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ABSTRACT
This dissertation examines advanced metering technology and its
application to the context of domestic electricity use within New Zealand.
It identifies the current state of advanced metering technology and the
associated effects of its introduction within an international context. This
is achieved through a review of academic literature and contextualised
through an assessment of current markets, products, and cases of large
scale advanced metering deployments. This information is required in
order to ascertain the spread of options existing currently and provide
data, which is crucial for the design-led modelling and scenario building
process.
After a close examination of the design options, and theoretical models
for advanced metering, an improved model is generated so the available
configuration of products within various types of systems can be
understood and communicated. Information from the investigation of
New Zealand's domestic environment, with a specific emphasis of
energy-use, is provided to create a context for the use of advanced
metering systems.
This research develops an innovative tool, which allows the complexity,
and variability of advanced metering systems to be communicated,
modified, and analysed depending on a specific context. By applying
this tool a range of scenarios are generated that demonstrate potential
options for the New Zealand context. Taken together they encompass
the spread of viable advanced metering options, and clearly
demonstrate the still largely untapped potential of advanced metering
technology in the New Zealand context.
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INTRODUCTION
Domestic electricity-use penetrates almost all activates within New Zealand
households. We use it for light, warmth, entertainment, cooking and other
everyday tasks. The production, supply, and distribution of electricity have
reached a scale where the vast majority of New Zealanders have a direct and
consistent supply of electricity at all times. There exists a broad range of
electronic appliances, covering an astonishingly diverse array of uses. Heating
and cooling is a large part of our electricity use, covering such appliances as
fridges, freezers, ovens and heaters. Much of our domestic entertainment is
reliant on electrical appliances such as televisions, game consoles, sound
systems, and lighting. Electricity use within the average New Zealand home
has become entrenched in almost every domestic activity from working and
entertaining to cleaning and cooking. Industry is also a large consumer of
electricity. Electricity, in other words, is a vital ingredient of daily life in New
Zealand.
As of 2007, the time of this initial research, management of domestic electricity
consumption has been based on manual meter readings, irregular read
intervals and therefore, estimated monthly bills. The electricity consumption of
all appliances are amalgamated into one bill which does not allow for
differentiation of electricity use within any specific or regular interval. It is argued
that the inaccuracy of the electricity metering system may be limiting the
potential to achieve goals based around energy efficiency and energyawareness due to this lack of coherent dissemination of energy-consuming
activities (Wood G., and Newborough M., 2006, Marvin S., 1999, Brandon G.,
1999, Darby S., 2006). There has been an increase in environmentally driven
ideas within both the national and international context, including goals to
reduce carbon emissions and increase energy efficiency. Coupled with the
increasing financial cost of energy use, it is worthwhile exploring a more
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accurate method of measuring and communicating electricity use in the home.
The question I will ask is “how does the current spread of products benefit the
New Zealand household?”
The relatively recent push for a reduction in carbon emissions has directed
attention to the need to eliminate or reduce the dependence on fossil fuel and
solid fuel electricity generation and facilitation. In New Zealand, much of the
electricity supplied to the home is produced through hydroelectric generation.
This is commonly classified as a carbon neutral energy source, in contrast to a
coal or oil based fired generation facility, which emits significant amounts of
carbon into the atmosphere. Therefore, electricity use does have some link to
carbon emissions, most noticeably in nations with a high dependence on fossil
fuel and solid fuel fired electricity generation facilities.
These aspects of energy efficiency and environmental performance are not
central to this research, but it has been noted to clarify the current context
regarding domestic culture in New Zealand and the environment in which the
generation of that electricity occurs. Well-documented information is available
regarding the energy use within New Zealand households and is used in this
research to establish some requirements for the average New Zealand
household that are important to the configuration of advanced metering
systems (Issacs N., 2006).
The electricity network is regularly subjected to increasing demands from all
consumers for a consistent supply of electricity at a reasonable price. The total
quantity of electricity used from a day-to-day basis is important. Generation
required is based on the peak periods, which require the most electricity
supply in a specified amount of time. These are the markers used to determine
how much new generation is required to satisfy demand. I will be explore as to
whether a significant opportunity exists relating to the shifting of consumption
from the peak (high-demand) periods to the off-peak (low demand) periods.
This is explored as a significant attribute of advanced metering and is
discussed in the following chapters.
Advanced metering may be seen as the appropriate solution to problems of
inaccuracy and communication while providing a range of additional benefits.
An advanced meter, is an electrical device that records the rate of your
electricity consumption. Unlike conventional mechanical meters, an advanced
meter is connected to, or has built in, a mechanism for communicating
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information regarding electricity consumption. In examples where advanced
metering is introduced through supply companies, each household’s electricity
consumption is communicated back to the providers information systems,
mainly for billing purposes. The innovation of advanced metering is the delivery
of this electricity-use information to, either the supplier, the consumer or both.
How advanced a system is, may vary depending on the technical performance
of metering, computation and communication capability and the level of
meaningful feedback it can provide the consumer. This could be a portable
monitor situated in the living area of a home displaying the current rate of
electricity consumption. It could be an advanced meter installed as a
replacement for your old mechanical meter providing regular and accurate
meter readings in digital form. The aim of this dissertation is to build a better
definition of advanced metering by examining the variation in products and
systems that currently exist. What are the physical attributes of advanced
metering and in what configurations deliver what benefits?
Advanced metering, also known as ‘Smart Metering’, is the topic of this
dissertation and what the preliminary research it is based upon. The actual
definition of advanced metering is complex and will be clarified in the first few
chapters. However, the simple definition, which is defined from the research as
a whole, is, ‘a product and (or) system, which regularly and accurately
measures and communicates electricity consumption’. This has been
considered as a potential solution to the difficulties currently experienced by
various parties involved in the domestic electricity supply and consumption
chain. Advanced Metering relates to domestic users of electricity, retailers,
suppliers, and those involved in the operation of crucial infrastructure required
for the system, as a service, to operate effectively.
New Zealand may be a prime candidate for the introduction of systems, which
regularly and accurately measures and communicates electricity consumption.
Some examples of advanced metering do currently exist in New Zealand, such
as ‘Meridian Energies’ advanced metering project with ‘Arc Innovations’.
However, these examples do not represent commonplace metering, and its
functions and purposes are not widely understood. These factors make it a
plausible area for examination. The information that has been gained through
this design-led research process is valuable to the various parties involved in
the electricity supply and consumption chain. Advanced metering may offer
opportunities for substantial progress on conserving and managing electricity
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more efficiently by the end user. Depending on how an advanced metering
system is configured, it may also offer efficiency and financial benefits for those
involved in the supply and retail sectors. The specific benefits will be discussed
in greater detail throughout the dissertation; they are wide- ranging and
dependent on the specifics of any given case.
Recent trends show an increase in the price for electricity and signal possible
limitations regarding security of supply. The average domestic electricity user
has experienced a price rise of 84% from 2000 to 2009 (Ministry of Economic
Development 2010). Consequently, solutions to increase energy efficiency
would be embraced by various parties involved in this chain. If shown to be
financially beneficial to an interested party, such as an electricity retailer,
investment into advanced metering could be considered a worthy cause.
Consumers may also have an opportunity to receive financial benefits though
the delivery of more accurate energy-use information (Darby S. 2006).
Therefore, advanced metering will be investigated to uncover how it benefits
both supplier and consumer. However, opportunities for the consumer to opt
for advanced metering may be limited until the use of advanced metering is
adopted, understood and also widely available in retail sectors.
Significant investment into advanced metering is currently and historically
driven by the suppliers and managers of electricity. The business-case
framework has shown that advanced metering is a good investment when
considering the savings and benefits received once introduced (Gerwen R.,
2006). Although there is a substantial body of literature on advanced metering
itself, this dissertation addresses the need for a more comprehensive and
inclusive analysis of the options available. The discussion and proposal of
advanced metering initiatives has been well documented and covers the vast
majority of important attributes and variations within current advanced metering
solutions (see chapters 3 & 5).
The research will try to identify resources offering a well-notated framework for
understanding

