Methods and Systems for Analyzing Energy Usage Technical Field [1] Methods and systems are
described which relate to analyzing energy users' consumption of energy, and the uses of such
analyses. Background [2] The first electrical energy distribution systems, designed over a century
ago, bore the hallmarks of centralized generation and unilateral flow of power. Among the problems
associated with early power distribution systems were the hazards of direct current electricity, the
isolated nature of each distribution network, the difficulty in predicting demand, the potential for
cascading failures causejpb dis reteﬁP alﬁlown and tli1e inefficient transmission of power over long
distances. [3] Some ﬁ\iggéf?)%b e%@s H0g g%'éﬁ‘%ﬁé’(,zéggf R/eégar 88&Fin later years. For
example, the switch to alternating current electricity made long-distance power transmission more safe
and efficient, and new power grid topologies made distribution less vulnerable to catastrophic failure.
Yet, someraf.{hese seiBgyProblems currently remain in the industry.

[001] Methods and systems are described which relate to analyzing energy

users’ consumption of energy, and the uses of such analyses.

Background

[002] The first electrical energy distribution systems, designed over a century
ago, bore the hallmarks of centralized generation and unilateral flow of power. Among
the problems associated with early power distribution systems were the hazards of
direct current electricity, the isolated nature of each distribution network, the difficulty
in predicting demand, the potential for cascading failures caused by discrete
breakdowns, and the inefficient transmission of power over long distances.

[003] Some of these problems have been successfully addressed in later
years. For example, the switch to alternating current electricity made long-distance
power transmission more safe and efficient, and new power grid topologies made
distribution less vulnerable to catastrophic failure. Yet, some of these same problems
currently remain in the industry.

[004] In particular, measuring, predicting, and planning for changes in
consumer demand for energy has proven difficult since the beginning, and remains so
today. Despite this difficulty, accurate determinations of demand are important for
utility companies, because imbalances between production and consumption can
cause brownouts, and even blackouts. Given the short timeframe between production

and consumption, these imbalances can become disastrous almost as soon as they



[4] In particular, measuring, predicting, and planning for changes in consumer demand for energy has
proven difficult since the beginning, and remains so today. Despite this difficulty, accurate
determinations of demand are important for utility companies, because imbalances between
production and consumption can cause brownouts, and even blackouts. Given the short timeframe
between production and consumption, these imbalances can become disastrous almost as soon as
they are detected, if not before detection. Utility companies are also forced to maintain the generation
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consumption in response to DR data, and a change in energy consumption, after DR data is
communicated to devices corresponding to the first group of energy users. An energy consumption
index is established for a second group of energy users based on the energy consumption index for
the first group of energy users. [6] Various other embodiments are disclosed as well. It is to be
understood that both the foregoing general desgyjpijaa gyd the following detailed description are
exemplary and explanatory only and are not restrictive of the invention, as claimed.

[005] A method of analyzing energy usage, comprising receiving demand
response (“DR") response data from a first group of energy users, associating the DR
response data with influencer data, stored in a database, regarding the first group of
energy users, and determining an energy consumption index for the first group of
energy users. The energy consumption index comprises a value of energy
consumption before DR data is communicated to devices corresponding to the first
group of energy users, a propensity of the first group of energy users to alter energy
consumption in response to DR data, and a change in energy consumption, after DR
data is communicated to devices corresponding to the first group of energy users. An
energy consumption index is established for a second group of energy users based on

the energy consumption index for the first group of energy users.

[006] Various other embodiments are disclosed as well. Itis to be
understood that both the foregoing general description and the following detailed
description are exemplary and explanatory only and are not restrictive of the invention,

as claimed.



[7] The accompanying drawings, which are incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the invention and together with the description, serve to explain
the principles of the invention. BRIEF DESCRIPTION OF THE DRAWINGS [8] Figure 1A depicts
an exemplary arrangement for sending and receiving demand response ("DR") signals and DR
response signals. [9] Figure 1B depicts an exemplary system for communicating DR signals and
DR response signals between a server and a device capable of receiving DR signals. [10] Figure

2 depicts a flowc shaqwing, in general terms, one ex lary embodiment of a grocess of
determining eneﬂé@t}éongﬁrﬁggcp BaRYNe éggntrbgﬁﬂvggi}g_argmcorporate in and constitte a
part of this specification, illustrate exemplary embodiments of the invention and

together with the description, serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[008] Figure 1A depicts an exemplary arrangement for sending and receiving
demand response (“DR”) signals and DR response signals.

[009] Figure 1B depicts an exemplary system for communicating DR signals
and DR response signals between a server and a device capable of receiving DR
signals.

[010] Figure 2 depicts a flowchart showing, in general terms, one exemplary
embodiment of a process of determining energy consumers’ responsiveness to DR
data.

[011] Figure 3 depicts an exemplary system for storing DR response data in a
database.

[012] Figure 4 presents several exemplary types of influencer data.

[013] Figure 5A depicts an exemplary system for associating DR response
data with influencer data.

[014] Figure 5B illustrates an exemplary process of logically associating DR
response data with influencer data.

[015] Figure 6 depicts an exemplary data structure for an energy

consumption index and various influencer data.



[11] Figure 3 depicts an exemplary system for storing DR response data in a database. [12] Figure
4 presents several exemplary types of influencer data. [13] Figure 5A depicts an exemplary
system for associating DR response data with influencer data. [14] Figure 5B illustrates an
exemplary process of logically associating DR response data with influencer data. [15] Figure 6
depicts an exemplary data structure for an energy consumption index and various influencer data.

[016] Figure 7 depicts an exemplary data table comprising energy
consumption index indicator data where several data fields are missing.

[017] Figure 8 depicts one exemplary process of segmenting consumers by
customer type.

[018] Figure 9 depicts one exemplary data arrangement following a
segmentation process, which shows energy consumption indicators and various
enriched DR response data.

[019] Figure 10 represents one exemplary depiction of a process of
determining an energy consumption index for a group of energy consumers other than
those in the sample group.

[020] Figure 11 depicts one exemplary data structure for use in utilizing
consumption data, consumption forecast data, and DR capability forecast data, as well
as various dimension data.

[021] Figure 12 depicts one exemplary embodiment of graphically
representing data.

[022] Figure 13 depicts one exemplary hierarchical structure of dimension
data.

[023] Figure 14A depicts one exemplary embodiment of a graphical
representation of energy consumption data in an intraday forecast tool.

[024] Figure 14B depicts one exemplary embodiment of a graphical
representation of energy consumption data in an intraday forecast tool.

[025] Figure 15 depicts one exemplary embodiment of a strategic energy

pricing tool.



[16] Figure 7 depicts an exemplary data table comprising energy consumption index indicator data
where several data fields are missing. [17] Figure 8 depicts one exemplary process of segmenting
consumers by customer type. [18] Figure 9 depicts one exemplary data arrangement following a
segmentation process, which shows energy consumption indicators and various enriched DR
response data. [19] Figure 10 represents one exemplary depiction of a process of determining an
energy consumption index for a group of energy consumers other than those in the sample group.

[20] Figure 11 depicts one exemplary data structure for use n utilizing consumption data, consumption
forecast data, ard 4R czi%%'ﬁfﬁt}) 5&?88&1? GEE EXE MRS 8%%?1?@%58&@?@.8”05’ [21] Figure 12

depicts one exemplary embodiment of graphically representing data.
P manage%er}{tooﬁ) grap y rep g9

[027] Figure 17 is a depiction of an exemplary pivot table arrangement

interface for viewing negawatt capacity data.

DETAILED DESCRIPTION

[028] Reference will now be made in detail to the exemplary embodiments,
examples of which are illustrated in the accompanying drawings. Wherever
convenient, the same reference numbers will be used throughout the drawings to refer
to the same or like parts.

[029] Smart grid energy technology may include the ability of energy
providers and consumers to communicate about energy provision and consumption.
The communication may be accomplished by installing or retrofitting an electricity
meter device at the location of an energy consumer, and utilizing a communications
link (for example the internet, telephone, radio frequency, satellite, television, email,
text message, etc.) between the consumer and the utility company.

[030] One type of device consumers may use to facilitate such
communications is a smart meter. In contrast to traditional energy meters, smart
meters may have the ability to receive signals from an energy provider concerning the
price of energy, current demand levels, requests to adjust energy consumption, etc.
Such signals received by a consumer’s smart meter or other device may be called

demand response (“DR”") signals. Smart meters may also have the ability to send
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[22] Figure 13 depicts one exemplary hierarchical structure of dimension data. [23] Figure 14A
depicts one exemplary embodiment of a graphical representation of energy consumption data in an
intraday forecast tool. [24] Figure 14B depicts one exemplary embodiment of a graphical
representation of energy consumption data in an intraday forecast tool. [25] Figure 15 depicts one
exemplary embodiment of a strategic energy pricing tool. [26] Figure 16 depicts one exemplary
embodiment of an emergency management tool.

signals back to an energy provider (often called “DR response” signals) regarding the
consumer's energy usage.

[031] Utility companies or third parties may take advantage of smart meters in
order to influence demand and maintain grid stability. Approaches to influencing
demand or otherwise maintaining grid stability may be termed “demand response”
programs.

[032] Demand response programs may take several forms, such as
communicating with energy consumers about the price of energy, the supply of
energy, upcoming events relating to energy pricing or supply, energy demand,
upcoming vacations by an energy consumer, etc. For example, a pricing-based
demand response program may operate such that during periods of high demand,
energy prices may be raised, and during periods of low demand, prices lowered. Such
pricing adjustments can be beneficial, especially as there are limited means available
to store energy once it has been generated for later use. Appropriate energy pricing
adjustments, therefore, may help to avoid situations of energy glut and energy
scarcity. The ability to appropriately adjust the price of energy, however, depends on
the ability to accurately measure, predict, and plan for, rather than respond to,
consumer demand.

[033] Smart grids may be implemented to varying extents within a
geographical area. For example, smart grids comprising smart meters in
communication with energy providers (or third parties) may be deployed throughout a
country, state, city, neighborhood, or even a single building. As discussed further

below, individual energy consumers may be associated with one or more smart



[27] Figure 17 is a depiction of an exemplary pivot table arrangement interface for viewing negawatt
capacity data. DETAILED DESCRIPTION [28] Reference will now be made in detail to the
exemplary embodiments, examples of which are illustrated in the accompanying drawings. Wherever
convenient, the same reference numbers will be used throughout the drawings to refer to the same or
like parts. [29] Smart grid energy technology may include the ability of energy providers and
consumers to communicate about energy provision and consumption. The communication may be

accomplished by installing or retrofijtting an electricity meter deyice at the location of an energy
consumer TS oLy & SR IR GHEN AR G LR Bt AThel EIELORE (Ao Hequency,
satellite, tel%vigi%hg?;ﬂyniext message etc.ébetwee the consumer and the utility company. [30]
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operations can be complex where there are high volumes and various types of energy

consumption data to work with. Moreover, measurements and predictions of energy
demand can be difficult to understand and integrate into the operations of an energy
provider. Especially in view of the high fixed costs that energy providers face (e.g.,
costs of infrastructure and repair), and providers' corresponding aversion to risk and
large-scale change, integrating demand measurements and predictions into the
operations of energy providers can be important but challenging to do in a cost-
effective manner.

[035] Methods and systems described herein allow for energy consumption,
energy demand, and potentials for energy reduction or energy shift to be measured,
expressed, and forecasted in advantageous ways. The various methods and systems
described herein allow energy providers to better understand the factors that drive
energy consumption, and to make adjustments to their operations, if needed. Among
other advantages, the methods and systems described herein may indicate to energy
providers ways to attempt to influence the consumption of energy, or to plan for
anticipated changes in energy consumption.

