
(12) STANDARD PATENT APPLICATION (11) Application No. AU 2012211386 A1 
(19) AUSTRALIAN PATENT OFFICE

Prokopenko, Mikhail;Ashworth, Peta;Chadwick, Matthew;Hobman, Liz; Platt,
Glenn;Wang, X. Rosalind

(54) Title
Method and system for resource management

(51) International Patent Classification(s)
G06Q 10/06 (2012.01)

(21) Application No: 2012211386 (22) Date of Filing: 2012.08.07

(30) Priority Data

(31) Number (32) Date
2012900591 2012.02.17

(33) Country
AU

(43)
(43)

Publication Date: 2012.08.30
Publication Journal Date: 2012.08.30

(71) Applicant(s)
Commonwealth Scientific and Industrial Research Organisation

(72) Inventor(s)

(74) Agent / Attorney
Griffith Hack, GPO Box 3125, Brisbane, QLD, 4001



20
12

21
13

86
 

07
 A

ug
 2

01
2

ABSTRACT

A resource management method and system (100) for making recommendations 

about energy use and providing rewards for reductions in energy use to consumers, said 

5 method comprising: maintaining customer information about each of a plurality of 

energy consumers (201, 202, 203, 20n) in a customer database (106); allocating each of 

the plurality of consumers to at least one virtual group according to their customer 

information; monitoring energy consumption (220) of said plurality of energy 

consumers, both individually and when aggregated into respective groups; storing

io consumer energy consumption data against respective customer records in the customer 

database (106); identifying customer energy use patterns by learning (300) about 

consumer energy consumption behavior from the energy consumption data (220); 

obtaining energy price and demand information (110), including future energy pricing, 

from an energy information source and storing the energy price and demand

15 information; predicting for predetermined future periods, energy use for each consumer 

from the customer energy use patterns and respective group; recommending (112) to 

each of the plurality of consumers, on the basis of their predicted future energy use, the 

stored energy use and price information for said predetermined future periods, strategies 

to reduce energy consumption; and rewarding (114) selected ones of the plurality of

20 consumers on the basis of reduced energy consumption by the respective virtual group.

(Figure 1)
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METHOD AND SYSTEM FOR RESOURCE MANAGEMENT

TECHNICAL FIELD

A method and system are disclosed for resource management, particularly but not

5 exclusively, for the management of energy consumption and reduction of energy demand. 

The system may provide energy conservation recommendations to residential or household 

consumers and make rewards for reduced demand. However, the disclosure is to be broadly 

interpreted, in that the system and the method may find application in the management of 

other resources such as water and fossil fuels, and may include consumers of such resources 

io in industrial or commercial settings.

BACKGROUND ART

In “[a] review of intervention studies aimed at household energy conservation” 

which evaluated the effectiveness of interventions aiming to encourage households to reduce 

15 energy consumption, the authors Abrahamse W, Steg L, Vlek C, and Rothengatter T in 

Journal of Environmental Psychology, Vol 25, Issue 3, Pages 273-291, September 2005, 

found that most studies focus on voluntary behavioural change, by changing individual 

knowledge and/or perceptions rather than changing contextual factors (i.e. pay-off structure) 

which may determine households’ decisions. Interventions have been employed with

2 0 varying degrees of success. Information tends to result in higher knowledge levels, but not

necessarily in behavioral changes or energy savings. Rewards have effectively encouraged 

energy conservation, but with rather short-lived effects. Feedback has also proven its merits, 

in particular when given frequently. Some important issues cloud these conclusions, such as 

methodological problems. Also, little attention is given by earlier studies to actual

25 environmental impact of energy savings. Often, an intervention's effectiveness is studied 

without examining underlying psychological determinants of energy use and energy savings.

Charlie Wilson and Hadi Dowlatabadi in “Models of decision making and residential

energy use” (Annual Review of Environment and Resources, Vol 32: 169-203, November

2007) have explored the drivers of individual behavior and proposed different models of

30 decision making effecting residential energy use. Four diverse perspectives were reviewed

by the authors: conventional and behavioral economics, technology adoption theory and

attitude-based decision making, social and environmental psychology, and sociology. The
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individual decision models in these traditions differ axiomatically. Some are founded on 

informed rationality or psychological variables, and others emphasize physical or contextual 

factors from individual to social scales. Each perspective suggests particular lessons for 

designing interventions to change behavior. Examples are drawn from both intuitive and 

5 reasoning-based types of decision as well as from a range of decision contexts that include 

capital investments in weatherisation and repetitive behaviors such as appliance use.

The present applicants have also conducted research into changing individual 

behaviour, as reported in “Investigating the effectiveness of Energymark·, changing public 

perceptions and behaviours using a longitudinal kitchen table approach” in Jubb I, Holper P

io and Cai W (eds) Managing Climate Change: Papers from the Greenhouse 2009

Conference, CSIRO Publishing, Ch. 21, pp 237-248, December 2009. The Energymark 

process tracked changing public perceptions to climate change and energy use over time, 

indentified key triggers, barriers and challenges for various individuals to address climate 

change mitigation through reduced energy use at a personal level. It was later explained in 

15 “Reducing energy demand: the imperative for behavioural change” in Cleugh H, Stafford

Smith M, Battaglia M, and Graham P (eds) Climate Change: Science and Solutions for 

Australia, CSIRO Publishing, Ch. 10, pp 127-134, January 2011 that by engaging energy 

consumers determined to reduce their use in face-to-face contact, a 12 month Energymark 

trial resulted in a significant reduction in average household energy, in this case electricity,

2 0 consumption from an average of 14,420 kWhrs to 9,029 kWhrs by the participants.

In summary, the interventions already been developed can be conveniently 

categorised as antecedent strategies (e.g., education, goal setting, prompts) on the one hand 

or consequence strategies (e.g., feedback, rewards) on the other. These interventions have 

demonstrated variable success in reducing energy consumption, with effectiveness being

25 dependent on the presence of certain supporting conditions.

Examples of such interventions include US 2011/0166959 which discloses an energy 

management information system. The system calculates energy savings or environmental 

impact information for a plurality of customer devices. The system offers to the customer 

available incentives or rebates based on the calculated energy savings or environmental

3 o impact information. While the system addresses the challenge of reducing household energy

consumption, it does so without conditioning such offerings on customer preferences,

35822181 (GHMatters) P88810.AU 7/08/12

P88810.AU


20
12

21
13

86
 

07
 A

ug
 2

01
2 4

circumstances of the surrounding environment, or preferences and circumstances of other 

users.

Similarly, US 2010/0250440 discloses a web-based monitoring, management and 

contest system based on collected power consumption data. The system includes explicit

5 contests determining some user(s) as a winner, and rewarding these winners accordingly. In 

this system competition plays a stronger role than cooperation. In contrast to at least 

preferred embodiments of the present invention, customers are not assigned to flexible 

groups in a complementary way, and, as a group, they cannot succeed in achieving a 

combined reduction of energy consumption or demand. The rewards of individual

10 customers are not proportional to the success of their group. The rewards are not long- 

lasting or cumulative, but are given in the form of instantaneous prizes.

The above references to the background art do not constitute an admission that the 

art forms a part of the common general knowledge of a person of ordinary skill in the art. 

The above references are also not intended to limit the application of the system and method 

15 as disclosed herein.

It is an aim of certain embodiments of the present system and method for energy 

management to change household energy use behaviours, while lowering peak energy 

demand and, thus, the carbon dioxide emissions associated with energy generation.