both

specific

advanced

metering

solutions

and

the

opportunities that exist. However it will aim to create a more appropriate model
for analysis. An approach which considers the scope and complexity of
potential advanced metering solutions is therefore adopted for this research.
This aims to generate a framework in which existing and potential systems can
be understood. This research does not aim to design a specific advanced
meter or provide a set of strict rules regarding ‘when to use what’ in the
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process of designing an advanced meter. Therefore the question is, “what
does this framework need to communicate?”.
The problem faced when designing products and systems for advanced
metering, is the complexity of options when considering a specific solution. The
framework that I have created to understand the various physical products,
connections, and attributes within the current advanced metering environment
has been termed the ‘Product System Configuration’. Chapter 2 – ‘Breaking
Down Advanced metering into its Elements’ addresses the problems regarding
complexity by attempting to differentiate elements of the system as a whole.
Domestic consumers of electricity are implicitly linked to the quantities
consumed, how much and when. The informative aspects will be explored to
see how advanced metering benefits consumers who participate. This
comprehension of electricity use in the home may offer enhanced personal
understanding of energy-consuming tasks. The energy-consuming process
may move closer to the level of feedback experienced when consuming other
valuable commodities/services. The second central aim of this dissertation
explores the opportunity of user-centred advanced metering, due to the
potential of energy-saving, and education. It’s relative infancy in contrast to the
technical performance and age of other commonplace digital devices is also
important. This dissertation examines this area of the topic in the attempt
understand how consumer-based benefits can be achieved through
considered design of advanced meters.
In Chapter 1, ‘Advanced Metering’, the topic will be introduced as a general
subject to provide an understanding of an advanced metering systems, and
the specifics regarding the perceived and actual benefits of its introduction.
This aims to cover the academic material that is relevant to the subject. It is
provided to establish an understanding of the underlying drivers, goals and
opportunities as perceived by multiple parties. It will cover literature including
advanced metering methodologies and types, energy-savings and informative
feedback, and various technical elaborations regarding performance and
capability.
In Chapter 2, ‘Breaking down Advanced Metering into it’s Elements’, the
various categories of users and components of such systems are disscussed.
The product system configuration model, which is used to convey physical
attributes and relationships of an advanced metering systems, is introduced.
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The spread model, used to represent the selected spread of options, is also
introduced. This section explores information on how to understand these
models and the purpose of their structure, functionality and flexibility.
Chapter 3, ‘Utilities and Advanced Metering’, covers utility-driven advanced
metering. This will include several international case studies used in this
research. This will be concluded with a comparative analysis of these cases.
Chapter 4, ‘Advanced Meters and Technology’, explores some advanced
meters used within these utility driven systems. Although a comparative
analysis is included in this section, it does not show the differentiation that is
apparent when examining Utility Driven cases as their configuration and
functionality is largely based on the specific parameters of each project.
Chapter 5, ‘In-home Displays and Communications’, investigates the use of inhome displays by examining a representative spread of products that exist
within the international market. This will cover those products that are available
through common retail channels. Like chapter 4, a comparative analysis is
performed on these products, comparing and contrasting their various
functionalities and capability. Also included in this chapter is a section that
covers some important design decisions relating to designing in-home displays
in particular the characteristics of the user interface.
Chapter 6 – ‘Comparing Existing Cases with Spread Model’, introduces the
three generic models, which represent the three basic types of advanced
metering systems, derived from the examples shown through chapters 3 -5.
These three types are conveyed using the ‘product system configuration’
model and outline the factors related to metering capability and the delivery of
feedback. These three examples will also attempt to specify what is static in
those systems and what factors are highly variable.

This section also

introduces the ‘areas of importance’ model, which is used to communicate the
areas that are relevant to that specific type of system.
Chapter 7, ‘New Zealand Context’, attempts to uncover the relevant factors
relating to the use of advanced metering in New Zealand. This is relevant to all
those within the electricity supply and consumption chain. Emphasis has been
placed on the domestic household environment. Some current examples of
advanced metering in New Zealand are discussed in order to provide a sense
of progress. However future research is required to ensure this is updated
accordingly. This section will also cover aspects of government policies and

pg 13

initiatives, and discuss some proposals and standards for introduction. This
section draws on research concentrated round energy use and environmental
conditions within New Zealand homes. The factors that may be relevant to
Advanced Metering have been highlighted and are considered as criteria for
the general evaluation of proposed systems.
Chapter 8, ‘Advanced Metering Options and Opportunities’, aims to
communicate the results of this research in the form of 6 scenarios that best
cover the available solutions. It also covers literature on design-led
research/development and how it can assist in advanced metering. These
solutions are used predominantly to convey the realistic options for advanced
metering but also to convey the flexibility of the models that have been created
as an outcome of this research. These scenarios are communicated using
three different types of models and contextualised through a general
explanation of the scenario. A simple model will initially communicate the
general structure of the system. However a ‘Product System Configuration’
model is included in order to provide a more in-depth explanation of the
products and parties involved. Finally, the ‘Areas of Importance’ model will be
used to identify the extent to which each system relates to the various areas of
this research. An evaluation of these scenarios, based on criteria developed
from this research shows the variation of functionality and use.
This dissertation aims to identify key opportunities that exist for advanced
metering within New Zealand’s domestic environment. These are largely based
around the differences in objectives and uses for advanced measurement and
communication technology but most significantly; who receives the benefits
from its introduction. As a general statement, advanced metering is
investigated in respect to the benefits it offers. However like any new
technology we must be careful to consider the appropriateness of its use with
reference to the diversity of available options and contexts.
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CHAPTER 1. ADVANCED METERING
1.1 INTRODUCTION
The chapter aims to uncover the meaning and understanding of ‘advanced
metering’ through relevant literature and studies on the subject. It will cover:
•

Defining advanced metering;

•

Functionality and capability;

•

Benefits relating to its use;

•

Adoption of advanced metering.

Advanced meters and advanced metering systems will be covered and
contextualised, both the driving forces and the perceived need for its
introduction and why advanced metering is being adopted. Some advanced
metering systems allow multi-tariff pricing plans. These are essentially variable
price structures, applied to domestic consumers, where consuming electricity
during specific times of the day costs more or less depending on peak - offpeak time periods. These have been considered a valuable tool for the
management of electricity. There is also a strong link between energy savings
and the improved feedback advanced metering has to offer. This will include
reference to some studies and estimations regarding what types of feedback
are useful for energy saving and what levels of saving can be expected from
the introduction of advanced metering.

As there are many large scale

advanced metering initiatives, there are requirements for the introduction and
modification of components within electricity-related infrastructure. This chapter
will also discuss what changes in infrastructure may be required and how this
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differs from the requirements of conventional mechanical metering. This is
important, as infrastructure, and especially communications, can play a big
part in the resulting functionality of the system and the level of investment
required for it’s deployment. This research is largely framed around research
performed in late 2007.