[036] Referring to Figure 1A, an exemplary arrangement 100A for
communicating demand response (“DR") signals 102 and DR response signals 105, is

depicted. In some embodiments, an energy provider 101 {(e.g., a provider of



signals back to an energy provider (often called "DR response" signals) regarding the consumer's
energy usage. [31] Utility companies or third parties may take advantage of smart meters in order
to influence demand and maintain grid stability. Approaches to influencing demand or otherwise
maintaining grid stability may be termed "demand response” programs. [32] Demand response
programs may take several forms, such as communicating with energy consumers about the price of
energy, the supply of energy, upcoming events relating to energy pricing or supply, energy demand,
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the smart meters may communicate directly with an energy provider, or with a third-party (e.g., a
consulting SAMPaheratures for heating or cocling systems, requests to adjust energy
consumption, and/or requests that automatically adjust energy consumption.
[037] Figure 1B depicts an exemplary system 1008 for communicating DR
signals 102 and DR response signals 105 between a server 106 and a device 107
capable of receiving DR signals. Device 107 that receives DR signals 102 may be
placed at the location of energy consumer 104 (e.g., in a consumer’'s home or
business, or affixed to an outer wall of such a building). In some embodiments, DR
signal 102 may be received by energy consumer 104 remotely (e.g., via a cellular
telephone, pager, or computer). Device 107 may be a smart meter or DR Gateway
device, or other device capable of receiving DR signals 102. Device 107 may include
a graphical display, light-emitting diode display, indicator lights, dials, etc., which
indicate aspects of the device's operation. For example, device 107 may include a
graphical display that indicates that device 107 is on, connected (e.g., to a wireless
network, to a wired internet connection, etc.), and communicating successfully with
energy provider 101. As another example, device 107 may include indicator lights

corresponding to various appliances 109 in a consumer's home, where the indicator

lights indicate whether device 107 is successfully communicating with appliances 109.



[34] Energy providers struggle to accurately measure, predict, and plan for consumer demand. The
task of effectively and efficiently conducting energy provision operations can be complex where there
are high volumes and various types of energy consumption data to work with. Moreover,
measurements and predictions of energy demand can be difficult to understand and integrate into the
operations of an energy provider. Especially in view of the high fixed costs that energy providers face
(e.g., costs of infrastructure and repair), and providers' corresponding aversion to risk and large-scale

change, integratjng demand measure ts and predictions into the gperations of ener oviders
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consumptmnputel[SgJ ﬁgé%rg% Figure 1A, an exemplary arrangement 100A for communicating
demand response ("DR") signals 102 and DR response signals 105, is depicted. In some

embodiments, apRReroY PEIWACELBS (fin HEAUIHSE db Rl ey inaAtuabeasoRaqlng 9!l propane,

etc.) may send a' DRsignal 102 to some or all of its energy consumers 104. Energy consumers 104
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combination of energy consumers. DR signal 102 from energy provider 101 may include or otherwise
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of energy, current or future demand levels, temperatures for heating or cooling systems, requests to
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Figure 1B depicts an exemplary system 1003 for communicating DR signals 102 and DR response

signals 10hdtatwretredserigndled apdardeviod toRaapabley ol ecgiiiyed) R isigoalsdddndice 107 that
receives DR signals 102 may be placed at the location of energy consumer 104 (e.g., in a consumer's
home or hisiiesd 03rratfeiedst® Bnsrielswall airslidisiai Butidditiggm rasoreedent bo dimtehits, DR signal 102
may be received by energy consumer 104 remotely (e.g., via a cellular telephone, pager, or computer).
Device 10daviaghela pcatedtteughDR Satewasndesibenw otiheisiiedse tapatie of receiving DR
signals 102. Device 107 may include a graphical display, light-emitting diode display, indicator lights,
dials, etc. ewhieHimeiatslagisectd bMay bevitesraiser atibna Fonexaeniesitrvide ademaKinclude a
graphical display that indicates that device 107 is on, connected (e.g., to a wireless network, to a wired
Internet cohpideasiat obe Ptapensiey SHEEHNG sieassbisipyrfhtealds drvidad 0Tonanethother
example, device 107 may include indicator lights corresponding to various appliances 109 in a
consumer§$RIMfDRIgR AR iRdidat Alrgree Mgiiart ReiHE BeWes Ieyesaitetalsriigr

communicating with appliances 109. . .
different zones, rooms, or individual appliances 109 with a consumer's home or

business.

[039] DR signals 102 may be transmitted to energy consumers 104 via any
one or multiple of various communications media 103. Communications media 103
may include, for example, the internet, telephone, radio frequency, satellite, television,
text message, email, pager, etc. In some embodiments, energy provider 101 may
include a computer server 106 that communicates with device 107, which may be

positioned at the location of energy consumer 104. DR signal 102 may be sent, for



As further examples, device 107 may include dials, which indicate energy consumption levels (e.g., in
kilowatts (kW), kilowatt-hours (kwh)). In some embodiments, device 107 may be connected to a
consumer's television, computer, or other video display, and information regarding DR signals 102
may be displayed on the television, computer, or video display. [38] In some embodiments,
multiple devices 107 that receive DR signals 102 may be used in combination, for example, with
devices 107 positioned at different levels of a consumer's home or business, or at the location of

107 hat 16LENE B CRHRIL0D o bk SRR oAy BRIy RN 2B 6 e 107
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telephone, radio frequency, satellite, television, text message, email, pager, etc. In Some

embodimeRis,ENYIEYRPYIRer ?:P&cgb%Yn'ggHgPaﬁo‘F%mp“ter server 106 that communicates with device
a

107, which may be positioned at the locafion of energy consumer 104. DR signal 102 may be sent, for

example, thrOUgtDa('J'PUSUh%'M'c':@ﬂ%“ﬁ?@ﬁtéﬁ & Q@%%_WWQMN@@%@@W[@RnsumGV 104.
Server 106 may use a database 108 for storing and organizing information, such as DR response

signals 105iqngl 1nluppeeedaig(prodiserseed farBarRelond.een@ictle Marglepdisy a computer
processor (e.g., microprocessor, microcontroller, personal computer, etc.) for processing the data
received ydihetisgrueasid 8he afydcoihamppaenssing eperafisiisdiments, DR signal 102 may
automatically adjust the consumer’s energy consumption without any affirmative action
by the consumer 104.

[041] As an example of “manual” DR response behavior, if consumer 104
received a DR signal 102 at 3:00 pm indicating that energy prices will rise by a certain
amount at 5:00 pm, or that local demand is likely to increase at 5:00 pm, consumer
104 may choose to reduce their energy consumption at or around 5:00 pm by, for
example, turning off or attenuating appliances 109 such as lights, televisions,
computers, heating systems, etc. In some embodiments, DR signal 102 may be
received by device 107, and in some embodiments DR signal 102 may be received
energy consumer 104 by a device other than device 107.

[042] As an example of “automatic” DR response behavior, if consumer 104
received DR signal 102 at 3:00 pm, indicating that energy prices or demand levels

were going to rise beyond a threshold level chosen by the consumer 104, at 5:00 pm,

some or all of the consumer’s energy consuming devices 109 may be automatically
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[40] Once device 107 related to an energy consumer 104 receives DR signal 102 from energy provider
101, consumer 104 may choose to respond by adjusting their energy consumption. In some
embodiments, DR signal 102 may automatically adjust the consumer's energy consumption without
any affirmative action by the consumer 104. [41] As an example of "manual” DR response
behavior, if consumer 104 received a DR signal 102 at 3:00 pm indicating that energy prices will rise
by a certain amount at 5:00 pm, or that local demand is likely to increase at 5:00 pm, consumer 104

may choosg to reduce, their energy consumption at or_around 5:00 pm by, for example, turning off or
mttenuating Wb BrA ALT LA AL FEAEraUIdihe, i AR EARAG &) SERIEY etc. In some
embodiments, DR signal 102 may be.received by device 107, and.in some embodiments DR signal
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consuming device 109 capable of receiving DR data 102. The controller may compare the information
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whether the threshold is met. For example, consumer 104 may set a threshold price level for
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energy consuming devices 109 are shut off or attenuated. In embodiments where the energy
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option, whereby they can prevent automatic adjustment of energy consumption from occurring. In
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109 automatically respond to DR signals 102, and other devices 109 rely on manual DR response

behavior. may{43) =000 eiiboginenishaftdrcorsuraarpiedacicaines Bk ddpastb2dtarh energy
provider 101, a DR response signal 105 may be sent from consumer 104 to energy provider 101. In

other embatknggnisnBRmEspomensigoatdth Magdittzentorithootecs rddnmeayl 6z filsy 1= bglving DR
signal 102 from energy provider 101.
approach, where certain energy consuming devices 109 automatically respond to DR
signals 102, and other devices 109 rely on manual DR response behavior.

[043] In some embodiments, after consumer 104 receives DR data 102 from
energy provider 101, a DR response signal 105 may be sent from consumer 104 to
energy provider 101. In other embodiments, DR response signal 105 may be sent
without consumer 104 first receiving DR signal 102 from energy provider 101.

[044] DR response signal 105 may comprise information relating to the
energy consumer's response to DR signals 102. For example, DR response signal
105 may indicate the extent to which consumer 104 reduced or increased energy
consumption in response to DR signal 102 (e.g., in kW, kWh, or as a percentage of

consumption change). In some embodiments, DR response signal 105 may be

specific to individual appliances 109 in the consumer's home, and in some
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[44] DR response signal 105 may comprise information relating to the energy consumer's response to
DR signals 102. For example, DR response signal 105 may indicate the extent to which consumer 104
reduced or increased energy consumption in response to DR signal 102 (e.g., in kW, kWh, or as a
percentage of consumption change). In some embodiments, DR response signal 105 may be specific
to individual appliances 109 in the consumer's home, and in some embodiments, DR response signal
105 may include various other data, such as time and date information, local weather information,
indoor temperature information, identifying jnformation about consumer 104, etc. 45] DR
rosponse RGOS o o GRR CORS Bl 163 Foa) Be Laf PP LR SE P e ke
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signal 105 on a.continuous or near-cQntinuous basis, and in other embodiments, DR
response lé{ag@yfl%%giﬁﬁé rlgneaslgﬂt%h &ec ﬁ 3@%75?@4dre(§()}(ample, the consumer's smart meter or DR
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includes information pertaining to specitic energy consuming devices 109 of consumer 104 (e.g., a
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energy provider 101 or by a third-party, such as a consulting or outsourcing company. In various

embodimejiterRaesrangs fatan 0edmanis rerRGVashRYA8ighardy PHAXIAE L@htasidhen may be
sent to a third-party, or may be received by a third-party and then may be sent to energy provider 101,

etc. As disUsRRbI YrihesdesatiReloy bRRey Rmer dvisieel 8hpbaiffeictkn IR ragyoralyegaAnd apply

DR response data 105 to optimize various aspects of the provision of energy.
105 may be sent at fixed intervals. For example, the consumer's smart meter or DR
Gateway 107 may be configured to send a DR response signal 105 every hour. In
other embodiments, consumer 104 may manually decide when to send DR response
data 105, or energy provider 101 may request DR response data 105 from consumer
104. In some embodiments, DR response signal 105 includes information pertaining
to specific energy consuming devices 109 of consumer 104 (e.g., a particular washing
machine, television, etc.).