20 SUMMARY OF THE DISCLOSURE

In a first aspect there is disclosed a resource management method for making 

recommendations about energy use and providing rewards for reductions in energy use to 

consumers, said method comprising:

maintaining customer information about each of a plurality of energy consumers in a

2 5 customer database;

allocating each of the plurality of consumers to at least one virtual group according 

to their customer information;

monitoring energy consumption of said plurality of energy consumers, both 

individually and when aggregated into respective groups;

3 o storing consumer energy consumption data against respective customer records in the

customer database;
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identifying customer energy use patterns by learning about consumer energy 

consumption behavior from the energy consumption data;

obtaining energy price and demand information, including future energy pricing, 

from an energy information source and storing the energy price and demand information;

5 predicting for predetermined future periods, energy use for each consumer from the

customer energy use patterns and respective group;

recommending to each of the plurality of consumers, on the basis of their predicted 

future energy use, the stored energy use and price information for said predetermined future 

periods, strategies to reduce energy consumption; and

io rewarding selected ones of the plurality of consumers on the basis of reduced energy

consumption by the respective group.

The method may comprise the further step of obtaining weather information, 

including weather forecasts, from a weather information source and storing the weather 

information. In this arrangement, prediction of energy use may be further contingent on the 

15 weather forecasts.

Preferably the step of maintaining customer information comprises gathering 

demographic information about the energy consumer’s household, including location, 

household income, occupation, number of occupants of the household, for example number 

of adults and children. Customer information may suitably be gathered when consumers

2 o register to participate in an energy use recommendation and reward scheme implemented by

an energy supplier, or available to the consumers.

Suitably the step of allocating consumers to a virtual group is initially undertaken 

according to the customer information gathered upon registration of individual consumers 

and historical energy consumption of the customer.

25 In a further embodiment, the method may include the step of creating a customer

profile resulting from the consumer’s level of compliance with recommended energy 

consumption reduction strategies. The creation of the customer profile may further include 

identifying customer behavioural intentions to perform energy-saving actions by measuring 

psychological variables using a quantitative survey. The survey may be administered when

3 o consumers register to participate in an energy use recommendation and reward scheme

implemented by an energy supplier, or available to the consumers.
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Desirably, energy use recommendations provided to consumer and/or the rewards 

made to consumers are individually tailored to the respective customer profiles.

The sub-step of storing the energy price and demand information may involve 

storage in a contextual information database. Similarly, the sub-step of storing the weather 

5 information may involve storage in a contextual information database.

Preferably the step of monitoring energy consumption comprises gathering energy 

use data for individual appliances or energy use units in respective households, including for 

example water heaters, air conditioning units, kitchen appliances, laundry appliances and 

lighting fixtures in each household, and transmitting energy use data with a customer 

io identifier to a central repository.

The step of storing consumer energy consumption data suitably includes receiving 

energy use data from each of the households at the central repository having said customer 

database and storing the appliance/unit specific energy use against the customer records 

according to the customer identifier.

15 Preferably the step of identifying customer energy use patterns comprises identifying

time-recurrent patterns of energy use by consumers on both an individual and group basis, 

and creating an energy use model learned from the energy consumption data. If required, 

the weather information may be correlated to energy demand to further enhance the energy 

use model.

2 o Suitably, the step of obtaining energy price and demand information comprises

obtaining a time series of historical or past energy prices, current or spot energy prices and 

forecasts of future energy prices, and a time series of historical demand values, cunent 

demand and forecasts of future energy demand.

The step of obtaining weather information may comprise obtaining a time series of

25 historical or past weather observations, current observations and weather forecasts. Suitably 

the weather observations can include temperature, humidity, rainfall for predetermined 

regions relevant to regions or locations of interest.

Preferably the contextual information database is also maintained at a central 

repository, suitably for updating by third party information providers as required.

3 o The step of predicting energy use for each consumer may comprise obtaining

monitored energy use data for the consumer including historical data from a corresponding 

time period, weather information for the consumer’s region and utilising the energy use
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model to predict future energy use over predetermined time periods. Suitably the energy use 

prediction step is implemented as an inference-based machine learning algorithm, whereby 

the energy use model is preferably in the form of a Bayesian network model, whereby 

probabilities may be allocated to prediction values.

5 The step of recommending energy use strategies may include:

a) suggestions to switch off certain appliances or energy consuming units for a 

limited future period;

b) delay the use of certain appliances or energy consuming units by a certain time 

interval;

15

c) joining a selected virtual customer group which imposes energy use policies for a 

certain time interval;

d) establishing a new virtual customer user group;

e) setting a gross or maximum energy use target over a future period; and/or

f) subscribing to certain offers from energy providers.

If required, consumers may be clustered into a virtual group based on a combination

of demographic information, energy use, knowledge, attitudes and behaviours for the

purpose of offering recommendations and making rewards. Alternatively or in addition,

consumers may choose to join a pre-existing virtual group.

There also may be provided computer readable media containing instructions for

2 o implementing on one or more processors, the steps of the above method.

In a second aspect of the disclosure, there is provided a resource management system 

comprising:

a server sub-system including:

25 a monitoring module for receiving client data from a plurality of remote

client sub-systems at energy consumer locations;

a prices & demand interface module for obtaining energy price and demand 

information, including future energy pricing, from an energy information source;

a customer database for maintaining customer information about each of a

3 o plurality of energy consumers and storing consumer energy consumption data

received by the monitoring module against respective customer records; and 

a data analysis and learning module including:
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a learning sub-module for allocating each of the plurality of 

consumers to at least one virtual group according to their customer 

information, and monitoring energy consumption of said plurality of energy 

consumers, both individually and when aggregated into respective groups;

5 a usage patterns & profiles sub-module for creating customer energy

use patterns by learning about consumer energy consumption behaviour from 

the energy consumption data stored in the customer database; and

a prediction sub-module for predicting, for predetermined future 

periods, energy use for each consumer from the customer energy use patterns 

io and respective group;

a recommendations & offers module for recommending to each of the 

plurality of consumers, on the basis of their predicted future energy use, the stored 

energy and price information for said predetermined future periods, strategies to 

reduce energy consumption; and

is a rewards module for rewarding selected ones of the plurality of consumers

on the basis of reduced energy consumption by the respective group.

The server sub-system may also include a weather data interface module for 

obtaining weather information, including weather forecasts, from a weather information

2 0 source.

The server sub-system may further include a contextual information database for 

storing the weather information and/or for storing the energy price and demand information, 

preferably in relation to predetermined regions.

Where weather information is available, the prediction sub-module predicts customer 

25 energy use, for the predetermined future period, for each customer further on the basis of 

weather forecasts for the future period.

Preferably, the customer database contains demographic information about the 

energy consumer’s household.

The data analysis and learning module may further comprise a clustering sub-module

3 o operative to allocate consumers to a virtual group on the basis of customer information and

historical energy consumption of the customer.

35822181 (GHMatters) P88810.AU 7/08/12

P88810.AU


20
12

21
13

86
 

07
 A

ug
 2

01
2 9

The usage patterns & profiles sub-module suitably creates a customer profile 

resulting from the consumer’s level of compliance with recommended energy consumption 

reduction strategies. The creation of the customer profile may further include identifying 

customer behavioural intentions to perform energy-saving actions by measuring

5 psychological variables.

The data analysis and learning module may comprise a persuasive modelling sub

module wherein recommendations provided to consumer and/or the rewards made to 

consumers are individually tailored to the respective customer profiles of said consumers.

The usage patterns and profiles sub-module is preferably operative to identify time- 

10 recurrent patterns of energy use by consumers on both an individual and group basis, and 

creating energy use models learned from the energy consumption data.

The prices and demand module may be operative to obtain a time series of historical 

or past energy prices, current or spot energy prices and forecasts of future energy prices, and 

a time series of historical demand values, current demand and forecasts of future energy 

is demand.

Suitably the weather data module is operative to obtain a time series of historical or 

past weather observations, current observations and weather forecasts.