1.2 WHAT IS AN ‘ADVANCED METER’?
An Advanced Meter is also commonly known as a ‘smart meter’. This term
implies a reasoning instrument with enhanced intelligence. When it is applied to
the measurement of a specific resource, such as electricity, and networked
with similar mechanisms within a domestic context, it’s value and potential
become clear: “A smart meter is a logical successor of the mechanical
electricity meter just as the pick up, the dial phone and the type writer are
replaced with digital, more intelligent alternatives” (Gerwen R., Jaarsma S., and
Wilhite R., 2006, p. 3). For clarity, all referenced material that uses the term
‘Smart Meter’ will be considered as referring to an Advanced Meter: ‘Smart
Metering’ refers to ‘Advanced Metering’.
Researchers in this field, such as Simon J. Marvin (1999) from the University of
Newcastle, have been involved in Advanced Metering research since its
infancy, and will be referred to regarding a broad range of social and
environmental opportunities. He saw these devices in a transitory state moving
“from simple measurement devices to complex socio-technical systems,
enhanced by the addition of new informational and communication capacities.”
(Marvin S., Chappells H., Guy S., 1999, p. 109). This perspective highlights that
there are other factors involved aside from the technological constraints and
opportunities. These complex systems also heralded real opportunities for
environmental applications and their use in current contexts such as energy
scarcity and environmental management. Although Marvin, Chappells, and
Guy (1999) were early authors on the subject but the consideration of
environmental management remains highly relevant, due to current issues of
energy scarcity and global warming.
However, industries and government bodies deploying advanced meters more
tightly define them around the utilities they meter and the functionalities that
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they hold. According to the Electricity Commission of New Zealand (2007), an
‘Advanced Metering System’, has an electronic meter that measures electricity
use, records consumption information and meters activity electronically. They
also state that the system must offer the functionality for remote readings.
Other features may be included but are not vital to this research. Although
environmental applications are considered, decisions are often based on a
supplier-weighted cost-benefit analysis, in which environmentally friendly or
user friendly applications have little value.
While advanced metering may be the popularised term, the more accurate
AMS (Advanced Metering System) will be used, in the knowledge that it covers
products within this system along with infrastructure and energy-related
feedback. In this dissertation, the application of advanced metering will be
defined as follows.
‘An advanced metering system (AMS) is one that is comprised of an electronic
metering device at the point of consumption along with the communicative
potential for that metered data to be transmitted and processed for meaningful
action or feedback. The actions or feedback are variable and it is these that
differentiate various specific systems and their outcomes.’
Defined above as an advanced electricity meter, the AMS has also been
applied to other common meter-able resources such as gas and water. This
may be because intrinsic innovation exists within the process of delivering
information rather than being bundled-up with the resource itself. For example,
a ‘Remote Metering System’ (RMS) could be a sub-category of the more
generalised AMS and is used to manage resources at a location where utility
support is low. This creates an environment where information must be either
sent by unconventional means outside the premises, or communicated directly
to the occupants, via a feedback channel. The later allows users (or occupants
of the building) to understand and manage the associated resources with
minimal or no external support.
Although such a device, which in this dissertation is termed an ‘Advanced
Meter’, is often understood as the ‘core’ of a resource management system, it
must operate and communicate in conjunction with other components. If the
advanced meter was used to measure multiple resources then it may have to
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communicate with a pulse meter (directly connected to a gas outlet1) or a
similar device attached to main water pipes. There in regard to electricity
metering, at its most basic, such a device measures how much energy is used
and provides the ability to communicate this information to another device
(Owen G., Ward J., 2006).

1.3 ADVANCED METERING SYSTEMS
The most basic form of advanced metering, or level of ‘smartness’ is
‘Automated Meter Reading’ (AMR). This system allows a household meter to
be automatically detected and read by a meter reader in close proximity (e.g.
by a vehicle driving along the street). This is achieved by recording both the
identities and meter-signals of domestic advanced meters. A more advanced
metering system is ‘Automatic Meter Management’ (AMM). This utilises a form
of two-way communication, which allows a household meter to communicate
with the suppliers’ information systems, and vice versa. Some systems also
allow remote control mechanisms but only from the supplier end. Interval
reading functionality is one of the most important components of AMM
systems as it allows the autonomous retrieval, storage and communication of
consumption data according to time-of-use.
Advanced meters can be connected to advanced ‘Energy Consumption
Displays’ (ECD’s) (Wood G., and Newborough M., 2006). These are displays
capable of communicating energy-use information such as electricity
consumption. There exists a collection of research into ECD’s and more
specifically, the type of feedback they can generate. Wood and Newborough
(2006) made several findings relating to the design and use of displays and this
work will be discussed in depth in chapter 5.

1

However accurate and safe measurement of gas can be problematic (Owen G. et al 2006).
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1.4 THE NEED FOR ADVANCED METERING
New Zealand, like other developed nations, has a consumer culture. Most
products and services are purchased relative to conscious decisions based on
the benefits they offer. However one of the most compelling benefits related to
consumer choice is price. Yet while we may purchase our food, by scrutinising
labels on product information and also comparing relative prices based on our
consumer preference, little of this is possible in the current electricity market.

To contextualise our current consumer system for the conventional metering of
domestic electricity use, a comparison can be drawn with the supermarket
model. Conventional metering is, “akin to a supermarket not displaying any
individual product prices but merely providing the shopper with a total nonitemised bill at the checkout”. (Bandon G., and Lewis A., 1999) cited Stern and
Anderson (1984). This quote is drawn from the paper, ‘Reducing Household
Energy Consumption: A Qualitative and Quantitative Field Study’. It suggests
that the lack of consumer information in conventional metering may be a barrier
to reducing energy consumption. It has been shown that important energy-use
related information could be used to help domestic occupants make decisions
relating to household energy use and choice of energy supplier. Advanced
metering may be able to help answer “How to increase the visibility of domestic
fuel consumption in homes and increase peoples’ awareness of the links
between behaviour and problems such as global warming” (Brandon G., and
Lewis A., 1999, p. 75). The current state of mechanical metering, because of
its limited feedback, may be encouraging a disconnection from such issues as
energy efficiency and the need for a better understanding of the energy
consumption experience. Improved feedback may also provide domestic
consumers budgeting and planning benefits.

1.5 DRIVING FORCES
Advanced Metering technology is largely driven by manufacturers and utility
companies and their associated ‘strategic objectives’ (Marvin S., Chappells H.,
Guy S., 1999). These objectives are predominately: increased operational
efficiency; enhanced durability of energy grids; and operational cost reduction.
However a simple shift of strategic objectives, that takes into account the
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increase

in

environmental

awareness,

may

potentially

increase

the

effectiveness and customisation of smart meter deployments.
‘Sustainability First’ is a UK organization whose goal is to identify innovative
methods for achieving sustainability, It’s 2006 Report ‘Smart Meters:
Commercial, Policy and Regulatory Drivers’, outlines the following benefits
attached to the introduction of advanced metering technology:
•

Reduction in fraud and theft

•

Reductions in meter reading costs

•

Reduction in prepayment metering costs

•

Reductions in peak demand – lower costs and better security of
supply

•

Greater efficiency of electricity wholesale market

•

Customers enabled to switch supplier more easily, plus new service
offers

‘

(Owen G. et al, 2006, p. 5)

