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Executive summary
As New Zealand’s electricity infrastructure is upgraded to a Smart Grid, Home Energy Management Systems
(HEMS) will become the consumer interface, providing improved information about and control over household
electricity consumption. As part of the Smart Grid, HEMS have the potential to help reduce peak demand, reduce
the risk of system overload, achieve better management of resources, and minimise the risk of service interruption.
Most HEMS incorporate a home control unit to act as a gateway into a network of connected appliances. Smart
appliances, smart plugs, a smart meter, environmental sensors, micro-generation and battery storage may also be
connected to this network. Many systems also incorporate a display to provide information to consumers. The
communication between nodes of the network often occurs on proprietary communication channels, though some
systems enable a fully integrated home area network to which third party devices can join.
The HEMS sector is growing rapidly, and the HEMS devices currently on the global market offer a wide variety
of capabilities to users. This includes: (1) feedback about electricity demand; (2) user-initiated remote or scheduled
control of appliances; (3) utility-initiated (remote) control of appliances in a demand response event; (4) demand
response prompts from the utility; (5) ‘intelligent’ solutions such as adjusting appliance consumption according to
consumer preference or environmental conditions; (6) micro generation load control; (7) power relays to minimise
standby and baseload; and/or (8) integrated networks that are able to include third party devices and appliances.
In addition, it is anticipated that new and emerging HEM technologies will offer smart integrated controls across all
household appliances via scheduling routines, and remote or autonomous switching of loads in response to a signal
or grid stress. It is also expected that these systems will combine energy storage solutions with appliance management.
The demand management potential offered by HEM technologies is governed in part by the type of appliances
in the home and the ways in which these appliances are used. In general the use of appliances may be grouped
into 4 categories depending on their suitability for demand management: (1) appliances independent of household
occupancy (e.g. fridges, freezers); (2) appliances dependent on occupancy but not on specific activities being
undertaken (e.g. lighting); (3) appliances dependent on both occupancy and activities (e.g. the kettle, microwave);
and (4) base-load appliances that are either low power consumers or not appropriate for demand management (e.g.
consumer electronics). The demand management strategy will be different for each category, and the methodology
employed should be considered on an appliance-by-appliance basis, accounting for both the dependency of the
appliance on occupancy and activity, and the level of user interaction with the appliance when in use.
This potential could be clarified by: (1) developing a further understanding of the time-variable demand of different
appliances and the technologically maximum load shedding or shifting potential; and understanding (2) how
consumers may respond to different types of demand management opportunities; and (3) the potential rate of
HEMS uptake in the coming years.
Although the implementation pathway for demand management in the residential sector is not yet evident, there
appears to be significant potential in New Zealand to shift demand to reduce peak loads and grid stress through
HEMS. Further research around the time-variable demand of appliances and the maximum load-shedding or loadshifting potential is needed to quantify this.

Executive Summary

Additionally, consumer engagement, trust, uptake, and use will be fundamental to the success of the delivery of a
Smart Grid-enabled demand management programme; further research is needed to understand how consumers
may respond to different types of demand management opportunities and their appetite for uptake of HEMS. Such
research would help sector stakeholders to determine how the consumer end of New Zealand’s smart grid may
need to be structured. One issue for utilities may be whether proliferation of HEMS types will lead to subsequent
difficulties in the operation of system-level demand response.
HEMS offer the potential for integrated demand response as part of New Zealand’s future Smart Grid, but their
successful introduction will depend on consumer interest in new energy services and their appetite for a changed
relationship with the supply sector.
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Mnemonics, abbreviations and acronyms
Control (in the context of home energy management)
Refers to the ability to remotely control appliances, lights, and HVAC (heating, ventilation, and air conditioning)
systems, either manually or automatically, providing the means for end users or utilities to implement scheduling,
remote control, and demand response.
Demand Response
DR
A form of demand side management in which household electricity consumption patterns are altered at times of
high demand. Usually implemented in a demand response event in which users are sent demand response prompts,
or via direct control of appliances through signals sent by the electricity provider.
Demand Response Enabled Devices
DREDs
Appliances that respond to demand response events and enable electricity providers to regulate their use.
Demand Side Management
DSM
The modification of household energy consumption patterns through a variety of methods, including those initiatied
by the end user as well as those initiated by the electricity provider. May include overall energy reduction, load
shifting, and peak trimming.
Feedback/Energy Feedback
Feedback refers to the process of giving people information about their actions that can be used to reinforce or
change behaviour. Energy feedback is information about home energy consumption that is provided back to the end
users (i.e. household members).
Home Energy Management System
HEMS/HEM technology
Any device or system in the home used to: (1) control an energy-consuming device; (2) identify or diagnose energy
saving opportunities; or (3) provide information to occupants to influence how they consume energy.
Interruptible Load
IL
A type of demand response event in which power to a particular appliance is cut for a relatively short period of time,
often with little to no notice period.
Smart Appliances
Those appliances having the capacity to provide a power consumption forecast for each program requested by the
user, and in the near future are expected to be able to adjust consumption patterns by modifying their demand over
time whilst preserving the quality of service provided to users.

Mnemonics, Abbreviations and Acronyms
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1 Introduction
“Various concepts of smart grids are emerging, but all involve two-way communication and therefore some degree of customer
participation. Yet customers are used to playing a passive role in electricity systems, particularly in the residential and small
business sectors. This is slowly changing as they adopt microgeneration and storage, but we are still a long way from having
an active demand-side, or even from defining many of the things that an active demand side might mean. We can at least say
that it implies a shift away from ‘predict and provide’ to something more like ‘predict, adapt, educate, co-provide, and store’.
We are looking at a more sophisticated balancing of supply and demand, in which demand is seen as something that can be
manipulated at different scales (not only with large industrial and commercial customers), in order to optimise the working of
the system.”1
As the global population and demand for energy continues to grow, countries around the world are becoming united
in the face of two major energy challenges: energy security and response to climate change (MED, 2011b). Although
the overarching goal of New Zealand’s Government is to grow the economy to “deliver greater prosperity, security
and opportunities for all New Zealanders”, the Government also recognises that responding to these two challenges
will be a major undertaking (MED, 2011b). This response will be met in part through further development of New
Zealand’s renewable resources.
However, increasing the proportion of renewable resources that contribute to New Zealand’s electricity mix will result
in more intermittent generation with increased variability and reduced predictability and controllability. Improving
the methods used to manage and balance supply and demand is key, particularly as households and businesses begin
to take more of an interest in generating their own electricity, becoming prosumers (i.e., both generating and using
energy). In this new marketplace of increasingly variable electricity generation, both temporally and geographically,
it is likely that electricity users will become more actively involved in Demand Side Management (DSM) through
the use of Home Energy Management Systems (HEMS), rather than continuing to expect a business-as-usual
methodology of controlling supply to meet their demand. In this report HEMS are defined as “any device or system
in the home used to: (1) control an energy-consuming device; (2) identify or diagnose energy saving opportunities; or
(3) provide information to occupants to influence how they consume energy” (Roth & Sachs, 2013).

1.1 The New Zealand Context
New Zealand is in a relatively unique position of having an electricity system that is generated primarily from
renewable resources, and is particularly vulnerable to variations in weather conditions (MED, 2012b; IPENZ 2010).
In 2012, of the 43 TWh electricity generated, 72% was from renewable resources, with hydro contributing 53%
of the total supply. These proportions are not unusual for New Zealand and were similar the previous year; the full
supply mix for 2011 is illustrated in Figure 1.

1 Darby, S. J. (2013). Load management at home: advantages and drawbacks of some ‘active demand side’options. Proceedings
of the Institution of Mechanical Engineers, Part A: Journal of Power and Energy, 227(1), 9-17.
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Figure 1: Electricity generation mix in New Zealand in 2011 (med, 2012b)
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With hydroelectric contributing such a large proportion to the supply mix, this leaves New Zealand vulnerable to
low river flows and dry years, and given this situation it is no surprise that the New Zealand Government recognises the need for a diverse and resilient energy system to meet future global challenges. Combined with motivations
to drive down greenhouse gas emissions and utilise New Zealand’s bountiful renewable energy resources, this has
resulted in a government target for the electricity system to be 90% renewable by 2025, so long as this does not
compromise energy security or reliability of supply (MED, 2011b).
New renewable energy generation is likely to come from geothermal and wind, with additional distributed solar
generation. Whilst geothermal can provide a base-load resource, both wind and solar energy are time-variable
resources, fluctuating according to season, weather and time of day. This raises concerns around increasing
generation-related shortages as the percentage of variable renewables increases. A recent IPENZ report concludes
“improvements need to be made to ensure that sufficient back-up capacity exists for large peaks in demand or during
dry spells” and “with the anticipated increase in wind generation, the need for back-up generation is stronger than
ever” (IPENZ, 2010).
As the proportion of wind and solar energy increases over the coming years, a greater capacity margin will be
necessary to ensure continuity of supply; under current conditions a 20% contribution from wind energy into
the national electricity supply will mean that a 49% capacity margin is required to maintain security of supply
(IPENZ, 2010). As capacity margins are calculated based on peak demand rather than mean demand, demand side
management programs that aim to reduce peak loads could result in significant overall savings and avoidance of
new peak generation.

1.2 Smart grid and demand side management (DSM)
Peaks in energy consumption are both highly disruptive to electricity infrastructure and highly inefficient: if the
power demand of a home doubles, the losses in the power lines increase by a factor of four. This means that the
energy savings achieved by removing a 1kW load when going from 10kW to 9kW is more than 6 times that in going
from 2kW to 1kW.
Until now, management of peak loads amongst residential consumers has mainly been through ripple control2 of
hot water systems, as well as minor use of time-of-use pricing schemes. However, investments currently underway in
2 When the power usage within parts of the distribution network reaches a particular pre-defined limit, the utility or distribution
company sends out a coded signal, which is decoded at the household’s meter board and the electricity supply to the hot water
cylinder is switched off. When the power demand drops, another signal is sent in much the same way, this time telling the water
cylinder to turn back on.
Report Prepared for the Energy Efficiency and Conservation Authority (EECA)
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upgrading New Zealand’s electricity infrastructure will create a smarter grid. This will enable applications capable
of leveraging information and communication technology (ICT) to better balance supply and demand, as well as
retain function and safety, in an automated fashion (Faruqui et al., 2010, Miller & Wood, 2013).
Importantly, the smart grid can be leveraged to maximise DSM potential. However, techniques such as interruptible
load and overall load reduction through time variable pricing, smart metering, smart appliances3, DREDs4, and
demand side participation in the wholesale market, have the potential to provide significant contributions to
managing peak demand and network constraints, yet to date are underdeveloped in New Zealand (IPENZ, 2010).

1.3 The potential for DSM within the residential sector
In 2012, the residential sector was responsible for 34% of total electricity demand in New Zealand (see Figure 2), so
savings achieved in this sector could be significant if they could be rolled out across a high proportion of households.

Figure 2: Electricity demand of major end use sectors in New Zealand (MED, 2012b)
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Traditionally, residential customers receive monthly electricity bills, and these are often estimates. The lack of
accurate and detailed information prevents customers from understanding links between actions in the home
and subsequent energy consumption, and limits informed decision-making related to energy use. However, the
development of a smart grid infrastructure and associated technological innovation has the potential to dramatically
change the interaction between consumers and the power system. Smart meters are capable of providing users with
accurate energy consumption information split into 30-minute time periods, and many home energy management
(HEM) technologies – available for consumers to purchase directly – are able to provide data that is highly granular
in time (i.e., usage statistics on a one second basis) and end use (i.e., capable of showing the user which individual
appliances in the home are consuming power). Additionally, many HEM technologies enable users to remotely
control connected appliances, and they also provide information direct to the consumer (as opposed to smart-meters,
which send data to the utility where it is processed and then provided to the consumer).
3 Smart appliances are defined as those appliances having the capacity to provide a power consumption forecast for each
program requested by the user, and in the near future are expected to be able to adjust consumption patterns by modifying
behaviour whilst preserving the quality of service provided to users.
4 DREDs, or Demand Response Enabling Devices, are appliances that respond to demand response events and enable retailers
or third parties to regulate their use.
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The provision of energy feedback5 and/or enabling remote control of appliances allows users to take a more
active role in managing their demand, and/or electricity supply and distribution companies to offer incentives
to householders to engage in demand management. Home Energy Management Systems are thus an important
technology to support Demand-side Management programmes amongst New Zealand households.

1.4 Report Roadmap
This report reviews the range of Home Energy Management System (HEMS) devices that are currently on the
market globally, sourced through an internet-based scoping study. It was produced for the Energy Efficiency
Conservation Authority (EECA) in order to help inform energy sector stakeholders in New Zealand.
The report specifically aims to answer the following four questions:
1. What are the main technical groupings of home energy management systems that are either currently on the
NZ market or available globally?
2. What are the main groupings of home appliances that are suitable to be controlled by home energy
management systems?
3. What is the range of potentially suitable demand management strategies for different groupings of appliances
(e.g. user initiated, third party initiated based on user settings, total third party control, ‘smart’ response to grid
stress, etc.) and what is currently being done in this space?
4. What are the main parameters influencing likely interest and tolerance by householders, or barriers to
effectiveness, for such control, based on international experience to date?
In Section 2 the methods used to answer these 4 questions are discussed. In Section 3 the characteristics of existing
and near-future HEM technologies are discussed, and Section 4 outlines actual HEM products on the market and
the gaps between technological potential and the current marketplace. Section 5 evaluates the potential of different
types of demand management practices for a range of appliances, and the impact of this control on the services these
appliances are delivering to consumers. In Section 6, factors that have been found to affect the uptake of demand
management technologies, including HEMS, are outlined. Section 7 provides conclusions and recommendations
regarding the uptake and impact of HEMS in New Zealand.

5 Feedback refers to the process of giving people information about their actions that can be used to reinforce or change
behaviour. Control refers to the ability to remotely control appliances, lights, and HVAC (heating, ventilation, and air
conditioning) systems, either manually or automatically, providing the means for end users or utilities to implement scheduling,
remote control, and demand response.
Report Prepared for the Energy Efficiency and Conservation Authority (EECA)
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2. Methodology
To address and evaluate the HEM potential in New Zealand, the research proceeded in four phases, as shown in Figure 3.

Figure 3: Four phases of the project
Phase 1: Identifying Energy Management Opportunities
What types of system are discussed in the academic literature?
Phase 2: Identifying Home Energy Management Systems
What types of system are available globally?
Phase 3: Appliance management
What are the implications for appliance control?
Phase 4: Review of HEM uptake
What has inﬂuenced the uptake of HEM internationally?

The first phase involved identifying the range of HEM opportunities discussed in the literature. Articles were
identified using a combination of keyword searches in reference databases along with backward and forward citation
searches. The identified literature was reviewed to determine key themes used to discuss HEM technologies and
capabilities. These themes revealed key characteristics of HEM technologies, and in the second phase they were
used to guide data collection about HEMS available globally.
In phase 2 data on HEMS devices were collected through a review of relevant literature, Internet keyword searches,
and via retail websites. As the HEM technologies were identified, a raw data file was created for each system with
any available information (e.g., user manuals, product summaries, new articles, photos). Building on the HEM
opportunities and market needs identified during phase 1 of the project, a coding sheet was developed to help
categorise the new and emerging technologies and identify the range and capabilities of methodologies that could
be adopted to achieve load shedding, shifting or peak trimming using these technologies.
In the third phase, the data from phase 1 regarding HEM characteristics related to demand management
methodologies was considered alongside data from phase 2 regarding appliance control offered by HEMS on the
market. This was used to evaluate the potential for different demand management strategies on different types of
appliances, and the subsequent impact on the services provided by those appliances.
In the fourth and final phase a review of the international uptake of demand management technologies6 was
conducted to determine the parameters influencing this. The Technology Adoption Model (Davis et al., 1989) was
used to provide a theoretical framework for this evaluation.
6 A broader review of demand management technologies are considered here due to the limited exposure and uptake of
HEMS on the global market to date.
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3. Characteristics of HEM Technologies
From an initial overview of the literature (see Appendix A), 4 key characteristics of HEM technologies were identified:
(1) the overarching objective of the technology; (2) the methods employed to meet the overarching objective; (3) the
actual physical operation implemented by the technology to manipulate energy use; and (4) the logic used to select
and perform tasks, including an overview of the methods and contextual information used to inform decisions.
Having identified these key attributes, the HEM technologies described in the literature were examined on each point.