The data analysis and learning module may further include a prediction sub-module 

operative to predict energy use for each consumer by obtaining monitored energy use data 

20 for the consumer including historical data from a corresponding time period, weather 

information for the consumer’s region and utilising the energy use model in order to predict 

future energy use over predetermined time periods. The prediction sub-module may 

implement an inference-based machine learning algorithm, whereby probabilities may be 

allocated to prediction values.

25 In a further embodiment the resource management system may comprise at least one

client sub-system including:

a terminal section having a display for presenting a graphical user interface to a 

customer; and

an energy monitoring section having:

3 0 a plurality of appliance or energy consumption unit interfaces;

meter modules linked to the interfaces for metering the energy consumption 

of respective appliances or energy consumption units;
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a data acquisition module linked to the meter modules for gathering energy 

consumption data produced by the meter modules; and

a data communications interface for transmitting the energy consumption data 

to the monitoring module of the server sub-system.

5 Preferably the energy monitoring division gathers energy use data for individual

appliances or energy use units in respective households, and transmitting energy use data 

with a customer identifier via the data communications interface to a central repository.

The monitoring module of the server sub-system suitably stores consumer energy 

consumption data received from each of the households at the central repository having said 

io customer database and storing the appliance/unit specific energy use against the customer 

records according to the customer identifier.

The usage pattern and profiles sub-module is operative to identify time-recurrent 

patterns of energy use by consumers on both an individual and group basis, and to create 

energy use models learned from the energy consumption data.

15

In a third aspect of the disclosure, there is provided a client sub-system for an energy 
consumer location in a resource management system, the sub-system including:

a terminal section having a display for presenting a graphical user interface to 
a customer, including making recommendations about energy use and providing

20 rewards for reductions in energy use to consumers; and
an energy monitoring section having:

a plurality of appliance or energy consumption unit interfaces; 
meter modules linked to the interfaces for metering the energy 

consumption of respective appliances or energy consumption units;
25 a data acquisition module linked to the meter modules for gathering

energy consumption data produced by the meter modules; and 
a data communications interface for transmitting the energy 

consumption data for monitoring at a server sub-system of the resource 
management system which provides the recommendations and rewards.

30

BRIEF DESCRIPTION OF THE DRAWINGS

Notwithstanding any other forms which may fall within the scope of the system and 

method as set forth in the summary, specific embodiments will now be described by way of 

example only with reference to the accompanying drawings in which:
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Figure 1 shows an overview block diagram of a resource management system of a 

first embodiment in the form of an energy management system for household consumers;

Figure 2 shows a block diagram of a client sub-system provided in the first 

embodiment at household locations for energy data acquisition at consumer level;

5 Figure 3 shows a block diagram of a server sub-system provided in the first

embodiment at a central repository for data storage, analysis and learning functions, 

illustrating the key sub-modules of a central data analysis and learning module;

Figure 4 is an example of a learning algorithm in the form of a Bayesian network for 

modeling air-conditioning related energy usage;

io Figure 5 is a flow diagram of a method for resource management according to a first

embodiment; and

Figure 6 is a representation of a display for a client sub-system of the first 

embodiment showing an example user interface.

is DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS

Referring firstly to Figure 1, there is shown an overview of a first embodiment of the 

resource management system in the form of an energy management system 100 for 

household consumers, each of a plurality of consumers being provided with a client sub

system 201, 202, 203... 20«. The system 100 of the embodiment is implemented in a

20 client-server arrangement, wherein the server 102 comprises a centralised or semi

centralised server sub-system that takes as input data 220 from the respective consumer 

client sub-systems 201,202,203... 20«. The client sub-systems are suitably decentralised 

to locations of households of energy consumers, each with their own metering arrangement 

that gathers data about energy consumption from around the house, sends energy

2 5 consumption data to the server, and receive a variety of messages from the server. The

client sub-systems are described further below, with reference to one example client sub

system 201, as illustrated in Figure 2.

The server sub-system 102 includes a monitoring module 104 that receives client 

data 220 sent by respective client sub-systems 20« in the resource management system,

3 o stores the client data for future use and forwards the client data periodically to a data

analysis and learning module 300. The frequency of client data upload to the server 102 for 

storage can be as short as every minute for example in the case of energy consumption data.
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The energy consumption data upload frequency is suitably no longer than the market’s 

demand forecast frequency to allow the server sub-system 102 to predict each household’s 

future energy demand and compare with that of the market. For example, in the eastern 

states of Australia, the Australian Energy Market Operator (AEMO), manages the demand 

5 and pricing of electrical energy. AEMO presently forecasts energy demand at 30 minute 

intervals and sets the price according to the forecasted demand. The energy consumption 

data would include the aggregated usage over the last time period, as well individual 

appliance level usage (if available). The monitoring module 104 suitably tags the energy 

consumption data items received with a customer identifier before storage, so the data 

io analysis and learning module 300 can associate client input data items with respective 

customers. Further details of the data analysis and learning system will be described below 

with reference to the schematic system diagram in Figure 3 and the flow diagram in Figure 

5.

A customer database 106 maintains customer information gathered from each energy 

15 consumer in step 502, typically as they initially register with the energy recommendation 

and reward scheme implemented by the system 100. The customer information suitably 

includes household location, household income, occupations, number of occupants, 

including number of children and adults. Additionally, customer information may include 

customer responses to a short set of psychological questions (e.g., effort, planning, control

2 o and norms) that are asked when customers register to participate in the energy use

recommendation and reward scheme. In some embodiments, the customer information in 

database 106 may be maintained with the assistance of the client consumer. This customer 

information can then be used by the data analysis and learning module 300 of the 

embodiment to initially group customers into broad demographic (and behavioural intention) 

25 groups in step 504. It will be appreciated the customer information can be augmented with 

historical energy consumption data for respective client consumers, where available. The 

energy consumption of consumers is effectively monitored by the monitoring module 104 in 

step 506, both on an individual and aggregated group basis.

Weather information, including current weather data and weather forecasts, is

3 o optionally obtained by the server 102 via a weather data interface module 108 from a third

party source of such information (not shown), such as the Australian Bureau of 

Meteorology. The weather information is preferably obtained in the form of a time series,
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which may include historical values, current observational data, and forecasted weather. 

The weather information includes temperature, humidity, rainfall, thunderstorm activity, 

lightning strikes and any other similar weather-related events.

Information about energy prices and demand is obtained in step 512 by the server

5 102 via a prices & demand interface module 110 from another third party source or sources

of such energy information (nor shown). The energy price information may be a time series, 

which could include historical values, current spot price, and forecasted price in the future, 

where each data value is tagged with a timestamp. The energy demand information may also 

be a time series, which includes historical values, current demand and forecasted demand in 

io the future. In some instances the energy demand information may be location, for example 

at a bulk distribution point, or possibly even customer specific, if provided by an energy 

supply utility. Examples of third parties able to provide energy prices and demand include 

companies that distribute electricity at a retail or commercial level, or perhaps an agency 

which manages an electricity market, such as the Australian Energy Market Operator

15 (AEMO) mentioned above.

This third party information about both weather conditions and energy pricing that 

tends to influence the usage of energy may be conveniently stored in tables held in a 

contextual information database (not shown), which tables may be separately updated 

periodically by connecting with the third party providers. Conveniently, the database tables

2 o may be hosted remotely at a secure data centre. In one embodiment, the interface modules

for weather and energy may include respective databases containing suitable tables. Strings 

of energy price and demand information over a selected period of time can be obtained from 

the energy prices & demand interface module 110 when required by the data analysis & 

learning module 300, as described further below.

25

Having discussed the input data available to the data analysis and learning module 

300, we turn to the modules on the output or results side of the central module. These output 

side modules include a recommendations and offers module 112 and a rewards module 114. 