Advanced metering, or more accurately, advanced metering infrastructure
(AMI), also provides a spread other benefits (Houseman D., 2005). For
instance, through the added ability to check the status of power lines via
advanced meters opposed to a physical check, the need for potentially
dangerous line checks is removed and the safety of lines workers improved. At
large-scale distribution rates, it also produces excellent data on grid
performance that allows engineers to concentrate their efforts on areas that
need improvement rather than relying on these being identified through to
routine or regional checks. The location of line inefficiencies, e.g. where trees
are in contact with the power lines, can be detected and remedied with greater
accuracy. The associated infrastructure also allows a finer tuning of capacitor
banks, which reduces energy use through greater efficiency. One of the more
important benefits is the ability to “track the load on transformers and other field
equipment, allowing better maintenance and asset management” (Houseman
D., 2005, p. 51).
International studies do not often quantify the social benefits achieved through
the introduction of advanced metering but in individual cases, such as in
Netherlands Victoria and Sweden, customers found Advanced Metering made
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it easier to switch between suppliers. Sweden was the only country (Owen G.,
and Ward J., 2007) receiving environmental benefits resulting from the
introduction of advanced meters. However, it can be argued that any reduction
in electricity use that is sourced from a fossil fuel or solid fuel generation could
facilitate a reduction in carbon emissions and, therefore, provide an
environmental benefit. Houseman (2005) also outlines some social benefits
relating to personal time scheduling and states that advanced meters allow
more customised billing cycles that can include synchronising payments with
pay-days. This innovation has general relevance and indicates diversity of
operation as well as customisation of service. Potentially, consumers, through
a combination of increased environmental awareness and the ease of
changing supplier, could switch suppliers because of their production methods
(renewable or non-renewable) and level of carbon emissions (Owen G., and
Ward J., 2006). The resource management aspect of advanced metering can
be seen as a “product of the individual’s values and attitudes, personal
constraints, habits and routines” (Wood G., and Newborough M., 2006).
Although this is generally correct, there is a variation between current systems,
which means the personalisation of a meter and it’s functionality will vary.
One of the more substantial benefits of the advanced meter is the ability to
transform a currently manual process into an efficient automatic one. “The data
collection process will not depend on clients being at home but will be a
continuous automated process, which should simplify daily operation of the
metering company” (Gerwen R., Jaarsma S., 2006, p. 4). This benefit will help
remove the long-standing security issues regarding access to unoccupied
households for meter readings.
Advanced metering can automate the reconnection of power after cuts occur
and therefore, “Instead advanced meters tell the utility that the power is out
and the utility can call the customer first” (Houseman D., 2005, p. 50). This can
also be seen as a quality-of-service benefit enabling problems to be remedied
more rapidly and with less effort and expense resulting in a more satisfied
customer and a more efficient back system. Advanced meters may also
enable suppliers to more accurately predict electricity flows, which can be
utilised in network maintenance and planning (Gerwen R., and Jaarsma S.,
2006, p. 4). This potentially increases the durability of power supply systems,
and may also reduce transmission loss, a significant area for improvement in all
electricity grids.
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Reducing peak demand through Advanced Metering has resulted in a
reduction in blackouts in places such as California, Ontario, and Victoria
(Gerwen R., and Jaarsma S., 2006). This also benefited suppliers as they have
had less of a requirement to import power during peak periods thereby
avoiding unnecessary investment in additional distribution and transmission
infrastructure (Owen G., Ward J., 2006). Efficiency of generation and
distribution networking is also an important benefit (Marvin S., 1999). This is
significant to New Zealand’s electricity networks, which have on average a 67% loss in transmission (MED 2006). New Zealand has also suffered some
energy security issues historically: over-demand in the 1940‘s; imposed cuts in
the late 1950’s; shortages in 1973 resulting in television broadcasts being cut
early; and voluntary savings campaigns. Hence, advanced metering has
potential security benefits for our national grid, enabled through a type of
‘demand side management’ (22006, p. 4). This concept aims to ‘smooth-out’
the demand profile, essentially spreading the load more evenly over time. This
is also known as load shifting.
Advanced metering is connected to overall energy demand and reductions in
carbon emissions (Owen G., Ward J., 2007, p. 5). It is stated that a, “carbon
reduction could come about through energy saving, load shifting, and energy
reduction” (Owen G., Ward J., 2007, p. 33) but this fails to recognise the
potential for consumers to shift to green power supply (renewable, low carbon)
through more informed feedback (such as emission rates or types). The
accuracy of these measurements is also somewhat problematic requiring
widespread data retrieval at all stages of production. If the UK, for example,
were to decrease overall energy consumption by around 5% carbon
reductions would be significant enough to meet it’s Kyoto target levels (Owen
G., and Ward J., 2007, p. 34). There would be two pathways to reducing
carbon emissions: switching to a less carbon intensive supply source and
reducing the use of carbon intensive electricity use. Currently advanced
metering devices can provide feedback on carbon emissions but do not give
comparative or relative feedback e.g. what the rate is in relation to others or

Play station Portable - http://taufanlubis.wordpress.com/2007/12/22/upload-games-music-moviephoto-save-games-data-from-ubuntu-to-your-sony-play-station-portable-psp/. Accessed 1
September 2010.
Personal Computer - http://www.logichp.com/tag/logicbuy/. Accessed 1 September 2010.
‘iphone’ - http://surfpk.com/apple-to-announce-iphone-4g/-0346.
Accessed 1 September 2010.
2
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where you are in respect to an appropriate level. Providing this type of
feedback could create a consumer shift towards less carbon-intensive power
supply and “with Kyoto, global warming and other environmental issues rising
to the top of the agenda, advanced metering may be one of the keys to
meeting carbon targets” (Houseman D., 2005, p. 50)

1.6 TARIFF INNOVATION
In 1999, Marvin et al. predicted that time-of-use information would lead to the
development of multi-tariff rates. Time of use tariffs use a system where
electricity is more expensive during high consumption periods (peak) and
cheaper during low consumption periods (off-peak). Ontario’s advanced
metering programme includes this as a service they offer. Below is a diagram
showing an example of multi-tariff pricing schedule. Note that there is a
discount for using electricity in off-peak periods. Setting time-of-use tariffs may
have a positive impact on low-income households, by providing the ability to
shift energy consumption activities to off peak periods, which helps smooth out
the load profile (Marvin S., Chappells H., and Guy S., 1999, p. 114).

Fig 1a. Example of A Multi-Tariff System3

There is also potential for advanced metering to assist in small-scale renewable
power generation, especially for customers wanting to both import and export
power. Security of supply may also be improved as small-scale energy
3

http://energypriorities.com/graphs/peak-rates.jpg Accessed July 30 2008

pg 23

generation may have the potential to create a more distributed energy network
(Owen G., and Ward J., 2006, p. 5). It has not been possible to quantify this
benefit probably as a result of both the bottom-up nature of micro generation
and it’s under-development in contrast to centralised energy generation. ”With
AMR and the load control applications that it can support, utilities can look at
significant savings” (Houseman D., 2005, p. 51)
One of the more desirable benefits is economic. In America, an investor owned
utility “avoided the construction of several power plants that have saved an
additional $3 billion dollars. And to date the utility has only installed smart
meters with 700,000 of its 2.5 million customers” (Houseman D., 2005, p. 51).
Other benefits they received were: a 99% customer retention rate; $72 cost
reduction for each customer per year and; approximately $100 million savings
in equipment and installation costs. Fig 1b gives an example of the potential
minimum and maximum benefits of simply introducing AMR systems. Benefits
include Savings per meter reading, labour hours, and improvement in both
infrastructure and processes (increased operational efficiency).

Fig 1b. AMR – Minimum and maximum benefits relating to the use of advanced
metering (Gerwen R., and Jaarsma S., 2006, p. 5)
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1.7 ENERGY SAVINGS
There has been a significant amount of research done on energy feedback and
other similar mechanisms in respect of their energy saving potential. A study
from Norway identified an average energy saving of 8%, by introducing more
informative methods of customised billing (Owen G., Ward J., 2007, p. 19).
This highlights the importance of informative feedback as discussed earlier,
even in the absence of advanced metering devices. As the majority of houses
in the study used electric space heating, its comparison with New Zealand
households where there is a higher concentration of solid fuel usage is
compromised. However the use of heat pumps in New Zealand is increasing
due to their perceived economic and health benefits. Darby (2000) reviewed
studies related to household energy savings, covering a 25-year period. Some
energy feedback systems were incorporated into a large range of other
mediums such as TV, and Internet. Most trials were based around direct
feedback methods and across the studies savings of between 5-14% were
being achieved. Darby (2000) concluded that an average energy saving of 10%
could be achieved by the introduction of advanced metering and more
informative feedback channels.

As with the New Zealand case, these results are not as applicable to countries
such as the UK where households largely use gas as opposed to electricity for
space heating. The Sustainability First Report on advanced metering (Owen G.,
and Ward J., 2007, p. 5) concluded that in the UK, the introduction of
advanced meters would produce electricity saving of 3% or less, considerably
lower than many results such as those reviewed by Darby (2000). Darby notes
these saving might be increased if there are improved customer displays, timeof-use and time-of-day tariffs and more action to reinforce communication
from advanced meters.