[046] DR response signal 105 may be received by energy provider 101 or by

a third-party, such as a consulting or outsourcing company. In various embodiments,
DR response data 105 may be received by an energy provider 101 and then may be
sent to a third-party, or may be received by a third-party and then may be sent to
energy provider 101, etc. As discussed in further detail below, energy provider 101 or

a third-party may analyze and apply DR response data 105 to optimize various

aspects of the provision of energy.
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[047] Server 106 may be a typical World Wide Web server capable of communicating with Web clients,
may be designed specifically to communicate with particular devices 107 capable of receiving DR
signals 102 and sending DR response signals 105, may be a server designed to receive signals from,
e.g., cellular telephones or satellite devices, etc. Server 106 may run server software such as Apache
(r), Weblogic (r), WebObijects (r), Oracle (r), Caudium, etc. The server software may enable server 106
to send and receive DR signals 102 and DR response signals 105, to communicate signals to

database 108 or qther data stor medium, etc, Datab 8 run database software, which
may be written n@éﬁ gﬁr"éfﬁg B@L g(éf’fﬁﬁ@l@?@ﬁﬁé’.,%@la% Y 6tﬁ@?%@?aosf§orage media
that may %%%?ﬁ&@%@%ﬁwgtﬁ W%%aéﬁﬁlp 2 %—’1‘%%5 é%éfg%”esqegé%gﬁ‘.'éaé? Jnglude senice "’.‘{ﬁ.a
networks, hetwork attached storage, moré temporary torms of storage, etc. In'some embodiments,

it otc. SRR RO e B ara Top velaie oA R AR e,

nse S|gnals encer zﬂa, etc. are

tored in Qr i ) ' i fil ithin th
sored i g SO 9 S bR i s o s e oo vinin
by a third-paKh (585 & SRSHIENGLGREEARY). 8GIRDIRRIOR11EFPaL 51 dersasme Siphadiments, server

106 comprises a server farm, whereby multiple server hardware units receive a high volume of DR

signals 10g40.s c@HORILBALIAE MO SHOR B IS WEDIHIL BAC RIS deleadrialapriap dawirgewhich

acts as an initial point of contact for incoming DR signals 102, and distributes DR signals 102 as

appropriai@4Q SRBE RRFJRERIB6!HSend arld3LEMME DR EBIRIENERHATRAEGRRISENGg Hageneral
terms, one exemplary embodiment of a process 200 of determining energy consumers'

responsivapgstoteditmani 4esBRtfsdatdatiinesass @90 mamanabidersige ridtiohieeaving DR
response data from a sample group of energy consumers. In some embodiments, the sample group of
consumerp atatyFepneme il Pantiea S A6 USIAMEbasecbr ra BB Medase JQILS entiretsaL For
example, the consumers in the sample group may be chosen in terms of their geographic location,
housing/bdilinig, tYpeatmuvtiDEr Qi EicuDAIXS saanGahisrodate sturatie neidigiicle maages chadheieristics
of DR response data, etc. The sample group of consumers may include only consumers with the
capability storedeResiDfalEgrisaaddi@ sespb ¥R mgpalsstlsignells] @ conibinatenmraftsucksconsumers
and consumers without such capabilities, etc. [49] In some embodiments of process 200, step 201
may compridestbritigthedeteiage, DRoredposealsitio frosnofteiagsmletgrolipsofmdnsumers in a
database or other similar data storage utility. For example, Figure 3 depicts an exemplary system 300
for storingEDReeEpeNte datdedatabasse BIBMAsbenesen bodintentd gitaaleptedehthg a
consumer's energy consumption before receiving a DR signal 301A, as well as data representative of
consumptiSsRatES sttling A RbIghaEBIER. Rl Radisrethrr @aransdaays. PRtaignalA and 3013
may include, among other things, a customer ID to identify the consumer, a timestamp, weather type,
climatic infékn&BRPCASSORRRGEP VIR tHE! BRSBTS, IBKatiR, HEabiRs ARt ahasgy ! risenption
generally or on a per-appliance basis, the consumer's total or appliance-specific change in

consumptiBiNGEE M SRR DRSSy ARISeRRRIe AR R (iRe MaBdhE s 4BRP&RMal or not, and

what type .of DR signal was sent or what it comprised, among other t of information.
P hardwareg un!tw §erver 106 and data gse 1%8 may %e operzg‘tggsby an energy

provider, by a third-party (e.g., a consulting company), a combination thereof, etc. In
some embodiments, server 106 comprises a server farm, whereby multiple server
hardware units receive a high volume of DR signals 102 in a concerted fashion. Such
a server farm may include a load balancing device, which acts as an initial point of
contact for incoming DR signals 102, and distributes DR signals 102 as appropriate to

server hardware units.
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[20] In some embodiments, DR response signals may be sent from energy consumers to energy
providers, or to third-parties (e.g., consulting companies), without the consumer first receiving a DR
signal. Such signals may help the energy provider or third-party understand consumers' consumption
behavior in the absence of DR signals, historical data, etc. In some embodiments, such signals may
allow the energy provider or third-party to develop an energy consumption baseline for energy
consumers. For example, if an energy provider ascertains a baseline of consumption in the absence of

DR si Is, th id b le tg det ine the effect tion that th
introduction of A BHE bgrPHFqraR 1R85 Ha b S ELAa ) Be e GSTRER, B ifBle. at iferent

ti f the d K 1th [ tain a broad i ding th
conoumerS SO FBREAREUIOY P SBAT o T oe S PEL Y e AR g BoNHBH nformation similar
to DR ignals. Th ignal b ived b 302 tored i b 303
together W SBRLR GOEA SoIor M ) B e o A MY UEnAae s RS o

51] Referyj ' ' 0 Iso incl iating. DR

51 Refering AGAIHIR FINLIR 2 AIREQRS R AIAMElSR oWl 1o A0 A1ASSIFIAInR R response

data with in e influencer a ma esent conditions an ctors relating to energy

consumpt%bgg{ﬁéﬁ@ Ri&s EM&?S%ﬁ%&%@%%E rf‘ﬁ%k?‘%(@’@?én?%i W56 datadiepuch as

climatic conditions 401, location 4 403, housing type 404, energy provider characteristics 405,

customer gigbues 44N BRRAIRGE BHHIRUIESFHaBRHFECHARARRMANK ise SBiAIEd from

consumers' DR response signals, from consurmer surveys, census data, third-party research data,

observationa| faimeife chosErRIrHEHFR BAHERIGEARBXRMPLARLRY HeRiAGRATaMASSpeiating DR

response data 501 with influencer data 503. In some embodiments, DR response data 501 and

influencerlatbsPrpaLBaNe afinA relaHanal drtahase, enides ORY, skitFidiatsdateosqumree. In

other embodiments, DR response data 501 and influencer data 503 may be stored in separate

databasesesiinge @iea BRIWTHS sapipertralipaiesd sturmages MAlEReie Gy BemsamiefiGyifh
computer processor 504, for example, a central processing unit, microprocessor, microcontroller, etc.,

may be ushd tepaoilitgsdhedeRd iR IGeatatm 803 saciddRfikeraesalsignals.a conibiidtioeertain
embodiments, a key or common element may be used to associate DR response data 501 with
influencerafatachOSrisunexanpke chbrgura&B litlstrat s cnapehibitiey, @tacess of logically associating
DR response data 501 with influencer data 503. As shown in Figure 5B, the Customer ID may serve
as a common el¢td@it bétveeaemnstkenDRlirespin o€ mratze 56 Lehdsinflugicerajatar5P8s8 Iséopracess of
associating DR response data 501 with influencer data 503 may be termed "enriching” the DR
response ttderaivatsi2RcesptiiecBRieckpontedamBeiomay vlchaewarisiich gstatsmtsamer's
energy consumption before and after receiving a DR signal, by associating the DR response data 501
with influepitar gl sodatausivmo thetititistdrre exyBetfabliier SaRpicHoriR iR YERNMERGSK et imatic
conditions, occupancy level, etc., the DR response data 503 is enriched to possess additional or

different dePRIEOFSERTHIE ferRERESHaidpligratabase 303. In some embodiments, data

representing a consumer’s energy consumption before receiving a DR signal 301A, as
well as data representative of consumption after receiving a DR signal 3018, may be
stored in database 303. Data 301A and 301B may include, among other things, a
customer ID to identify the consumer, a timestamp, weather type, climatic information
associated with the consumer's location, the consumer’s energy consumption
generally or on a per-appliance basis, the consumer’s total or appliance-specific

change in consumption after receiving a DR signal, whether the consumer responded
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[54] Referring to Figure 2, process 200 may also include a step 203 of determining an energy
consumption index for a sample group of energy consumers. In some embodiments, the energy
consumption index may represent a consumer's energy consumption before receiving a DR signal,
propensity to responding to a DR signal, change in consumption after receiving a DR signal, the time
period over which the consumer's change in consumption persists, etc. [55] The energy
consumption before receiving a DR signal may be expressed in various ways, including, for example,

kilowatts (kW) ot kilowatt-hours (k . The pr sity of respondipg to R signal may also be
expresseg%a e e?'e%”\ﬁl%,” c%%gs\lvggﬁg&%%éfgé%fsfﬁ)nﬁlcﬁ%%Stﬁ'épcg n"‘éﬁ?g&%" sprrelrg%%’nded to certain
DR signalsgxneitgﬁ{ d creasci)r];l r increasing energy consumption, a measure of how often the

er S rmafion. . o .
consumeras done 2o With & su |C|en{ magnitude of change, a likelihood that a particular consumer

will respond to agagcular i, 8! 'Fr%a%%%i’i’t%“%'ﬁgsﬁ%%%”& H%l&‘éﬁé%b%”&éﬂ%’fﬁ%sg’ﬁ%?' n, etc.

The average change’in consumption may also be expressed irf various ways, Inc xample,

K KW, Qf- 2 i aierg) seasiairiap BaiRre [RaabiNg & DEbRLINGS IRBLRAH caRARIIPton

after receiving a DR signal. the time period over which thé consume nge in’consumption

persists Mk RERIRFEFTG R SEHRE BN ERLEXAMNS dheIRrasiRapant ehange inmption

may be expressed in time (e.g., minutes, hours, days, etc.), or in both time and erergy (e.g., a

measure ¢f eReIIYHeHHAURRPST O BFREE AR EiMption bEIEIVIGISC I BLEERSYHIPBRN Index may

be represented in a three-dimensional space where the dimensions represent various forms of

influencergigtalantseshesifaEmation Fasmsamme diiawe Sderisisrarsexaalry griaalrgture for

processing energy consumption index 600 and influencer data 602. Energy consumption index 600

may inclugedineisiadpnsiedb seiptectiio/BIBpRsaRaRs Y, doad eivichreaesdling mbihsigpal, and load

change after receiving a DR signal, for example. Indicators 601 may be associated with influencer data

602 usingesiiees deda @ttifhpte, o akexnéigy pravire aStstieinerd Dabehosnss earueipesis, energy
consumption index 600 may be expressed graphically, for example, in as a hypercube or online

analytical iprtee sbisgn COLAPR) sighelsOtihve enerbig pnevidionaldp beadibl ety detansddeath weffedls an
example, an OLAP cube may be constructed with indicator data 601 as a fact table, and influencer
data 602 mRycesvepiaiti@ition s tFgundéndefmdiRasigankphegrentypeohdata @gemizaition,
however, other types may be used as well, such as a snowflake schema. Other possible ways to
process nogidirearssitbneddéne sxaohpis ehdifisreohimepidthedey 600ckrandiibussstyRattivr below.

order to obtain a broad perspective regarding the consumers’ consumption behavior.

In addition, these types of signals may comprise information similar to DR response

signals. These signals may be received by a server 302 and stored in database 303

together with signals 301A, 301B, and may be associated with influencer data, as

described below.

[051] Referring again to Figure 2, process 200 may also include a step 202 of
associating DR response data with influencer data. The influencer data may represent
conditions and factors relating to energy consumption. For example, Figure 4 shows
several exemplary types of influencer data 400, such as climatic conditions 401,

location 402, time 403, housing type 404, energy provider characteristics 405,

customer attributes 406, and appliance attributes 407. Influencer data 400 may be
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[057] In some instances, data may be missing from an energy consumption index. Reasons for
missing data could include, for example, a consumer turning off their DR Gateway, errors in data
transmission between the consumer and the energy provider, or corruption of data received by the
energy provider. Figure 7 depicts a data table 700 comprising energy consumption index data 702,
703, 704, where data is missing from several data fields. In this example, the propensity data 702, load
before receiving a DR signal 703, and load change after receiving a DR signal 704 are each missing
an entry for fustcg{ger nge 1 for the. DR sianaleéy e of "Prﬂ;ce Up 15- 19%. In such circumgt?nces, it
may be deog ahie rﬁ@he A N VIS ”E‘HS- P@iﬁﬁ%&i@ﬁ%ﬁd‘g}’ &S?EC%B%, ata,

muItidimelt”hsionaI }pter- and/Rr dfé){tra olatio mefk%ogs rélt%y be used to derive constructive values for
afl

the missing'ﬁde'lﬁg. bﬁ%sneagzmg scf’t SRIF ISR %ga'conétructed data 701 may be marked "yes" to

indicate that a cclfgg :r;ctiﬁa \‘é%Jsu%%Wﬁ%sp%%i\éﬂd&n .Fé agrgg%hggﬁg A’}&%@ Stgglg%iﬁ%%ﬂay be reduced.