These modules provide output information relating to energy savings recommendations and

3 0 rewards, by way of feedback, to each of the client sub-systems 201, 202, 203,... 20», via a

communications link 217. The recommendations and offers module 112 desirably produces 

messages tailored to each household that tells the individual consumer about their energy
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consumption recommendation and the associated offers. Energy consumption 

recommendations to individual or groups of client consumers aim to reduce overall energy 

consumption, consequent CO2 emissions, including with a view to reducing peak demand.

A set of recommendations for client consumers in step 518 may, for example,

5 include:

• suggestions to switch off some appliances for a limited time;

• recommendations to delay the usage of certain appliances by certain time interval;

• invitations to join a virtual group of consumers for a certain time interval so that the 

household follows the virtual group's policy during this interval (this is described

10 further below in relation to clustering);

• setting a target behaviour (e.g. reduction in the usage by a certain amount over a 

certain period or stay below a certain daily average during a specific interval); and/or

• subscriptions available to certain offers from energy providers at particular locations. 

Each recommendation generated may be tagged with a specific reward points (or offer) that

15 will be credited to a household’s account, if the consumer follows the recommended action 

and, in some cases, if a sufficient number of other households also follow an associated 

group recommendation. Recommendations are also stored in the server sub-system, either 

in the monitoring module 104 or the customer database 106, against respective consumer 

records.

2 0 The aggregation of demand and power consumption within virtual groups enables an

aggregated proposition to a utility or energy service company. Such a proposition has a 

firmness estimate based on statistical learning of customer behaviours in terms of their 

historic commitment to accepted offers, resulting in up-to-date rather than predefined 

estimates. The peak demands shifts and energy savings are achieved only when a significant

25 number of households follow the recommendations, and the system will motivate and 

reward the consumers to act collaboratively.

If a consumer follows through with a recommendation, then the associated offer will 

in this example be credited to their account by the rewards module 114 in step 520. A 

reward message will also be sent to the consumer’s household client sub-system 201 via link 

30 217 letting them know they have been credited with the appropriate points. The consumer

can use the rewards points for such as discount in bills, cash, privileges in energy 

consumption, and like monetary and non-monetary incentives.
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Turning to Figure 2, there is illustrated a block diagram of an embodiment of a client 

sub-system 201, here suited to household use. Functionally there are two main sections of 

the client sub-system interest to an energy consumer, first a user terminal section having a 

5 display 204 with graphical user interface (GUI) and an energy monitoring section 205 

having a processor 215, within each household. The client sub-system 201 also receives 

recommendations, offers and rewards for the client consumer transmitted from the server 

sub-system 102 and makes them available for display to the consumer via the GUI in a user 

friendly way. The offers can be transmitted, for example, via the Internet through a

io communications link 108 with the server system 102. An example GUI 600, depicting a set 

of offers (discussed further below), is illustrated in Figure 6.

With reference to Figure 6, the GUI can include graphical display windows for 

appliance or energy use unit groups, including pool 602, air conditioning units 604, 614, 

television or audio-visual systems 608, 616 and ovens or cooktops 610, 612. Other display 

15 windows could be allocated to lighting and heating, which windows may conveniently only 

appear in the GUI when in use. Each of the icons in this GUI example include a dynamic 

trace 618, suitably sourced from data gathered by the energy monitoring section 205, shown 

relative to a desired maximum 620 in the case of the pool load 602. The GUI in Figure 6 

shows a weekly offer page 601, and further pages can be provided for displaying daily 

20 information 630, for example one-off offers (also alerted in advance by text message or e- 

mail if desired), rewards 632 and general account information 634, accessed by respective 

“buttons”.

The GUI can be implemented in various forms such as an application down-loaded to 

hand-held terminal devices, such as smart phones; a web page interface for portable

25 computing devices, such as laptops or tablets; and/or firm-ware provided in a specifically 

designed keypad/display combination for a dedicated in-home energy management portal, 

including for those consumers that have limited or lack Internet connectivity. Text 

messages could be provided to conventional mobile telephones in a more limited 

implementation of the user interface or as a supplement by way of alerts to check offers sent 

3 o via the dedicated portal.
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The function of the energy monitoring section 205 is to gather energy usage data of 

the household and send it to the server 100. The monitoring section of the client sub-system 

is composed of the following modules:

• Appliance interfaces·. Appliance interface modules 211,212, 213 provide interfaces to

5 many different electrical appliances or energy consumption units in the household,

including providing consumption information signals for metering purposes.

• Meters·. The meter modules 221, 222, 22n that measure energy consumption of 

appliances, in the present example on the basis of signals sent by the respective 

appliance interfaces. A meter can be provided specifically for one appliance that

io consumes a high proportion of energy, e.g. hot water heater 211, air conditioning unit

212; or for a group of appliances 21«, e.g. all lights in the house, all small kitchen 

appliances, etc.

• Data acquisition·. The data acquisition module 207 gathers, under control of processor 

215, all energy consumption data measured by all the meters in the household and tags

15 consumption accordingly, for example by appliance or unit category such as

environmental heating/cooling, water heating, refrigeration or lighting.

• Modem·. A modem module 209, being an example of a data communications interface, 

takes the data gathered and tagged by the data acquisition module 207 and sends it, 

under processor control, onto the server sub-system 100 via communications channel

2 o 220. Further the modem module 209 is capable of receiving recommendations and

offers for the client 201 from the server sub-system 102, together with other messages, 

over a communications channel 217.

Turning to Fig. 3, there is shown an internal functional view of the data analysis and 

learning module 300 depicting further sub-modules, set in the context of the co-operating 

25 modules of the server sub-system 102 already described above in relation to Fig. 1. It is

anticipated that the hardware necessary to support the data analysis and learning module 300 

on the server side of the system of the embodiment would be implemented on clusters of 

computers to enable the various processes to execute in parallel.

The learning sub-module 302 can obtain both individual and group consumer energy

3 o use or “monitoring” data and previous energy use recommendations from the monitoring

module 104, which have been stored in step 508. The usage data could compose of all that 

monitored data acquired and sent by the client sub-system 201 from the respective
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households, that is, all individual appliances’ usage data over a desired period of time. This 

time period would depend on the immediate requirements of the learning sub-module 302. 

For example, if it is to learn an energy usage pattern initially to create a model for the client 

consumer or group, then the learning sub-module will require all available historical data for

5 a household. Whereas, if the sub-module is only to update existing models, then it will just 

obtain data from the past week, or past month, as required.

Weather data could also be obtained from the weather module 106, including 

temperature, humidity, rainfall, etc. for correlation with the magnitude of energy use by a 

consumer at the same time on the same day of the week. In a similar fashion to monitoring 

io data, the amount of weather data obtained from the weather module 106 is dependent on the 

particular learning requirement. Optionally, the learning sub-module 302 may also retrieve 

historic patterns and profiles stored in the usage pattern & profile sub-module 304, as 

described further below.

The learning sub-module 302 outputs learnt models, which describe a pattern to each 

is household’s behaviour, as well as finding groups of households that have similar usage 

patterns for use by the (energy) usage pattern & profile sub-module 304. The various 

models that may be learnt by this sub-module in step 510 include:

• Individual consumption'. By taking each household’s historical consumption data as 

well as the weather data, the module learns patterns in consumption for each case as

20 determined by time of day, day of week, time of year, and weather pattern, etc. The

modelled individual consumption can then be passed to the prediction sub-module 

308.

• Group consumption: By taking each virtual group’s historical consumption data and 

weather data, the module learns patterns in each group’s energy consumption as

25 determined by time and weather pattern, etc. Group consumption model outputs can

be employed further by the clustering (or virtual grouping) sub-module 306.