3.1 Overarching objectives of HEM technologies
This describes the higher level reasoning behind the development of the systems or approaches described in the
literature. This literature tends to be approached from a global, American or European perspective, so in some
cases the objectives of the technology may not align with the idiosyncrasies of the New Zealand electricity system;
however, in most cases the objectives are broad enough that they could be applied to a number of different contexts.
The main overarching objective of the technologies presented is to minimize peak demand and in doing so reduce
the number of operating power plants required to meet consumer needs, increasing the efficiency of operation and
decreasing operational and maintenance costs. Additionally, much of the literature discusses the ability of HEM
technologies to aid in improving supply and demand balancing, especially in the presence of increasing quantities
of intermittent generation such as wind. As uptake in micro-generation, particularly from wind and solar, increases,
HEM technologies can also assist in managing the generation volatility, and help increase distribution network
stability and reduce supply interruptions.
Within many markets, including New Zealand’s, the uptake of HEM technologies is not mandated, and will
rely on market forces. Therefore it is particularly important to consider potential consumer benefits that may be
provided by HEMS, such as assistance in maximising economic savings under time-variable pricing tariffs, or power
purchase agreements for users participating in micro-generation. The provision of increased information about and
increased control over home appliances may also increase consumer engagement with their energy consumption,
and consequently encourage improved demand side management through behaviour based changes. However, as
some demand management techniques may rely on central and/or co-ordinated control of appliances (such as
existing ripple control on hot water heaters), it is important that consumers do not feel that they are relinquishing all
control, and/or that the service provided by their appliances is diminished (unless they are financially rewarded for
this). Therefore, a further objective with HEM technology development is to ensure that user-perceived appliance
performance remains relatively unchanged.
In summary, the objectives underlying HEMS and demand management are:
• Minimising peak demand and reducing risk of potential system overload;
• Better management of resources, including generation volatility, network stability, and supply interruptions; and
• Providing benefits to the consumer and minimising negative consequences associated with loss of control and
service interruption.
Report Prepared for the Energy Efficiency and Conservation Authority (EECA)

16

Energy Transitions: Home Energy Management Systems (HEMS)

3.2 Methods employed by HEM technologies
A number of strategies exist to ensure that HEM technologies meet these overarching objectives. The main strategies
are smart control, in which loads are either controlled by a third party or autonomously managed, and user-centred
control, in which end-users are encouraged and enabled to better control their demand.

3.2.1 Smart control
One way of implementing smart control of domestic loads is via scheduling routines, in which a set of on and off
times are generated for particular appliances in advance of their operation. Typically these schedules are designed to
spread demand more evenly through the day, to reduce peak loads, or to match a predicted supply pattern. This may
be implemented at the household level, community level, or national level. For some loads, users may be integrated
into control decisions, for example, they may be asked to set parameters around the time during which they would
like their washing machine to run or their electric vehicle to charge, but within these limits the loads are scheduled
to meet requirements beyond the users.
Loads can also be controlled via remote or autonomous switching to reduce grid stress. This may be accomplished
directly in response to grid stress, via a control signal sent over the powerline or using another proxy for stress such
as a time-varying price signal. Often this is implemented to encourage peak shifting and trimming, or to enable
real-time overload management to mitigate instances of demand increasing above a pre-defined level. Within New
Zealand this type of control, known as ripple control, already exists for hot water heaters in some regions. New
domestic energy technologies such as battery storage could be controlled in this way; using real-time pricing regimes
to control battery status and ultimately shift peak grid demand to more appropriate times.
As base-load demand increases with increased ownership of standby appliances and appliances that are always
“on”, some HEM systems have been developed with the aim to autonomously identify those appliances in standby
mode and automatically shut them off when they are in idle periods or when they are unlikely to be used, and
back on when their use is likely imminent. Other intelligent systems aim to use environmental data in addition to
electricity information, to perform intelligent tasks such as turning off air conditioning automatically when windows
are opened, or automatically opening curtains to enable passive warming of the home.

3.2.2 User-centred control
As well as scheduling and automation, HEMS can provide consumers the motivation and means to take a more
active role in managing their demand. Real-time energy monitoring can give users greater access to more meaningful
energy consumption data, and can be implemented with economic incentives or actionable advice to encourage
modification of consumer behaviour. This may include mechanisms such as shifting the time of use of an appliance,
increasing the efficiency with which actions are performed, or swapping one activity for another less energy consuming
one that provides the same service. Additionally, some HEM systems provide the infrastructure for consumers to
schedule appliance operation times, remotely control the demand of appliances in real-time, or centrally switch off
appliances in standby mode. Thus, the combination of improving information flow, infrastructure, and incentives to
consumers can encourage and enable them to modify their behaviour and shift or reduce appliance demand.
In summary, the strategies employed by HEM technologies are:
•
•
•
•
•
•

Scheduling of appliance usage;
Remote or autonomous switching of loads in response to a control signal;
Automatic shut-down of standby appliances;
Smart management of appliance use based on environmental data;
Enabling users to remotely schedule or control appliances; and
Prompting consumers to better manage demand via behaviour modification.
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3.3 Physical operation of HEM technologies
In recent years there has been an explosion of HEM technologies and companies in the global marketplace (Karlin
et al., 2013; LaMarche et al., 2012). Karlin et al. examined those HEM technologies that provided energy feedback
to consumers, and identified 9 categories of feedback technologies that differed primarily according to their physical
operation. These categories ranged from simple energy feedback displays and smart phone apps showing consumers
their usage patterns (as identified by smart meters or user installed energy sensors), to fully integrated whole-building
energy management networks. Although the specific energy savings resulting from each type of technology cannot
be predicted with certainty, energy feedback enables average savings of about 10%, with greater savings achieved
by those HEMS capable of providing energy feedback about individual appliances and/or the ability to control
appliances (Ehrhardt-Martinez et al., 2010).
Whilst the categorisations proposed by Karlin et al. (2013) are useful to understand the variety of technologies that
provide feedback to consumers, the systems that are currently receiving the most attention in the literature also
enable some form of control. This is not the focus of previous work evaluating different types of HEMS, and is an
area to which this report contributes.
Most HEM technologies of interest to this report involve some kind of smart home controller to act as a gateway
into a home area network of connected appliances. This forms the active control point used to consolidate the other
devices on the system, and ensures that appropriate control signals are delivered to achieve the pre-defined system
objectives. Aside from the controller, the network may also include smart appliances, smart plugs, the smart meter,
environmental sensors, micro-generation and battery storage. Additionally, in-home or web-based displays may
provide users with control capabilities as well as DSM information and messages such as household or appliance
energy use, price/volume signals, incentive schemes, desired power reductions, and so on.
The control unit may perform functions such as scheduling the run times of various appliances at the household level,
communicating and bidding against other neighbours to optimise scheduling of appliances at the neighbourhood
level, making control decisions around autonomous switching of loads, receiving external signals about grid stress
or real-time pricing, co-ordinating data from multiple sensors, and transmitting data to external displays or services.
Data can be transmitted between different nodes on the home area network using various forms of wireless
communication (e.g., Zigbee, ZWave, Radio Frequency, WiFi) or making use of existing wired connections (e.g.,
Powerline, Ethernet). Some HEMS rely on one-way communications (i.e. from sensor to the control unit, or from
the control unit to smart plugs) but most employ two-way communication between nodes, enabling control decisions
to be implemented based on real-time power demand.
In summary, the physical operation of HEMS will differ depending on the specific characteristics and categorisation
of the system, but most systems will incorporate:
•
•
•
•

A home control unit to act as a gateway into the network of connected appliances;
Smart appliances, smart plugs, the smart meter, environmental sensors, micro-generation and battery storage;
A physical or web-based display to provide information or control capabilities to consumers; and
Communications capabilities between each node of the network.

3.4 Logic implemented by HEM technologies
A number of different methods for control of appliances are discussed in the literature. The type of logic applicable
is determined by the connected loads, which can be grouped into: (1) plannable loads (i.e. consumption forecasts
are available and load start time can be scheduled), (2) controllable loads (i.e. loads can be switched on and off
without degradation of service quality), (3) monitorable loads (i.e. their energy demand can be measured but they
cannot be switched on or off), or (4) detectable loads (i.e. their consumption is not measured, but can be estimated
by calculating differences between measured consumption and total load).

Report Prepared for the Energy Efficiency and Conservation Authority (EECA)

18

Energy Transitions: Home Energy Management Systems (HEMS)

Appliance scheduling can be implemented on loads that are plannable, in which the controller makes predictions
(based on existing knowledge and/or user settings) about the task to be scheduled, including actuation time,
operation length, deadline, and consumption profile. The demand profile may be established by combining data on
appliance type, user program, and energy consumption estimates. For those appliances that have manageable (and
pre-defined) instantaneous power demand, such as washing machines or refrigerators, and those appliances with
steady power demand throughout operation, such as lighting, the demand need only be measured once and can
then be estimated for future use. However, those appliances that have demand that fluctuates with external factors
(e.g. heating appliances) are less predictable and continuous measurement or additional modelling may be needed
to recognise the appliance program. Task interruptability (i.e. whether once started the task can be interrupted, or
whether it must run till completion) also needs to be determined, as well as feasible time slots for the task to be completed.
The automated control of appliances can be implemented according to a time variable pricing tariff or electricity
market signals intended to minimise supply and demand differences. The optimisation may be conducted so as to
minimise cost to the consumer (e.g. due to the time variable pricing), to maximise the amount of renewable energy
consumed, or to minimise the carbon emissions associated with use.
To minimise negative impacts to users (i.e. from service interruption), they can be encouraged to specify the range
during which the load can operate by selecting the first possible start time and the last acceptable end time, or
they may need to set the service priorities for each of the controllable devices. For example, the user could set the
priorities such that preference is always given to the power price metric over any other, which would result in greatest
savings, or they may put the most weight on minimising service interruption, which would result in the least savings.
Intermediate options such as equal weighting for service and price, or varying priorities by appliance type may also
be an option.
Additionally, the algorithms for appliance control can include a measure of the service level, to ensure that an
appropriate range is maintained during demand management. For example, in HVAC applications, the temperature
may be sensed and subsequently incorporated into control algorithms along with supply and demand metrics to
control the switching cycle.
Load management may be conducted either passively, whereby loads autonomously sense and react to particular
conditions on the grid7 (e.g., stress, dynamic pricing) or actively, through control signals sent via radio frequency
transmission, ZigBee, Zwave, Internet protocol, or powerline communications.
To further minimise impact on consumers, cloud based implementation is possible, whereby device management
functions are implemented in the cloud, to minimise the number of devices that need be installed in the home.
An extra benefit of this system is the simplification of methods for extending HEM to neighbourhood energy
management, enabling power-related information from multiple buildings to be stored and managed in the cloud.
In summary, a variety of logic may be implemented for appliance control including:
•
•
•
•

Scheduling of plannable loads according to cost, service quality, or both;
Remote based switching and program interruption of controllable loads;
Utilising active and passive methods for control; and
Using cloud based implementation to minimise localised hardware.

3.5 Characteristics Overview
The characteristics of HEM technologies discussed in sections 3.1 through 3.4 are collated, listed and described in
Table 1.

7 For an example see the Grid Friendly TM Appliance Project (Hammerstrom et al., 2007)
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Table 1: HEM characteristics		
Characteristic

Description

Status

The availability of the technology to consumers, whether under development,
fully commercial, or limited to a particular audience.

Target market

Whether the system is marketed to end users, appliance manufacturers,
utilities, etc.

Installation

Captures information about whether installation is required and by whom (i.e.
the customer, an expert, etc.)

System cost

How much the system would cost to purchase.

Requirements

What is necessary to already have in the home to install or use the HEMS.

Functionality
Provision

–

Information

The capabilities of the HEM technology to provide energy feedback
information or demand response prompts to users.

Functionality – User Control

The capabilities of the HEM technology to enable users to remotely control
or automate the use of their appliances.

Functionality – Smart Control

Details about the type of “smart” control available, including demand response
(i.e. remote or autonomous switching on or off of loads), load scheduling, or
power relay (i.e. autonomous reduction of standby loads).

Control Intelligence

The “smart” mechanism by which loads are controlled, including response
to grid operator signals, grid stress, power demand of an appliance, whole
house demand, internal environmental conditions, external environmental
information, or behaviour based learning.

Hardware

The hardware, if any, included as part of the HEM system, including sensors,
controllers, smart devices, and so on.

Integration

Details about any third party technologies that can be integrated into the HEM
network, including smart appliances, smart thermostats, the smart meter, etc.

Load control

Information about the type of loads controlled by the HEM system.

Communications

The communication protocol that the various devices in the system use to talk
to one another.

Feedback

Information about how feedback is provided to the user, i.e. via an in-home
display or a web based application.

In addition, Appendix A provides further information about the HEM technologies, capabilities, and opportunities
described.
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4. HEMS Currently Available
The characteristics of HEM technologies listed in Table 1 were used to guide data collection, and to date, information
has been collected on 82 different HEM technologies. An overview of each is presented in Appendix B.

4.1 An Overview of HEMS on the Market
Of the 82 HEMS identified, 65 enable data provision back to consumers: 61 of these provided energy feedback in
the form of either quantity used (e.g. kWh) or device status (e.g. the lights are on or off). Nine provided informationbased demand management prompts to trigger user initiated demand response.
Forty-four of the HEMS enabled users to remotely control their appliances, often via web-based or application
based interfaces. In addition, 30 of these devices also allowed users to automate the use of their appliances through
setting schedules or rules to which the system could respond.
Smart control was offered by 21 of the HEMS identified. Fifteen of these enabled demand response via remote
switching of large loads (particularly HVAC systems via connected thermostats) in response to signals sent by utilities
or system operators. The ability to schedule loads was provided by 9 systems, 3 of which also provided demand
response capabilities. Scheduling was performed either in response to signals sent by utilities or system operators
(n=3), or in response to the power demand at the appliance and household level (n=1), internal environmental
conditions (n=6), external environmental information (n=6), or behaviour based learning (n=4).

4.2 Demand Management Capabilities of HEMS
Analysis of the 82 HEMS identified revealed 8 key capabilities of these systems that can potentially enable demand
side management: (1) Energy Feedback, (2) User Initiated Control, (3) Demand Response, (4) Demand Response
Prompts, (5) Intelligent Solutions, (6) Micro-Generation Load Control, (7) Power Relays, and (8) Integrated Networks.
Different HEMS have different combinations of these characteristics. The following paragraphs provide an overview
of each characteristic, and some examples of devices.
HEMS that incorporate Energy Feedback provide users with information about their actual energy use. They provide
information about actual energy consumption back to the energy consumer. This may correspond to household level
information, circuit level information, appliance level information (i.e. from smart appliances), and/or plug level
information. The intention is typically to arm consumers with information about how they are using energy (or how
much energy they are using) so that they are enabled to shift their consumption. While some products provide users
only with energy feedback, others couple this with the provision of control.
The AlertMe system comprises a current clamp, which is connected inside the home on the user side of the electricity
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meter, and SmartMeter reader. These wirelessly connect to the SmartHub using ZigBee8 to provide users with
real-time and historical information about the energy consumed in the home. This information is provided to users
via a dedicated in-home display and through a web portal.