1.8 FUNCTIONALITY
Advanced Metering relies on various functionalities, each offering a different
attribute to the system as a whole. Houseman (2005), who speculates on the
perceived benefits of Advanced Metering in his journal article ‘Smart Meters’. It
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is understood that “the meters put information and control into the hands of
the consumers, with integrated domestic and commercial units enabling
individuals to manage their own consumption patterns, and save energy and
reduce fuel bills in the process” (p. 50). Advanced metering offers functionalities
that facilitate the delivery of this type of information.
There are a number of core capabilities defined by Owen and Ward for an
Advanced Meter.
•

Time-of-use measurement

•

‘Billing level’ meter readings (real energy cost)

•

Two-way communication (supplier-household)

•

The utilisation of interval data (energy-use over time)

•

The capability of storing consumption and tariff information

•

Displaying consumption and tariff information

```

(Owen G., Ward J., 2006, p. 15)
•

Gerwen et al also specifies some core capabilities:

•

The real time or near-time registration of energy use or production

•

Ability to read meter both locally and remotely

•

Remote limitation or ceasing of throughput

•

Distributed generation

•

Ability to read other resource metering devices

(Gerwen R., and Jaarsma S., 2006)
There are differing approaches in the application of the advanced metering
system. It can also be viewed as a gateway for users to participate in
environmental saving (Marvin S. 1999: 115). This is achieved by quantifying
domestic activities with respect to resource use, allowing a type of
‘environmental economics’ to be adopted in process. With regard to
environmental opportunities Marvin visualised the alternative technological
selections for constructing metering systems (Fig 1c). Displaying information in
this fashion is useful when linking environmental issues, functionality and
infrastructure. Predictably, the ‘environmental opportunities’ column is heavily
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connected to energy, consumption and building functionality. However there
may be opportunities within other non-energy related domestic systems.

Fig 1c. Alternative Technological options for building advanced metering systems.
Marvin attempts to anchor smarter applications and environmental opportunities
on the level of communications infrastructure available. (Marvin S. et al, 1999, p.
111).

1.9 THE IMPORTANCE OF FEEDBACK
It is widely suggested, and partly supported with numerous studies, that
energy-use related feedback contributes to more energy efficient behaviour
(Brandon G., and Lewis A., 1999). Feedback, especially concerning appliance
use, can theoretically be taken from, or communicated through, such mediums
as electricity demand profiles (see Fig 1d). This specific demand profile
provided by Wood and Newborough (2003), is a successful medium for
understanding what activities are associated with specific ‘spikes’ (or demand
surges) of electricity. The comprehension of this type of graph can offer energy
users a better understanding of energy use in relation to the energy-consuming
activities they perform. This better understanding may offer a greater potential
for improved efficiency and savings. However, the medium for this information
is not defined and effects may vary between real-time and cumulative
feedback. The energy user may also be influenced by real-time energy
feedback such as current load in kw (Wood G., and Newborough M., 2003).
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Antecedent information on its own has had some positive affects but they may
be significantly reduced over a period of time due to the ‘Fallback’ effect and
the ‘Hawthorne’ effect (Wood G., Newborough M., 2003).

Fig 1d. An electricity demand profile (Wood G., and Newborough M., 2003, p. 822).

‘Fallback Effect’ occurs when people experience a new activity such as being
energy efficient but over time the novelty and appeal wears off. There is an
initial improvement in energy efficiency but then a return to previous behaviour
over time results in that improvement reducing.

The ‘Hawthorne’ effect,

occurs when people are aware that they are being studied. Results that identify
decreased electricity consumption as a result of more informed feedback can
be skewed. Nonetheless, as Wood and Newborough stated, “to promote
energy conscious behaviour effectively throughout the population requires a
better understanding of the interface between people and the equipment they
use” (Wood G., Newborough M., 2003, p. 823).

Brandon and Lewis (1999) argue that information designed to promote energy
consciousness must be made to reflect people’s contribution to larger scale
energy problems (p. 76). This was also reflected in comments received from
the participants involved in his trial. These were comments such as “I would
make greater efforts to reduce my energy consumption If I knew my
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neighbours did too” and “I would do more to reduce my energy consumption if
I knew it would help the environment” (Brandon G., Lewis A., 1999, p. 80).
Despite these comments Brandon and Lewis stated that a number of authors
on the subject (previous to 1995) suggest that pro-environmental attitudes do
not correlate to resource conservation actions (Brandon G., and Lewis A.,
1999, p. 76). This approach may have been valid in past years but as global
warming is more publicly accepted along with a growing concern about limited
resources, people are now making more of an effort in environmental
conservation. Furthermore, those participants referred to in Brandon’s study,
whose feedback mechanism was through a computer interface, showed the
highest rate of energy savings over the trial period. This may be an indication
that a superior result is accomplished when a rich interface, providing quality
feedback, is used. Such findings reveal this to be a significant factor to
consider when investigating opportunities for Advanced Metering.
Appliance-specific meters (those that provide feedback about a specific
appliance) can be used to refine with or without a central display. The more
time spent near controls or appliances, the higher the opportunity to modify
energy consuming activity (Wood. G., Newborough M., 2006). Therefore the
placement of an appliance specific meter can be appropriate for specific
situations. Appliances can be categorised into four groups depending on the
level of automation and number of settings, with a resulting range of effects on
the type of behaviour involved (Fig 1f) (Wood G., and Newborough M., 2006,
table 1). Depending on the grouping, there exists varying potential exists for
increased energy efficiency through behavioural change.
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Fig 1f. Appliance groupings (Wood G., 2006, table 1)

A ‘load profile’, which is a graphical representation of the electricity
consumption pattern (consumption over time), can be generated for
appliances according to these groupings. A load profile (cooker) from group 1
can be compared with a load profile (freezer) from group 4 (see Fig 1g & 1h).
Note that there are six ‘control interactions’ (see glossary), wherein the devices
settings are modified, in the group 1 profile and no control interactions in the
group 4 profile. In addition, the group 1 load profile has a greater range and
fluctuation in energy consumption, closer proximity to end use, closer proximity
to control and a higher rate of end-use interaction. Group 3 is also noted as
having significant opportunity to modify behaviour through an ECD. Although
these groupings are helpful, Wood and Newborough specify that, “the full
potential of each appliance needs to be assessed with respect to detailed
energy saving practices in order to identify a preferred ECD approach” (Wood
G., and Newborough M., 2006, p. 63).
They define the scale of potential energy savings, which allows the most
appropriate areas to be targeted. “Simplistically if all appliances could be
represented in these four groups, a high energy saving potential might be
attributed to group 1 and a low energy saving for group 4” (Wood G.,
Newborough M., 2006, p. 61). Below are the load profiles for two of these four
groups.
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Fig 1g. Load Profile of a cooker (group 1) (Wood G. et al, 2006, Fig 2)

Fig 1h. Load Profile of freezer (group 4) (Wood G., Newborough M., 2006, Fig 5)

The potential of energy savings can also be associated with the predictability of
electricity consumption. Wood and Newborough(2003) state that the
components of electricity consumption can be organised into three main
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categories; ‘predictable’, ‘moderately predictable’ and ‘unpredictable’. This
may also contribute to the potential for energy savings.
As energy saving is viewed as a meaningful objective, the behaviours
associated with a reduction in overall consumption are also important. Wood
and Newborough (2003) identify these as Energy Saving Behaviours (ESB’s)
which includes the following:
•

On/off behaviour

•

Energy fragility (avoids excessive power use)

•

Time fragility (switches off something early)

•

Fitting behaviour (appropriate use of on energy activity opposed to
another e.g. using a small hotplate; instead of large one)

•

Inter-appliance behaviour (choosing to use less energy demanding
appliances)

•

Reasonable alternative behaviour (the choice to choose a non energy
consuming device)

(Wood G., and Newborough M., 2006, p. 64)
Below is a figure also depicted by Wood and Newborough (2003) displays the
potential behaviours that can be implemented during the use of various
appliances (Fig 1h).

pg 32

Fig 1h. Types of ‘energy saving behaviours relating to appliances’ (Wood G. et al,
2006, Fig 6)

Wood argues that an appliance such as a water tap has high merit for
Appliance Specific Information (ASI), which is information relating to the
consumption of a resource from a single appliance. However, this may also be
seen as being inappropriate, when you consider the potentially high number of
appliances, or following the previous example, number of taps in a single
house. This problematic side of appliance specific applications needs to be
investigated to determine what safeguards can be put in place to prevent the
over specification of information or technology.
These Calculations are used to communicate which method of display