• Individual’s response to recommendations (feedback): By taking in the 

recommendations given to each household, the messages given to each household, 

compared with their actual consumption for the recommended period, the module

3 0 learns the best recommendation approach to each case. The modelled energy

recommendation approaches can then be passed to the recommender sub-module 310.
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• Group’s response to recommendations (feedback)·. By taking in the recommendations 

given to each group and compared with the group’s actual consumption for the 

recommended period, the usage pattern & profile module learns the appropriate 

recommendations for each group. The modelled group recommendations can then be

5 passed to the persuasive modelling sub-module 312, as described further below.

Furthermore, the learning module 302 of the embodiment performs the following actions:

• Update·. As new data is gathered for each household and group’s energy consumption, 

and their responses to new recommendations, the module updates the customer’s usage 

patterns and profiles stored in sub-module 304 and updates the models ultimately used

io for virtual groups held in clustering sub-module 306.

• Comparison·, which involves contrasting individual household’s energy consumption 

across a neighbourhood and similar demographic groups. The comparison group is 

usually confidential in relation to end users, but may be available to energy suppliers 

for load planning purposes.

15 One example of a learning algorithm implemented by the learning sub-module 302

would be a Bayesian Network (BN) algorithm. The network is suitably constructed via a 

learning process from some initial training data. A Bayesian network is a graphical model 

that takes a statistical approach to learning and uses probability distributions to model 

variables that represent the gathered data, thus taking into account the stochastic nature of

2 0 real data. Graphical models are employed to expose the underlying relationship between

probabilistic variables in a simple and clear form.

Specifically, Bayesian networks are a form of acyclic directed graph in that if one 

variable of the network is dependent on another, then the reverse cannot be true. This 

relationship between two variables is represented in BNs by the direction of an arrow 

25 connecting the two. The variables of a BN are called nodes, and the node with an arrow 

pointing to it is dependent on the node with the same arrow pointing away from it. The 

nodes connected by an arrow have a parent/child relationship, where the child node is 

dependent on its parent node. Fig. 4 shows a BN model 400 of air conditioning usage as 

produced by the learning sub-module. In Fig. 4, the node representing air conditioning 

3o unit’s usage 402 is the child node, and the weather node 404 and the time node 406 are the

parents to that A/C usage node. In both cases the arrows 408 point towards the A/C usage 

node 402.
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The structure of the network model can be learned through optimisation of scoring 

functions, which is a value that describes a structure according to the training data. Scoring 

functions can be based on the posterior probability of the network, mutual information 

between the variables, etc. The structure, or part of the structure, could also be pre

determined if the relationships between the variables are known. For example, “hot” 

weather affects the usage of air conditioner units at home, but not vice versa. Learning the 

parameters of a network is much less time consuming than learning its structure. Suitable 

algorithms for learning the parameters are Maximum Likelihood for full data and 

Expectation-Maximisation for data sets with missing values.

The usage patterns & profiles sub-module 304 receives as inputs models, patterns 

and profiles learnt by the learning module 302. The main purpose of this sub-module is to 

store the usage patterns and profiles, since learning is usually a time consuming operation, 

especially true for learning of long term trends in data. The models, patterns and profiles 

could be in many forms, the simplest being in the form of tables. An example of such tables 

of historical usage is as shown in Table 1, below:

Table 1. Appliance usage pattern during the evening.

1800 1830 1900 1930
On 0.9 0.95 0.9 0.3
Off 0.1 0.05 0.1 0.7

Each column of the table reflects the probabilities of using a specific appliance at half hour 

intervals commencing at the time shown (noting that a 24 hour clock is here employed), and 

the rows are the probabilities of the appliance being On’ or Off. If the above table 

represented the usage pattern of an appliance in the form of a stove in a household, then this 

means the household has a 95% likelihood of using the stove between 6.30 and 7pm, 90% 

likelihood of using the stove between 6 and 6.30pm or 7 and 7.30pm, and only 30% 

likelihood during 7.30 and 8pm.

An example of a tabular model for usage of an air conditioning unit (A/C) by a 

particular consumer could be:

Table 2. A/C usage pattern given time of day and weather pattern.

Hot Cold
On 0.8 0.1
Off 0.2 0.9
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Each column is the probability of usage if the weather is hot or cold, and the above table is 

the usage at a particular time interval in the household. Table 2 may be interpreted as 

meaning that this household has a high likelihood of using the A/C if the weather is hot

5 outside and a low likelihood of use if the weather is cold during this time period.

The tables above could be provided across all days of the week, or there could be a 

table for weekdays and one for the weekend. Future expansions can be provided by using 

different tables during different month of the year, etc. Other modelling constructs that can 

be employed and suited to learning applications include neural networks, support vector 

10 machines, Gaussian processors and hidden Markov models.

The usage patterns & profiles sub-module 304 provides as outputs the models, 

patterns and profiles as required by the other sub-modules, including for clustering (virtual 

grouping) 306, prediction 308, recommender 310 and persuasive modelling 312 sub

modules, as further described below.

15

The prediction sub-module 308 takes as inputs: energy use data for individual 

households from the monitoring module 104; weather data for the geographic region of the 

household from the weather module 108; and learnt usage patterns sourced from the usage 

patterns and profiles sub-module 304 to provide predictions of possible future energy usage.

2 o The prediction sub-module 308 takes the energy use data for the household and regional

weather data, and predicts in step 514 a household’s possible future energy usage based on 

its past usage patterns & profiles learnt earlier and stored in the patterns and profiles sub

module 304.

To predict a household’s possible energy usage for the next hour for example, the

25 prediction sub-module can, for example, look at the particular household’s energy usage in 

the past 24 hours, compare the immediate past use to their historical energy usage in the past 

in the same time period (e.g. day of the week, month of the year) under similar weather 

conditions, and use the historical data to forecast a likelihood of possible energy usage. This 

forecasted energy use data could also be augmented by a probability distribution. For

3 o example, the household could be found to have a 60% chance of consuming 60kW power, a

20% chance of consuming 50kW, and a 20% chance of consuming 70kW of power over the 

course of the next hour.
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The prediction process is preferably implemented as an inference-based machine 

learning algorithm, for example a Bayesian network (BN). In the BN example, the learnt 

network is used to perform inferencing on new data. That is, given the observed values of 

some of the nodes in the network, compute the probability distribution of other nodes. To do 

5 prediction, the probability distribution of child nodes can be computed given the values of 

the parent nodes. For example, in Fig. 4, the system can predict the possible usage of the air 

conditioning (A/C) unit given the time of the day and the prevailing weather conditions. 

From Table 2, we can predict there is an 80% probability of the household using its air 

conditioning unit if it was a hot day.

io The clustering (or virtual grouping) sub-module 306 takes as inputs: individual

consumer household’s usage pattern from the usage patterns and profiles sub-module 304 

and customer information from the customer database 106. The clustering sub-module 306 

groups households with similar energy use patterns into virtual groups. Such virtual groups 

may already be in existence (see below), or can created as needed by the clustering sub-

15 module. These virtual groups of energy consumers could:

a. share similar characteristics; and/or

b. be aggregated in meaningful business propositions to utilities and energy

service companies. -

Existing groups based on data from customer database can include, but are not limited to, the 

20 following:

• Location - people living in different suburbs would have different energy usage due 

to different climates. For example, within the Sydney metropolitan area houses in the 

western suburbs would have a much higher heating bill than those living by the 

eastern beaches during winter, as the western suburbs generally have colder

25 overnight temperatures.