Figure 4: AlertMe Smart Energy

User Initiated Control refers to the users’ ability to remotely control or automate the operation of connected smart
appliances, smart plugs, or load controllers. Typically there are 2-way communications between different elements
of the system; data is collected from smart meters, sensors, smart plugs and connected smart appliances, and
provided to users though a variety of media including in-home displays, web based interfaces, and mobile applications. Users can then either remotely control or schedule the use of their appliances via these interfaces.
The AlertMe Smart Energy System, shown in Figure 4, which provides users with energy feedback, also allows them
to add SmartPlugs to the systems ZigBee network. Appliances are connected to the smart plugs, which provides
information about the energy use of these connected appliances, and also enables users to remotely control them.
Demand Response allows the utility or grid operator to send a control signal to an in-home load control unit, which
enables them to remotely turn on and off connected appliances, normally in response to peak loads and stress on
the grid. These signals are normally sent via the smart meter, or using power line communication9, and are used
to control high power appliances such as pool pumps, electric water heaters, and heating or cooling systems with
connected thermostats.
The Comverge IntelliPEAK is an example of a product offering demand response; utilities can individually manage
up to four loads, to control both heating and water heater installations. Multiple devices can be controlled through
single or separate commands, and the system can also be programmed to schedule events in advance to enable easy
implementation of automated dynamic pricing programs.
Demand Response Prompts are not used to directly control appliances in the home; instead they are used to provide
consumers with information, usually via a display in the home, intended to trigger behaviour-based demand
management. Typically these prompts will come from the utility and be in the form of economic incentives, linked
to predicted or actual stress on the grid, and the main focus is that a trigger is provided to the consumer to encourage
them to shift their power demand patterns.
The Cooper Power Systems In-home Peak Indicator is an example of such a product, designed to inform users when
peak conditions are occurring. This is shown in Figure 5; a red light indicates a “Beat the Peak” demand response
event during which consumers are encouraged to reduce their demand, a yellow light signals that the utility will
initiate a Beat the Peak event within the next hour, and a green light lets users know everything is functioning normally.

8 ZigBee is a wireless communication protocol based on the IEEE 802.15 standard, and often used to create home area
networks through the use of small, low-powered digital radios.
9 Power line communication is where data is transmitted on the same wires used to deliver electricity, using a different frequency
range to that used for electricity delivery.
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Intelligent Solutions offer an additional element to the control of appliances on the HEM network; they enable appliance
operation to be scheduled according to intelligent algorithms guided by sensed power demand, environmental
conditions, and/or behaviour based learning. Typically these systems enable the smart scheduling of HVAC systems
according to occupants’ preferences, proximity, and past behaviour. Some systems also allow water heating and
lighting to be controlled in a similar way, and others enable the additional functionality of utility or grid operator
driven demand response programs. The Nest thermostat (see Figure 6) is an example of such a system, which learns
user preferences and uses this along with information from activity, temperature and humidity sensors and weather
information to lower energy bills while keeping the user comfortable.

Figure 5: Cooper Power Systems In-home Peak Indicator

Figure 6: Nest thermostat

Micro-Generation Load Control is another form of smart control, such that the operation of particular appliances is
driven by information about current patterns of household energy demand and micro-generation capacity available.
When conditions are favourable, power is diverted to connected appliances; when not enough power is being
generated these appliances are shut off. The Optimmersion manufactured by Energeno (see Figure 7) offers this
type of control, by diverting surplus electricity from micro-generation to heat water in the immersion tank.

Figure 7: Energeno’s Optimmersion		

Figure 8: Bits Energy Saving Smart Strip

Power Relays work in a similar way to micro-generation load controllers, but instead of switching appliances on and
off depending on available power, they switch connected appliances on and off to minimise standby and base-load
energy consumption. This is done via smart plugs, and power to the plug socket is cut when the system senses that
the power consumption of the connected appliance corresponds to standby mode, or when external environmental
conditions are met.
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The Bits Energy Saving Smart Strip (see Figure 8) is a power relay specifically designed for consumer electronic
applications. It eliminates standby power by monitoring a control component (the blue socket) and automatically
switching peripheral components (the green sockets) on and off accordingly.
A further characteristic of HEMS is the Integrated Network. Rather than describing an approach toward demand side
management, this describes the network infrastructure of the system. A HEMS which forms an integrated network
is one in which the connectivity of the system is such that it forms part of a fully integrated home network solution,
to which third party appliances and devices can join. An example of this is the Smartenit system, in which users
connect various devices from multiple vendors to an in-home gateway using a variety of open source connections
such as ZigBee, INSTEON, X10 and WiFi. The gateway takes charge of managing these devices, turning things on
and off according to instructions from the user, and providing information back about the status of the connected appliances.
In summary, the demand management capabilities of HEMS currently on the market can be grouped into those
that enable:
•
•
•
•
•
•
•
•

Electricity use feedback to consumers;
User initiated control;
Utility initiated (remote) control;
Demand response prompts from utility;
‘Intelligent’ solutions such as scheduling according to consumer preference;
Micro generation load control;
Power relays to minimise standby and baseload; and
Integrated networks that include third party devices and appliances.

4.3 Gaps Between Technological Potential and Market Availability
Although there is significant overlap between the HEM products on the market and the types of control discussed in
the HEM literature, there are some gaps where the market is not yet supplying to the technological potential. Smart
control of domestic appliances via scheduling routines forms one of the dominant conversations in the literature, but
it is an early and emerging technology and very limited in the marketplace. Those systems described in the literature
perform scheduling on a range of appliances based on pre-established demand profiles and knowledge about the
impact of delays or interruptions to use on the service delivered by that appliance. Typically, scheduling is performed
to optimise the cost to the consumer, the amount of renewable energy consumed, or the carbon emissions associated
with use. Examples include: Di Giorgio & Pimpinella (2012) who describe a system that manages smart appliances
and appliances connected to smart plugs according to pre-set load thresholds, dynamic time of use pricing, and
demand response events; Kim et al. (2012) who propose a system that automates control policies based on dynamic
time of use pricing; and Lee et al. (2012) who describe a system that schedules appliances according to household
load thresholds, and note its extensibility to other applications such as demand response events and dynamic pricing.
The corresponding smart HEMS on the market tend to focus on the optimisation of a single appliance (normally
heating via thermostat control, or water heating) according to behaviour-based learning algorithms. An example
of this type of system is the RELMS home energy management system, which learns about users’ behaviour and
combines this with weather data and micro-generation data to intelligently control central heating and hot water.
Another example is the Nest, an intelligent thermostat that learns user preferences and combines with information
about activity, temperature, humidity and weather to schedule services so that energy bills are lowered while keeping
the user comfortable.
Another gap between technological potential and market availability is in the use of energy storage systems to
manage demand. Systems proposed in the literature can react to dynamic time-of-use pricing, demand response
events, and the availability of micro-generation through smart use of energy storage systems in order to maximise
economic savings for consumers based on time of use tariffs, keep consumption under a load threshold, or provide
demand response services. This is fundamentally different to direct management of appliances, as resources, not
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tasks, are being scheduled. These systems can be controlled by basic algorithms or by learning user and grid patterns
in order to maximise benefits to consumers and utilities. Examples provided in the literature as to the technical
potential of such systems include Arteconi et al. (2013), who analyse the effect on comfort of managing thermal
energy storage connected to a heat pump under demand response events, and Leadbetter & Swan (2012), who
model a battery system that stores energy from the grid during times of low consumption and discharges to meet
peak demand in order to keep household demand under a threshold. Further examples include Fuselli et al. (2013),
who discuss the potential of smartly managing grid power, and PV array, and battery storage solutions to reduce
household energy costs, and Huang and Liu (2013), who propose a system that learns patterns in consumptions and
time of use pricing to optimise storage and maximises savings for consumers.
There is very little on the market that offers this type of integrated energy management, however, there are
initiatives like the Panasonic SMARTHEMSTM system that promise to add artificial intelligence to household energy
generation, storage, and saving equipment to create a comprehensive energy management throughout the entire
home for optimal control.
All of these systems require a greater understanding of how appliances consume electricity in order to perform
scheduling or optimisation tasks that react in real time to changing demand, and it is hoped that eventually marketready HEMS will integrate resource management with consumer control and automated task scheduling, and will
have a better inherent understanding and control over the energy profiles of devices, either from built-in data servers
or by leveraging information from the cloud.
Whilst these added functionalities are part of a future vision and not currently available to consumers, they
demonstrate both the technological potential and commercial appetite for smarter whole home energy solutions
that have the capability to learn based on a variety of data, and control a wide range of devices dynamically, opening
pathways to a greater range of energy management solutions towards demand-side and utility-side management goals.
In summary, two key areas of emerging functionality are:
• Smart integrated controls across all household appliances via scheduling routines
• Smart integrated systems involving energy storage as well as appliance management

4.4 Summary of HEMS available and forthcoming
In summary, most HEMS currently available offer demand management strategies in the form of energy feedback
and behaviour prompts, user initiated remote control and automation of appliances, and demand response and
scheduling of appliances by the utility or grid operator. Additionally, smart systems have started to emerge where
appliance use is scheduled according to occupants’ past behaviour. Appliance control is generally offered for
connected smart thermostats, smart plugs installed as part of the HEM system to which plug-in appliances are
connected, load control switches installed as part of the HEM system to control wired-in large loads such as pool
pumps, and smart appliances connected to the network.
Whilst currently not available on the market, the vision of a fully connected and integrated smart home may well
change the shape of load control in the coming years, and the remainder of this report looks toward this future,
including the potential implications for appliance control, and the possible influences on HEM uptake.
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5. Appliance Management Opportunities
The way in which appliances may be managed to shift household demand patterns is governed in part, by the way
in which households tend to consume energy over the course of a day, month, or year. The use of most appliances,
though not all, is dependent on people being present and active in the home, and in general the use of appliances
may be grouped into 4 categories (Ford et al., 2013):
1. Appliances independent of household occupancy (e.g. cold appliances);
2. Appliances dependent on occupancy but not on specific activities being undertaken by household members
(e.g. lighting);
3. Appliances dependent on both occupancy and activities (e.g. the kettle, microwave); and
4. Base-load appliances that are either low power consumers or not appropriate for demand management.
Appliances may also vary in terms of how they are switched on and off, the way in which they draw power once
turned on (e.g. thermostatically controlled; follow a particular sequence of events; always drawing power), the
potential to delay the start of operation or interrupt usage (and for how long), and the impact of interrupting use.
These differences suggest that it is not appropriate to treat all appliances as equal when considering load control, and
different management strategies may be suitable for different types of appliances.
In addition, emerging technology development points to a new wave of HEMS that will better leverage the coming
smart grid infrastructure and integrate with new types of smart appliances starting to emerge onto the market. This
section explores the control methodologies that are likely to emerge from this fast growing field, sorted according to
different types of household appliances.

5.1 Appliances Independent of Occupancy
As the use of these appliances is independent of the presence of household members, they may be more suited
to demand response. They potentially offer opportunities for demand management at any time, with the control
parameters being dictated by appliance status conditions and external conditions.
Refrigeration. This includes fridges, freezers, and fridge-freezers, and represents, on average, 10% of total energy use
by end-use in New Zealand. Refrigeration appliances are always on, though their power demand varies according
to whether they are in “cooling” mode with the compressor running, or just maintaining temperature during the
“off-cycle”. Refrigeration appliances that are working correctly will exhibit regular switching between cooling and
off-cycle modes, whilst faulty appliances will maintain their temperature setting by operate in cooling mode more
frequently and for longer periods, thus preventing users from realising that there is a problem. Although control of
refrigeration devices is not discussed extensively in the literature, their patterns of energy use (i.e. switching between
cooling and off-cycle modes) are controlled thermostatically, and therefore there is the potential to alter these patterns
for demand management purposes. The boundaries for control would be dictated by the temperature settings, in
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turn affected by both appliance condition and external variables. By learning usage and consumption patterns it
is possible to evaluate the impact of demand management or demand response participation on household power
demand, and thermodynamic modelling of the fridge would enable service level impacts to be determined.
Storage. In-home battery banks or those in electric vehicles can play a role in demand management applications.
Storing or releasing energy could be activated through grid operator signals, pricing signals, or the sensing of grid
stress or household/appliance power demand. These control signals could be used to optimise household energy
use according to cost, to enable the service level or operation of particular appliances to be retained during demand
response periods or to supplement micro-generation.
As well as battery banks, storage can be provided by other means; when excess electricity is available it could be
supplied to thermal energy storage systems such as hot water tanks, concrete mass, or phase change materials. This
stored energy is then available for use later, or it can enable services to be provided over a longer time periods. The
boundaries around control would be determined by the type and amount of available storage. Intelligent systems
capable of learning patterns of demand may enable this to be optimised for a particular household.
Water heating. These systems have the potential to be managed such that their use is independent of occupancy.
Representing, on average, 29% of total energy by end use, the second largest use after space heating, there is
significant potential for demand management here - 88% of homes in New Zealand use electric water heating, more
than double most other OECD countries (BRANZ, 2010). Good management of demand response may also render
its impact on users as negligible; there is a separation between the use of hot water and the power consumption of
water heaters and demand response may go un-noticed so long as users are still able to access hot water when they
require it. In fact, hot water cylinders are ideal candidates for load scheduling techniques: as long as the recipient
of the heat (i.e. the cylinder) is well insulated and has low heat loss, it is possible to schedule water heating during
periods of low cost or low grid demand. While there may be an impact on the time taken for the system to reach
a specified set-temperature, if control is applied within pre-defined boundaries and makes use of behaviour based
learning, then these impacts can be minimised.

5.2 Appliances Dependent on Occupancy
The use of these appliances is governed largely by the presence of household members and particular external
environmental conditions, but not by the particular activities in which the household members are engaging, and
therefore these appliances offer fairly flexible opportunities for control.
Heating (and cooling). Over the course of a year, heating appliances consume on average 34% of household energy
by end use. These types of appliances could offer significant demand response opportunity as they have high power
ratings and prevalent use in homes, though their demand varies considerably from summer (no/low use) to winter
(high use, peaking in July). The uptake of heat pumps across New Zealand in recent years has also resulted in their
increased summer use for cooling purposes. Heating and cooling appliances offer ideal opportunities for demand
response, because the impact of such management may be largely unnoticed if managed well, as users tend to be
rather disconnected from the control of electrical heating appliances; although they set parameters around the
use (switch on/off times, temperature settings) of heating or cooling appliances, the actual power draw is usually
controlled thermostatically.
There are a number of mechanisms by which these appliances could be controlled. Interruptible load, whereby the
power to the heating/cooling system is cut for a relatively short period of time (with little to no notice period) is one
option. For homes with communicating thermostats the heating level can be more actively managed thus reducing
power consumption as opposed to stopping it entirely. Due to the poor insulation (and high heat loss) within many
New Zealand homes, load scheduling of heating devices is unlikely to be successful. Interrupting the use of heating
and cooling appliances has a potential impact on the level of service provided, in that the temperature of the
system may vary slightly from the desired temperature (or from what the temperature profile would look like in an
uninterrupted system). However, if control is applied within pre-defined temperature boundaries then this variation
can be minimised. Thermal modelling of the home would enable the demand management potential and service
level impact to be further investigated.
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Lighting. This represents on average 8% of the energy use in New Zealand homes, though there is some variation
through the year. There is very little prior work discussing lighting management. Some home automation systems
enable control of lighting systems, though the focus is on lighting effects rather than demand management.
However, lighting systems may sometimes be used unnecessarily, such as when there is enough ambient light
from outside, or when users leave rooms and forget to turn lights off. This highlights the potential for the use of
external environmental data, such as that from occupancy and lighting sensors, to optimise demand for household
lighting systems. Additionally, energy feedback systems that can engage consumers in behaviour shifts to reduce the
unnecessary use of lights may be helpful to manage demand here.