information is appropriate for a particular appliance. For example the use
Appliance Specific Information (ASI) would be used on appliances, which
required the user to participate in complex decision making, has a high
variation of controls and has high electricity consumption rates in contrast to
other household appliances. A system or functionality which offers Grouped
Appliance Information (GAI) would therefore be most appropriate where there
are groups of appliances that have high connectivity between energy
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consuming tasks and have a high degree of physical connection. These would
include such categories as ‘cooking’, ‘heating’ and ‘hot water.’
There is a considerable amount of variability when considering what type of
feedback and type of device or interface to use when aiming to increase
energy conservation. However it is apparent that an engaging and contextintegrated solution is of high merit.

1.10 INFRASTRUCTURE AND OPERATION
Communications technologies are mainly required in advanced metering for
information to be sent between the end-point (where the electricity is being
metered) and the point of supply or management. The communication
methods fall into two general categories: ‘fixed’ and ‘wireless’. The fixed
communication mediums include telephone communications (PSTN, ISTN,
Cable/ADSL) and electricity distribution wires (PLC). Wireless communications
includes GSM and radio frequency (e.g. LPR and GPRS) (Owen G., and Ward
J., 2006). Irrespective of their generic operation and functionality, situations
may arise where one communication medium is more appropriate to use due
to a number of potential environmental, technological and economic factors.
However ongoing trials and advanced metering initiatives offer the best
opportunity to compare and contrast communications systems in different
environments. The communication capabilities are located where a wide range
of environmental applications can be easily supported (Marvin S., Chappells H.,
and Guy S., 1999).

Below is a diagrammatic representation of the remote configuration of an
advanced metering system, containing the three most basic functions of
control, measure and switch off/on (Fig 1i). It also incorporates gas into the
metering system as a measurable resource, which could also be readily
substituted with another measurable domestic resource such as water. The
three main products include a display mechanism, a processing unit and a
communications device.
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Fig 1i. Schematic of a remote advanced metering system (Gerwen R., Jaarsma S.,
and Wilite R., 2006, Fig 1). This diagram communicates the functional components
required for the system to operate. It also shows the level of connectivity across its
operation.

Also provided is a clear diagram displaying the difference between the
conventional mechanical metering systems and advanced metering systems
(Fig 1j). It is important to take note that all elements (excluding the database of
the utility company) were required to be modified. These changes are largely in
the integration of infrastructure and communication technologies. The
autonomous nature of an advanced metering system lies in the gateway
technology. This is the aspect of advanced meters that receives and/sends
information e.g. allows the automated sending and retrieval of interval based
meter readings.

pg 35

Fig 1j. Comparison of advanced metering systems vs. manual systems (Gerwen R.,
Jaarsma S., and Wilite R., 2006, Fig 2)

1.11 ADOPTING ADVANCED METERING
There are a number of available paths towards widespread introduction and
regional rollout of advanced metering technology. It has been stated that,
“technologically, there are no obstacles for the introduction of advanced
metering” (Gerwen R., Jaarsma S., and Wilite R., 2006, p. 3). However there
are issues revolving around technology planning, lock-in technology and
distribution of investment and associated returns.
The different methods of initiating widespread adoption of the technology are
based around the relationships and ownership constraints between supplier
and consumer. One method may support control by suppliers, who would also
aim to create systems that increase company productivity and revenue
provided it doesn’t lessen service quality to customers. The alternative method
is to allow the customer to have complete access to metering technology,
providing them with the opportunity to extend domestic functionality enabling a
more customised relationship with relevant utility companies. Marvin Chappells
and Guy (1999) have specified four “Technical Development Pathways” (TDP’s)
(Fig 1k). When using this structure within the context of current advanced
metering initiatives, it can be observed that producer-led pathways are being
developed more rigorously than user-led adoption pathways. Unfortunately the
absence of user-led development in the commercial sector may signal an
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“under-utilisation of existing technical capacity and the limited recognition of
user-led environmental action” (Marvin S., 1999, p. 114).

Fig 1k. Advanced metering Technical Development Pathways (Marvin S.,
Chappells H., and Guy S., 1999, Fig 3).

The monitoring TDP proposed by Marvin does not necessarily explore a wide
range of smartness but helps to “conceptualise the range of opportunities
being explored by utilities” (Marvin S., Chappells H., and Guy S., 1999, p. 115).
These systems offer conventional meters, designed to “reduce costs, increase
accuracy and solve meter reading problems, rather than provide enhanced
functions to promote environmental action, which remains firmly the
householders’ responsibility” (Marvin S., Chappells H., and Guy S., 1999, p.
115). The gatekeeper TDP is based around prepayment metering technology
and generates a more simplistic and improved system for providers. However
there are concerns about health and welfare especially when being used to
meter and control water supply, an essential resource for living (Marvin S.,
Chappells H., and Guy S., 1999). The gatekeeper TDP has been largely based
on a mechanism that offers simpler revenue collection while on the other hand,
environmental applications have been unexplored in this area (Marvin S.,
Chappells H., and Guy S., 1999, p. 116).
The ‘producer-led’ TDP has the potential to generate innovative systems but
as discussed previously they are focused around utility efficiency and not the
consumer experience. It can be argued that this is a constant of the potential
to increase the promotion and uptake of technology that enables enhanced
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domestic energy efficiency. If utilities offer modular systems where enhanced
applications could be downloaded or introduced remotely from the utility
(Marvin S., Chappells H., and Guy S., 1999, p. 109), highly intelligent and
sophisticated systems could be created that are akin to the advanced
computer systems we have within our households (e.g. PC, laptops, gaming
consoles, mobile phones, pocket organisers). A case study (1992) outlined a
system designed by the RMS Company who used PLC communication,
which utilises power lines for communication of meter information using pulselike signals.
The technical configuration supported load control, regular feedback, intelligent
appliance control, tariff control, different customer displays and different
controllers. Although envisioned as an advanced and highly beneficial system,
only 300 have been installed. This may have resulted from the over-allocation
of functionality and interface complexity. The company hope to integrate
feedback and formulated consumption messages as the next system
development. Although the system offers many benefits, it reflects a much
narrower range of social interests (Marvin S., Chappells H., and Guy S., 1999,
p. 119). Nevertheless it can be argued that advanced metering may have the
potential to reflect and support social interests to a higher degree through
using ‘user-led’ TDP’s.
The ‘user-led’ TDP is the least developed, even though it contains similar
components to the producer-led model. The difference is that the user
retrieves information and defines functionality as opposed to utilities having
priority of selection. The ‘Bath system’ was used for a case study by Marvin to
portray a user led system. Based on providing more information in the home, a
display unit was positioned according to user preference. A Newton (Apple
Mac Message Pad, 2000) provided access to information, which had a clear
display containing consumption and price. The system monitored individual
appliances, and displayed inside and outside temperature. The interface also
showed consumption comparisons, a directory of environmentally friendly
products and suppliers and offered bonus points for saving during peak
periods. Even though this system had sophisticated functionality and interface
characteristics, and had great potential as the “user exerts more of an influence
over the services they receive, and can use the informational capacities of the
smart meter to devise their own home energy efficiency and conservation
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regimes” (Marvin S., Chappells H., and Guy S., 1999, p. 120), it did not
translate into any significant utility trials of user-led metering pathways.
The report on advanced metering, published by Sustainability First, concerning
commercial, policy and regulatory drivers (2006), concluded with two possible
pathways for the adoption of advanced metering technology in the U.K.
The first pathway involves:
•

Removing regulatory barriers to increase installation rate

•

Proceeding with a large-scale 2-year trial

•

Allowing suppliers to progress through retail led initiatives

•

Basing results of trial on reduction in carbon emissions

•

When the trials have been completed, making decisions on advanced
metering standards, fixed or non-fixed replacement rates and if
potential energy savings and carbon reductions warrant: a swifter
geographical rollout

The second Pathway involves:
•

Removing basic regulatory barriers and embarking on a major trial

•

Then, agreeing on a smart meter standard to apply to all new
Advanced Meters. These would be based on the energy saving and
carbon reduction benefits that were uncovered throughout the trial

Some additional pathways included the replacement of pre-pay meters with
advanced meters, introducing smart gas meters and embarking on more