In some embodiments, re OW constructive va are computed may ade, so that

ne embod rds of oW ¢ ut o
e, Qe A L e D B coprate
data e 50 o PRI SECOEMBIA0G BIBRSTH 000 ATEANAG COBRTR 3y customer

I
type 802. In connection with determining a consumer energy index for consumers, consumers within a

sample grolRcRY PS5 3G R I T OIhBx AMISHIRREIRETISES rENORESESMEIIe &Y tRHTERIdactors

relating to energy consumption such that consumers within a segment are likely to have similar energy

ConSl_Jm_pt@é}é)SbQ\f’}%y6@%&_%6’%&%5&&@%8@5@%@?&&%5@ %F@HHw_@ﬂ%H@%MGﬁ&her for Wth
certain influencer data or enriched data 801 is found to accurately predict future energy consumption.

[59] Each guséparesiyrey80maraxdinirapdraenstrsteal sopsiaticas pierEeBed@atanB01 among

consumers. For example, the "amity type" customer type 802 may specify the familial or business
relation befyegaplscaidentsad passeRMisUBitariRmp cBYBENeniERtusiamelcly pes,/a2uvay include,

for example, the volume of a home or building, number and type of automobiles, degree of natural
shade pro\iqeddasérdas DRotwydnes d ata Badangs pandlvarioasdaifzebdactors. [60] In some
embodiments, as a result of the segmentation process, customer type 802 may replace the "customer”
field from the enfieh&ld DR cesimimsenbodiments, a key or common element may be used to
associate DR response data 501 with influencer data 503. For example, Figure 5B
illustrates an exemplary process of logically associating DR response data 501 with
influencer data 503. As shown in Figure 5B, the Customer ID may serve as a common
element between the DR response data 501 and influencer data 503. The process of
associating DR response data 501 with influencer data 503 may be termed “enriching”
the DR response data. For instance, while DR response data 501 may include data
such as a consumer’s energy consumption before and after receiving a DR signal, by
associating the DR response data 501 with influencer data 503, such as the
customer’'s geographic location, housing/building type, climatic conditions, occupancy

level, etc., the DR response data 503 is enriched to possess additional or different

details relevant to energy consumption.
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data 801. For. example, Figure 9 depicts one exemplary data arrangement 900 following a
segmentation process, which shows an energy consumption index 901 and various enriched DR
response data 902, including Customer Type. Data arrangement 900 includes the index values 901 of
DR propensity, load before receiving a DR signal, and load change after receiving a DR signal, for
various Customer Types as function of influencer data 902. As discussed further below, segmentation
of consumers within a sample group may facilitate the projection of energy consumption data for a

broader custom e. 061] Referrin ain to Figure 2, process 200 may alsg include a step
204 of determinﬁ%g er%%%frﬂfﬁgjéﬁﬁlﬂ%ﬁ?ﬁ’&%?sa%ﬁgl%agf)aiﬁ%?89@%&1%%?53%8% than those in
the sample group..In some embodiments, .this cgher roup of energy consumers may include the
remainde’ ST LR LRSI SRR BRI DRSS X P AR RS S S & B0 AURYITRS: customer
base. In ofher erg%orﬁigm%ﬂr}]sﬁqtgistﬁéher roup of energy consumers ma inclttlde gnergy consumers

y

other than Those serveg e energe)}1 prgxi %rr].sf'—l[lnrﬂwer, in s%(mnéagrﬁ%%&srﬁgn%, oth gr%ups of energy

consumerg g RAiGRALe 1) 8 DR PIOUAM (o oy A% Se1d afyeasixe DR sianaln and DR

response signals), an er embodi some o in‘a‘group may not participate in a DR

prog Lagétggﬁa%ﬂi%ﬂggp%m?egﬂe@%@i&%@%@9&6@%%@6@@?{P ﬁﬂ@{aﬂsgfgﬁi&@wg}iw%ﬁn energy

Index fora group of energy consumer é groups of consumers described

above. Fofh%@HE%QF%%%%%Q{%%SH%@H&%Y&'&&V using.aspects of an energy o
consumption index to apply toa group of energy consumers, and using an energy consumption index
from the group ofeBroyrHRSNENGIEh SRRINHS- A hE FSEONM T LD QYgRaN U §J8. etc.
expressed in various ways, including, for example, kilowatts (kW) or kilowatt-hours
(kWh). The propensity of responding to a DR signal may also be expressed in several
ways, such as a percentage of how often the consumer has responded to certain DR
signals by either decreasing or increasing energy consumption, a measure of how
often the consumer has done so with a sufficient magnitude of change, a likelihood
that a particular consumer will respond to a particular DR signal by adjusting the
consumer’s level of energy consumption, etc. The average change in consumption
may also be expressed in various ways, including, for example, kW, kWh, or a unitless
ratio of consumption before receiving a DR signal compared to consumption after
receiving a DR signal. Also, the time period over which the consumer’s change in
consumption persists may be expressed in several ways. For example, the
persistence of change in consumption may be expressed in time (e.g., minutes, hours,
days, etc.}, orin both time and energy (e.g., a measure of energy reduction per hour,
or per day, etc.).
[056] The energy consumption index may be represented in a three-

dimensional space where the dimensions represent various forms of influencer data
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[62] In some embodiments, referring again to Figure 2, step 204 of determining an energy
consumption index for a group of energy consumers other than those in the sample group, may
involve comparing attributes of one group of consumers with attributes of another group of consumers.
For example, when consumers are segmented as discussed above with reference to Figure 8,
consumers in one group may be compared with consumers in another group in terms of customer type
801. In some embodiments, a group of consumers for whom DR response data and influencer data is

comprise SUCHIE BIGL aF dbmbiih EFe T G ErPLH RIS PR RTHAD SRR U HE diple
pase, corELTNERS R S8 Uet by N CHER FERURI LA T EOe SRB e PEe Al iple customer
t 801 b dt t f , 631 F le,. I

RS b T e G T S i

may be QLSRN i L G o U NIy e O BBk e on th

ay i 1% . t

e S0th Sk RIS SP B L By s B e A g

devices. Tha 10 EOBFUBE SEPL NG RATRIG G ﬁ?%%ﬁ%@ﬂ%%i%%t@?%ﬁ%’?@”mg 990,000

consumers within the energy provider's customer base, and correlations between t 0 groups may

be determigady FYtEKARRS b6 HAGPE kYRS 804 FRayHREHG ISR iRarhine the 6 MARNGRHE 000

consumers in the customer base, and a correlation may be found between those consumers within the

Customerhypgigoh @é@urt%lwrgéfé@'@ﬁ?x*tm@bmm SO EPRRUREFFNBIRGITE RN Rapimer

Type 801 from the sample group. 64] Figure 10 represents one exemplary depiction of a process

1000 of defesmbungsAn LRI ELANHISRIOOLRGEXIBE e PHR ebesRligieaonsHMeTsAtel-Ran those
in the sample group. Process 1000 may include source systems data 1001, an index propagation

engine 10821 ancaIstateaniodehd QR cpeuret sy sEI@ st AROAgaRYIdneidee . vainue types of data,
such as data identifying consumers, DR response data, utility meter data, weather data, etc. [65]

Process 198fictay slalustharstetypf rftdetdanggmirctisystemadataol@itpea cayshenascalitgide of a
sample group, for whom neither enriched DR response data nor an energy consumption index have

been determihedichn soemenembakinsehtsninfl(theepdatibiraydys bvailatdesoncbhinsvees®oaltside of a
sample group. Some or all of source systems data 1001 may be used by index propagation engine
1002. Fordstanmplehindexpropagatompliginmed®02ttagreatigsaissed drctsybrims. data 1001 with data
for consumers within a sample group. In some embodiments, the index propagation engine may use
database softwal@? flhicHriagpéngiaiies snh SGLMa benissDO GoMmxaaenerdy XOQRYFIROMX, etc.
Based on sources systems data 1001 and corrl;@wa;rable data for consumers within a sample group, as

discussed@#Re RanseRti T MREIsdararisbn Hedfefal MEBBN8UMER BLHEIGE B Simple group

and one or more consumers within the sample group.
their DR Gateway, errors in data transmission between the consumer and the energy

provider, or corruption of data received by the energy provider. Figure 7 depicts a
data table 700 comprising energy consumption index data 702, 703, 704, where data
is missing from several data fields. In this example, the propensity data 702, load
before receiving a DR signal 703, and load change after receiving a DR signal 704 are
each missing an entry for Customer Type 1 for the DR signal type of “Price Up 15-
19%. In such circumstances, it may be desirable to generate constructive values for

the missing data fields. For example, multidimensional inter- and/or extrapolation
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[66] The consumer oytside of the sample group may be assigned indicators (e.g., propensity to
respond to a DR signal, load change after receiving a DR signal, etc.) by propagation engine 1002
based on indicators of the consumers within the sample group. The resulting indicators for the
consumer outside of the sample group may then be used in data model 1003 to express a
consumption forecast, DR capability forecast, actual consumption data, etc., for the consumer. [67]
In some embodiments, the data model may be presented as one or more fact tables with various

di ions. F , in th bodi t shown in Fi 10, the.ca fi t, DR
capabiity TS A TR SRR G ISR VaBER it e R A o R Ch e in a
dat h fact taple. Th t , ion, DR signal I reath i f day, and
e of ye8b ol Ay AR LR CATRENCIGH SR8 A00 4 Ak B AF 1o DR cs
dimension data su .rouno‘ing the féxct ta Iel The structure of such aatta%he ma tgke several forms,
for examp?g,nt%(raufzo'r\'r’ﬁ(\)’ & SAPBCSHORake LEREMR TheSha HUPE St !:?1 senhd 8Rd the ways in

which the deja (hey goniain max br-raphicall epipRenIed (6,0, 520 PLAE gUbe s flgcussed
further below. 1 g]%’nce energy consumption indexes tor consumers within the gl%up other than

the Samp'ﬁ]g{/%‘& 5%8%%”%‘&‘:%30&%%99. ey e‘%e‘%ﬁ%ﬂé?ﬁ%\ﬁgﬁﬂhg%‘?fﬂé gRRpyMption, the

impact of DR’signals on energy consumptior, etc. For éxample, based on certain inffuencer data and

energy COE&H&%%W‘?‘&@?aKB@HHﬁéEﬁBﬂ%&& f i?,WFF@é@éﬁYi%ﬂ%ifelﬁ}éé?ﬁJ‘U&‘ﬂﬁ%e@?&r%ﬁ”ous

forms of influencer data and energy consumption indexes may enable energy providers to answer

questions;sypbagafes aldosationsianh aleensHaeTs: whakyilbedhe@vaeage DR response to DR

signal "X" in the month of November? What kind of consumer groups are the most price-sensitive

during summer mexghs, gpiMNRHISHBRITGREERSRBIIFG JrReReldB Mg entrgkerdindrebruary,

which consumers have the most negawatt (i.e., power saving) potential? It last week, DR program "Y"

was the mostaHisinet BregRI, Whishrpaismwii dadheimastLHirisohiingfiamponsnext week,
and what are the similarities between the consumers that have signed up to this program? What kind

of DR signaishewddeseninstdaihedsl saifidlyrng thewnex debmustiandrhiskeeapisymers should

it be sent to? What levels of energy efficiency or negawatt potential can be achieved among a group of
non-DR usersbased orajtiscckwngentiddn esgy safisaoipiion asisociateckwthansigy piiersudio send

and receive DR signals and DR response signals?
that consumers within a segment are likely to have similar energy consumption
behavior. Another goal of segmentation may be to group consumers together for
whom certain influencer data or enriched data 801 is found to accurately predict future
energy consumption.

[059] Each customer type 802 may be based on statistical correlations of
enriched data 801 among consumers. For example, the "family type” customer type
802 may specify the familial or business relation between residents or occupants of a
home or building. Other customer types 802 may include, for example, the volume of
a home or building, number and type of automobiles, degree of natural shade provided
by trees or other home or buildings, and various other factors.