5.3 Appliances Dependent on Occupancy and Activity
The use of these appliances is, in general, dependent on household members being at home, as well as engaged in a
particular activity. For example, the use of a washing machine occurs when users are doing laundry, and requires the
user to be present to set its operation in motion (even if they use a delay function). The use of a stove occurs when
users are at home and engaged in cooking activities. There are differences with regard to the level of engagement
or interaction the user has with the appliance whilst in operation; washing machines require relatively low user
interaction (i.e., they switch it on and leave it to run) whereas the stove requires a higher level of interaction during
cooking (i.e., monitoring and control of temperature and cook-times). These differences give rise to differences in
potential demand management strategies.
Whiteware. Appliances such as dishwashers, clothes washing machines and clothes dryers respectively consume, on
average, 211 kWh, 59 kWh, and 173 kWh per year (Issacs et al., 2010). Once set and switched on by consumers,
they have predictable operating patterns in terms of how they consume power. There are two main opportunities for
demand management with these types of appliance: (1) interrupting the use of the appliance for a period of time after
it is turned on, and (2) implementing a start delay such that the appliance is scheduled to operate during a period of
time when demand is lower. In the first instance power should not be cut to the appliance entirely or the state of the
operating program may be lost. However, smart appliances could be asked to pause their operation while remaining
on standby. In the second instance, appliance use could be scheduled to use the lowest-cost energy within a specified
time period or as part of a whole-house demand management system. There is also the opportunity to encourage
users to shift the time at which they program the machines to run through the use of demand response prompts.
The main impact of demand management for these appliances is on the duration of time required to complete
operation (though if loads are interrupted for a long time period during use there may be some detrimental impact
on the cleaning processes that occur). For each appliance, consideration needs to be given to the impact of this time
delay on the user. Users may be happy for dishwashers to operate overnight and present them with clean dishes in
the morning, but perhaps not so keen on waking up and having to hang out laundry. Further research is required to
fully quantify the potential consequences of these strategies in terms of peak power shifting and impact to the user.
Cooking appliances. There appears to be a very limited scope for demand management in cooking. Most stovetop
cooking implements are poorly insulated, so interrupting their power demand may incur large service level
(temperature) losses. Ovens may have lower service level impact; however methods to account for these are not
addressed anywhere in the literature.
Microwave cooking could be interrupted for a short period, however this would have to occur without turning fully
turning the device off (as with whiteware appliances described above). Power to extractor fans and kettles could be
cut directly for short periods of time. In the case of extractor fans this would negatively impact the service it was
delivering, whilst for kettles this would add time to the duration of use.
Users also have fairly high levels of interaction with cooking appliances whilst in use. They do not tend to switch
them on and come back later; instead they are checking food temperatures, cooking temperatures, cooking progress,
adding ingredients, and so on. In addition, some recipes call for quite precise cooking temperatures (e.g., baking).
Therefore, it would seem that demand management opportunities here are fairly unrealistic due to the high loss of
service that would result.
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Consumer electronics generally provide a service that has a high level of user interaction, and thus are unsuitable for
autonomous or remote management while in use. However, there are products that detect when a person is using
these electronics, and switch off the peripherals when they are not. This is done through occupancy sensing or power
sensing – when the main device such as the TV, amplifier or desktop computer is not drawing power, then power is
cut to peripheral devices such as speakers. Consumer electronics that are being charged (laptop computers, cellular
phones etc.) could potentially be interrupted for a short period with only a time delay impact. Extended periods
will incur service level impacts. Audio-visual systems generally deliver uninterruptible services, however devices on
standby could be switched off without any service level impact. This could be achieved either through demand
management prompts or the use of power relays.

5.4 Implementation Potential
Currently in New Zealand there is not a large demand management market. At the industrial scale the company
EnerNOC10 provides customers with economic incentives for participation in one of two demand management
programs. The first forms part of New Zealand’s Instantaneous Reserves market, whereby particular loads may be
switched off at the customer’s premises with either no or very little warning, but for no longer than about 30 minutes;
thus suiting customers with thermostatically controlled heating or cooling devices or those with some kind of short
term storage capacity. The Demand Response program suits a different type of customer; here the user receives 2
hours notice of a demand response event, but the period of control is longer, lasting between 2 and 4 hours.
Despite EnerNOCs success with the industrial market, there is very little in the way of demand management at the
commercial or residential level. Although demand management at this level has been carried out historically using
ripple control, mainly on water heating devices, Transpower is currently developing a technology platform and
implementing a new programme to see how consumers interact and participate in demand response events11. The
program looks to use a bid-in system, whereby participants can offer a capacity of load that they are willing to reduce
in return for a particular economic incentive. Although this too will initially focus on medium to larger business
users, eventually the vision is for it to be rolled out to a wider consumer audience.
Other types of demand management implementation at the residential level may stem from the introduction of
time variable pricing signals from utilities or distribution companies, though a pilot program trialling this showed no
significant change in time of use as a result of the pricing signal alone (Thorsnes et al., 2012). However, a stronger
pricing signal, or the combination of dynamic pricing signals coupled with HEMS may have more success at shifting demand.

5.5 Summary of Appliance Management Opportunities
In summary, it would appear that there is some potential to shift demand to reduce peak loads and grid stress, and
that the methodology employed should be considered on an appliance-by-appliance basis, accounting for both the
dependency of the appliance on occupancy and activity, and the level of user interaction with the appliance when
in use.
This potential could be clarified by: (1) developing a further understanding of the time variable demand of different
appliances and the technologically maximum load shedding or shifting potential; and (2) understanding how
consumers may respond to different types of demand management opportunities and the potential HEM uptake
that may occur in the coming years.

10 http://www.enernoc.com/
11 https://www.transpower.co.nz/projects/demand-response-project

Factors Influencing HEM Uptake

29

6. Factors Influencing HEM Uptake
New Zealand suppliers currently offer very few HEMS targeted toward residential consumers. Many are offered
online from overseas, but levels of importation are unknown. In addition, there has been limited uptake of HEMS
internationally, so it is hard to evaluate potential interest and uptake of these systems in New Zealand in the coming
years. This section thus looks more generally at technology adoption, and draws from international research in this
and related fields to try to determine the attributes of demand management technologies, including HEMS, that
may affect a consumer’s desire to purchase or use.
To provide a theoretical framework for this evaluation, we refer to the Technology Adoption Model, based on the
Theory of Reasoned Action (Ajzen, 1980) and developed by researchers in 1989 (Davis et al., 1989). This model
attempts to explain the adoption and use of a new technology through factors that govern its perceived usefulness,
ease of use, and behavioural intentions. As HEMS rely on both the uptake and use of new enabling technologies,
the TAM (as shown in Figure 9) is a particularly appropriate framework for analysis.

Figure 9: Technology Acceptance Model, adapted from Venkatesh & Bala (2008) with some arrows removed for simplicity
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TAM states that the use of a technology, such as a Home Energy Management System, is driven by behavioural
intentions, defined as the degree to which a person has formulated conscious plans to perform or not perform some
specified future behaviour. These are in turn influenced by both attitudes toward using the system (driven by norms,
experience, and voluntariness), the degree to which an individual believes that using the system will help him or her
to attain gains in performance (i.e. the system’s perceived usefulness) and the degree of ease associated with the use
of the system (i.e., perceived ease of use). These are, in turn, influenced by external variables, as outlined in Figure
10 and described in Table 2.

Table 2: Influences on the Technology Acceptance Model (TAM) 		
Characteristic

Description

Voluntariness

The extent to which potential adopters perceive the adoption decision to
be non-mandatory.

Experience

The degree to which a person has had awareness and experience using
similar types of technology.

Subjective Norm

Person’s perception that most people who are important to him or her
think he or she should or should not perform the behaviour in question.

Image

The degree to which use of an innovation is perceived to enhance one’s
status in one’s social system.

Relevance of Technology

Individual’s perception regarding the degree to which the technology is
relevant to achieving his or her objectives.

Output Quality

The degree to which an individual believes that the system performs well.

Result Demonstrability

Tangibility of the results of using the innovation.

Self-Efficacy

The degree to which an individual beliefs that he or she has the ability to
perform specific task/job using the technology.

Perceptions of External Control

The degree to which an individual believes that an organizational and
technical infrastructure exists to support use of the system.

Technology Anxiety

The degree of an individual’s apprehension, or even fear, when he or she
is faced with the possibility of using the new technology.

Technology Playfulness

The degree of cognitive spontaneity in interactions with the technology.

Perceived Enjoyment

The extent to which the activity of using a specific system is perceived to
be enjoyable in its own right, aside from any performance consequences
resulting from system use.

Objective Usability

A comparison of systems based on the actual level (rather than perceptions)
of effort required to complete specific tasks.

6.1 Perceived Usefulness
Although previous research has shown that the use of HEM systems can help consumers to reduce their energy
consumption between 4 and 12%, these products still have relatively low market penetration (LaMarche et al.,
2012). This may be due to the extent to which residential consumers perceive these systems to be useful; in fact the
perceived usefulness of smart meters, a technology in the same space as HEM systems, was found to be the central
determining factor in terms of smart meter acceptance (Picot et al., 2009). Research suggests that that perceived
usefulness also has strong explanatory power in determining adoption of HEM systems (Hsu & Yen, 2012).
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Subjective norms refer to both the perception of what is normal in a particular situation (the descriptive norm), as well
as what is commonly approved or disapproved by peers (the injunctive norm) (Shultz et al., 2007). Our choices and
decisions about the use of a new technology are always socially embedded, strongly influenced by cultural, personal
and institutional constraints (Berardi, 2013). These subjective norms can guide our intended (and actual) behaviour
across a range of behaviours (e.g. Shultz et al., 2007; Goldstein et al., 2008; Allcott & Mullainathan, 2010), as well as
influencing the way in which people see the use of a new technology, e.g., as a status symbol within their social system.
Job relevance refers to the perception by potential users about the relevance of the technology in carrying out particular
tasks or jobs. Acceptance of HEM systems will only occur if customers see the advantages that it brings to them,
not the electricity grid (Rogalla, 2013). Users have multiple motivations for engaging with home energy systems;
a HEM pilot project in Denmark found that electricity consumers fell into 5 different user profiles corresponding
to different motivations (DONG, 2012). Those profiled as the Economists were motivated by the ability to control
their appliances and save money; the Technicians wanted to learn about and contribute to the development of new
technology; the Curious were interested to learn new things about their energy use and encouraged by play and
competition; the Sympathetic wanted to do the right thing and contribute to the development of society; and the
Comfortable focused on comfort and convenience in their everyday lives but also wanted to save some money and
do some good for the environment. Whether or not these profiles are relevant to New Zealand, this implies that a
successful HEM system should ensure that users find its services align to helping them achieve their goals, be they
environmental, financial, or just improved control over household energy use. Optimising their resource use to avoid
losses may be an incentive for consumers to engage with HEM systems, even if the effort they put in is not indicative
of the savings they achieve.
Although some consumers have started to see the value in the ability to monitor and control appliances connected to a
HEM system, energy management tends to be valued below other home appliance features such as safety and security
(FierceSmartGrid, 2013). This highlights the potential to increase perceived usefulness by diversifying offerings and
integrating additional benefits such as home security, into HEM systems (Picot et al., 2009; FierceSmartGrid, 2013).
Output quality describes the degree to which an individual believes that the HEM system can help them to perform
a particular task. This may be provided by the ability to separately control different appliances or circuits in the
home such as the regulation of lighting or temperature to optimise energy use without reducing comfort (Bonino
& Corno, 2011; DONG, 2012), pre-set programming for specific events (e.g. holidays), receiving accurate power
bills with remote meter reading; the ability to automatically adapt in real time to the best power tariff; alerts when
daily consumption is reaching a pre-defined limit; or the display of accurate and real time energy consumption
information (Forsa, 2010). As well as the functionality of the HEM system, the way in which information is displayed
is also important here; many products do not fulfil the needs of most customers who want an intuitive and flexible
information system (LaMarche, 2012; LaMarche et al., 2012). However, the ability to customise is fast becoming
more sophisticated with advances in data acquisition and networking, allowing homes to become more fully
connected. This also has implications for the ability to manage energy consumption across a network of homes for
mutual benefit (Alford, 2013).
Result demonstrability describes the tangibility of the results of using a HEM system, and predominantly this is measured
in terms of energy and cost savings, often offset against purchase price (FierceSmartGrid, 2013). Although people
do not find it credible that a HEM system may be offered to them by their electricity provider free of charge (Forsa,
2010), they are also on the whole unwilling to pay for such systems (LaMarche, 2012). Many people perceive HEM
systems as too expensive, and are unwilling to pay more than $50, despite most basic systems starting at $100, and
more sophisticated systems costing up to $900 (LaMarche et al., 2012; 2012b). In part, this additional cost is due to
the requirement for additional sensors and software to be deployed in the home, and as such the HEM market has
tended to be limited to early adopters and technology enthusiasts (LaMarche et al., 2012).
The introduction of consumer-specific and load- or time-dependent tariffs may well introduce a much-needed
incentive for the use of HEM systems, enabling consumers and companies to balance energy supply and demand,
and shift consumption to lower-priced, off peak periods (Picot et al., 2009; Forsa, 2010; DONG, 2012; Alford, 2013).
The ability to achieve these financial savings can induce flexible use of home appliances, controlled automatically by
advanced algorithms developed to achieve load shedding whilst not compromising on service.
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Whilst other studies conclude that there is a need for greater rigour in the evaluation of the energy savings
potential of HEM systems in terms of both feedback and control (e.g. LaMarche et al., 2012), we suggest that result
demonstrability needs to extend beyond just cost-effectiveness and account for the other results desired by different
user groups.