• Property types - people living in different types of properties would have different 

energy usage, for example, houses might have pools which will require the running 

of pool pumps, most apartments don’t have cloth lines thus people living in 

apartments would need to use cloth dryers often. These differences means

3 o households occupying different properties should be in different groups.
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• Demographics - households with different compositions would have different energy 

requirements, for examples, families with young children would have different 

energy usage from couples who both work 9 to 5 jobs.

• Incomes - the energy usage and household spending of low income families would

5 differ from those of median income families, and again from higher income brackets.

In general, these basic groups need only be established once, as the attributes of 

households would be mostly static at least until the energy customer changed. A main 

purpose of the clustering module is to dynamically find households with similar energy 

usage patterns from the previous week at the start of a new week. The virtual group in which 

io a household belongs to could change from week to week. The clustering could be done 

according to each households’ overall electricity usage and savings in electricity, 

in a previous week. For example, a household that used 200 kWh of electricity in the 

previous week and is 5% down from the week before would be grouped with other 

households of similar usage and saving. If in a following week, this household spends more 

15 than 200 kWh of electricity, than it could be placed with a different group.

The clustering module therefore groups households together according to the 

household’s attributes and their historical usage pattern. An example of a virtual group could 

be couples living in western suburbs that used 150 kWh of electricity and reduced 

consumption by 10% in the previous week; or families with children living in median sized

2 o houses that used 250 kWh of electricity and no reduction in the previous week. When virtual

groups are discovered, households within the groups will be asked to formally join a group 

that aim to cut electricity consumption by a certain percentage.

Furthermore, households that have continuously reduced the consumption of 

electricity over multiple weeks would be offered a placement in a “premium” customer 

25 group. When placed within such groups, the household would only be required to keep their 

previous week’s consumption. This is because it would be unrealistic to ask consumer 

households to continuously reduce energy consumption.

By way of contrast, some virtual groups may be highly dynamic and may change 

membership on a weekly, monthly or other time-span basis to, for example, better match

3 o available deals and tariffs from energy suppliers.

Previous research has identified a number of consumer orientations based on a 

combination of their demographics, knowledge, attitudes and behaviours which can be used,
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where available, to inform the recommender sub-module 312. By way of example, four (4) 

discrete orientations were found in an earlier analysis of energy consumers, these are: 

informed environmentalists, balanced focused, uniformed and sceptical. Each of these 

separate consumer audiences demonstrated different motivations for their behaviours and the 

5 way they preferred to receive information.

Furthermore, many consumers would prefer to compare their energy usage with 

households (especially neighbours) with similar demographics. For example, a family with a 

teenager daughter might like to know how much energy other families with a teenager 

daughter and similar income use. Accordingly more finely grained information in the 

io customer information in the database 106 may provide for creating profiles of consumers 

that:

• match customer programs to groups of customers that share a profile;

• enable customers to receive an informed comparative analysis of their energy usage 

pattem(s); and

15 · allow for the resource management system of the embodiment to use such usage

patterns in producing energy use recommendations tailored to customer groups.

The recommender sub-module 310 takes as inputs: the virtual groups as found by 

the clustering sub-module 306; forecasted energy demand in any household as calculated by 

20 the prediction sub-module 308; forecasted price and demand from the prices and demand 

module 110; and households’ usage patterns and profiles as stored in the usage patterns & 

profiles sub-module 304 in order to produce periodically in step 516 energy use 

recommendations to a consumer’s household and/or to a group of consumers.

In the present embodiment, two general types of recommendations may be generated 

25 according to a selected time period, as follows:

• For short term (e.g. hourly, daily) offers and recommendations, the recommender sub

module 310 takes as input individual household’s forecasted future usage (which 

appliances will be used and how much energy will they consume), the household’s 

historical usage pattern and price & demand of energy in the near future, and outputs a

3 o recommendation and associated offer for the consumer household.

• For long term (e.g. weekly, monthly, etc.), the sub-module 310 takes as input virtual 

groups (from the clustering sub-module 306) as well as usage pattern and energy
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demands and prices, and outputs recommendations for each virtual group. The 

customers are then recommended to join virtual groups which match their needs, thus 

maximising the best match with customers and realising the highest aggregation 

potential.

5 Furthermore, collaborative recommendations, where energy consumers are able to share 

best-practice suggestions, will also be generated by the recommender sub-module 310 for 

virtual groups.

To make a recommendation, the module first 310 calculates the over-arching need to 

reduce electricity demand. For example, if the household’s predicted energy consumption

10 between 6 and 7pm for two (2) appliances is shown below:

Table 3.1 Predicted evening energy consumption by appliances

1800 1830
Appliance 1 8 9
Appliance 2 . 5 5

where each cell in Table 3.1 represents a score for the use of the appliance at the specified

15 time; and the utility’s need to reduce demand for these 2 half-hours is:

1800 1830
6 8

Table 3.2 Energy utility demand reduction targets

where each cell in Table 3.2 denotes a score for how important to the energy utility is a

2 0 reduction in energy demand. Thus, using element by element multiplications from Tables

3.1 and 3.2, the score for demand reduction in the appliances becomes:

Table 3.3 Appliance demand reduction scores

1800 1830
Appliance 1 48 72
Appliance 2 30 40

25 Now, if from the historical record held in the customer database 106, the household has the 

following pattern for complying with a recommendation:
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1800 1830
Appliance 1 2 2
Appliance 2 7 7

Table 3.4 Historical evening energy consumption by appliances

Then, the scores for the recommendations are (using element by element multiplication in

Tables 3.3 and 3.4):

1800 1830
Appliance 1 96 144
Appliance 2 210 280

5 Table 3.5 Appliance recommendation compliance scores

Therefore, even though Appliance 1 will be using more energy during the hour, from user 

pattern in Table 3.4 the household will be more compliant taking in recommendation for 

Appliance 2 during the specified hour, and the recommendation is therefore to switch off (or 

io lower consumption) on Appliance 2.

The persuasive modelling sub-module 312 takes a generic recommendation 

generated by the recommender sub-module 310 and suitably re-casts it in various forms that 

are specific to each customer that is the target of the recommendation. The re-casting of 

15 recommendations is performed according to the energy usage models developed and stored 

in the usage patterns & profiles sub-module 304 as well as customer information from the 

customer database 106. In particular, inputs to the persuasive modelling sub-module include 

a generic recommendation as decided by the recommender sub-module, an individual 

household’s past compliance pattern (that is, how likely will the customer take up a

2 o recommendation if it is worded in a certain way), and contextual profiles derived from the

customer database 106 (such as customer questionnaire results, such as income profile, 

household composition, i.e. number of adults, number of children, etc., historical energy 

consumption and level of compliance with prior energy saving recommendations).

The module has a role in improving the likelihood of acceptance of energy saving or 

25 optimising recommendations, by presenting the same recommendation - for example 

through different wording or incentives - to different customers or consumer groups. In 

other words, this module “translates” the relevant generic recommendation into actions to
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which consumers best understand and respond naturally. The persuasive modelling sub

module utilises various types of persuasive techniques, including for example:

• persuading through simplifying;

• guided persuasion;

5 · persuasion through observation and customisation;

• intervening at the right time; and

• reinforcing target behaviours.

The rewarder sub-module 314 takes as inputs energy consumption monitoring data of

10 individual consumer’s households and virtual groups from the monitoring module 104, 

checks the results against the recommendations & offers given/made for the required time 

period, and credits the customer with the appropriate reward in step 518 - such as “reward 

points”, lowered energy tariff or cash rebate - if the recommendation was followed through 

and the recommended outcome achieved. Reward points may be translated in financial

15 terms by assigning relative values to power consumption savings, peak demand shifts, and 

reduction in carbon dioxide emissions.

