0056 FIG.7 presents a flow diagram illustrating a method 
for creating an on-site generation model according to one 
embodiment of the present invention. According to the 
embodiment FIG. 7 illustrates, a method 700 receives mod 
eling input data, step 702. In the illustrated embodiment, 
modeling input data comprises data Such as historical on-site 
power generation data (e.g., power, time, and input fuel data), 
weather forecast data, sensor data, and historical weather, 
Solar, or wind data. 
0057. After receiving the input data, the method 700 clas 
sifies the system, step 704. In the illustrated embodiment, the 
method 700 classifies the system as variable or consistent 
generation based on the received inputs. In the illustrated 
embodiment, classification of the system comprises the clas 
sification of the reliability, delivery, and presence of an input 
energy source. In the illustrated embodiment, variable or 
consistent refers to the level of control an operator has on the 
input energy source of a system. For example, for weather 
dependent systems (e.g., Solar, wind, etc.), there is little con 
trol or consistency over the input energy source, thus the 
system may be considered variable. However, input energy is 
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often available in regular cycles and can be predicted and 
planned for. In contrast, generators that rely on a reliable fuel 
Source or energy grid are considered consistent. 
0058. The method 700 then inspects the classification, 
step 706. If the method 700 classifies the on-site generation as 
variable the method 700 constructs a load predictive model, 
step 708, and a consumption model, step 710. In the illus 
trated embodiment, constructing a load predictive model may 
employ various stochastic modeling techniques to model the 
received inputs into a load prediction model. Additionally, 
various modeling techniques described previously may be 
used in constructing the consumption and load predictive 
models. In the illustrated embodiment, the method 700 may 
combine the two models by discounting the consumption 
model from the prediction model. After generating the mod 
els, the method 700 adjusts the models based on recent fore 
casts, step 712. In the illustrated embodiment, adjusting the 
model on recent forecasts may update the model based on the 
most recent forecast, thus tuning the model to weight recent 
forecasts heavier than older, historical forecasts. 
0059. If the method 700 determines that the on-site gen 
eration is consistent, the method 700 constructs the load 
predictive mode, step 714. In the illustrated embodiment, 
construction of the load predictive model may be accom 
plished by similar means as the predictive model generated 
for variable on-site generation sources. The method 700 then 
adjusts the model based on recent forecasts, step 716, in a 
manner previous described with respect to variable on-site 
generation. The method 700 then creates a consumption 
model, step 720, in a manner similar to that of variable on-site 
generation sources. After the models are created as discussed 
above, the method 700 transmits the models to an optimiza 
tion routine, step 722. In the illustrated embodiment, the 
model(s) may later be optimized according to a pre-defined 
optimization technique, as will be discussed with respect to 
FIGS. 8A and 8B. 
0060 FIGS. 8A and 8B present a method for optimizing a 
demand model according to one embodiment of the present 
invention. According to the embodiment that FIG. 8A illus 
trates, a method 800a collects client energy approaches, step 
802. In the illustrated embodiment, client usage data may 
comprise occupant comfort constraints such as temperature, 
humidity, air quality, and illumination required. 
0061. The method 800a then retrieves the modeled 
demand forecasts, step 804. In the illustrated embodiment, 
the modeled demand forecasts are the output of the forecast 
ing and estimation engine as discussed previously. In the 
illustrated embodiment, the method 800 may retrieve demand 
forecasts for physical resources including energy (electricity 
and fuels), ventilation air, and water and the current state of 
the building or campus including Subsystem demands includ 
ing the heating demand, cooling demand, Ventilation demand, 
lighting demand, water demand, data center demand and plug 
load demand. 