6.2 Perceived Ease of Use
Despite the huge potential benefits offered by HEM systems, mass market penetration will not occur without
overcoming issues related to the ease (and perceived ease) with which consumers can purchase, install and manage
these technologies. Uncertainty around the use of new HEM technologies can often form a stumbling block for
users, and their ease of use must be “significantly improved before large-scale adoption is feasible” (LaMarche et al., 2012).
Increased ease of use also impacts the amount of time users engage with HEM systems: people are prepared to
spend longer periods of time interacting with those systems that are easy to use (LaMarche, 2012), and they are
unlikely to spend much time trying to figure out complicated technologies (FierceSmartGrid, 2013). They want
products that are clear to understand and intuitive to use so they do not have to spend a long time interpreting
information (LaMarche et al., 2012b).
Many consumers are not willing or capable of learning how to use the current HEM systems on the market, and
this can impact on their self-efficacy – the extent to which they believe that they are able to use such HEM systems.
The playfulness of a HEM system (i.e. the degree of cognitive spontaneity in the type of interactions it engages) can
also affect its perceived ease of use. Those HEM systems that connect with popular devices, particularly tablets
and smartphones with touchscreens, to provide aesthetically pleasing information in an interactive manner, are
more likely to be successful (FierceSmartGrid, 2013; LaMarche et al., 2012b). HEM products that only provide
raw device-level energy use data to users are not fulfilling consumers’ needs; instead they prefer to receive timely,
personalised, and actionable information across a variety of media (LaMarche et al., 2012).
Additionally, perceptions of external control - the existence of some additional structure to support their use of the
HEM system - can impact on its perceived ease of use. Although a key motivator in using a HEM system is to achieve
greater control over energy consumption and the use of energy intensive appliances (Forsa, 2010) including “when
and how things are done and to what degree the home takes over” (Bonino & Corno, 2011), people do not always
want to take control over everything in their home all the time (Williams, 2013; Berardi, 2013) and do not want to
spend more than around 5 minutes interacting with the system (LaMarche et al., 2012b). They may be quite content
for appliances to be automatically managed by their power company and controlled by the supporting infrastructure,
especially if the appliance’s service is not disrupted and appropriate incentives are provided (DONG, 2012).
However, people do have concerns over the loss of personal control of HEM systems and energy data, particularly
with those technologies where detailed data about energy use is being transmitted to third parties; the anxiety that
this may generate could be a determining factor in the acceptance of such HEM systems (Picot et al., 2009).
HEM systems, especially those transmitting data outside the house to a third party, pose threats in terms of data
security and data ownership. People do not necessarily want their energy consumption patterns to be transparent
to their energy providers, to insurance companies, or to criminals hacking into this data and generating knowledge
about peoples’ everyday habits (Nyborg & Røoke, 2011). To overcome this it is important that HEM systems put
in place clear definitions and comprehensible privacy protection rules concerning consumers’ consumption profiles
(LaMarche et al., 2012; Rogalla, 2013; Weidlich et al., 2013; Picot et al., 2009; Forsa, 2010).
Additionally, the objective usability of many current HEM systems is low; professional installation is often required,
systems are complex to set up and individual device programming is often required. The operating instructions
provided to consumers also tend to be complex, confusing consumers instead of enabling them to take greater
control over their home energy consumption (LaMarche et al., 2012).
This goes hand in hand with perceived enjoyment of using HEM systems – the extent to which the activity of using
the system is perceived to be enjoyable in its own right – as users need to be motivated by the HEM system itself to
facilitate habitual changes to their energy consumption behaviour (LaMarche, 2012).
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6.3 Other factors
The extent to which the use of HEM systems is perceived to be voluntary also affects subsequent acceptance, uptake,
and use. So long as the use of these systems is perceived to be voluntary, acceptance is unlikely to be problematic;
however, the potential benefits of using such a system have to be promoted to consumers to encourage uptake
(Karlin, 2012; Weidlich et al., 2013).
As the use of HEM systems is for the most part voluntary, consumer awareness of the different types of technologies
and their benefits need to be facilitated and improved for large-scale adoption to follow (LaMarche et al., 2012).
Currently there are a number of different types of systems on the market and even more online (not commercially
available), but the information about these products is not widely available (LaMarche et al., 2012b).
Awareness and experience with HEM systems can be facilitated by social networks and social interactions both on- and
off-line, and this should be exploited by HEM manufacturers and/or interested parties to encourage uptake and use
of these technologies (Karlin, 2012).
Additionally, though not mentioned in TAM, trust was found to be an important factor in the deployment of HEM
solutions. This included both the trust in the motives of the organisation providing the technology and the trust in
the technology itself (Karlin, 2012). As there is not extensive market awareness about HEM systems (LaMarche et
al., 2012b), trust in the messenger is also important (Weidlich et al., 2013).
Aside from factors that influence technology acceptance and uptake, the infrastructure surrounding deployment of
HEM systems is also important. A lack of common standards can reduce consumers’ willingness to invest in a HEM
system as they may experience concerns over future integration with home appliances and additional systems (e.g.
security monitoring, electric vehicle integration); open standards may well enable a faster market penetration of
HEM systems (Picot et al., 2009; Nyborg & Røoke, 2011).

6.4 Summary of Factors Influencing HEMS Adoption
Although there has been limited HEMS adoption in New Zealand, overseas experience points to a mixed response
to this type of technology, and to a number of factors that appear to be critical in terms of the design of the
technology, the demand management or demand response program, and the implementation. Whilst this report
cannot make solid conclusions as to the specific influence of any one of these factors, the overview presented here
suggests that the design of any demand management program must carefully consider the elements highlighted by
the TAM in terms of consumer engagement, trust, uptake, and use, as these issues will be fundamental to the success
of the delivery of such programs.
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7. Conclusion
The smart grid of the future is expected to incorporate appliance-level control within households, with the ability
either for external parties to have some control over the use of certain suitable appliances, or for householders to
engage themselves in appliance control, in order to better balance electricity demand with supply. Home Energy
Management Systems will be an integral part of the future smart grid, potentially assisting in reducing grid peak
demand, reducing the risk of system overload, better management of resources, and minimising risks of service
interruption. Although currently not available on the market, the potential of a fully connected and integrated smart
home could revolutionise load control in the coming years.
Home Energy Management Systems will be the consumer interface of the Smart Grid. It is important that Smart
Grid stakeholders gain an understanding of the characteristics of HEM technologies and the breadth of HEMS
available. Given the liveliness of this innovation space, it is also crucial to remain informed about new capabilities of
HEMS that are continuing to emerge.
Despite their potential, HEMS are in an early stage of development and adoption internationally. The scoping
exercise for this report revealed a wide range of HEMS types with different sets of characteristics, which communicate
using a variety of protocols. It is unclear at this point which forms will prove to be most suited to different types
of customers and sectors, and whether the future will see a proliferation or narrowing of the technology offerings.
A smart grid however, is not simply a system of smart technologies; it requires consumer engagement. Most HEMS
currently available offer demand management strategies in the form of energy feedback and behaviour prompts,
user initiated remote control and automation of appliances, as well as demand response and scheduling of appliances
by the utility or grid operator. Additionally, smart systems have started to emerge where appliance use is scheduled
according to occupants’ past behaviour.
The uptake of HEMS internationally is still low, and relatively little is known about consumer appetite for such
technologies, or the extent to which they influence behaviour. New Zealanders also bring their own cultural norms
to bear on their consumption decisions, so international research findings are not necessarily applicable to New
Zealand. Research is needed on Kiwis’ potential interest in HEMS, the functionality that they might desire, the way
in which they might interact with such systems, and how their consumption behaviour might change as a result of
engaging with these technologies. A major element is also the design of feedback, as many devices are still largely
aimed at the technically-minded consumer. Further work on feedback design has the potential to greatly improve
the interest of consumers in engaging with demand management.
If HEMS uptake in New Zealand is driven by householders’ own interests in feedback and self-determined demand
management, then the choices of technology are unimportant. However, a proliferation of HEMS types may lead
to subsequent difficulties in the operation of system-level demand response. If there is a desire by sector stakeholders
(government, gentailers, distribution companies) for a better orchestrated move towards demand response, it may be
important to determine preferred characteristics for HEMS that are to be adopted in New Zealand, or for particular
distribution networks or electricity suppliers.
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It appears that there is significant potential in New Zealand to shift demand to reduce peak loads and grid stress.
To better quantify this potential, research is needed on the time-variable demand of different appliances, the links
between appliance demand and the activities in the home that people are engaging in to create this demand, and
thus determining the maximum load shedding or shifting potential. A further unknown is how consumers are likely
to respond to different types of demand management opportunities. A major factor will be consumer willingness
to relinquish some degree of control of their electricity use, and the benefits that they might expect in exchange.
Given that these forms of demand response are largely untested, it will be important to also research the options
and preferences for consumer engagement, trust, appetite for uptake, and preferred use characteristics of the HEM
technologies, as these issues will be fundamental to the success of the delivery of demand management programs.
Such research would help sector stakeholders to determine how the consumer end of New Zealand’s smart grid may
need to be structured.
Although not part of the brief for this report, it is clear that many HEMS technologies are also applicable to
businesses, and may offer further opportunities for demand response across business sectors. Some service industries
are already working in this space, mainly with industrial users and large businesses. The relevance to smaller
businesses could be an important area for further research including quantification of demand response potential,
and business appetite for engagement.
The smart grid will require significantly more monitoring and intelligent control, but for it to work, consumers
will also need to see it as advantageous to them in their daily lives. A vision and strategy for New Zealand’s
smart grid will need to incorporate and build on householders’ needs for energy services and their appetite for
a changed relationship with the supply sector. Clear communication about the potential role for consumers in
demand management, combined with a coherent view of what New Zealand’s smarter network might entail, are
critical elements that will help determine how HEMS can contribute to New Zealand’s future Smart Grid.
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Appendix A: Characteristics of HEM Technologies

Switching off an appliance.

Autonomous identification and
management of standby devices.

Swapping the operated user
program with another less
energy consuming one.

Control of domestic appliances.

Real-time estimation of demand.

Modification of customer
behaviour, based on hourly
economic offers.

Appliance scheduling based on a
time varying energy price.

Peak shifting and trimming via
remote switching of loads.

Methods

Data communicated using PLC.

Energy monitoring device
(EMD) between gateway
and appliances: coordinates
monitoring and control.

Gateway node hosts logic of
energy saving services.

• Smart Appliances
• Smart Plugs
• Smart Meter

Smart Home Controller (SHC)
manages loads via ZigBee
connection established with the
following devices:

Operation

Real-time household demand
determined from appliances’
status sent over the network.

EMD manages domestic
appliances: associates appliance
status with pre-defined energy
profiles.

Smart appliances provide
demand forecast: used by SHC
to determine run schedule.

Controllable loads switched off
until power is below threshold.
Control based on priorities
assigned to smart plugs.

Optimise for economic savings.

Logic
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Systems in the Smart Grid

Use DSM to achieve system
goals such as peak load
reduction, power cost saving,
and energy efficiency.

Managing HVAC use to
arbitrage supply and demand
balances.

Smart Grid Controller for
Optimising HVAC Energy
Consumption

Energy Consumption Scheduler for
Demand Response

Use of Web of Things to
develop a comprehensive system
for home automation, with
system interoperability at the
application layer.

Building energy-aware smart
homes using web technologies

Maximise use of wind-generated
energy through increased grid
flexibility.

Full automation combining
physical and computational
systems in a home based on
UPnP architecture.

Implementing home energy
management system with UPnP
and mobile applications

Demand side management of
a domestic dishwasher: Wind
energy gains, financial savings and
peak-time load reduction

Objectives

Paper

Load scheduling based on
maximum peak load.

Time-shift the wash cycles of a
domestic dishwasher to optimise
for time variable pricing signals.

Use of fuzzy logic to monitor
and control residential HVAC
units.

-

Automatic control based on
TOU pricing.

Remote control of appliances.

Access to energy consumption
data for users.

Methods

Scheduler determines task run
times: linearly copies profile
entry or maps a combinatory
vector to the allocation table
one by one according to the task
type. Expands the search space
recursively to traverse all the
feasible allocations for task set.

-

DAQ unit reads the temperature
from each AC unit and forwards
to PC via USB serial port.

Data acquisition (DAQ) unit.

AC units with built-in
temperature sensor.

Ploggs: smart power outlets for
controlling electrical appliances
and sensing their demand.

Telsob sensor motes, to sense
environmental conditions.

Communication gateway
for external access. HAN
coordinator to which appliances
connect. Control point to govern
home appliances. Service server
for mobile apps to monitor and
manage the demand.

Operation

Loads scheduled in response to
distribution grid conditions and
dynamic prices (discussed but
not implemented).

• Minimise cost
• Maximise renewable energy
used
• Minimise CO2 emissions.

3 optimisation objectives
proposed:

PC hosts a software package to
read HVAC temperatures and
implement fuzzy logic to turn
ON/OFF the units according to
the available power.

-

Control policies based on
priority rankings. Device service
levels adjusted according to
the real-time rate of change of
energy pricing.

Logic
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Objectives

Ability to monitor, control, and
manage electrical loads.

Minimize energy consumption
while maintaining userperceived device performance.

Cloud implementation of DSM.

To develop a ZigBee-based
intelligent self-adjusting sensor
(ZiSAS) to overcome trade-offs
between performance and cost
of existing energy management
wireless sensor networks.

Provide a framework for human
computer interaction in a smart
home to provide different types
of automation that integrate
informative models of occupant
behaviour, provide hybrid levels
of control, and use ambient
sensing for localised decisions.

Improved identification of new
appliances in the home and
autonomous management of
home appliances.

Paper

Distributed Smart Device
for Monitoring, Control and
Management of Electric Loads in
Domestic Environments

An Empirical Study of the
Potential for Context-Aware Power
Management

Network Technology for a Smart
Community

An Intelligent Self-Adjusting
Sensor for Smart Home Services
based on Zigbee Communications

A Smarter Smart Home

Fuzzy and Parametric Method
for Self-Configuration of Home
Energy Management System

Algorithms developed to enable
automatic identification (selfconfiguration) of appliances and
their parameters using demand
signals. Modelling of demand
enables an energy manager to
determine effective scheduling.

Smart home is conceptually
modelled as a complex
eco-system of occupants,
physcial house characteristics,
operationsal components,
external and internal context,
and the interdependencies
between these aspects.

Creates flexible middleware
architecture suitable for a
dynamic environment such as a
home, incorporating contextual
awareness, autonomous selfadjustment, and event-based
control of appliances.

Uses sensors, controllers, a
HEM gateway and the cloud.

Powers down devices (or its subcomponents) during idle periods
of operation.

Uses PLC communications over
existing infrastructure for energy
metering and relay control of
electric switches.

Methods

The shape of power curve (at
50Hz level), the duration of use,
and power demand are sensed
and used in algorithms. Higherlevel systems (not presented here)
may use additional sensors and
occupant behaviour data.

An example of adaptive HVAC
acclimatisation is provided,
which combines power
monitoring with ambient light
sensors to determine home
occupancy and HVAC needs.

Combines ZiSAS with a power
management system (PMS). The
ZiSAS collects temperature,
humidity and movement
information, and the PMS
controls appliances based on this
and power demand data.

Device management functions
implemented in the cloud.
Home gateway consolidates
connections to home devices.

Data capture later extracts raw
sensor events. Context layer
infers higher-level context.
Decision layer responsible for
control decisions.

-

Operation

Fuzzy logic applied to features
(appliance signature, duration
of use, power demand) to
determine a list of equipment
types that may correspond to
appliance observed.

In HVAC case study, occupancy
determines when to put HVAC
system into power saving mode.
Dynamic rules are used that
consider the previous state of
the home, the type and activity
of occupants, the type of
automation needed, the context
of the home, and a measure of
appropriateness of actions.

ZiSAS uses environmental
data collected to autonomously
reconfigure middleware,
network topology, sensor density,
and sensing rate based on
environmental data collected.

Decisions based on sensor data:
e.g., turn off AC when windows
opened; open curtains to let
sunlight in during winter.

If the probability of not using
appliance > 80% device is
powered down. If probability of
use > 60% device powered up.

Intelligent control algorithms
being developed.

Logic
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Create better grid stability
through real time power
balancing of loads.

Reduce peak demand and
flatten the electricity load curve.

Improved management of
distributed resources (e.g. solar)
for cost savings.

Coordinated Home Energy
Management for Real-Time Power
Balancing

Domestic demand-side management
(DSM): Role of heat pumps and
thermal energy storage (TES)
systems

Action dependent heuristic dynamic
programming for home energy
resource scheduling

Create more price-responsive
demand (and demand
management) and integrate
more renewable energy into
power grids.

Develop an intelligent
management system to improve
the effectiveness of energy
feedback to residents.

Intelligent energy information
service based on a multi-home
environment

A self-learning scheme for
residential energy system control
and management

Objectives

Paper

Apply intelligent optimisation
methods based on priceresponsiveness to home battery
storage systems to find the
optimal battery charge and
discharge strategy.

Power management algorithms
control the resource scheduling
of a PV/battery unit, such that
the battery can charge from
either the grid or the PV system

Implements peak shifting and
peak smoothing with thermal
energy storage coupled heat
pumps.

Use HEMs in residences to
control deferrable loads.

System developed to enable
data sensing, processing, remote
control infrastructure, and
sharing of information with
neighbours.

Methods

Grid connected battery storage
system controlled by power
management system to: charge
up (from grid), remain idle
(battery stays charged, demand
met by grid), or discharge
(battery supplies load).

A battery unit is connected to
both the grid and to a gridconnected PV array, and a
Power Management Unit is used
to control resource allocations.
Real time pricing schemes
attempt to shift load from peak
hours to light load hours.