In an embodiment where reward points are offered, there may be two levels to the 

operation of the rewarder sub-module, as follows:

a. Points are awarded if a customer’s individual recommendations were

2 o achieved in a first level.

b. Points are awarded to a virtual group depending on the level of success of that 

group as a whole, where the customers in that group who followed through 

the recommendation will be awarded with group’s points at a second level.

Reward points can be assigned for meeting targets over different, possibly overlapping, time

25 intervals (including but not limited to daily, weekly, quarterly periods). Furthermore, the 

rewards module optionally provides feedback to the customer including an updated rewards 

balance and comparative analysis across relevant groups while protecting privacy of other 

customers.

Other methods of rewarding consumers may include simply rewarding a non-

3 o committed customer for any reduction in the quarterly energy consumption balance. A more

engaged customer will be able, from time to time join a virtual group, achieving a weekly 

increase in rewards. Some customers will follow the system recommendations on a daily
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basis, earning significant amount of reward points in exchange for their contribution to peak 

energy demand shifts on specific days.

Here follows a brief summary of some further customer reward schemes which 

might find acceptance with the energy management system of the embodiment:

5 a) a default quarterly plan where a customer gets a tailored target and earns reward

points for spending energy below the target (no action is explicitly required apart from 

trying to use less energy); this plan provides a fall-back option for customers who do not 

use the system frequently, at least initially);

b) a daily offer (tailored to customers) with a recommendation for an action in the

io near future (several hours, up to a day ahead) that is rewarded well (aimed at shifting 

demand away from the typical morning and evening peak consumption periods) - the 

successful offers could result in an aggregated demand response, although the aggregation is 

not explicit to the customer (this scheme aims at people who use the system and earn the 

points frequently;

15 c) a weekly bonus: a customer has a choice to join an energy-saving pool at several

(e.g., three) different levels: 30% (k=3) 622, 20% (k=2) 624, 10% (k=l) 626 savings, etc., 

off the specified target over the current week as compared with the “last” week’s energy use 

628, via the GUI weekly offer page 601 as depicted in Figure 6:

- virtual groups are formed based on customer profiles and historic records

2 0 in terms of usage, behaviours, and compliance with recommendation, so customers

who are in the same group have similar realistic targets, such as the respective 

percentage reduction of kWhs);

- the same percentage reduction is set for each group;

- there may be multiple actual groups in different geographical areas;

25 - joining during mid-week results in pro-rata reward points;

- if the customer achieves or exceeds their saving target, their reward points 

are proportional to (kA2) x (amount of kWh saved) x (days-in-the-pool/7);

- if the customer misses the target, no points are given or alternatively half

points for the next available percentage level are given;

30

A detailed example of a weekly bonus offer and reward scheme follows:
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• a customer joins the 20% level (e.g., the target is set as 200 kWh) on

Tuesday (5 days remaining, starting Wednesday midnight);

• the customer is assigned to a group with customers who have similar profile

and have chosen the same percentage level;

5 · next Monday (i.e. at the end of the week);

o if this customer has used less than 160 kWh (that is, less than 80% of the 

target: for instance used 155 kWh), they get 129 points (= 4 x (200-155) x 

5/7);

o otherwise, if the customer used more than 160 kWh but less than 180

io kWh (e.g., 175 kWh), they get only 9 points (= Ά x 1 x (200-175) x 5/7);

o if they used more than 180 kWh, no points are given.

Thus, customers are effectively encouraged to join ambitious targets, but if they fail 

there are still some points to be earned. The detailed group composition is typically hidden. 

If the whole group fails the reward points for individual customers who met their individual

15 targets may be divided in half.

With time, customers that perform well within the groups earn the right to start 

(“seed”) a group, and invite their followers. The server system may conveniently provide an 

avenue for social media platforms, such as FaceBook™ or GooglePlus™, allowing customer 

motivated or led interaction amongst consumers in virtual groups.

20 Also, with time, well-performing customers are invited to join groups with similar

well-performing customers, earning reward points just for maintaining their already reduced 

energy-consuming levels. The amount of reward points depends in this case also on how 

long a saving level is maintained over multiple weeks, encouraging a sustained reduction.

As the average probability for customers’ performance is known, (from the learned I

25 data-mined historic customer profiles) the utility is informed about a collective prediction of 

energy usage for the week, with a certain probability (firmness estimate).

The system and method for resource management of at least some of the foregoing 

embodiments may provide new interventions relating to energy consumption in one or more 

3 0 of the following ways:
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• Provision of a combination of interventions that are integrated together within 

the one package, including commitment, recommendations (prompts), feedback and 

rewards.

• Energy use recommendations made to energy users can follow certain

5 psychological principles that increase their effectiveness (e.g., specific, proximal,

convenient, simple) depending on customer profiling.

• Socio-demographic, psychological and contextual factors (both facilitating 

and inhibitory factors) can be included in the development of individually tailored 

recommendations.

io · The principles of decision-making may be included to enhance the

attractiveness of recommendations (e.g., framing, reference dependence, reward 

immediacy) to energy users.

Whilst a number of specific apparatus, system and method embodiments have been

15 described, it should be appreciated that the apparatus, system and method may be embodied 

in many other forms. For example, it will be appreciated that the invention may find 

application in demand and energy management systems, water supply and re-cycling 

management systems and possibly customer relationship management (CRM) systems.

In the claims which follow, and in the preceding description, except where the

2 o context requires otherwise due to express language or necessary implication, the word 

“comprise” and variations such as “comprises” or “comprising” are used in an inclusive 

sense, i.e. to specify the presence of the stated features but not to preclude the presence or 

addition of further features in various embodiments of the apparatus and method as disclosed 

herein.

25
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CLAIMS

1. A resource management method for making recommendations about energy 

use and providing rewards for reductions in energy use to consumers, said method

5 comprising:

maintaining customer information about each of a plurality of energy consumers 

in a customer database;

allocating each of the plurality of consumers to at least one virtual group 

according to their customer information;

io monitoring energy consumption of said plurality of energy consumers, both

individually and when aggregated into respective groups;

storing consumer energy consumption data against respective customer records 

in the customer database;

identifying customer energy use patterns by learning about consumer energy

15 consumption behavior from the energy consumption data;

obtaining energy price and demand information, including future energy pricing, 

from an energy information source and storing the energy price and demand 

information;

predicting for predetermined future periods, energy use for each consumer from 

2 o the customer energy use patterns and respective group;

recommending to each of the plurality of consumers, on the basis of their 

predicted future energy use, the stored energy use and price information for said 

predetermined future periods, strategies to reduce energy consumption; and

rewarding selected ones of the plurality of consumers on the basis of reduced

2 5 energy consumption by the respective virtual group.

2. The resource management method as claimed in claim 1 comprising the 

further steps of:

obtaining weather information, including weather forecasts, from a weather

3 o information source and storing the weather information; and

wherein prediction of energy use is further contingent on the weather forecasts.

3582218_1 (GHMatters) P88810.AU 7/08/12

P88810.AU


20
12

21
13

86
 

07
 A

ug
 2

01
2 31

3. The resource management method as claimed in any one of the preceding 

claims wherein the step of maintaining customer information comprises gathering 

demographic information about the energy consumer’s household.

5

4. The resource management method as claimed in claim 3 wherein customer 

information is gathered when consumers register to participate in an energy use 

recommendation and reward scheme implemented by an energy supplier, or available to 

the consumers.

10

5. The resource management method of any preceding claims wherein the step 

of allocating consumers to a virtual group is initially undertaken according to the 

customer information gathered upon registration of individual consumers and historical 

energy consumption of the customer.

15

6. The resource management method of any preceding claim further including 

the step of creating a customer profile resulting from the consumer’s level of 

compliance with recommended energy consumption reduction strategies.

2 0 7. The resource management method of claim 6 wherein creation of the

customer profile further includes identifying customer behavioural intentions to perform 

energy-saving actions by measuring psychological variables.