0062. The method 800a additionally retrieves existing cli 
ent energy strategies and general rules, step 806. In the illus 
trated embodiment, the method 800a may retrieve client 
energy efficiency strategies and targets that may be expressed 
in a variety of ways including the overall energy cost-savings 
target, the targeted reduction in electricity used in kWh, the 
targeted reduction in the amount of fuel oil used in gallons of 
MMBTU, and the targeted reduction in the amount of natural 
gas in therms or MMBTU. Additionally, the method may 
retrieve a client's demand response program, or similar con 
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tract-based programs, participation goals that may be 
expressed in a variety of ways Such as including the number of 
kilowatts or kilowatt hours curtailed and whether such cur 
tailments are mandatory or Voluntary and, if available, the 
resources in sequence to be used to meet curtailment targets. 
Additionally, the method may retrieve a client’s demand 
management requirements that may be expressed in a variety 
of ways such as including the percent reduction in electricity 
usage in kilowatt hours during peak demand periods the kilo 
watts or percent reduction in maximum power demand in 
kilowatt during a billing cycle, and the resources in sequence 
to be used to meet curtailment targets. 
0063 Additionally, the method may retrieve a clients 
renewable energy usage targets including the percentage of 
total energy usage from renewable energy and the percentage 
of overall energy usage from on-site renewable energy. Addi 
tionally, the method may retrieve the clients amount of 
greenhouse gas emissions, such as measured in COE tons, as 
a reduction target for the building. Additionally, the method 
may retrieve general rules for optimizing building energy 
management include proprietary rules based on research, 
rules based on comparisons to peer benchmarks and rules 
derived by comparing research to manufacturer-Supplied 
data. 

0064. The method 800a then optimizes the modeled 
demand forecasts using complex multivariate optimization 
using NLP approaches, step 808. In the illustrated embodi 
ment, the method 800a optimizes the received, modeled 
demand forecasts based on the previously described con 
straints and priorities. In the illustrated embodiment, the 
method 800a may use various optimization techniques 
including, but limited to, non-linear programming techniques 
including genetic algorithms, simulated annealing, artificial 
neural networks, or other techniques or linear approximation 
techniques including Tailor series expansions or artificial 
neural networks. Taking into account user inputs, optimiza 
tion of the modeled demand forecasts may be performed 
based on a user defined prioritization of optimization criteria. 
In one embodiment, the nonlinear programming techniques 
employed may attempt to find a solution space/set that satis 
fies all criteria simultaneously by weighting each optimiza 
tion criterion according to user-defined prioritization. In 
another embodiment, selection and weighting of optimiza 
tion criteria may be sourced from general energy rules. Opti 
mization criteria may include but are not limited to cost 
minimization (e.g., net of demand response revenue), green 
house gas emissions/carbon impact minimization, maximiza 
tion of on-site renewable energy used as a percent of total 
energy used, maximization of revenue from on-site generated 
energy, minimization of energy/fuel used and various occu 
pant comfort criteria, which may also be set as constraints. In 
an embodiment, some of the general business rules received 
in 408 may be used as constraints in the optimization. Sys 
tem-specific heuristics developed through learning from the 
building system received from studied systems may also be 
used to tune the optimization algorithm. 
0065. According to the embodiment that FIG. 8B illus 

trates, a method 800b receives the optimized model demand 
forecasts from FIG. 8A and determines whether or not new 
forecasting inputs have been received, step 802. In the illus 
trated embodiment, new forecasting inputs may correspond 
to the category of input values utilized by the forecasting and 
estimation engine. If the method 800b determines that new 
forecasting inputs have been received, the method 800b sends 
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these data values to the forecasting and estimation model, 
step 804. In the illustrated embodiment, sending these data 
values to the forecasting and estimation model allows the 
method to continually adjust the demand forecasts based on 
received events. In the illustrated embodiment, when the 
method 800b receives new forecasting inputs method 600 
may be re-executed to the new, incoming inputs. In alternative 
embodiments, the method 800b may reforecast for each new 
input. In alternative embodiments, the method 800b may only 
reforecast for incoming data at predefined intervals or based 
on other criteria in order to reduce the amount of processing 
performed by the method 600. 
0066. If the method 800b does not receive new forecasting 
inputs, the method 800b translates the optimized demand 
models into an integrated energy management strategy and 
recommendations, step 806. In one embodiment, an inte 
grated energy management strategy may include recommen 
dations for the operation of target systems including set 
points and schedules, maintenance activities to restore 
building systems to peak functionality, and programs to par 
ticipate in (e.g., demand response or similar contract-based 
programs). In the illustrated embodiment, the integrated 
energy management strategy and recommendations may 
additionally be based on current conditions such that the 
integrated energy management strategy and recommenda 
tions allow the building or campus of building to take an 
optimized course of action based on client optimization pri 
orities. 