Thermal energy storage units
that can store thermal energy
directly in thermal mass or
through phase change material
are coupled to heat pumps and
demand management systems.

Each residence runs an energy
management program to
minimise electricity costs.

Wireless sensor monitors
consumption of appliances.
Data sent to home gateway via
Zigbee communication and
stored on both home gateway
and a central server.

Operation

Battery charges when electricity
is cheap and discharges when
cost is high. Performance refined
through continuous learning
to find charge, discharge, idle
schedule to minimise total cost.

If the household load is greater
than PV generation, battery
is discharged first, and then
power pulled from grid. If the
supply from PV is greater than
load excess is used to charge the
battery, and then surplus is sold
to grid.

A demand response strategy is
implemented to shave peaks to
flatten load, and the subsequent
impact on thermal comfort is
discussed.

Loads deferred by retailers to
minimise real-time market cost
of use.

Data synchronisation performed
between home gateway and
central server. Central server
thus contains information about
multiple homes, and can be
queried by multiple users.

Logic
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Allure Energy: Eversense

Source: http://www.allure-energy.com/
Accessed: 13/11/2013

Description:
Thermostat that automatically adapts to
the user’s daily schedule
Key capabilities:
Energy feedback, user initiated control,
intelligent solutions
Target Market:
Consumer
How it works:
Connects to the home Wi-Fi network.
Proximity information from the user’s
cell phone, learned information from the
user’s scheduling and information on local
weather are integrated to dynamically
control thermostat temperature.
User Interface:
An in-home display is wall mounted and detachable.
Requirements:
Installed HVAC system
System Cost:
USD$400
Installation:
Consumer

AlertMe: SmartEnergy

Source: https://www.alertme.com/shopping/
smart_energy. Accessed: 13/11/2013

Description:
Provides real-time and historical energy
use information
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
A current clamp and SmartMeter reader
wirelessly connects to the SmartHub using
ZigBee. SmartPlugs can be added to the
ZigBee network to form a management
network and remotely control appliances.
The SmartHub connects to a router via Ethernet.
User Interface:
In-home display, mobile application,
web-based portal
Requirements:
None
System Cost:
GBP£50
Installation:
Consumer
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Description:
An end-to-end cloud platform for OEMS
to build internet connected products
Key capabilities:
Target Market:
OEMs
How it works:
Embedded microchip allows internetcapability for OEM devices/appliances.
The cloud platform allows application
development and provision of connectivity
for device management.
User Interface:
Web-based Developer Portal
Requirements:
None
System Cost:
n/a
Installation:
n/a

Source: http://www.aylanetworks.com/
Accessed: 13/11/2013

Ayla: Ayla Networks

Description:
A smart plug that can provide load and
cost projections as well as instantaneous
usage information to a small display
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
See at a glance the cost of operation, watts
and the amount of carbon dioxide (CO2)
produced in generating the electricity
consumed. Leaving an appliance plugged
in over a period of time activates the
tracking feature which projects monthly and
yearly costs of operation based on actual usage.
User Interface:
A small LCD display is wired to the plug device.
Requirements:
None
System Cost:
USD$30
Installation:
None

Source: http://www.belkin.com/conserve/
insight/. Accessed: 7/12/2013

Belkin: Conserve Insight
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Description:
Plug that eliminates standby power by
switching off power to electronics after
a time interval
Key capabilities:
User control, power relay
Target Market:
Consumer
How it works:
Draws zero power until Start is hit then
shuts of automatically after the time
indicated by the switch on the side of
the plug.
User Interface:
Switch on the side of the device, start
button on the top of the device
Requirements:
None
System Cost:
USD$10
Installation:
None

Source: http://www.belkin.com/conserve/
socket/Accessed: 13/11/2013

Source: https://www.belkin.com/conserve/
smartav/
Accessed: 7/12/2013

Description:
Plug eliminates standby power by
automatically switching on/off
peripheral components when the user
turns on/off their TV
Key capabilities:
Power relay
Target Market:
Consumer
How it works:
A master outlet senses whether the
user’s TV is on or off, and allows power
to be drawn by up to five peripheral
components such as DVD players,
gaming consoles, stereo equipment.
The user turns the TV on and off as
normal. The device has two outlets that
are uncontrolled for devices that require
constant access to power.
User Interface:
The user simply plugs in their devices
and turns their TV on/off as they
normally would.
Requirements:
None
System Cost:
USD$30
Installation:
None

Belkin: Conserve Socket

Belkin: Conserve Smart AV

Blue Line Innovations:
PowerCost Monitor
Source: http://www.bluelineinnovations.
com/Products/
Accessed: 13/11/2013

Description:
Home energy monitor that wirelessly
reads a meter and provides information
on real-time electricity consumption,
real-time cost consumption, and peak
electricity in a 24 period, as well as the
time, the temperature at meter location,
signal strength and the battery strength
of both the display and sensor units
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
A wireless sensor reads traditional
analogue electricity meter activity and
calculates home electricity usage. This
information is transmitted wirelessly to
an in home device.
User Interface:
LCD on the device
Requirements:
Analogue electricity meter
System Cost:
USD$ 110
Installation:
Consumer

BITS: Energy Saving Smart
Strip Surge Protectors
Source: http://catalog.bitsltd.us/power_
strips/
Accessed: 13/11/2013

Description:
A plug board that eliminates standby
power by automatically switching on/
off up to four peripheral components
(green) when the user turns on/off a
control device (blue)
Key capabilities:
Power relay
Target Market:
Consumer
How it works:
Master outlet senses whether the control
component is on or off, and allows
power to be drawn by the peripherals.
User turns control component on and
off as normal. The device has two
outlets that are uncontrolled for devices
that require constant access to power.
User Interface:
The user simply plugs in their devices
and turns their control component on/
off as normal.
Requirements:
None
System Cost:
USD$40
Installation:
None

Appendix B

45

Report Prepared for the Energy Efficiency and Conservation Authority (EECA)

Description:
Consumer engagement portal for
monitoring, budgeting, control, DR
opt-in
Key capabilities:
Energy feedback, user initiated control,
demand response, demand response
prompts, integrated network
Target Market:
Utility
How it works:
Support for a broad range of control
devices and communication protocols
enables customers to buy standard
ZigBee and Z-wave devices in order
to expand their home automation
capabilities and increase energy
reduction levels for DR events.
User Interface:
Web-based portal
Requirements:
None
System Cost:
n/a
Installation:
n/a

Source: http://www.calicoenergy.com/
page.php?page_id=15
Accessed: 13/11/2013

Calico Energy Services:
HomeSMART Energy
Management

Description:
Programmable thermostat designed for
ZigBee applications
Key capabilities:
Energy feedback, user initiated control,
demand response
Target Market:
Utility/Consumer
How it works:
The ComfortChoice Touch will
interface with compatible Smart
Meters and Gateways, providing a
2-way communication path to enable
Load Control and Pricing Signals for
demand response and real-time pricing
programs.
User Interface:
Touch screen device
Requirements:
Smart meter, installed HVAC system
System Cost:
n/a
Installation:
n/a

Source: http://www.comfortchoice.com/
products.aspx
Accessed: 13/11/2013

Carrier: ComfortChoice

Description:
Home security and home control
system
Key capabilities:
Energy feedback, user initiated control,
intelligent solutions
Target Market:
Consumer
How it works:
Lighting and thermostats can be
controlled by remote and internetconnected devices. EcoSaver learns
heating and cooling preferences to save
energy while maintaining comfort.
Devices can be switched on/off via
smart plugs.
User Interface:
In-home display, mobile application,
web-based portal
Requirements:
Installed HVAC system, XFINITY
monthly costs
System Cost:
USD$100 + 15/month
Installation:
Consumer

Source: http://www.comcast.com/home-security/energy
Accessed: 13/11/2013

Comcast: XFINITY Home &
Ecosaver

Description:
An in-home display designed to
help utilities communicate with
their customer base through electric
consumption data, real-time pricing,
and messaging alerts
Key capabilities:
Energy feedback, demand response
prompts
Target Market:
Utility
How it works:
Displays current and accumulated
electricity usage. Zigbee wireless
communication enables text messages
and alerts from utility providers.
User Interface:
LCD on device
Requirements:
None
System Cost:
n/a
Installation:
n/a

Source: http://www.comverge.com/
utilities/utility-demand-response/demand-response-hardware
Accessed: 13/11/2013

Comverge: InteliFOCUS
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Description:
Load control unit for demand response
applications
Key capabilities:
Demand response
Target Market:
Utility
How it works:
Individually control up to four loads
if desired, to control both HVAC and
water heater installations. Multiple
devices can be controlled through
single or separate commands. Can also
be programmed to schedule events in
advance to enable easy implementation
of automated dynamic pricing
programs.
User Interface:
None
Requirements:
None
System Cost:
n/a
Installation:
Professional

Source: http://www.control4.co.nz/
Accessed: 13/11/2013

Source: http://www.comverge.com/
utilities/utility-demand-response/demand-response-hardware
Accessed: 13/11/2013

Description:
Integrates music, shades, locks, climate
control and video for a smart home
solution
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
Control of the home from in-home
switches and internet connected
devices.
User Interface:
In-home device, mobile application
Requirements:
None
System Cost:
System and installation dependant
Installation:
Installed by the dealer

Control4: Control4 Home

Comverge: InteliPEAK

Description:
In-home peak indicator requests
homeowners reduce load and costs
given a dynamic pricing system
Key capabilities:
Demand response prompts
Target Market:
Utility/Consumer
How it works:
A red light indicates a “Beat the Peak”
event. A yellow light signals that the
utility will initiate a Beat the Peak event
within the next hour. A green light lets
the member know the device is powered
on and is functioning normally.
User Interface:
Plug-in device
Requirements:
None
System Cost:
USD$70
Installation:
None

Accessed: 13/11/2013

Source: http://www.cooperindustries.
com/content/public/en/power_
systems/products/demand-response/
in-home-peak-indicator.html

Cooper Power Systems:

Description:
Switches for demand response
applications with multiple
communications options
Key capabilities:
Demand response
Target Market:
Utility
How it works:
Utility sends demand response signal
via wireless communications. Available
with numerous wiring and mounting
options to accommodate various
installation requirements and to control
multiple loads.
User Interface:
None
Requirements:
None
System Cost:
Unknown
Installation:
Professional

Source: http://www.cooperindustries.
com/content/public/en/power_systems/
products/demand response/load control
receivers.html
Accessed: 13/11/2013

Cooper Power Systems: Load
Control Switches
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Description:
Programmable thermostat with demand
response capability
Key capabilities:
Energy feedback, user initiated control,
demand response
Target Market:
Utility/Consumer
How it works:
Easy web based programming and
energy management with four
temperature settings per day. These
thermostats have built-in demand
response control strategies that can be
initiated by the utility.
User Interface:
LCD on device, web-based portal
Requirements:
Installed HVAC system
System Cost:
Unknown
Installation:
Consumer

Source: http://www.cooperindustries.
com/content/public/en/power_systems/
products/demand response/programmable-thermostat.html
Accessed: 13/11/2013

Cooper Power Systems:
Programmable
Communicating Thermostats

Description:
Home energy monitor
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
A current clamp measures electricity
consumption in the home, providing
instantaneous feedback on energy
consumption, and its cost.
User Interface:
LCD on device
Requirements:
None
System Cost:
GBP£25
Installation:
Consumer

Source: http://www.currentcost.com/product-theclassic.html
Accessed: 13/11/2013

Current Cost: Current Cost
range

Description:
A web-enabled portal for automating
commercial and residential buildings to
better manage energy consumption
Key capabilities:
Energy feedback, user initiated control,
demand response, demand response
prompts, integrated network
Target Market:
Utility/Consumer
How it works:
HEMS that connects wireless
communicating devices to internet
services via the DreamWatts Gateway,
providing consumption information,
scheduling services, alerts, reports, and
recommendations as well as demand
response and ancillary services.
User Interface:
Web-based portal
Requirements:
None
System Cost:
Unknown
Installation:
Professional

Source: http://www.makadenergy.com/
overview.php
Accessed: 13/11/2013

DreamWatts: DreamWatts

Description:
Internet-enabled thermostat and cloud
services that allows HVAC monitoring
and control
Key capabilities:
Energy feedback, user initiated control,
demand response, demand response
prompts
Target Market:
Utility
How it works:
Offers a combination of cloud-based
analytics and internet-connected
thermostats allows utilities to deliver
DR programs and energy services
User Interface:
Web-based portal
Requirements:
Installed HVAC system
System Cost:
Unknown
Installation:
n/a

Source: http://www.ecofactor.com/
Accessed: 13/11/2013

EcoFactor: Demand response
and energy management
solutions
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Description:
Technology and manufacturerindependent HEMS
Key capabilities:
Target Market:
OEMs
How it works:
EGO offers HEM Gateways, Smart
Plugs, and connectors to integrate
appliances into smart energy networks,
supported by multiple communications
technologies.
User Interface:
None
Requirements:
None
System Cost:
n/a
Installation:
n/a

Description:
Home consumption/generation
monitor with built in web-server
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
Current clamps measure AC power
on up to 12 circuits; for example total
building consumption, PV production,
individual appliances. The built-in web
server retains up to 30 years’ data. The
server is web-enabled but can operate
autonomously.
User Interface:
Web browser
Requirements:
None
System Cost:
USD$500
Installation:
Professional

Description:
Wireless appliance monitor/controller
Key capabilities:
Energy feedback, user initated control
Target Market:
Consumer
How it works:
Consumption of appliances connected
to transmitter plugs can be monitored
from the EcoManager display along
with whole house energy consumption.
EcoManager can be used to switch
these on/off.
User Interface:
EcoManager display
Requirements:
None
System Cost:
GBP£70
Installation:
Consumer

Source: http://www.egoproducts.com/en/
products/applications/home-automation
Accessed: 13/11/2013

Source: http://www.egauge.net/prod/
egauge.php
Accessed: 13/11/2013

Source: http://www.edfenergy.com/products-services/for-your-home/ecomanager/
about-ecomanager.shtml#
Accessed: 13/11/2013

EGO: Home Automation

eGauge: eGauge Kit

EDF Energy: EcoManager

Description:
Fully automated power-saving plug
boards
Key capabilities:
Intelligent solutions, power relay
Target Market:
Consumer
How it works:
Technology works by monitoring a
wide range of human interaction and
electrical parameters, interpreting
information to determine a specific
appliance state and controlling
appliances, turning them off or on at
exactly the right time to reduce power
wastage; learning the behavior of
connected appliances automatically
then provide power only when it is
needed.
User Interface:
None
Requirements:
None
System Cost:
USD$100
Installation:
Consumer

Source: http://embertec.com/products/
Accessed: 13/11/2013

Embertec: Emberplug &
EmberCeptor
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Description:
Thermostat to create a home
area network and provide energy
management services to consumers and
utilities
Key capabilities:
Energy feedback, user initiated control,
integrated network
Target Market:
Utility/Consumer
How it works:
The smart thermostat acts as the home
energy gateway which is supplied
by utilities to consumers. With the
integration of other components the
platform can evolve to accommodate
more systems such as smart plugs/
appliances.
User Interface:
Thermostat display, in-home display,
web-based portal
Requirements:
Installed HVAC system
System Cost:
n/a
Installation:
Professional

Source: http://www.energateinc.com/products-solutions/energate-home-energy-management-suite
Accessed: 13/11/2013

Energate: Energate Home
Energy Management Suite

Description:
Heats water with surplus from
generation
Key capabilities:
Micro-generation load control
Target Market:
Consumer
How it works:
Diverts surplus electricity to heat water
in the immersion tank. Can be used in
conjunction with Wattson Solar Plus
and Optiplug to identify and use free
electricity after water is heated.
User Interface:
None
Requirements:
Micro-generation
System Cost:
GBP£300-400
Installation:
Requires installation by company
professional