carbon saving initiatives (Owen G., and Ward J., 2006). There is also some
concern about using ‘lock in’ technology, which can potentially constrain
advanced metering from utilising innovative features developed after it’s
creation (Owen G., and Ward J., 2006). The ‘stand back’ nature of the U.K.
advanced metering initiatives may be strategic in relevance to avoiding lock-in
choices as it uses other advanced metering developments to ascertain what is
working well and what is not.
Adoption pathways are essential to advanced metering planning as much as
the need for good design of advanced metering devices themselves. It is clear
that any widespread adoption of the technology should be tested through
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trials. However these trials must consider the contextual differences between
all sectors of society, environments and economies.
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1.12 CONCLUSION
Using field work conducted in 2007, Advanced Metering has been defined in
various ways, but it is perceived as the application of technologies and not the
technologies themselves. Focusing on a specific technology may yield
innovation but may not be as effective as a process based on advancing the
intelligence of electricity delivery, use, and monitoring. However it must be
realised that specific devices, infrastructure and applications, such as electronic
meters communication mediums, and back-office databases, are required for
advanced metering to take place. These factors are also variable depending on
who drives the development process.
There is a need for a more transparent energy consumption experience which
is based on greater accuracy and clarity, not only for the end-user but also the
utilities. The proven potential for benefits are significant. As stated, energy
saving can and does result from the use of advanced metering and such
benefits can also be considered drivers for its introduction. Along with the
benefit of autonomy, advanced metering has also been shown to bring a range
of other benefits relating to energy efficiency and improving the service of
electricity use to end-users. The most notable of which is the introduction of
interval based metering technology, which results in the elimination of
estimated billing. There is significant opportunity to assist the domestic
electricity consumer through utilising advanced metering.
Authors such as Marvin, Chappells and Guy (1999) and Wood and
Newborough (2006) have explored the advancement in both the
understanding of energy use and the construction of more intelligent systems
for energy management. Research clearly shows that household energy use
can be reduced through several methods of feedback, ranging from
information on cumulative energy use (whole house) to appliance-specific
information. The latter of these is theoretically sound however it may prove
problematic in actual application due to factors of cost and convenience. It is
argued that the appropriate combination of feedback encourages positive
energy saving behaviours in end-users. However, there are a number of
pathways to introduce Advanced Metering. Marvin (1999) proposes four
general pathways, each having distinct behaviours and definitions regarding
who leads or controls Advanced Metering. Consequentially the ‘supplier-led’
pathway and the ‘user-led’ pathway are at opposite poles. The issue
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underpinning this polarity is who is the system for and/or led by? The user or
the supplier?
There are clear differences between theory-driven advanced metering models
and actual implementation into real environments. Recent international
examples where it has been introduced have largely been based on a supplierled model. Therefore, investigation into user-led advanced metering is critical
for the innovation of advanced metering as a whole. The outcome of this
investigation may also assist in bridging the gap between theoretical models
and current implementations of advanced metering systems. Although, in
theory, advanced metering can provide substantial efficiencies, products and
systems may simply exist in homes, based on what works in a business-case
scenario. This may offer households electricity savings, however the vast
majority of the returns, gained from it’s introduction, are likely to be returned to
the investors on the principle that the cost of development and instillation is to
be paid off over a specified timeframe.
The next chapter explores in depth the key elements of advanced metering.
Because of the relative infancy of advanced metering and the diversity of
systems available, research has been undertaken to break down the spread of
recent initiatives into comparable and comprehendible elements. A structure
for understanding the physical characteristics of advanced metering systems,
which will define these elements, will be introduced to aid in comprehension.
This will also provide a reference for speculation on a range of subsequent
design-based options.
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CHAPTER 2. BREAKING DOWN
ADVANCED METERING INTO ITS
ELEMENTS
2.1 INTRODUCTION
This chapter concentrates on breaking down the various elements or
properties of advanced metering based on the information drawn from
research in 2007. It has been stated in the first chapter that there are differing
types of advanced metering systems; communications; and capabilities within
the available options. It has also been found that specific combinations of these
elements can deliver benefits relating to system efficiency, energy efficiency,
and savings for the end user and increased availability of energy-use
information. It is proposed that an investigation into the various physical
elements would assist in clarifying both the spread and comparability of
available advanced metering products, systems and services.
A model that covers the various physical components in advanced metering
systems has been constructed for the purpose of this dissertation. This can be
seen below in Fig 2a. It has been developed to categorise these components
for ease of comprehension and also as a method for enquiry. In later chapters
this model will be used to identify the relevance of these categories as they
relate to specific advanced metering solutions.
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First this model covers the utilities, or companies, that deliver and manage
domestic electricity. They are often central players in large-scale rollouts of
advanced metering devices and communications. The communication
associated with advanced metering is required for such functionalities as
wireless metering within the home and remote reading of domestic electricity
meters. This is important, as it is one area where there is a high level of
variability, often due to geographical locations and existing infrastructure. The
advanced meters are often the most commonly associated component, or
device, of the wider system and associations. There is also much variation
within the devices currently available on the market along with a steady
innovation cycle. In-home displays are an important sub-category of advanced
meters delivering information to domestic consumers. This may include
information, such as, current electricity use and cumulative electricity use
(historical feedback)-very important if the goal is energy saving, providing the
opportunity to participate in energy saving behaviours.
circumstances

and

behaviour

determines

the

Their specific

effectiveness

and

appropriateness of the various options available.
The following focuses on uncovering the design elements that relate to both
the specification of advanced meters, and also the wider system(s) in which
they operate. This analysis will use information gained in this research from
examining the recent range of available products and services. This is used to
construct a ‘Product System Configuration’ model of current advanced
metering initiatives. ‘Product System Configuration’ is the term that will be used
to identify, what products of a system are used, how products are used, what
type of system they create, how it s configured, and what relationships exist
within the system. Using information from market research and relevant
literature, an attempt is made to understand the decision making process
involved in the design of each respective advanced metering initiative. By better
understanding how these current systems are configured, current design
solutions can then be recommended and existing models reconfigured using
more innovative or appropriate solutions.
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Fig 2a. Main Physical elements within current product system configurations

2.2 UNDERSTANDING PRODUCT-SYSTEM
CONFIGURATIONS
Where a user is consuming power (except in the case of on-site microgeneration) there is a strong physical and conceptual distinction between the
utility and the customer. Energy generation and supply generally occurs
outside the boundary of the home environment, whereas the consumption of
energy and its allocation to end-uses occurs within. The home boundary is
depicted in Fig 2b by a dotted line. Items of importance within this boundary
include, appliances, resource outlets (power outlets), meters, energy monitors,
and communication/analysis mediums such as computers, PDA’s or cell
phones. This is generally the area where feedback, relating to the consumption
of resources such as gas, water, and electricity, is delivered to the end user.
What happens outside the home boundary is often under control of the
supplier(s). Some main actions of these organizations are:
•

The generation of electrical energy

•

Energy supply to industrial users

•

Energy supply to the individual end-users

•

Maintenance and operation of infrastructure for the purpose of
resource supply
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•

Management of information regarding the consumption of these
resources for purposes of metering and diagnostic analysis on the
grid’s activity and performance

Depending on the environment and the specific region of the electricity supply
chain, these actions may be distributed between many companies or a single
utility. These types of market structures may also affected by the ownership of
assets

such

as

meters,

infrastructure,

generation

facilities,

and

communications infrastructure. There is variance in international advanced
metering cases regarding ownership and management structures of resource
supply chains. These factors are important when choosing the appropriate