0067. If the method 800b determines that the client desires 
real-time control, step 808, the method 800b creates comple 
mentary control instructions for target building systems using 
the optimized model, step 812, and provides non-real-time 
control recommendations, step 814. In alternative embodi 
ments, the method 800b may allow the building owner/man 
ager to automatically communicate with an energy Supplier 
for a variety of potential purposes including but not limited to 
participation in demand response programs (potentially 
through an interface Such as OpenADR), communication 
with Smart grid monitoring including power demand profile, 
on-site electricity generation capacity and amount of electric 
ity for sale to the grid or community. 
0068. In the illustrated embodiment, the method 800b may 
generate complementary control instructions specific to each 
building or campus subsystem such that the method800b may 
allow for real-time control of each subsystem. Additionally, 
the method 800b may provide non-real-time recommenda 
tions to a building operator. For example, the method 800b 
may provide recommendations to a GUI display or similar 
mechanism that enables an operator to view the recommen 
dations and take appropriate action. In addition to generating 
complementary control instructions, the method 800b sends 
the control instructions to the building control systems, step 
816. In the illustrated embodiment, sending control instruc 
tions to the building control systems may comprise transmit 
ting the control instructions through interfaces such as BAC 
net, Modbus, and LonWorks, for example, and interfacing to 
proprietary architectures in areas for which no standards 
exist. 

0069. If the method 800b determines that the client does 
not desire real-time control, the method 800b may simply 
provide the optimized demand model to a recommendation 
module, step 810. For example, the method 800b may provide 
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recommendations to a GUI display or similar mechanism that 
enables an operator to view the recommendations and take 
appropriate action. 
0070 FIG.9 presents a flow diagram illustrating a method 
for generating recommendations based on simulated sce 
narios according to one embodiment of the present invention. 
According to the embodiment FIG. 9 illustrates, a method 
900 retrieves modeled demand forecasts, step 902, and 
receives client constraint strategies, step 904. Retrieval of 
modeled demand forecasts and client constraint strategies are 
discussed previously and are not repeated here for the sake of 
clarity. 
0071. After receiving the modeled demand forecasts and 
client constraints/strategies, the method 900 simulates the 
building systems, step 906. In the illustrated embodiment, 
simulating the building systems may comprise varying spe 
cific parameters based on the type of simulation Suggested 
and utilizing the demand forecasts to make predictions 
regarding the outcomes of Such changes in variables. The 
method 900, after performing the simulation, compares the 
simulation outcomes, step 908, and generates recommenda 
tions based on the comparison, step 910. 
0072 A particular client may utilize the method 900 for 
various planning strategies. For example, facilities manage 
ment may enter into demand response contracts with a more 
precise estimate of the demand response opportunity and 
level of commitment that is feasible for their facility versus 
estimating based sole on past usage (often from utility bills). 
In another example, facilities management may more pre 
cisely plan the required fuel needed for purchasing fixed fuel 
contracts in advance of the season needed to minimize costs. 
The predictive demand forecasts will give the facilities man 
agement better information to purchase as close as possible to 
the needed amount of fuel thereby minimizing over purchase 
and minimizing under purchase that would require more 
expensive 'spot' purchases. 
0073. Facilities management may use predictive demand 
forecasts of water usage and pattern analysis to predict water 
usage and plan alternative strategies to minimize water usage 
contributing to a lower water footprint. Although this may 
reduce energy cost, energy consumption and GHG emissions/ 
carbon footprint as well, the primary objective of such a 
planning effort is the reduction of water usage. Additionally, 
based on pattern recognition in the forecasting and estimation 
engine, new set-points can be proposed and facilities man 
agement/capital planning will be given the capability of doing 
a simple, “what if analysis modeling alternate energy usage 
strategies for the different considered set-point options. In an 
alternative embodiment, facilities management will be able to 
evaluate the cost/benefit of potential capital improvements 
Such as new lighting system, new boiler/chiller, new on-site 
generation/storage technologies, etc. based on predictive 
demand forecasts and simulation of alternative scenarios. 
0074 FIG. 10 presents a flow diagram illustrating a 
method for detecting faults in building control systems 
according to one embodiment of the present invention. 
According to the embodiment that FIG. 10 illustrates, a 
method 1000 analyzes sensor data and equipment status data 
and detects anomalies, step 1002. In the illustrated embodi 
ment, detecting anomalies may comprise classifying incom 
ing data points using various classification techniques such as 
naive Bayes classification, SVM, or ANN, etc. 
0075. The method 1000 then verifies the detected anoma 