Source: http://www.diykyoto.com/uk/
aboutus/optimmersion
Accessed: 13/11/2013

Energeno: Optimmersion
Source: http://www.energyhub.com/service-providers/
Accessed: 13/11/2013

Description:
Software to help utilities remotely
monitor and manage thermostats
Key capabilities:
Energy feedback, demand response,
intelligent solutions
Target Market:
Utility
How it works:
With the Mercury software, service
providers can bundle thermostat
optimization and remote monitoring
services with existing offerings,
deploying a cost-effective solution that
takes advantage of in-home broadband
connections with any wireless
thermostat.
User Interface:
Web-based portal
Requirements:
None
System Cost:
n/a
Installation:
n/a

Description:
In-home device provides consumers
wireless and real-time information
about their energy use
Key capabilities:
Energy feedback
Target Market:
Utility/Consumer
How it works:
Zigbee interface with smart meter
User Interface:
LCD on device
Requirements:
None
System Cost:
USD$120
Installation:
Consumer

EnergyHub: Mercury software
platform

Source: http://www.energy-aware.com/
products-powertab.html
Accessed: 13/11/2013

EnergyAware: PowerTab
In-home display
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Description:
Turn your smart phone into a remote
control for GE Brillion-enabled
appliances with the Brillion App
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
Allows consumers to connect to their
internet-capable appliances remotely
User Interface:
Mobile application
Requirements:
Brillion smart appliances
System Cost:
None
Installation:
None

Description:
Monitor energy and control smart plugs
and appliances from your computer
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
Collects energy usage data from a
current clamp or directly from a
ZigBee-compatible smart meter. Smart
plugs can be connected to control
appliances.
User Interface:
Mobile application, web-based portal
Requirements:
Broadband connection
System Cost:
Unknown
Installation:
Consumer

Description:
Load control unit for demand response
Key capabilities:
Demand response
Target Market:
Utility
How it works:
Receives utility-sent demand response
signals wirelessly. Capable of controlling
up to four loads.
User Interface:
None
Requirements:
None
System Cost:
Unknown
Installation:
Professional

Source: http://www.geappliances.com/connected-home-smart-appliances/
Accessed: 13/11/2013

Source: http://www.futuredash.com/energybuddy
Accessed: 13/11/2013

Source: http://entekllc.com/amr-ami
Accessed: 13/11/2013

GE Appliances: GE Brillion App

FutureDash: EnergyBuddy

EnTek: DR load controllers

Description:
Energy monitor for grid electricity,
smart plugs and micro-generation
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
Displays energy loading in real time as
well as consumption and performance
against an energy budget or electricity
being generated. Connects to smart
meters wirelessly or pre-smart meters
using a current clamp. Smart plugs add
control features.
User Interface:
LCD on device
Requirements:
None
System Cost:
GBP£150
Installation:
Consumer

Source: http://www.greenenergyoptions.
co.uk/what-we-do/products/solo-2/
Accessed: 13/11/2013

GreenEnergyOptions: Solo
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Description:
Software-based dashboard with tools for
utilities to engage customers in utility
energy efficiency programs
Key capabilities:
Energy feedback, demand response
Target Market:
Utility/Consumer
How it works:
Customers are provided insight into
their energy consumption profile,
predicted energy usage, savings
achieved, and carbon impact and
comparisons with similar consumers.
GridPoint also provides individualized
location based energy savings advice.
Bill payments and demand-response
control managed online by utility.
User Interface:
Web-based portal
Requirements:
None
System Cost:
n/a
Installation:
n/a

Source: http://www.gridpoint.com/customer-engagement-platform/customer-engagement-platform
Accessed: 13/11/2013

Source: http://www.greenwavereality.com/
solutions/energymgmt/
Accessed: 13/11/2013

Description:
HEMS for monitoring and control of
devices in the home
Key capabilities:
Energy feedback, user initiated control,
integrated network
Target Market:
Consumer
How it works:
An energy gateway, intelligent power
strips and integration with third-party
thermostats build a home Management
Network. Can provide an overview of
generation and consumption from solar
generation.
User Interface:
Smartphone or browser
Requirements:
Broadband connection
System Cost:
Dependent on installation
Installation:
Professional

GridPoint: Customer
Engagement Platform

GreenWave Reality: Home
Energy Management

Description:
Energy management and lighting
control
Key capabilities:
Energy feedback, user initiate control,
intelligent solutions
Target Market:
Consumer
How it works:
Controls temperature and lighting
based on time of day or occupancy,
users can make adjustments throughout
the entire home or business by buttonactivated settings Away, Sleep, Home,
Vacation, Special, and Party.
User Interface:
In-home device, web-based portal
Requirements:
None
System Cost:
Unknown
Installation:
Professional

Source: http://www.leviton.com/OA_
HTML/SectionDisplay.jsp?section=61256
&minisite=10251&LEVCOMP_pses= ZGD8322A6F89C431A71B09EDA7E2937F03FF8471B8459A00D4BFF8BC99726AA29FE3ADAEBA1CD271CF918F552B2DCF60851F5DBB4356534DE7
Accessed: 13/11/2013

HAI Smart Grid Technologies:
Lumina Home Control System

Description:
Programmable communicating
thermostats
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
Wi-Fi enabled thermostats are able to
be controlled remotely from anywhere.
User Interface:
Touch screen device, mobile application
Requirements:
None
System Cost:
USD$100 - 200
Installation:
Professional

Source: http://yourhome.honeywell.com/
home/Products/Thermostats/
Accessed: 13/11/2013

Honeywell: Programmable
Thermostats
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Description:
Enables utility-controlled demand
response and consumer energy
management services
Key capabilities:
Energy feedback, user initiated control,
demand response
Target Market:
Utility
How it works:
The Utility Application is an in-home
solution that enables utility demand
response features and allows consumers
to monitor and control thermostats,
lighting and smart plugs. The Service
Provider Application enables energy
management services to be bundled by
broadband or security providers.
User Interface:
Touch screen device, web-based portal
Requirements:
Broadband connection
System Cost:
n/a
Installation:
n/a

Source: http://www.icontrol.com/
solutions/energy_management.php
Accessed: 13/11/2013

iControl: OpenHome Platform

Description:
Home energy monitor displays
consumption information from up to 3
transmitting plugs
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
Socket power meters transmit
information to an access point
using powerline communications.
Information is transmitted wirelessly to
the display device.
User Interface:
LCD on device
Requirements:
Insteon access point device, “iMeter”
socket power meters
System Cost:
USD$40 for the device plus USD$40
for transmitting plugs
Installation:
Consumer

Source: http://www.smarthome.
com/2448A2/INSTEON-Energy-Display/p.aspx
Accessed: 13/11/2013

Insteon: Insteon Energy
Display

Description:
Control INSTEON light bulbs, wall
switches, outlets, and thermostats at
home or remotely
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
Appliances are networked via powerline
and radiowave communications
for monitoring and control. Home
configurations are stored in the cloud,
allowing access and modification from
any device.
User Interface:
Mobile application
Requirements:
Insteon devices, broadband connection
System Cost:
USD$130
Installation:
Consumer

Source: http://www.insteon.com/2242-222insteon-hub.html
Accessed: 13/11/2013

Insteon: Insteon Hub

Description:
Automatically shut down peripherals or
to implement custom automation
Key capabilities:
Energy feedback, user initiated control,
power relay
Target Market:
Consumer
How it works:
Socket devices communicate
via powerline communications.
SynchroLinc controls the network and
can be programmed wirelessly.
User Interface:
Computer software
Requirements:
HouseLinc software package
System Cost:
USD$40 for the SynchroLinc plus
USD$50 for each ApplianceLinc
Installation:
Consumer

Source: http://www.smarthome.
com/2423A5/SynchroLinc-Power-Synching-INSTEON-Controller/p.aspx
Accessed: 13/11/2013

Insteon: SynchroLinc +
ApplianceLinc
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Description:
Allows the consumer to monitor and
manage consumption in the home
as well as utility demand response
implementation across a variety of
devices
Key capabilities:
Energy feedback, user initiated control,
demand response
Target Market:
Utility/Consumer
How it works:
Display enables consumers to monitor
energy usage, control and monitor
energy consumption of specific
appliances through Power Monitoring
Switches/Devices, while enabling the
utility to implement demand response
schemes on a variety of appliances.
User Interface:
Touch screen device
Requirements:
None
System Cost:
Dependent on installation
Installation:
Professional

Source: http://www.intelligy.com.au/system-components.php
Accessed: 13/11/2013

Source: http://www2.intamac.com/
Accessed: 13/11/2013

Description:
Smart home services can be built on the
Enso platform
Key capabilities:
Target Market:
OEMs
How it works:
Cloud services allow the development
and deployment of products with
connected capabilities
User Interface:
None
Requirements:
None
System Cost:
n/a
Installation:
n/a

Intelligy: Intelligy System

Intamac: Enso Platform

Description:
Wireless home Management Network
controls a thermostat and appliances
via smart plugs
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
A wireless hub connects the thermostat
and smart plugs to the internet and a
web-based portal for control.
User Interface:
Web-based portal
Requirements:
None
System Cost:
USD$180for the Comfort and Control
Kit which includes wireless hub,
thermostat and a smart plug + $ 30
for additional smart plugs, $35 for light
switches
Installation:
Unknown

Source: http://www.lowes.com/
pd_388554-41166-KIT652_0__?productId=3735297
Accessed: 13/11/2013

Source: http://www.helloivee.com/
Accessed: 13/11/2013

Description:
Internet-enabled voice controlled
personal assistant
Key capabilities:
Energy feedback, user initiated control,
integrated network
Target Market:
Consumer
How it works:
Ivee connects to and can control third
party internet-connected devices, a
voice-activated assistant to control
appliances that provide energy
management services.
User Interface:
Voice, connections to third party
devices can be set up via an online
application
Requirements:
None
System Cost:
USD$220
Installation:
None

IRIS: IRIS Home Control
System

Interactive Voice: IVEE voice
controlled home assistant
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Installation:

Description:
A ZigBee and Wi-Fi enabled hub to
create a home area network
Key capabilities:
Energy feedback, user initiated control,
integrated network
Target Market:
Consumer
How it works:
Connects to devices wirelessly for
monitoring and control. A variety of
apps can be downloaded to support
various devices.
User Interface:
Web-based portal
Requirements:
Broadband connection
System Cost:

Source: http://getvera.com/
Accessed: 13/11/2013

MiCasaVerde: Vera3 home
control system

Description:
Self-optimising learning thermostat
Key capabilities:
Energy feedback, user initiated control,
intelligent solutions
Target Market:
Consumer
How it works:
Nest learns user preferences, and
responds to information from activity,
temperature and humidity sensors and
weather information. Based on this
information Nest learns ways to lower
energy bills while keeping the user
comfortable.
User Interface:
Device can be connected to home Wi-Fi
accessed from external internet capable
devices
Requirements:
Installed HVAC system
System Cost:
USD$250
Installation:
Consumer

Source: http://nest.com/
Accessed: 29/10/2013

Nest: Nest Thermostat

Description:
HEMS to monitor and control home
energy consumption with real-time
usage monitoring, budgeting,
thermostat and appliance control and
demand response notifications from the
utility
Key capabilities:
Energy feedback, user initiated control,
demand response, demand response
prompts, integrated network
Target Market:
Utility/Consumer
How it works:
Wirelessly networks smart meters
and appliances allowing consumers
to collect real-time electricity usage
information as well as pricing and
control signals from the utility company.
User Interface:
Touch screen device
Requirements:
None
System Cost:
Unknown
Installation:
Unknown

Source: http://www.nuritelecom.com/
products/aimir-home-energy-management-system-hems.html
Accessed: 13/11/2013

Nuri Telecom: AiMiR Home
Energy Management System
Description:
Onzo offers powerful analytics tools
for electricity providers and energy
monitoring for their customers
Key capabilities:
Energy feedback
Target Market:
Utility/Consumer
How it works:
The in-home display either reads
electricity usage with a current clamp or
connects to the smart meter via ZigBee.
Information is stored by the device and
access through the utility portal where
analytics can be performed to improve
services and efficiency on the utility
end.
User Interface:
LCD on device, utility portal
Requirements:
None
System Cost:
n/a
Installation:
n/a

Source: http://www.onzo.com/
Accessed: 13/11/2013

Onzo: Onzo Display
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OWL: Intuition Family

Source: http://www.theowl.com/products/
intuition.php
Accessed: 13/11/2013

Description:
A modular, internet connected
monitoring and control system that
can manage electricity supply, solar
PV generation, central heating and hot
water
Key capabilities:
Energy feedback, user initiated control,
micro-generation load control
Target Market:
Consumer
How it works:
The Network OWL plugs into an
existing broadband router and
wirelessly links with other devices
including a thermostat for combination
and system boilers, hot water systems,
monitoring for micro-generation and
whole-house load monitoring.
User Interface:
Thermostats have three buttons;
Comfort, Standby, Away. Consumption
data and settings are found on a
web-based portal
Requirements:
None
System Cost:
GBP£60 - 220
Installation:
Consumer

OWL: +USB

Source: http://theowl.com/products/
owlusb.php
Accessed: 13/11/2013

Description:
Home energy monitor with data
logging
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
Receives and displays information
wirelessly from a current clamp
and transmitter. Stored data can
be transferred to a PC via USB for
graphing and analysis.
User Interface:
LCD on device, computer software
Requirements:
None
System Cost:
GBP£43
Installation:
Consumer
Description:
Home energy monitor
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
Receives and displays information
wirelessly from a current clamp and
transmitter.
User Interface:
LCD on display
Requirements:
None
System Cost:
GBP£30
Installation:
Consumer

Source: http://www.theowl.com/products/
owlmicro.php
Accessed: 13/11/2013

OWL: micro+

Description:
Appliance energy monitor
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
Simply plug the Kill A Watt between
the appliance and the socket. Can
display consumption by the Kilowatthour, electrical expenses by the day,
week, month, or year, and power
quality.
User Interface:
LCD on device
Requirements:
None
System Cost:
USD$30
Installation:
Consumer

Source: http://www.p3international.com/
products/p4400.html
Accessed: 13/11/2013

P3 International: Kill A Watt
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P3 International: Save A Watt
Phantom Power Indicator

Source: http://www.p3international.com/
products/p4190.html
Accessed: 13/11/2013

Description:
Displays standby power levels for
plugged in devices
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
Displays consumption levels for plugged
in devices by lit LEDs in order to
identify standby power draw.
User Interface:
None
Requirements:
None
System Cost:
USD$13
Installation:
Consumer

P3 International: Save A Watt
Edge

Source: http://www.p3international.com/
products/p4170.html
Accessed: 13/11/2013

Description:
Programmable standby killer with
occupancy sensor
Key capabilities:
Intelligent solutions, power relay
Target Market:
Consumer
How it works:
The device is a timer that is equipped
with a motion sensor to detect when
there is activity in the room. When no
activity is sensed the timer disconnects
power after a specified time increment.
User Interface:
Switch on the side of the device to
select time increment.
Requirements:
None
System Cost:
USD$60
Installation:
Consumer

Description:
Monitor and control home appliances
from your computer
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
Plugwise uses wireless energy meters
plugged in between a device and the
socket. These provide real-time insight
in your energy usage and/or energy
production and can be switched on or
off remotely.
User Interface:
Computer software, web-based portal
Requirements:
None
System Cost:
EUR€320
Installation:
Consumer

Source: https://shop.plugwise.com/
Accessed: 13/11/2013

Source: http://panasonic.net/es/solution-works/HouseEnergy/
Accessed: 13/11/2013

Description:
Panasonic is developing smart houses
with SMARTHEMS technology
Key capabilities:
Energy feedback, user initiated control,
intelligent solutions, micro generation
load control
Target Market:
Consumer
How it works:
The concept integrates energy creation,
storage and saving equipment with
appliance management systems
User Interface:
Mobile application or smart TV
Requirements:
None
System Cost:
n/a
Installation:
n/a