[060] In some embodiments, as a result of the segmentation process,

customer type 802 may replace the "customer” field from the enriched DR response
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[69] Figure 11 depicts one exemplary data structure 1100 for utilizing consumption data 1101, .
consumption forecast data 1102, and DR capability forecast data 1103, as well as various dimensions
1104, such as weather, location, DR signal, appliance, time of day, time of year, and customer.
Consumption data 1101, consumption forecast data 1102, and DR capability forecast data 1103 may
represent the fact tables in structure 1100. In some embodiments, consumption forecast data 1102
and DR capability forecast data 1103 may be populated using the energy consumption indexes

di d above, ' di : tion data 1101 be obtai f

consumert TR K ARASS RO £ R 1B CSTRE GER oY (U7 SHAABI ikoast data 1103
may indic?t a given consu e[fs ropensity tPi.r spond to a certain DR si n?l. Ins meaﬁmbo%iments,
the granulSHIEA7OH EaPIIR) TorBLAT a5 1A R0 o PRI 3R SR e for
each logical Lntersecrtlléhne\(/jvlﬂhv%%cf)é%% é%rrclj%tw%@é\% 161@6(1'{} %e ange g]l‘, \@ezss ; E{lg).l'gle)I@Izrerc:%aliEag;fgeli}?I%tforecast

t
data 1103Vﬁ1r5?/uﬁeeprom zeroto o m e express or may be

expressed ONSINOe oL LERIN IO Tecast dRiada0a mar dud niopalan rpoarding

the forecasted energy consumption of a consumer. Granu consumption forecast data 1102

may be onAPREsAGIonbaci MINEITS LA anisal IIesAEP Wk varigs dipensions

1104. Consumption ast data in energy , average load (e.g.,

kW), etC. of ink{ dcangHRR %%%%ﬁl%s‘,é‘é‘mﬂﬁl&d@eim&r IRBAEARIIE IR AT GRARRYMPtion

at any given time for a consumer. Granularity may be on a per-transaction basis, with one line

correspongigghia VG e %emmmmigrbféamﬁéf GRISYBRHOAINBL 4 A s Sagpssed in
energy (e.g., kWh), average load (e.g., kW), or in another manner.
customer base.

[061] Referring again to Figure 2, process 200 may also include a step 204 of
determining an energy consumption index for a group of energy consumers other than
those in the sample group. In some embodiments, this other group of energy
consumers may include the remainder of an energy provider’s customer base, or it
may include only a portion of such a customer base. In other embodiments, this other
group of energy consumers may include energy consumers other than those served
by the energy provider. Further, in some embodiments, both groups of energy
consumers may participate in a DR program (e.g., they may send and receive DR
signals and DR response signals), and in other embodiments, some or all usersin a
group may not participate in a DR program. |n additional embodiments, process 200
may include a further step of determining an energy consumption index for a group of
energy consumers other than the groups of consumers described above. For

example, process 200 may operate recursively, by using aspects of an energy

consumption index to apply to a group of energy consumers, and using an energy
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[73] Some or all of dimensions 1104 shown in Figure 11 may be used in data structure 1100, or they
may be used in combination with other dimension data. For example, a DR signal dimension may
describe various DR signals and information for both automatic and manual DR signals, as well as the
various types of possible DR signals (e.g. price, load shed, reliability, etc.). An appliance dimension
may represent various appliances in a consumer's home or building (e.g., home appliances, HVAC
systems, water heaters, etc.). A customer dimension may include information describing the
consumers, e.g., S Iig\g by a given energy provider. Attributes of the copnsumers may be extensive,
such as GRS RRLPTLAGERTETE NS R RBRICY SRS R VBN S By T SO E s,
number of occu %n'hs in homeé time and length of commute, number of vehicles, use of an electric
vehicle (ée{}e)r ve?aﬁ'ér%%ﬁsupé%cy (e.g., hours at home, etc.), working hours, DR program status,
house type (€., rdasylaiipn ype: sxietgrwalls g, home frea pruslume, rssiggnial location (e.g.
country, region, city, street, e 03, and owneér versus renterstatus. Atimé of year dimension may
indicateaiéllq.t ing into.th future, i sent attri sueh ar,
month, e A B B e R Y e S e AT ey

indicate nfoumion KegARS NG ATe-0f IR IR (e ISR OL BPER) apdfagfibutes fike hour

and day segment (morning, afternoon, evening, night, etc.). A weather indic ay describe the

various wegiher Mpes AR MARIABIES G oI5 GARIAANEI Faclging Rr6sRUFe and wind

levels, as well as various types and magnitudes of precipitation. A location dimension may indicate the

continent, GLYe/S RN &Pl S8 QIS0PS HBETe with 1M BALR ROMGIFBUERAdRHdRaY be

analyzed and graphically represented in various ways. One such way, that of an OLAP cube, was

discussedpbayegitlp g ABaraIFeBRYMAERNINERXHF shnindriayrsr basfaiaphical
representation 1200 may be created with OLAP cubes 1201, 1202, and 1203. Using OLAP cubes,

users mayyiiesy tata serieesBaintigidssluftip dLOShkomdrictsienons mckbegpshisea ata

multidimensional manner. Various hierarchies may be developed for a data source (e.g., hierarchies of

month, wesgld Tidyidreer, ®ita)idhutialiewrg @agivohthengittnanticreatind disteohiastimansion (e.g.,
"weather’) to be analyzed. [75] In some embodiments, dimension data may be structured in order

to facilitateunmmagingpibe &taareatetaanipde], Figyredt3ptispicis anelexgoypary duesarckical Biructure
1300 of dimension data 1301. A dimension 1301 may have one or more associated levels 1302, which
specify thelibranchichietds orrshéoaersny. tiide adithve data 8o Gthee hievarphirstheay also be used
to manage dimension data selected by the user and the user's goals in analyzing the data.

remainder of an energy provider's customer base, a portion of such customer base,

consumers not served by the energy provider, etc. In some embodiments, multiple

customer types 801 may be used to represent a group of consumers.

[063] For example, an exemplary sample group may comprise 10,000

consumers out of a customer base of 1,000,000 consumers served by an energy

provider. From the 10,000 consumers within the sample group, 500 consumers may

be determined to fall within the Customer Type 801 of Energy Efficiency Level based

on their similar energy consumption behavior. For example, the 500 consumers may

be found to fall between the 90" and 95™ percentiles of energy efficiency, based on

their use of energy saving or recycling devices. The 10,000 consumers from the

sample group may be compared with the remaining 990,000 consumers within the
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[76] In some embodiments, OLAR cubes may be incorporated into business software. For example, a .
dashboard may be created for areas of interest to a user. A dashboard may contain charts or dials
associated with energy consumption data, and may include hyperlinks that users may follow in order to
analyze data in a more in-depth manner. In other embodiments, OLAP cubes may be integrated into
users interfaces (e.g., graphical user interfaces accessible via an internet or intranet connection), such
that users can interact with the cubes. For example, users may select dimension(s) they are interested

in analyzing, and filter the data as desired. Users may store preferred settings for the interface, in
orcer Tor (AR BHGOE BLe R AR08 AT L B T RN LIRS TR
embodiments, custo orts may be generated_bas n the data accessiblg in.the interface. In
other emtHHONE R IBT IO T Ao B e R T e B, hus
allowing B3y, grrlovider or r;[rtlﬁd-(par,[tg raré? lgreate aHd archi\1etsnna shots q(f) tr}]e (?)aiia. en [77]
Various toos’may%e a"év/](ﬁ{)sp'ed t<'§J aSSSt energﬁ%rg\'}ldgrg F(Ei%g oon%ﬁg y%esuo aaw(?escribed

L R e S g LR LT S
mplemenisgh B AR, AHRAS Minraselbitel P T PplR AL Behared gndhe types of data

described above, such as DR response data, indicator data, enriche esponse data, energy

consumption indgeyes, DR GaRAF-- AR ERASHRPHODRIBRASSHictiorl CPLORE:3USN sy fsra demand

planning tool, which may provide a highly granular (e.g., pér-transaction) view of energy consumption

data. SUCﬁééﬁﬁlﬁﬁ@’éﬁ%@i¥?gﬁﬁéb‘ﬁi§ﬁﬁ1ﬁfiBﬁ%déﬁkgﬂﬁdaﬁﬁW@%&H%FQBW%énaS well

as enriched DR response data. Based on energy consumption index factors, such as load before

receiving g B¥2 iginal S9ae ehaeae aftessessiyitbaiaRR iatnab ahGreEcpRmsHS @-esPom iha DR

signal, consumer demand may be monitored and forecasted as discussed above. [79] Another

planning tpelds proputatiay iorenast o, Thisdopl aoRsaivezeddinsaeeansamtime@R
response data from consumers, as well as enriched DR response data. One function of this tool may

be to provideyanengyeconsswsniipasafatasissiosaag izndaenBhses cntieraner HRoIPONHEON
indexes for various consumers, this tool may predict energy consumption throughout a day in certain

geographiddizcativihg nibtes eaddliwgatheardaigy pravider to adjust the price or supply of energy to meet
target consumption levels. Forecasts may be created on a per-customer, per-segment, or entire
consumer base [B&ad]in tBrovsee$ KO mentimxy decatidep tiwetDRisgralrae alséerosndiitons, etc.
1001 for a consumer outside of a sample group, for whom neither enriched DR
response data nor an energy consumption index have been determined. In some
embodiments, influencer data may be available for consumers outside of a sample
group. Some or all of source systems data 1001 may be used by index propagation
engine 1002. For example, index propagation engine 1002 may compare source
systems data 1001 with data for consumers within a sample group. In some
embodiments, the index propagation engine may use database software, which may
be written in SQL, .QL, CQL, COQL, XPath, MDX, QUEL, DMX, etc. Based on
sources systems data 1001 and comparable data for consumers within a sample

group, as discussed above, correlations may be determined between the consumer

outside of the sample group and one or more consumers within the sample group.
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[80] Figure 14A depicts one exemplary embodiment of a graphical representation 1400A of energy
consumption data in an intraday forecast tool. Graphical representation 1400A may include both
intraday forecast data 1401 and day ahead forecast data 1402. Intraday forecast data 1401 may
represent a consumption forecast for a given day, and day ahead forecast data 1402 may represent
the following day's consumption forecast. A vertical line 1403 may represent the current time, and may
move rightward in real-time. The x or "time" axis may be represented in hours, or in another time

interval, and the "consumption” axis may be_represented as a percentage of oytpuf, capacity, or as
an actual load e, o | RVGOESUPRIAH IR S B R PIBGROHB AP GRS ANHLRSS that,

f imately 9:30 to 2:30 t llowing day, intrad fi i|Lbe hi than f
the oy ANEA: R BB BTG BT AF TS B EOR e By U DB & e o7
tual ision to, ali ith f ted ion. 081] Fi 4B depict
exemplary EH BB & GrAEa] 10 BEamLen CAOOR S LA LresPBaHCDN Belier a mtraciay
forecast toql. In addition l;?hintradaw forecast datqF 14191 and day ahe dJore st data 402(5 raphical
representgﬁ(r)an%@wFrjﬁay Retde '[r)] sip B?Iﬁaftgrrgcggt d%t%loﬁﬁﬁeﬁ?g SbsefB orseacrg Y& Y204 may

be th I imulation .of ' iti I ing th
Ontimize DR e e P R gger
simulation,siyie AgUIne, WheIs eRHNEhDIR igsels e sechin cansumers are determined by

projecting the impact various types of DR signals would be expected to have on energy consumption.

In some embodients. the DR SigRA GG, MBASHPR Sieas! daiaAd thatesiapproximates

intraday forecast data 1401 or day ahead forecast data 1402 may be chosen as the optimal DR signal

to send. Fyithetagt Vigne PR /@i L danehe B snayopresenbiBein $eE WibsRRSHIR 3RBARSIN
corresponding to a given optimal DR signal, such as the type of DR signal, the recipients of the DR

signal, thertineés) dheh B BopisinabsipLiskdease e pRaanijyee:tast, dndHeR.ar seAsasiporeduce

consumption) of the DR signal, etc. The optimization of DR signals may be based various types of
data, suchiamtheaywegihatsroigiienRsaa 005t Give asaamiaieddvithaengEgydpravisias sthierevenue of

the energy provider, etc.
table. The customer, location, DR signal, appliance, weather, time of day, and time of
year data may represent dimension data 1004, and may be used in a data schema as
dimension data surrounding the fact table. The structure of such data schema may
take several forms, for example, the form of a star or snowflake schema. The
structure of such schema and the ways in which the data they contain may be
graphically represented (e.g., as an OLAP cube) is discussed further below.