lies, step 1004. In the illustrated embodiment, the method 

Jun. 30, 2016 

1000 may employ various pattern recognition techniques in 
order to verify that the identified anomalies are, in fact, 
anomalous. The method 1000 isolates the fault, step 1006 and 
determines if a fault was detected, step 1008. If the method 
1000 determines that a fault was not detected (e.g., a false 
positive), the method 1000 continues to monitor sensor data 
and equipment status data, step 1002. 
0076. If the method 1000 determines that a fault was 
detected, the method 1000 determines if the data was received 
from a sensor, step 1008. If the method 1000 determines that 
the data was received from a sensor, the method 1000 may 
discard the faulty data and interpolate the data to generate a 
correct reading, step 1012. The method 1000 may then pro 
ceed to clean the data, FIG. 5. 
0077. If the method 1000 determines that the data is not 
sensor data, step 1010, the method 1000 may then determine 
if the data was received from on-site generate or storage 
subsystems, step 1014. If the data is from on-site generate or 
storage subsystems, the method 1000 may update the supply 
forecasting model, step 1016. In the illustrated embodiment, 
the method 1000 may employs methods for updating a fore 
casting model as have been discussed previously. If the 
method 1000 determines that the data is not from on-site 
generation or storage, the method 1000 may transmit the data 
regarding the non-availability of resources to the optimizer, 
step 1018. In the illustrated embodiment, the method 1000 
transmits the data regarding the non-availability of resources 
to the optimizer in order to further optimize the existing 
optimized demand forecasts and to the building control sys 
tem to update the availability of the building resource For 
example, if a given Subsystem is unavailable or broken, the 
method 1000 may alert the optimizer that a given operational 
plan may not be achievable due to equipment or sensor fail 
le 

0078 FIG. 11 presents a flow diagram illustrating a 
method for predicting faults in building mechanical, electri 
cal and other systems according to one embodiment of the 
present invention. According to the embodiment FIG. 11 
illustrates, a method 1100 analyzes sensor data and equip 
ment status data and generates trends on sensor and equip 
ment status, step 1102. The method 1100 then attempts to 
detect patterns within the trend data, step 1104. If degradation 
is not detected, step 1106, the method continues to analyze 
sensor and equipment status data and generate trends on 
status of sensors and building equipment, step 1102. In the 
illustrated embodiment, a trend may be generated for a given 
interval range (e.g., 1 day, 1 week, etc.). Generating a trend 
may comprise of monitoring the data value of a give sensor/ 
equipment over the interval. Detecting patterns in the trend 
data may comprise identifying recurring patterns in an inter 
Val range Smaller than the trend interval range (e.g., lower 
lighting usage at night within a 24-hour trending interval). 
The method 1100 may detect degradation of trend data when 
the method 110 determines that current data falls below, or 
rises above, a pre-defined threshold associated with the trend 
data. 