Plugwise: Plugwise Home

Panasonic: SMARTHEMS
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Description:
Home energy management system
Key capabilities:
Energy feedback, user initiated control,
demand response prompts, integrated
network
Target Market:
Utility/Consumer
How it works:
Provides utilities with flexible,
standards-based HEMSs to help
their consumers increase their energy
efficiency and implement demand
response capabilities
User Interface:
In home display, web-based portal
Requirements:
None
System Cost:
n/a
Installation:
n/a

Source: http://powerwatch.com/
Accessed: 13/11/2013

Source: http://www.powerhousedynamics.
com/residential-energy-efficiency/
Accessed: 13/11/2013

Description:
Energy monitor with data analytics and
thermostat control
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
The eMonitor is installed inside the
circuit breaker panel in the home
with current clamps around each
circuit. Consumption information is
communicated to the cloud Analytics
Engine, where the software helps to
identify ways to save money and energy.
A programmable communicating
thermostat also connects to the
eMonitor via Wi-Fi.
User Interface:
Web-based portal
Requirements:
Broadband connection
System Cost:
USD$700
Installation:
Licensed electrician

PowerWatch: PowerWatch Total
HEMS

Powerhouse Dynamics:
eMonitor

Description:
Links wirelessly to your smart meter to
provide access to energy information
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
Links wirelessly to the smart meter
data to provide direct access to energy
information. It can stream data to cloud
services that provide home energy
dashboards and analytics tools.
User Interface:
Web-based portal, mobile app, third
party cloud services
Requirements:
Smart meter, device registered with the
utility
System Cost:
USD$100
Installation:
Consumer

Source: http://rainforestautomation.com/
eagle
Accessed: 13/11/2013

Rainforest Automation: EAGLE
Home Energy Gateway

Description:
Links wirelessly to the smart meter to
show consumption information and
messages from the utility
Key capabilities:
Energy feedback
Target Market:
Utility/Consumer
How it works:
Connects to the smart meter via ZigBee
to display consumption in real-time
and limited historical data. Can receive
alerts from the utility wirelessly.
User Interface:
LCD on device
Requirements:
Smart meter, device registered with the
utility
System Cost:
USD$60 - 70
Installation:
Consumer

Source: http://rainforestautomation.com/
emu-2
Accessed: 13/11/2013

Rainforest Automation: EMU
Energy Monitor
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Description:
Home energy management system
controls central heating and hot water
intelligently
Key capabilities:
Energy feedback, user initiated control,
intelligent solutions, micro-generation
load control
Target Market:
Consumer
How it works:
RELMS understands and learns user
patterns and uses these as well as
weather information to reduce energy
use. It can also monitor and analyse
generation from solar PV.
User Interface:
In home display, occupancy buttons,
mobile app, web-based portal
Requirements:
None
System Cost:
Unknown
Installation:
Professional

Source: http://www.relms.net/
Accessed: 29/10/2013

R.E.L.M.S.: Remote Energy
Lifestyle Management Systems

Description:
Monitor and control home appliances
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
Monitor up to 14 sensor plug sockets
or RF switches for lights and one 1-way
transmitter allowing up to 3 current
clamps to support 3-phase power.
Control plug sockets and switches from
the in home device
User Interface:
In home device
Requirements:
None
System Cost:
Unknown
Installation:
Consumer

Source: http://www.sailwider-smartpower.
com/bi_directional_energy_saving_
management.htm
Accessed: 13/11/2013

Source: http://www.rcstechnology.com/
index.html
Accessed: 13/11/2013

Description:
Home energy monitoring and control
with demand response capability
Key capabilities:
Energy feedback, user initiated control,
demand response
Target Market:
Utility/Consumer
How it works:
In-home display provides energy
feedback functionality to consumers
and demand response functionality to
utility
User Interface:
Thermostat display, web-based portal
Requirements:
None
System Cost:
Dependent on installation
Installation:
Consumer

Sailwider: Bi-directional
Electricity Energy Saving
Monitor and Control System

RCS Technology: RCS Whole
home energy monitoring and
control
Description:
Wireless home energy management hub
Key capabilities:
Energy feedback, user initiated control,
integrated network
Target Market:
Consumer
How it works:
Communicates wirelessly with Sailwider
devices for monitoring and control
functionality. The gateway can also
be developed to support ZigBee
meters, Mbus meters, solar inverters
or other data sources, as well as act
as an internet router. Control can be
performed from devices on the LAN or
internet-connected devices
User Interface:
Mobile application, smart TV ,
computer software
Requirements:
None
System Cost:
Unknown
Installation:
Consumer

Source: http://www.sailwider-smartpower.
com/energy-gateway.htm
Accessed: 13/11/2013

Sailwider: Energy Gateway
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Savant: Savant Automated
Home

Source: http://www.savantsystems.com/
smart_home_solutions.aspx
Accessed: 13/11/2013

Description:
Enable homeowners to monitor and
reduce energy consumption via home
automation
Key capabilities:
Energy feedback, user initiated control,
intelligent solutions
Target Market:
Consumer
How it works:
The system allows the consumer to
monitor heating and cooling systems as
well as individual appliances and total
home consumption. The consumer has
total control of thermostats, window
shades and draperies and these can
be automated to react to outside
conditions. Savant allows consumer-set
lighting schemes, which can integrate
with occupancy and motion sensors to
dim or turn off lights when a room is
unoccupied.
User Interface:
Mobile app
Requirements:
None
System Cost:
Dependent on installation
Installation:
Requires installation by company
professional

Sailwider: Uni-directional
Electrical Energy Monitor

Source: http://www.sailwider-smartpower.
com/one_way_energy_saving_monitor.htm
Accessed: 13/11/2013

Description:
Wireless home energy monitor
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
Monitors electricity wirelessly using a
current clamp and transmitter. Can also
be integrated as a component for smart
home systems.
User Interface:
LCD on device
Requirements:
None
System Cost:
GBP£110
Installation:
Consumer
Description:
Home demand management solution
for utilities and consumers
Key capabilities:
Energy feedback, user initiated control,
demand response, demand response
prompts
Target Market:
Utility/Consumer
How it works:
Allows homeowners to reduce or shift
energy use during peak times and
helps electricity providers improve grid
efficiency and network reliability. The
in home display and smart thermostat
help the consumer to monitor and
control energy in the home. Wiser
provides communicating smart plugs
and load control devices towards these
goals.
User Interface:
LCD on device, thermostat display,
web-based portal
Requirements:
None
System Cost:
Dependent on installation
Installation:
Requires installation by company
professional

Source: http://www.schneider-electric.com/
products/us/en/54600-residential-energy-management/54610-wiser-home-management/
Accessed: 13/11/2013

Schneider Electric: Schneider
Wiser Home

Description:
Management Network to allow demand
response applications
Key capabilities:
Energy feedback, user initiated control,
demand response
Target Market:
Utility/Consumer
How it works:
The gateway communicates with
Sequentric enabled devices; load
monitoring devices, thermostats, load
control modules, smart plugs, and EV
charge control. This enables consumer
energy management services as well as
grid-initiated demand response.
User Interface:
Web-based portal
Requirements:
None
System Cost:
USD$150
Installation:
Unknown

Source: http://sequentric.com/products/
index.html
Accessed: 13/11/2013

Sequentric: Senquentric
System
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swisscom: BeSmart

Source: https://be-smart.ch/
Accessed: 13/11/2013

Description:
Opt-in demand response in exchange
for energy management services
Key capabilities:
Energy feedback, user initiated control,
demand response
Target Market:
Consumer
How it works:
In exchange for opting-in to a demand
response program the consumer is given
access to consumption information and
management capabilities for the system
that is being controlled. The program is
not utility specific.
User Interface:
Mobile application
Requirements:
None
System Cost:
None
Installation:
Free

Smartenit: Harmony Gateway

Source: http://www.simplehomenet.com/
Accessed: 13/11/2013

Description:
A home area network to integrate smart
energy devices
Key capabilities:
Energy feedback, user initiated control,
integrated network
Target Market:
Consumer
How it works:
Connects automation devices to
the internet using a variety of
communications protocols. Devices
include sensors, smart plugs, wireless
switches and load controllers. Remote
connection is to the gateway directly
rather than a cloud service.
User Interface:
Computer software, mobile application
Requirements:
None
System Cost:
USD$200 for the gateway, other
components add to the cost
Installation:
Consumer

Description:
Control and schedule a smart plug
network
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
The myStrom adapters establish a
network connection using powerline
communications. The system is
connected to internet via an Ethernet
cable to the home router, allowing
access to consumption information,
control of devices, and setting of
schedules.
User Interface:
Web-based portal
Requirements:
None
System Cost:
CHF100
Installation:
Consumer

Source: https://mystrom.ch/en/
Accessed: 13/11/2013

swisscom: myStrom

Description:
Single phase residential electricity
monitor
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
Current clamps measure power and
information is stored in the TED unit.
Real-time usage and projected billing
can be displayed wirelessly on the
monitor. TED can be connected to a
computer via usb to graph usage and
set up text message alerts, enter local
utility-rate information, and create load
profiles for individual appliances for
better feedback services.
User Interface:
LCD on display, computer software
Requirements:
None
System Cost:
USD$240
Installation:
Consumer

Source: http://www.theenergydetective.
com/ted5000.html
Accessed: 13/11/2013

TED: TED 5000
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Tenrehte: PICOwatt

Source: http://www.tenrehte.com/
products/
Accessed: 13/11/2013

Description:
Plug load control and monitoring
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
A Wi-Fi enabled device that is plugged
in between the wall socket and an
appliance. Software in the device allows
the consumer to view real-time energy
consumption and set timers to schedule
devices.
User Interface:
Web-based portal
Requirements:
None
System Cost:
USD$250
Installation:
Consumer

Tendril: Tendril Energize

Source: http://www.tendrilinc.com/tendril-solutions/
Accessed: 13/11/2013

Description:
An application suite that leverages
behavioral science, building models and
analytics to engage consumers in energy
efficiency and demand management
programs
Key capabilities:
Target Market:
Utility/Consumer
How it works:
Several smart devices operate with
the Energize applications suite and
the underpinning Tendril Connect
platform. Consisting of display,
monitoring, control and network
devices, Tendril smart devices allow
two-way communication between
utilities and their customers.
User Interface:
Web-based portal, mobile app
Requirements:
None
System Cost:
n/a
Installation:
n/a

Description:
Provides remote metering of plug
power consumption in real time and
enables users to set saving schedules
to better control their energy use and
quantify savings
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
The modlet plugs directly into wall
sockets and communicates wirelessly to
a USB or Ethernet Gateway via ZigBee.
Schedules can be set for all devices or
customised for each device. When the
Gateway is offline, the modlets will
store energy data for up to 12 days and
upload it to the cloud when it is able to
reconnect.
User Interface:
Web-based portal, mobile app
Requirements:
None
System Cost:
USD$ 50
Installation:
None

Source: http://www.thinkecoinc.com/
Accessed: 13/11/2013

Thinkeco: Modlet

Description:
As part of Toshiba’s smart grid
development home and building energy
management systems are discussed
Key capabilities:
Target Market:
Utility/Consumer
How it works:
In Home Displays provide real time
power usage, and a variety of analyses
to improve consumer awareness
of energy. The system provides
environmental controls that both save
energy and keep interiors comfortable.
User Interface:
In home display, computer software
Requirements:
None
System Cost:
n/a
Installation:
n/a

Source: http://www.toshiba-tds.com/
tandd/technologies/smartgrid/en/bems.
htm
Accessed: 13/11/2013

Toshiba: Building and Energy
Management System
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Description:
Home energy management and security
network
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
A thermostat and transmitting plugs
communicate wirelessly with a central
in home display.
User Interface:
Touch screen device, mobile application
Requirements:
None
System Cost:
Unknown
Installation:
Professional

Source: http://www.vivint.com/en/
Accessed: 22/11/2013

Source: http://www.tricascade.com/index.
asp
Accessed: 13/11/2013

Description:
A thermostat that acts as an energy
management hub and connects to other
Tri Cascade devices
Key capabilities:
Energy feedback, user initiated control
Target Market:
Consumer
How it works:
The thermostat manages the HVAC
system, and monitors home energy
consumption. It connects wirelessly to
Elka Smart Dimmers and Intelligent
Receptacles to control lighting
and appliances. The dimmers and
receptacles replace standard light
switches and wall sockets. The user
defines three settings; Home, Sleep or
Away which dictate how the devices are
controlled.
User Interface:
Display on device
Requirements:
Installed HVAC system
System Cost:
USD$3500
Installation:
Professional

Vivint: Vivint Energy
Management

Tri Cascade: Elka Energy
Gateway Thermostat

Description:
Optimises use of excess generated
electricity
Key capabilities:
Micro-generation load control, power
relay
Target Market:
Consumer
How it works:
Optiplug turns appliances on when
they can run for free if there is
enough surplus electricity from microgeneration and off if there isn’t.
The socket learns and understands
how much electricity is used by the
appliances that are plugged into it.
When more than one Optiplugs
are installed the system prioritises
appliances by load size to minimise the
amount of switching that takes place.
User Interface:
None
Requirements:
Micro-generation
System Cost:
GBP£50
Installation:
Consumer

Source: http://www.diykyoto.com/uk/
aboutus/optiplug
Accessed: 13/11/2013

Wattson: Optiplug (for use with
Wattson Solar Plus)

Description:
Home energy monitor that displays
energy use in numbers and colours
Key capabilities:
Energy feedback
Target Market:
Consumer
How it works:
Wirelessly transmits data from a current
clamp to the in home display. Displays
current energy consumption in Watts,
and calculates ongoing energy costs.
Glows blue for low energy use, purple
for average use and red for very high
energy use. Stored daily consumption
data can be transferred to a PC via
USB and Holmes software enables users
to view chronological data.
User Interface:
Display on device shows current cost
or consumption level depending on
angle of the device. Long-term data is
displayed on the user’s PC.
Requirements:
None
System Cost:
GBP£140
Installation:
Consumer

Source: http://www.diykyoto.com/uk/
aboutus/wattson-classic/
Accessed: 29/10/2013

Wattson: Wattson Classic
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Description:
Displays electricity generation and
usage, glows green with surplus
Key capabilities:
Energy feedback, demand response
prompts
Target Market:
Consumer, Utility, Utility/Consumer
How it works:
Wirelessly transmits data from current
clamps around the grid connection
and micro-generation to the in home
display. Displays current energy
consumption in Watts, and calculates
ongoing energy costs. Glows green
when there is excess energy available
from the micro-generation.
User Interface:
Display on device shows current cost or
consumption level depending on angle
of the device. Long-term data can be
transferred to and displayed on the
user’s PC.
Requirements:
Micro-generation
System Cost:
GBP£140
Installation:
Consumer

Source: http://www.diykyoto.com/uk/
aboutus/wattson-solar-plus
Accessed: 13/11/2013

Wattson: Solar Plus

Description:
Turns plug load devices on and off
based on occupancy
Key capabilities:
Intelligent solutions, power relay
Target Market:
Consumer
How it works:
The strip has six controlled and two
uncontrolled sockets. When the sensor
detects occupancy, it turns on controlled
outlets. When the space becomes
vacant, the infrared sensor turns off the
controlled outlets after a pre-set time
delay.
User Interface:
None
Requirements:
None
System Cost:
USD$90
Installation:
None

Source: http://www.wattstopper.com/
products/sensors/plug-load-controls/
idp-3050.aspx
Accessed: 13/11/2013

WattStopper: Isole IDP-3050
Power Strip with Personal
Sensor
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