[068] Once energy consumption indexes for consumers within the group
other than the sample group are determined, the indexes may be used to forecast
energy consumption, the impact of DR signals on energy consumption, etc. For
example, based on certain influencer data and energy consumption indexes, various
scenarios of energy provision may be forecast. The various forms of influencer data

and energy consumption indexes may enable energy providers to answer questions

such as: For all locations and all consumers, what will be the average DR response to

23



[82] A further planning tool is a strategic energy pricing tool. This tool may facilitate an energy
provider's optimization of pricing, whether for an entire customer base or for segments thereof. One
function of the strategic energy pricing tool may be to analyze price elasticity or demand elasticity for
consumers and determine optimal pricing levels to maximize revenue at any given time. For example,
the tool may estimate energy demand among various consumer segments using variables such as
price or time, allowing energy providers to determine the price elasticity of consumers. By determining

consumers' price elasticity,and appropriate pricing levels, an ener rovider may more effectjvely
patance thY IREMAVE b AR BOSTRSE NOVENET tacie o LU gty SP TN marion.
In addition, the toolsmeg getermin%the effecg DR si na}l1 rograms mal}%émve on hhrg rﬁtlﬁl(tji;'gnship

CDrlce-se dmng summer months, and w hejrave eéancet
between consumption and cost, given a certain’energy demand level. Energy providers may also

ween CENSGT . G gy IOVIEEE Thay slsc
probrams T LR o BB e g e APy e Reene el B, 8 o

D eas PGS AT L BIERTIPIO IMEKE RmID B Gl co R IR AR SR RO

schemes. epicts one exemplary embodiment of a graphical representation 1500 of

a price Ve[sis,conSUMAYIGN EHA N A ST AIREIS R RIGNGPLISRGo R CRPRIGR! LERTRRERtBHiOR, 4500

shows the daily energy consumption for a consumer segment with the Customer Type of "Foxtrot," as

a function g Aripted BRIVILH RS HEHK GHR PR ERYRIREsas) WHthR BROGIRSONAHMPHRR Igvel and

certain price level, such that revenue is maximized at the intersection point 1502. Using this tool,

energy proyrdsigreRBIRiadEe i ssnsitivityef VaimusRemy enisekEansumrerana tagigice of energy,
and determine optimal pricing levels for each segment. 084] Another planning tool is a DR

expansiorciapluieiss o eyt mwdehthe efigsbefaneieniia exansinnsioyRIR REgaiMRs QeI

introduction of new DR programs in new geographic locations. Among other things, this tool may help
energy previdlexs geirvainanendegmpeup vihich DR expansiasewidiessltimagesumeansmaiering their
energy consumption in response to DR signals. For example, in certain embodiments, consumers
currently panisipagitionassBiaprd gritmenaygheisegmdried ralalidcussta: dife \wigaald eneégRr
consumption indexes may be determined for the consumers. Consumers in a potential new service
area, in whishp@nb&sigoglsiin has not yet been implemented, may be profiled based on various
influencer data, and segmented as also discussed above. Based on the segmentation of both sets of
consumers, and B&SGorrEigtiond indepicismptorxbetaiy datarirbetwecH! tHefor etibzipgproviders may
be able to project the energy consumption behavior of consumers in the potential new service area.
For examgie$isetiantederdiibreonsiniipdncdomas siafack] 6xisting LBreapabistvfrrerashtial new
consumers, an energy provider may determine that the potential new consumers would be very
receptive fAR $yhas, Wit afo@bRsnibierfiaant 04risuafyehverrihgr deratifiptidR 8i¥Baunction of

DR signals. )
appliance, time of day, time of year, and customer. Consumption data 1101,

consumption forecast data 1102, and DR capability forecast data 1103 may represent
the fact tables in structure 1100. In some embodiments, consumption forecast data
1102 and DR capability forecast data 1103 may be populated using the energy
consumption indexes discussed above, and in some embodiments, consumption data
1101 may be obtained from consumers’ DR Gateways from utility company records,
etc.

[070] DR capability forecast data 1103 may indicate a given consumer’s

propensity to respond to a certain DR signal. In some embodiments, the granularity of
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[85] A further planning tool is an emergency management tool. One function of the emergency
management tool may be to determine optimal DR-related activities to perform in order to prevent or
mitigate emergencies in energy provision (e.g., power outage, equipment failure, excess production,
etc.). The tool may also include features that involve DR signals, which can help an energy provider
bring an energy grid back online after a failure. [86] Figure 16 depicts one exemplary embodiment
of an emergency management tool 1600, which includes transmission link monitoring data 1601 as

well as a signal recommengdation function 1602. Based on the fransmission link mpnitQring data

1601, emerge age 1600'i SYor Dis '1a, L $1001, 1002,
b S Y R aRt S50t e AR R WAt T PILHBLRE RBtE. P41 HRe o5

1004, and 1005 are gperating,under, normal conditions, hoyvever, Link ID 1003 is expgriencing a

preakdonSFe BodEL LR USRa At LR LR e BSE ng T oo PR R B img 1o tool

1600, and the Re-rquting Link data, rgy from Link ID 10 be divertedto Link 1003 in order to

resolve the DS DR T o o e Sre 12 R § S o

recommetg%gpg&g}g% iQﬁ%?éSﬁt %Prﬁ yg)réaé%%%qiﬁgngﬁ%g@wéfuture Rebate" may be sent

to consumers in order to alleviate the overload in Lin e magnitude of the planned load

shedding is 35%ga1d thesianah iy terseaL MRS A tIEdos ARSI 1he suailpdissue

has been resolved. In some embodiments, the destination of the DR signal is also %dicat%) by the DR

signal receypuRgBRRIIBRJIEoRsLRNA NiEh 4B RiGHIS: L& s ihie Sy SRINaGDRede 2e. In

some embodiments, an EXecute button 1603 is provided, which, when pressed, may cause one or

more DR gigiaals t2 he:5an BhaseRidraRsMIBDR Signatiesemme Rsras fugHanA@P2action (7]

Another planning tool is a planned event management tool. This tool may function to assist energy
providers {thlaBRAKG REMQTK SRBINENANCR NS 8ABIRINSBideRinaamento2Imagne exnhesiaes, this
tool indicates when consumer demand is expected to be at its lowest (e.g., during weekday nighttime
hours in Maerdgasesl Vst hirgiepsions) engroxwiioeiders may plan to perform network maintenance
or equipment replacements that impact energy availability at such times, in order to minimize
disruption of enej@2proviziaaangtimindaizel e losiy avende pfaetstiok deyarting.the swtel
embodiments, energy providers may send consumers DR signals indicating that energy provision may
be disrupteohsmrtediauahgrsughy emelinbenfan cecon eeplece rieataletivitynay b¢8&) Apadditional planning
tool is a negawatt capacity tool. Negawatt power is an expression of power saved or power not
generatedratgactionrhagiproiid e highhhe gemesaondganate capdonge fihve casisuat tiperebasigeser or
aggregate level. Among other things, this tool may project the capacity of an energy provider to
decrease enesyyBiRsuAREd BY BEndipexirgsstdimenRasidads t\dertaretausinagis.Bor
example, based on consumers' energy consumption indexes, or on consumption forecasts or DR
capacity d&fh). & BnangierdURIEI9hay compute the projected change in energy consumption that
sending specific DR signals to certain consumers will likely have. One benefit of the negawatt capacity
tool is that it mayleth enetgieRbaibetslimersand Rdisbanerndratiad ey kS gesrelse

consumption of energy, and thus energy providers may address current or future imbalances in load in
an energydata structure 1100, or they may be used in combination with other dimension data.

For example, a DR signal dimension may describe various DR signals and information
for both automatic and manual DR signals, as well as the various types of possible DR
signals (e.g. price, load shed, reliability, etc.). An appliance dimension may represent
various appliances in a consumer's home or building (e.g., home appliances, HVAC
systems, water heaters, etc.). A customer dimension may include information
describing the consumers, e.g., supplied by a given energy provider. Attributes of the

consumers may be extensive, such as age, gender, education level, employment
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network, may facilitate trading energy-based commodities or securities, and may help achieve higher
levels of efficiency in energy provision. The tool may measure an energy provider's negawatt capacity
in energy (e.g., kW), as a percentage (e.g., percentage of total output), or in a similar manner. [89]
In some embodiments, the negawatt capacity tool may present a graphical display of negawatt
capacity and an associated cost for a utility company. The cost may be the cost savings to the energy
provider from reductions in energy consumption, the cost of providing energy (e.g., the cost of

more distatt S0 BTR oky BTECH! She R RBCaeAT o CLAF Iy AT A e s
h [ tt lizati h t. By allowi h tt it

cout,ancl Sy BT C L v FIat G et ALt WHEHLD COLR) SHERGE what Iovels o
hich t ly it to,ch ision. &ic. The tool bl

provider (3 GREALNOh EH I BN AR AGE KD B o GHIEAE HAEr ) Lot erkets,

190] Figure.11 5. JERISIRf of anxeplawy gt aple ananeuisnt ntoriage 1700 fordewing

negawatt %83&.?? € arrangement’i ce may b€ base IRrosoMt Excel (r) or

imil t : I i i le, fiel fi data b
cortai o BT L e o SPR g e e A e el n
Figure 17 jysers Ry deh ineReganiallisaRasipy fgina Pecemlen2RAg fordlingis,gn a city-by-city

basis. In some embodiments, as shown in Figure 17, the cost associated with certain'negawatt

capacity (RfrolihlOSRIBLIBYAINR BOTAR!HBIOR) MaYORcdicAle buALEL toh)erliQfoPIvo table

1702 may be created based on specific DR programs (e.g., schemes for the type, content, and

transmissigRiOiR SIS LEQr RaMPI8: Haf El%Sn%?@ﬁhﬁ@%ﬂf@&r@mf&ﬁéﬁimﬁi‘é%%iﬁ@ one of
filtering elements 1703. In some embodiments, pivot table arrangement interface 1700 may include a
button 16@4etargeaphinalyfepsesent Hhiaatadn ives Yaklth b utes like hour and day
segment (morning, afternoon, evening, night, etc.). A weather indicator may describe
the various weather types and temperatures (e.g., Celsius, Fahrenheit), including
pressure and wind levels, as well as various types and magnitudes of precipitation. A
location dimension may indicate the continent, country, region, city, or street of a
consumer.
[074] Data from structure 1100 may be analyzed and graphically represented
in various ways. One such way, that of an OLAP cube, was discussed above with
respect to the energy consumption index. As shown in Figure 12, a graphical
representation 1200 may be created with OLAP cubes 1201, 1202, and 1203. Using
OLAP cubes, users may query data sources (e.g., data structure 1100 from Figure 11)
quickly and in a multidimensional manner. Various hierarchies may be developed for

a data source (e.g., hierarchies of month, week, day, hour, etc.), thus allowing each of

the elements or attributes of a dimension (e.g., “weather”) to be analyzed.
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[91] Another planning tool is a holistic DR explorer toal. Such a tool may enable energy providers to
achieve a holistic and consolidated perspective regarding all of their DR initiatives. In some
embodiments, this tool may comprise each of the tools described above, or may comprise links to
such tools. The holistic DR explorer tool may be presented as one or more internet or intranet pages,
or may be presented as software run locally or on a network by a user. [92] Other embodiments
will be apparent to those skilled in the art from consideration of the specification and practice of the

invention disclo erejn. Itis intende tha specification and exa onsi da
exemplary onlys@%é‘]a tr e?@&%&rﬁf?&‘f E) O@'ﬁpo#g%méﬂfn nét? H‘f8f EVGF.]Og claims. It
is further Wtep%?d thatghe e enlt_sodgscrlb(i:j ove rg b Ig\ﬁlmblned as £ ropriate, such that
features of one'em 'Boarﬁ r% gy e useci feant é ime WEE EDIS: 1.A

compLte aplSEIPR R bNRENG RS sRes: CATRSGLfesshITg PR gsbonce

("DR") resp 8nse d om a rs group of energy users; associatl ponse Ya&ta with

influencer data, stared in. &, d3R0ASS s FR0AAIRY P8 JHSHAEMBSFSRELRVaHERIRship among

dimension data 1301. Other hierarchies may also be used to manage dimension data
selected by the user and the user’s goals in analyzing the data.