(0079. If the method 1100 determines that degradation 
occurs, the method 1100 next determines whether failure is 
imminent, step 1108. If failure is not imminent, the method 
1100 updates the maintenance schedule based on the predic 
tion, step 1100. In the illustrated embodiment, updating the 
maintenance schedule based on the prediction utilizes a 
probabilistic model forecasting of expected future mainte 
nance needed, 1112. In the illustrated embodiment, the proba 
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bilistic model forecasting of expected future maintenance 
needed may be generated using similar techniques as dis 
cussed previously. In one embodiment, updating the mainte 
nance schedule based on the prediction may comprise auto 
matically updating an electronic schedule of routine 
maintenance to indicate the identified potential failure. 
0080. If failure is imminent, the method 1100 may trans 
mit an urgent alert to building management (not shown). The 
method 1100 may then determine if the failure is associated 
with a sensor, step 1114. If the failure is associated with a 
sensor, the method 1116 discards the faulty data and may 
interpolate a new value, step 1116. In the illustrated embodi 
ment, discarding a faulty data value and interpolating may be 
accomplished by means previously discussed. 
0081. If the method 1100 determines that the data is not 
sensor data, step 1114, the method 1100 may then determine 
if the data was received from on-site generate or storage 
subsystems, step 1118. If the data is from on-site generate or 
storage subsystems, the method 1100 may update the supply 
forecasting model, step 1120. In the illustrated embodiment, 
the method 1100 may employs methods for updating a fore 
casting model as have been discussed previously as well as 
notify the appropriate building control system. If the method 
1100 determines that the failing equipment is not on-site 
generation or storage, the method 1100 may notify the appro 
priate building control system and the optimizer (see, e.g., 
FIG. 8) of the failure, step 1122. 
0082 FIGS. 1 through 11 are conceptual illustrations 
allowing for an explanation of the present invention. It should 
be understood that various aspects of the embodiments of the 
present invention could be implemented in hardware, firm 
ware, software, or combinations thereof. In such embodi 
ments, the various components and/or steps would be imple 
mented inhardware, firmware, and/or software to perform the 
functions of the present invention. That is, the same piece of 
hardware, firmware, or module of software could perform one 
or more of the illustrated blocks (e.g., components or steps). 
0083. In software implementations, computer software 
(e.g., programs or other instructions) and/or data is stored on 
a machine readable medium as part of a computer program 
product, and is loaded into a computer system or other device 
or machine via a removable storage drive, hard drive, or 
communications interface. Computer programs (also called 
computer control logic or computer readable program code) 
are stored in a main and/or secondary memory, and executed 
by one or more processors (controllers, or the like) to cause 
the one or more processors to perform the functions of the 
invention as described herein. In this document, the terms 
“machine readable medium.” “computer program medium’ 
and “computer usable medium' are used to generally refer to 
media Such as a random access memory (RAM); a read only 
memory (ROM); a removable storage unit (e.g., a magnetic or 
optical disc, flash memory device, or the like); a hard disk; or 
the like. 
0084. Notably, the figures and examples above are not 
meant to limit the scope of the present invention to a single 
embodiment, as other embodiments are possible by way of 
interchange of some or all of the described or illustrated 
elements. Moreover, where certain elements of the present 
invention can be partially or fully implemented using known 
components, only those portions of such known components 
that are necessary for an understanding of the present inven 
tion are described, and detailed descriptions of other portions 
of Such known components are omitted so as not to obscure 
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the invention. In the present specification, an embodiment 
showing a singular component should not necessarily be lim 
ited to other embodiments including a plurality of the same 
component, and Vice-versa, unless explicitly stated otherwise 
herein. Moreover, applicants do not intend for any term in the 
specification or claims to be ascribed an uncommon or special 
meaning unless explicitly set forth as such. Further, the 
present invention encompasses present and future known 
equivalents to the known components referred to herein by 
way of illustration. 
I0085. The foregoing description of the specific embodi 
ments so fully reveals the general nature of the invention that 
others can, by applying knowledge within the skill of the 
relevant art(s) (including the contents of the documents cited 
and incorporated by reference herein), readily modify and/or 
adapt for various applications such specific embodiments, 
without undue experimentation, without departing from the 
general concept of the present invention. Such adaptations 
and modifications are therefore intended to be within the 
meaning and range of equivalents of the disclosed embodi 
ments, based on the teaching and guidance presented herein. 
I0086. While various embodiments of the present invention 
have been described above, it should be understood that they 
have been presented by way of example, and not limitation. It 
would be apparent to one skilled in the relevant art(s) that 
various changes in form and detail could be made therein 
without departing from the spirit and scope of the invention. 
Thus, the present invention should not be limited by any of the 
above-described exemplary embodiments, but should be 
defined only in accordance with the following claims and 
their equivalents. 
We claim: 
1. A method for optimizing building energy usage, the 

method comprising 
receiving a plurality of input values associated with a build 

ing or plurality of buildings; 
constructing a thermal and an electrical load model based 

on the inputs; 
constructing an overall energy model, the overall energy 

model being based on the thermal and electrical load 
models; 

generating a plurality of demand models based on the 
constructed energy model; 

optimizing the demand models using complex multivariate 
optimization techniques, wherein optimizing is based on 
usage data and energy rules; and 

displaying recommendations based on the optimized 
model or generating real-time, complementary control 
instructions based on the optimized model. 

2. The method of claim 1 further comprising cleaning the 
input values prior to constructing athermal and electrical load 
model. 

3. The method of claim 2 wherein cleaning the input values 
prior to constructing a thermal and electrical load model 
comprises detecting abnormal data and invalid inputs. 

4. The method of claim3 wherein cleaning the input values 
prior to constructing a thermal and electrical load model 
further comprises interpolating invalid data points and per 
forming principle component analysis of the data set. 

5. The method of claim 1 further comprising generating 
and optimizing an on-site generation model for variable and 
consistent on-site generation sources. 



US 2016/O 1879 11 A1 

6. The method of claim 1 whereinthethermal and electrical 
load models are generated based on built and stored demand 
models for a plurality of Subsystem categories. 