8. The resource management method as claimed in claim 6 wherein

25 recommendations provided to consumer and/or the rewards made to consumers are 

individually tailored to the respective customer profiles.

9. The resource management system as claimed in any one of claims 6 to 8 

wherein consumers can choose to join a pre-existing virtual group.

30

10. The resource management method of any preceding claim wherein the step 

of monitoring energy consumption comprises gathering energy use, data for individual
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appliances or energy use units in respective households, and transmitting energy use 

data with a customer identifier to a central repository.

11. The resource management method of claim 9 wherein the step of storing

5 consumer energy consumption data includes receiving energy use data from each of the 

households at the central repository having said customer database and storing the 

appliance/unit specific energy use against the customer records according to the 

customer identifier.

10 12. The resource management method of any preceding claim wherein the step

of identifying customer energy use patterns comprises identifying time-recurrent 

patterns of energy use by consumers on both an individual and group basis, and creating 

an energy use model learned from the energy consumption data.

15 13. The resource management method of any preceding claim wherein the step

of obtaining energy price and demand information comprises obtaining a time series of 

historical or past energy prices, current or spot energy prices and forecasts of future 

energy prices, and a time series of historical demand values, current demand and 

forecasts of future energy demand.

20

14. The resource management method of any one of claims 2 to 13 wherein the 

step of obtaining weather information comprises obtaining a time series of historical or 

past weather observations, current observations and weather forecasts.

2 5 15. The resource management method of any one of claims 2 to 14 wherein the

step of predicting energy use for each consumer comprises obtaining monitored energy 

use data for the consumer including historical data from a corresponding time period, 

weather information for the consumer’s region and utilising the energy use model to 

predict future energy use over predetermined time periods.
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16. The resource management method of claim 15 wherein the energy use 

prediction step is implemented as an inference-based machine learning algorithm, 

whereby probabilities may be allocated to prediction values.

5 17. The resource management method of any preceding claim wherein

consumers are clustered into a virtual group based on a combination of demographic 

information, energy use, knowledge, attitudes and behaviours for the purpose of 

offering recommendations and making rewards.

io 18. A resource management method, substantially as herein described with

reference to the accompanying drawings.

19. A resource management system for making recommendations about energy 

use and providing rewards for reductions in energy use to consumers, said system

15 comprising:

a server sub-system including:

a monitoring module for receiving client data from a plurality of remote 

client sub-systems at energy consumer locations;

a prices & demand interface module for obtaining energy price and

2 o demand information, including future energy pricing, from an energy

information source;

a customer database for maintaining customer information about each of 

a plurality of energy consumers and storing consumer energy consumption data 

received by the monitoring module against respective customer records; and

25 a data analysis and learning module including:

a learning sub-module for allocating each of the plurality of 

consumers to at least one virtual group according to their customer 

information, and monitoring energy consumption of said plurality of 

energy consumers, both individually and when aggregated into

3 o respective groups;

a usage patterns & profiles sub-module for creating customer 

energy use patterns by learning about consumer energy consumption
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behaviour from the energy consumption data stored in the customer 

database; and

a prediction sub-module for predicting, for predetermined future 

periods, energy use for each consumer from the customer energy use

5 patterns and respective virtual group;

a recommendations & offers module for recommending to each of the 

plurality of consumers, on the basis of their predicted future energy use, the 

stored energy and price information for said predetermined future periods, 

strategies to reduce energy consumption; and

io a rewards module for rewarding selected ones of the plurality of

consumers on the basis of reduced energy consumption by the respective group.

. 20. The system as claimed in claim 19 wherein the server sub-system also 

includes a weather data interface module for obtaining weather information, including 

15 weather forecasts, from a weather information source.

21. The system as claimed in either claim 19 or claim 20 wherein the customer 

database contains demographic information about the energy consumer’s household.

2 0 22. The system as claimed in any one or more of claims 19 to 21 wherein the

data analysis and learning module further comprises a clustering sub-module operative 

to allocate consumers to a virtual group on the basis of customer information and 

historical energy consumption of the customer.

25 23. The system as claimed in any one or more of claims 19 to 22 wherein the

usage patterns & profiles sub-module creates a customer profile resulting from the 

consumer’s level of compliance with recommended energy consumption reduction 

strategies.

3 o 24. The system as claimed in claim 23 wherein the data analysis and learning

module further comprises a persuasive modeling sub-module wherein recommendations
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provided to consumer and/or the rewards made to consumers are individually tailored to 

the respective customer profiles of said consumers.

25. The system of any one of claims 19 to 24 wherein the usage patterns and

5 profiles sub-module is operative to identify time-recurrent patterns of energy use by 

consumers on both an individual and group basis, and creating energy use models 

learned from the energy consumption data.

26. The system of any one of claims 19 to 25 wherein the prices and demand

io module is.operative to obtain a time series of historical or past energy prices, cunent or 

spot energy prices and forecasts of future energy prices, and a time series of historical 

demand values, current demand and forecasts of future energy demand.

27. The system of any one of claims 20 to 26 wherein the weather data module

15 is operative to obtain a time series of historical or past weather observations, current 

observations and weather forecasts.

28. The system of any one of claims 20 to 26 wherein the data analysis and 

learning module further includes a prediction sub-module operative to predict energy

2 o use for each consumer by obtaining monitored energy use data for the consumer

including historical data from a corresponding time period, weather information for the 

consumer’s region and utilising the energy use model in order to predict future energy 

use over predetermined time periods.

2 5 29. The system of claim 28 wherein the prediction sub-module implements an

inference-based machine learning algorithm, whereby probabilities may be allocated to 

prediction values.

30. The system as claimed in any one or more of claims 19 to 29, further
3 o comprising at least one client sub-system for installation at each of the energy consumer

locations, said sub-system including:
a terminal section having a display for presenting a graphical user 

interface to a customer; and
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an energy monitoring section having: 
a plurality of appliance or energy consumption unit interfaces; 
meter modules linked to the interfaces for metering the energy 

consumption of respective appliances or energy consumption units;
5 a data acquisition module linked to the meter modules for

gathering energy consumption data produced by the meter modules; and 
a data communications interface for transmitting the energy 

consumption data to the monitoring module of the server sub-system.

io 31. The system of claim 30 wherein the energy monitoring section gathers

energy use data for individual appliances or energy use emits in respective households, 

and transmitting energy use data with a customer identifier via the data communications 

interface to a central repository.

15 32. The system of claim 31 wherein the monitoring module stores consumer

energy consumption data received from each of the households at the central repository 

having said customer database and storing the appliance/unit specific energy use data 

against the customer records according to the customer identifier.

20 33. The system of claim 32 wherein the usage pattern and profiles sub-module

is operative to identify time-recurrent patterns of energy use by consumers on both an 

individual basis and a group basis, and to create energy use models learned from the 

energy consumption data.

25 34. A client sub-system for an energy consumer location in a resource
management system, the sub-system including:

a terminal section having a display for presenting a graphical user 
interface to a customer, including making recommendations about energy use 
and providing rewards for reductions in energy use to consumers; and

3 0 an energy monitoring section having:
a plurality of appliance or energy consumption unit interfaces; 
meter modules linked to the interfaces for metering the energy 

consumption of respective appliances or energy consumption units;
a data acquisition module linked to the meter modules for
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gathering energy consumption data produced by the meter modules; and 
a data communications interface for transmitting the energy 

consumption data for monitoring at a server sub-system of the resource 
management system which provides the recommendations and rewards.

35. A resource management system for making recommendations about energy 

use and providing rewards for reductions in energy use to consumers, the system being 

substantially as herein described and/or illustrated in any one or more of the 

accompanying drawings.
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