[076] In some embodiments, OLAP cubes may be incorporated into business
software. For example, a dashboard may be created for areas of interest to a user. A
dashboard may contain charts or dials associated with energy consumption data, and
may include hyperlinks that users may follow in order to analyze data in a more in-
depth manner. In other embodiments, OLAP cubes may be integrated into users
interfaces (e.g., graphical user interfaces accessible via an internet or intranet
connection), such that users can interact with the cubes. For example, users may
select dimension(s) they are interested in analyzing, and filter the data as desired.
Users may store preferred settings for the interface, in order for preconfigured access
to the interface the next time they use the interface. In some embodiments, custom
reports may be generated based on the data accessible in the interface. In other
embodiments, scheduled reports may be run based on the data available in the
interface, thus allowing an energy provider or third-party the create and archive
snapshots of the data.

[077] Various tools may be developed to assist energy providers based on
the types of data described above. The tools may be software-based, and may be

implemented in one or more of numerous programming languages, such as C, C++,
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determining, using a computer processor, an energy consumption index for the first group of energy
users, wherein the energy consumption index comprises: a value of energy consumption before
DR data is communicated to devices corresponding to the first group of energy users; a propensity
of the first group of energy users to alter energy consumption in response to DR data; and a
change in energy consumption, after DR data is communicated to devices corresponding to the first
group of energy users; and establishing an energy consumption index for a second group of

B e R R e R A N e S e S e
as Microsoft Excel ®. The tools may be based on the types of data described above,
such as DR response data, indicator data, enriched DR response data, energy
consumption indexes, DR capacity, and consumption forecasts.

[078] One such tool is a demand planning tool, which may provide a highly
granular (e.g., per-transaction) view of energy consumption data. Such a tool may
receive real-time or near real-time DR response data from consumers, as well as
enriched DR response data. Based on energy consumption index factors, such as
load before receiving a DR signal, load change after receiving a DR signal, and
propensity to respond to a DR signal, consumer demand may be monitored and
forecasted as discussed above.

[079] Another planning tool is an intraday forecast tool. This tool may receive
real-time or near real-time DR response data from consumers, as well as enriched DR
response data. One function of this tool may be to provide energy consumption
forecasts for a given day. Based on the energy consumption indexes for various
consumers, this tool may predict energy consumption throughout a day in certain
geographic locations, thus enabling an energy provider to adjust the price or supply of
energy to meet target consumption levels. Forecasts may be created on a per-
customer, per-segment, or entire consumer base level in terms of customer type,
location, time, DR signal, weather conditions, etc.

[080] Figure 14A depicts one exemplary embodiment of a graphical
representation 1400A of energy consumption data in an intraday forecast tool.

Graphical representation 1400A may include both intraday forecast data 1401 and day
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2. The method of claim 1, further comprising establishing an energy consumption index for a third
group of energy users based on the energy consumption index for the second group of energy users.
3. The method of claim 1, wherein the first group of energy users comprises a sample group of
consumers that are representative of an energy provider's customer base. 4. The method of claim
1, wherein establishing the energy consumption index for the second group of energy users comprises
correlating energy consumption behavior of the first group of energy users and energy consumption

consurmp IR AR A BF STy SSaR, ARy LABreEe A BeTb SHEP W neroy
change DRISED for o3 INERPIRd L5'3D 0 WPSEEn RSFABDYAHE Lt users s & subse
following day's consumption forecast. A vertical line 1403 may represent the current
time, and may move rightward in real-time. The x or “time” axis may be represented in
hours, or in another time interval, and the y or “consumption” axis may be represented
as a percentage of output capacity, or as an actual load level (e.g., kW). Graphical
representation 1400A depicted in Figure 14 indicates that, from approximately 9:30 am
to 2:30 am the following day, intraday consumption will be higher than for the day
ahead. Among other things, graphical representation 1400A may assist a user to plan
for actual energy provision to align with forecasted energy consumption.

[081] Figure 14B depicts one exemplary embodiment of a graphical
representation 1400B of energy consumption data in an intraday forecast tool. In
addition to intraday forecast data 1401 and day ahead forecast data 1402, graphical
representation 1400B may include post DR forecast data 1404. The post DR forecast
data 1404 may be the result of a simulation of energy consumption conditions, which
may be run pressing the Optimize DR Signal button 1405. For example, Optimize DR
signal button 1405 may trigger a simulation software routine, where optimal DR signals
to send to consumers are determined by projecting the impact various types of DR
signals would be expected to have on energy consumption. In some embodiments,
the DR signal resulting in post DR forecast data 1404 that best approximates intraday
forecast data 1401 or day ahead forecast data 1402 may be chosen as the optimal DR

signal to send. Further, a View DR Details button 1406 may present the user with

specific actions corresponding to a given optimal DR signal, such as the type of DR
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7. The method of claim 1, wherein the DR response data comprise a value of energy consumption on
a per-device basis. 8. The method of claim 1, wherein the influencer data consist of at least one
of: climatic conditions, location, customer attributes, and housing type for an energy consumer in the
first group of energy users. 9. The method of claim 1, wherein the energy consumption index for
the first group of energy users is displayed in a star schema. 10. The method of claim 9, wherein
the energy consumption index for the first group of energy users is displayed in a three-dimensional

dovices coBboNEREHS T TR SLLr by B S Sy OUTLE Sy for
managing eneray 4 "(‘3.%.?Yn'%‘(i%%ag'r“r%é’l?e”éf"[‘odr&%sd%%“égn RS 3 BB al, ote. The
optimization of DR signals may be based various types of data, such as the weather
conditions, a cost curve associated with energy provision, the revenue of the energy
provider, etc.

[082] A further planning fool is a strategic energy pricing tool. This tool may
facilitate an energy provider's optimization of pricing, whether for an entire customer
base or for segments thereof. One function of the strategic energy pricing tool may be
to analyze price elasticity or demand elasticity for consumers and determine optimal
pricing levels to maximize revenue at any given time. For example, the tool may
estimate energy demand among various consumer segments using variables such as
price or time, allowing energy providers to determine the price elasticity of consumers.
By determining consumers’ price elasticity and appropriate pricing levels, an energy
provider may more effectively balance the incentives to adjust prices in view of factors
such as customer loyalty or customer attrition. In addition, the tool may determine the
effect DR signal programs may have on the relationship between consumption and
cost, given a certain energy demand level. Energy providers may also project the
effectiveness of hoth static and dynamic pricing schemes as part of various DR signal
programs. In addition, by better measuring and planning for consumer price elasticity,
energy providers may be able to enter into more competitive energy contracts that
reflect strategic pricing schemes.

[083] Figure 15 depicts one exemplary embodiment of a graphical

representation 1500 of a price versus consumption chart in a strategic energy pricing
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. afirst database storing DR response data received from usage devices corresponding a first group of
energy users; a second database storing influencer data regarding the first group of energy users;
a computer processor coupled to the first database and the second database, the computer processor
associating the DR response data with the influencer data, the computer processor further determining
an energy consumption index for the first group of energy users and establishing an energy
consumption index for a second group of energy users based on the energy consumption index for the

constmerSRomAGLLca! PR S PGy DA BH R DL RIS DY AEeY B foated 16 usage
devices C%gﬁgg%%gigggtr%é% \I\}{tﬂ: %"{‘J‘&é’t%en%‘&r?%*é Eczﬁ‘s“;Foxtrcztt," as a function of price. The

price elasticity curve 1501 may intersect with a certain consumption level and certain

price level, such that revenue is maximized at the intersection point 1502. Using this

tool, energy providers can analyze the sensitivity of various segments of consumers to

the price of energy, and determine optimal pricing levels for each segment.

[084] Another planning tool is a DR expansion tool. This tool may modei the
effect of potential expansions in DR programs, or the introduction of new DR programs
in new geographic locations. Among other things, this tool may help energy providers
determine the degree to which DR expansion will result in consumers altering their
energy consumption in response to DR signals. For example, in certain embodiments,
consumers currently participating in a DR program may be segmented, as discussed
above, and energy consumption indexes may be determined for the consumers.
Consumers in a potential new service area, in which a DR program has not yet been
implemented, may be profiled based on various influencer data, and segmented as
also discussed above. Based on the segmentation of both sets of consumers, and the
correlations in consumption behavior found between them, energy providers may be
able to project the energy consumption behavior of consumers in the potential new
service area. For example, based on correlations in influencer data between existing
consumers and potential new consumers, an energy provider may determine that the

potential new consumers would be very receptive to DR signals, and would exhibit

significant variability in energy consumption as a function of DR signals.
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a.propensity of the first group of energy users to alter energy consumption in response to DR data,
and achange in energy consumption, after DR data is communicated to usage devices
corresponding to the first group of energy users. 13. The system of claim 12, further comprising a
computer server coupled to the first database programmed to receive DR response data from the
usage devices corresponding to the first group of energy users. 14. The system of claim 12,
wherein the first database and the second database comprise the same database file and are housed

in the same har un't.f 15. Thens teln oé claim r12, wherein the firs roHp f energy users
comprises a sark P brody U RS EITHEITR derToGrRR ALVt WTEHERY BAbuidErs customer
oo o B R S e e P R
activities to perform in order to prevent or mitigate emergencies in energy provision
{(e.g., power outage, equipment failure, excess production, etc.). The tool may also
include features that involve DR signals, which can help an energy provider bring an
energy grid back online after a failure.
[086] Figure 16 depicts one exemplary embodiment of an emergency
management tool 1600, which includes transmission link monitoring data 1601 as well
as a DR signal recommendation function 1602. Based on the transmission link
monitoring data 1601, emergency management tool 1600 indicates that, for Distribute
Node 1a, Link IDs 1001, 1002, 1004, and 1005 are operating under normal conditions,
however, Link ID 1003 is experiencing a breakdown {e.g., loss of power) and Link ID
1006 is experiencing a power overload. According to tool 1600, and the Re-routing
Link data, energy from Link ID 1006 may be diverted to Link 1003 in order to resolve
the problems both Link IDs are experiencing, at least in part. 1n addition, DR signal
recommendation 1602 indicates that a DR signal of "Load Shed against Future
Rebate” may be sent to consumers in order to alleviate the overioad in Link 1D 1006.
The magnitude of the planned |load shedding is 35%, and the signal may be sent
immediately until the root cause of the overload issue has been resolved. In some
embodiments, the destination of the DR signal is also indicated by the DR signal

recommendation function 1602, which, in Figure 16, is the customers served by Node

2e. In some embodiments, an Execute button 1603 is provided, which, when pressed,
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17. The system of claim 12, wherein the second group of energy users is a subset of the first group of

energy users. 18. The system of claim 12, wherein establishing an energy consumption index for
the second group of energy users comprises correlating energy consumption behavior of the first
group of energy users and energy consumption behavior of the second group of energy users. 19.
The system of claim 12, wherein the DR response data comprise a value of energy consumption on a
per-device basis. 20. The system of claim 12, wherein the influencer data consists of at least one
of: climatic_conditio | Iocatlon Clﬁ mer arttrfb%tes and hou5| %Be I%rl' consumer in the
first group o?}éﬁ y S&rs" mor% sys em oef%‘f’aan %C%’ ere| tWe en sumption index for

the first group r% energy us urr%l Xl |s|pg8¥ed in a star schema.

[087] Another planning tool is a planned event management tool. This tool
may function to assist energy providers in planning network maintenance or equipment
replacements. In some embodiments, this tool indicates when consumer demand is
expected to be at its lowest (e.g., during weekday nighttime hours in May). Based on
such indications, energy providers may plan to perform network maintenance or
equipment replacements that impact energy availability at such times, in order to
minimize disruption of energy provision and minimize the lost revenue of network
downtime. In some embodiments, energy providers may send consumers DR signals
indicating that energy provision may be disrupted limited during such maintenance or
replacement activity.