7. The method of claim 6 wherein the plurality of sub 
system categories includes one or more of heating/cooling, 
ventilation, lighting, water, plug load, and data center demand 
models. 

8. The method of claim 1 wherein energy rules comprise 
client-defined rules/constraints, strategies and general rules 
and wherein the method further optimizes the models based 
on client-defined rules/constraints, strategies and strategies 
include rules for energy management specified by the build 
ing manager or owner. 

9. The method of claim 8 wherein general rules include 
rules for optimizing building energy management include 
proprietary rules based on research, rules based on compari 
Sons to peer benchmarks and rules derived by comparing 
research to manufacturer-Supplied data. 

10. A system for optimizing building energy usage, the 
system comprising 

a plurality of data sources containing a plurality of input 
values associated with a building or plurality of build 
ings; 

a forecasting and optimization engine operative to: 
construct a thermal and an electrical load model based 
on the inputs; 

construct an overall energy model, the overall energy 
model being based on the thermal and electrical load 
models; and 

generate a plurality of demand models based on the 
constructed energy model; 

an optimization engine operative to optimize the demand 
models using complex multivariate optimization tech 
niques, wherein optimizing is based on usage data and 
energy rules; 

a graphical user interface operating on a client device 
operative to display recommendations based on the opti 
mized model or generating real and an interface to build 
ing control systems operative to transmit complemen 
tary control instructions based on the optimized model, 
the determination based on client preferences. 

11. The system of claim 10 further comprising a data con 
ditioner operative to clean the input values prior to construct 
ing a thermal and electrical load model. 

12. The system of claim 11 wherein the data conditioner is 
operative to detect abnormal data and invalid inputs. 

13. The system of claim 12 wherein the data conditioner is 
further operative to interpolate invalid data points and per 
forming principle component analysis of the data set. 

14. The system of claim 10 wherein the system is further 
operative to generate and optimize an on-site generation 
model for variable and consistent on-site generation sources. 

15. The system of claim 10 wherein the forecasting and 
optimization engine generates the thermal and electrical load 
models based on built and stored demand models for a plu 
rality of Subsystem categories. 
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16. The system of claim 15 wherein the plurality of sub 
system categories includes heating/cooling, ventilation, 
lighting, water, plug load, and data center demand models. 

17. The system of claim 10 wherein energy rules comprise 
client defined rules and strategies and general rules and 
wherein the optimizer further optimizes the models based on 
client defined rules and strategies include rules for energy 
management specified by the building manager or owner. 

18. The system of claim 17 wherein general rules include 
rules for optimizing building energy management include 
proprietary rules based on research, rules based on compari 
Sons to peer benchmarks and rules derived by comparing 
research to manufacturer-Supplied data. 

19. A method for optimizing building energy usage, the 
method comprising 

receiving a plurality of input values associated with a build 
ing or plurality of buildings; 

constructing a thermal and an electrical load model based 
on the inputs; 

constructing an overall energy model, the overall energy 
model being based on the thermal and electrical load 
models; 

generating a plurality of demand models; 
optimizing the demand models using complex multivariate 

optimization techniques, wherein optimizing is based on 
usage data and energy rules; and 

displaying recommendations based on the optimized 
model or generating real-time, complementary control 
instructions based on the optimized model, the determi 
nation based on client preferences. 

20. A method for optimizing building energy usage, the 
method comprising 

receiving a plurality of input values associated with a build 
ing or plurality of buildings; 

constructing a thermal model based on the inputs; 
constructing an overall energy model, the overall energy 

model being based on the thermal model; 
generating a plurality of demand models, the demand mod 

els representing a combination of Subsystems wherein 
the combination of subsystems is selected from one of: 
heating and cooling and lighting; heating and cooling, 
lighting and water, heating and cooling, water, heating 
and cooling, ventilation, water, heating and cooling, 
ventilation, lighting and water, heating and cooling, 
ventilation, lighting, plug load; heating and cooling, 
ventilation, lighting, plug load, water, water, heating 
and cooling, ventilation, dedicated data center EMS; or 
all electrical demand across all building Subsystems; 

optimizing the demand models using complex multivariate 
optimization techniques, wherein optimizing is based on 
usage data and energy rules; and 

displaying recommendations based on the optimized 
model or generating real-time, complementary control 
instructions based on the optimized model, the determi 
nation based on client preferences. 
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