[088] An additional planning tool is a negawatt capacity tool. Negawatt power
is an expression of power saved or power not generated. This tool may provide highly
granular negawatt capacity forecasts at a per-customer or aggregate level. Among
other things, this tool may project the capacity of an energy provider to decrease
energy consumption by sending out particular DR signals to certain consumers. For
example, based on consumers’ energy consumption indexes, or on consumption
forecasts or DR capacity data, an energy provider may compute the projected change
in energy consumption that sending specific DR signals to certain consumers will likely
have. One bengefit of the negawatt capacity tool is that it may help energy providers
understand their current or future ability to decrease consumption of energy, and thus

energy providers may address current or future imbalances in load in an energy

33



22. The system of claim 21, wherein the energy consumption index for the first graup of energy users
is displayed in a three-dimensional cube format. 23. The system of claim 12, wherein the DR
response data is communicated between usage devices corresponding to the first group of energy
users and a third-party. 24. A computer-implemented method of managing energy provision,
comprising: determining energy planning criteria for a group of energy users, wherein the energy
planning criteria comprise: a forecast, created using a computer, of a propensity of the group of

energy usﬁé%wtrgrﬂlteri‘lraey agmgt%nt%gmﬁéi%rﬁ;ergy-based commodities or securities, and may help
achieve higher levels of efficiency in energy provision. The tool may measure an
energy provider's negawatt capacity in energy {e.g., kW), as a percentage (e.g.,
percentage of total output), orin a similar manner.

[089] In some embodiments, the negawatt capacity tool may present a
graphical display of negawatt capacity and an associated cost for a utility company.
The cost may be the cost savings to the energy provider from reductions in energy
consumption, the cost of providing energy (e.g., the cost of production and delivery),
the cost of supplying energy in another energy market (e.g., a neighboring or more
distant geographic area), etc. In such embodiments, a user may determine what
impact a change in negawatt realization may have on cost. By allowing users to chart
negawatt capacity versus cost, energy providers may make cost-effective decisions
about where to supply energy, what levels at which to supply it, when to change
energy provision programs, etc. The tool may enable an energy provider to effectively
engage in energy arbitrage operations or participate in energy spot markets.

[090] Figure 17 is a depiction of an exemplary pivot table arrangement
interface 1700 for viewing negawatt capacity data. Pivot table arrangement interface
1700 may be based in Microsoft Excel ® or a similar data management program.
Users may select various pivot table fields 1701, filter the data by certain fields 1703,
and view the resulting pivot table 1702 of the data. In the embodiment shown in
Figure 17, users may view the negawatt capacity during December 2009 for lllinois, on
a city-by-city basis. In some embodiments, as shown in Figure 17, the cost associated

with certain negawatt capacity (e.g., the loss in revenue from lost sales) may be
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a forecast, created using a computer, of an energy consumption of the group of energy users; and
a determination of an actual energy consumption of the group of energy users; determining an
optimal level of a factor regarding energy provision based on the energy planning criteria;
determining a signal to send to receiving devices of a target group of energy users to achieve the
optimal level of the factor regarding energy provision, wherein determining the signal to send

comprises: determining a type of demand response ("DR") signal to send to the receiving devices
of the target group of ene ermini e target group of energy users se
receivin gg&g{% adnsewa[%eb%ﬁr Zﬁ)&n a‘ID %dtarm Q%E %reapeg based o specffO cvl\fﬂg

programs (e.g., schemes for the type, content, and transmission of DR signals). For
example, in Figure 17, the DR program “C” is indicated as one of filtering elements
1703. In some embodiments, pivot table arrangement interface 1700 may include a
button 1604 to graphically represent the data in pivot table 1702.

[091]  Another planning tool is a holistic DR explorer tool. Such a tool may
enable energy providers to achieve a holistic and consolidated perspective regarding
all of their DR initiatives. In some embodiments, this tool may comprise each of the
tools described above, or may comprise links to such tools. The holistic DR explorer
tool may be presented as one or more internet or intranet pages, or may be presented
as software run locally or on a network by a user.

[092] Other embodiments will be apparent to those skilled in the art from
consideration of the specification and practice of the invention disclosed herein. Itis
intended that the specification and examples be considered as exemplary only, with a
true scope and spirit of the invention being indicated by the following claims. Itis
further intended that the embodiments described above may be combined as
appropriate, such that features of one embodiment may be used in another

embodiment.
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determining a timing scheme for sending the DR signal to the receiving devices of the target group of

energy users;

sending the determined type of DR signal to the receiving devices of the determined

target group of energy users in accordance with the determined timing scheme; receiving
response data from the determined target group of energy users' receiving devices; and

determining whether the energy consumption of the determined target group of energy users changed
in respongaHa1ths datanmimpd g/pe of DR signal that was sent to the receiving devices of the
determined target group of energy users. 25. The method of claim 24, further comprising
simulating an effect of sending the determined type of DR signal to the receiving devices of the
determined target group of energy users in accordance with the determined timing scheme.

1. A computer-implemented method of analyzing energy usage, comprising:
receiving demand response (“DR”) response data from a first group of energy
users;
associating the DR response data with influencer data, stored in a database,
regarding the first group of energy users;
determining, using a computer processor, an energy consumption index for
the first group of energy users, wherein the energy consumption index comprises:
a value of energy consumption before DR data is communicated to
devices corresponding to the first group of energy users;
a propensity of the first group of energy users to alter energy
consumption in response to DR data; and
a change in energy consumption, after DR data is communicated to
devices corresponding to the first group of energy users; and
establishing an energy consumption index for a second group of energy users

based on the energy consumption index for the first group of energy users.

2. The method of claim 1, further comprising establishing an energy

consumption index for a third group of energy users based on the energy

consumption index for the second group of energy users.
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26. The method of claim 24, wherein the factor regarding energy provision is the price of energy
charged to the group of energy users. 27. The method of claim 24, wherein determining an
optimal level of a factor regarding energy provision further comprises determining a price elasticity for
the group of energy users. 28. The method of claim 24, wherein determining an optimal level of a
factor regarding energy provision further comprises determining a demand elasticity for the group of

energy users. 3. Z9elmetmsihsictriiglainnwieralinareirfigatgroipiog amcegyinedtewmpeadestar

regarding energy provision further comprises simulating an effect of introducing a DR signal program

into a newamlkairoup oBEoridigrivaihndteireladprédentagiteintiaiceniring provgématiaeheda factor

regarding energy provision further comprises:
base.

4. The method of claim 1, wherein establishing the energy consumption index
for the second group of energy users comprises correlating energy consumption
behavior of the first group of energy users and energy consumption behavior of the

second group of energy users.

5. The method of claim 1, wherein the energy consumption index for the first
group of energy users further comprises a period over which energy change

persisted.

6. The method of claim 1, wherein the second group of energy users is a

subset of the first group of energy users.

7. The method of claim 1, wherein the DR response data comprise a value of

energy consumption on a per-device basis.

8. The method of claim 1, wherein the influencer data consist of at least one

of: climatic conditions, location, customer attributes, and housing type for an energy

consumer in the first group of energy users.

37



determining the existence of a problem in an energy provision network; determining a type of DR
signal to send to the receiving devices of the target group of energy users in order to alleviate the
problem in the energy provision network. 31. The method of claim 30, wherein determining the
type of DR signal to send further comprises determining a minimum level of energy load to be routed
from a first area in the energy provision network to a second area in the energy provision network.

32. The methodgf Tladnmedhahefeiridetermhtngathepsifeadieyehshimfariannaerbnghertey
provision further comprises determining a negawatt capacity of an energy provider. 33. The

method qjrelagroBenusraseisasdigpagit canaciaisaraphically represented as a function of cost.

10. The method of claim 9, wherein the energy consumption index for the first

group of energy users is displayed in a three-dimensional cube format.

11. The method of claim 1, wherein the DR response data is communicated

between devices corresponding to the first group of energy users and a third-party.

12. A system for managing energy usage by leveraging demand response
(“DR”) data, comprising:

a first database storing DR response data received from usage devices
corresponding a first group of energy users;

a second database storing influencer data regarding the first group of energy
users;

a computer processor coupled to the first database and the second database,
the computer processor associating the DR response data with the influencer data,
the computer processor further determining an energy consumption index for the first
group of energy users and establishing an energy consumption index for a second
group of energy users based on the energy consumption index for the first group of
energy users, wherein the energy consumption index for the first group of energy
consumers comprises:

a value of energy consumption before DR data is communicated to

usage devices corresponding to the first group of energy users;
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a propensity of the first group of energy users to alter energy
consumption in response to DR data; and
a change in energy consumption, after DR data is communicated to

usage devices corresponding to the first group of energy users.

13. The system of claim 12, further comprising a computer server coupled to
the first database programmed to receive DR response data from the usage devices

corresponding to the first group of energy users.

14. The system of claim 12, wherein the first database and the second
database comprise the same database file and are housed in the same hardware

unit.

15. The system of claim 12, wherein the first group of energy users
comprises a sample group of consumers that are representative of an energy

provider’'s customer base.

16. The system of claim 12, wherein the energy consumption index for the

first group of energy users further comprises a period over which energy change

persisted.

17. The system of claim 12, wherein the second group of energy users is a

subset of the first group of energy users.
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18. The system of claim 12, wherein establishing an energy consumption
index for the second group of energy users comprises correlating energy
consumption behavior of the first group of energy users and energy consumption

behavior of the second group of energy users.

19. The system of claim 12, wherein the DR response data comprise a value

of energy consumption on a per-device basis.

20. The system of claim 12, wherein the influencer data consists of at least
one of: climatic conditions, location, customer attributes, and housing type for an

energy consumer in the first group of energy users.

21. The system of claim 12, wherein the energy consumption index for the

first group of energy users is displayed in a star schema.

22. The system of claim 21, wherein the energy consumption index for the

first group of energy users is displayed in a three-dimensional cube format.

23. The system of claim 12, wherein the DR response data is communicated

between usage devices corresponding to the first group of energy users and a third-

party.

24. A computer-implemented method of managing energy provision,

comprising:
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determining energy planning criteria for a group of energy users, wherein the
energy planning criteria comprise:
a forecast, created using a computer, of a propensity of the group of
energy users to alter energy consumption;
a forecast, created using a computer, of an energy consumption of the
group of energy users; and
a determination of an actual energy consumption of the group of
energy users;
determining an optimal level of a factor regarding energy provision based on
the energy planning criteria;
determining a signal to send to receiving devices of a target group of energy
users to achieve the optimal level of the factor regarding energy provision, wherein
determining the signal to send comprises:
determining a type of demand response (“DR”) signal to send to the
receiving devices of the target group of energy users;
determining the target group of energy users to whose receiving
devices to send the DR signal; and
determining a timing scheme for sending the DR signal to the receiving
devices of the target group of energy users;
sending the determined type of DR signal to the receiving devices of the
determined target group of energy users in accordance with the determined timing
scheme;
receiving response data from the determined target group of energy users’

receiving devices; and
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determining whether the energy consumption of the determined target group
of energy users changed in response to the determined type of DR signal that was

sent to the receiving devices of the determined target group of energy users.

25. The method of claim 24, further comprising simulating an effect of
sending the determined type of DR signal to the receiving devices of the determined

target group of energy users in accordance with the determined timing scheme.

26. The method of claim 24, wherein the factor regarding energy provision is

the price of energy charged to the group of energy users.

27. The method of claim 24, wherein determining an optimal level of a factor
regarding energy provision further comprises determining a price elasticity for the

group of energy users.

28. The method of claim 24, wherein determining an optimal level of a factor
regarding energy provision further comprises determining a demand elasticity for the

group of energy users.

29. The method of claim 24, wherein determining an optimal level of a factor

regarding energy provision further comprises simulating an effect of introducing a DR

signal program into a new market.
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30. The method of claim 24, wherein determining an optimal level of a factor
regarding energy provision further comprises:

determining the existence of a problem in an energy provision network;

determining a type of DR signal to send to the receiving devices of the target
group of energy users in order to alleviate the problem in the energy provision

network.

31. The method of claim 30, wherein determining the type of DR signal to
send further comprises determining a minimum level of energy load to be routed
from a first area in the energy provision network to a second area in the energy

provision network.

32. The method of claim 24, wherein determining an optimal level of a factor

regarding energy provision further comprises determining a negawatt capacity of an

energy provider.

33. The method of claim 32, wherein the negawatt capacity is graphically

represented as a function of cost.
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