solution for the application of advanced metering into New Zealand.
Both the consumer and the utility have a suite of potential interactions with the
advanced metering technology. They are each identified by a list of motivations
and interactions. The motivation directly or indirectly affects the occurrence and
themes of specific interactions.
There are a number of products that can exist within an advanced metering
system. The first and most obvious is the physical advanced meter, often
owned by the utility or related party in the supply chain, and sits within an
AMM(Advanced Metering Management) configuration. Secondly, an ‘in-home
monitor’ that will provide consumption-related feedback to the consumer.
There may also be a home personal computer (PC) involved. This may be used
as an interface for additional consumption information on a website. All these
devices can be depicted as components of the system and have specific
functionalities attached to them. There may be additional less common
components/devices included as a companion to one of the above products
e.g. pulse meters for gas and water metering and transmitter components for
the communication of information from the mains power supply to a portable
in-home display. Gas and water metering is not central to this dissertation but
is included in such a model to show their potential application for resource
metering.

There are three main types of connections with these product-systemconfigurations. One type of connection is the control type. The control type
occurs when a user or product physically controls the functionality of a device.
For example a user can control their appliance(s) such as a heater or a TV by
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physically turning them on or off or modifying their features. This is represented
as a black directional arrow from the user to the appliances. The physical flow
type occurs when a connection involves the actual flow of a resource such as
gas, water or electricity. This is depicted by a blue line and is directional with
the exception of on-site micro generation due to the bi-directional nature of
smart gridding. For example a physical flow type connection would be used
from the electricity supply grid (power lines) to the home (or the appliances
within). The communication type occurs when information or data is
exchanged between advanced metering products and users. Unlike the other
types of connection these are often bi-directional. For example the smart meter
configurations in at least 5 of the international cases provides bi-directional
communication from the utility to the smart meter. Note that there is a
subcategory of communication type - consumption feedback. Consumption
feedback is usually directed at the end-user and is intended to increase
environmental awareness leading to potential savings for the end-user.
The product system configuration will be explained, based on the results of
market research performed in 2007. It has been chosen as a method for
analysis because it differentiates the specific aspects of the advanced metering
initiatives along the electricity supply chain. These products system
configurations have six main physical elements, which represent the specific
and definable attributes of an initiative. It includes the utilities that deliver the
service of domestic electricity supply, the communications systems and
advanced meters involved, devices and communications for energy-related
feedback and the physical consumer. The initial section of this chapter will
concentrate on the whole product system configuration, however chapters 3,
4, 5, 6 and 7 will include information regarding aspects 1 – 5 (fig 2a).
The investigation into the use of advanced metering by the large-scale utilities
has tended to involve study of specific initiatives alongside information
identifying specific advanced metering products such as the meter itself. There
is emphasis on the utilities because they are some of the main drivers of
advanced metering and their large-scale rollouts represents the majority of
advanced metering technology in the market today. However, the prospective
options for each large-scale case are defined by both the physical and
economic environment, and existing communications infrastructure, access
rights and cost implications.
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In-Home Energy Monitors and communications are linked to but not always
associated with advanced metering on a large scale. Introduction of this
technology is based mainly in the retail market providing energy monitors and,
more importantly, displays which allow energy-related feedback. The literature
covered in chapter 1 clearly shows that feedback could improve energy
efficiency and overall reduction in total domestic energy consumption and
therefore cost. Various products which cover the spread of those currently
available, have been examined and compared for analysis. This will be covered
in chapter 6
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2.3 EXISTING PRODUCT SYSTEM
CONFIGURATIONS
The term ‘product system configuration’ is used to identify the configuration of
products within a system in order to provide the desired service. In this case,
advanced metering products are used within a supply and distribution network
(mostly electrical) to improve the service of resource supply to their consumers.
There are six distinctive attributes that encompass current advanced metering
initiatives:

The

utility(s)

(supplier),

customer-to-utility

communications

(infrastructure), metering device (product), in-home display (product), on-site
communication (short range), feedback (consumption information), and the
customer (end-user). These attributes are explained in more detail in Table 2a.
1.Utility (supplier)

Usually involves a single distribution company. However if there is shared ownership, management of
related infrastructure. or multiple resources being metered (gas, water and electricity) there may be
several parties included in this category. See Chapter 3

2.Customer to Utility

Encompasses all the components and infrastructure that are utilized in order to retrieve meter

Communications

information from each end-point. The method of communication may vary significantly depending on

(infrastructure)

the costs and opportunities of each option and the existing infrastructure. In the case of bi-directional
communication this attribute can also be used for remote control of meter applications such as
connecting or disconnecting the power supply.

3.Metering Device

The metering device facilitates the reading, storage, and sending of meter readings along with any other

(product)

relevant information. It also detects key events such as tampering and outages. See Chapter 4

4.In-home display

Usually in the form of a portable monitor or plug-in device that measures consumption and

(product)

communicates that information in a meaningful way back to the end-user. See Chapter 5

5.In-home

If a portable energy monitor is included within the system, wireless communication from the mains

communication

power supply is required to transmit consumption data. Currently these technologies can transmit only

(product)

short distances but this will vary depending on type of house and if there are any obstacles to
transmission. See Chapter 5

6. Customer

This is the end-user. This may include any occupant of the household where advanced metering is

(consumer)

taking place. Through using this system the customer(s) may have various motivations for a number of
potentially beneficial actions such as: reducing consumption; shifting consumption off-peak; switching
energy provider; modify behaviour to achieve a more efficient use of energy. See Chapter 7

Table 2a. Components of a Product System Configuration
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After examining the various advanced metering initiatives, it is clear that there
are many similarities with differences in some key areas. A question that could
help our understanding of what advanced metering solutions are appropriate is
- What is the complexity of current advanced metering initiatives and how
diverse are the options that exist? Considering this, is it possible to generate a
model that is representative of all current solutions and therefore includes all
current attributes and parameters? Using my own methods, these attributes
and parameters have been identified through examination of each chosen
case. Care was taken to show the flexibility of each attribute or parameter as
one small change could result in very different end-uses or benefits e.g. the
communication between customer and supplier is seen as a single attribute
but can be configured to any number of communication methods. In this way,
both (a) the spread of current systems as well as (b) representations of specific
examples, can be displayed by a single model. A comparison can also be
made between two specific product system configurations (b x b) or between
a single product system configuration and the model used to represent the
entire spread of configurations (a x b). After examining some main cases and
products, the initial spread model was created. This can be seen in Fig 2b.
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Fig 2b. Product System Configuration Schematic
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2.4 METHOD OF ANALYSIS
In the following chapters, the different components of the product system
configuration are separated in order to uncover the underlying factors for each.
Market research, which will be explained in more detail in further chapters, has
investigated a representative sample of recent advanced metering products
that are available on the international market. This refers to products available
within the first half of 2007 (when market research was performed). This
includes products from both the retail and wholesale sectors. The data used
for this research was taken mainly from company websites, product
specification sheets and independent product reviews. Because the advanced
metering market has concentrated more heavily on monitoring electricity
consumption as opposed to gas and water, only electricity metering is
included. This does not signal that the metering of other resources is not
relevant or that there is no requirement for it. Rather it aims to more accurately
identify the state of electricity metering opposed to a broader approach that
investigates metering of multiple resources.
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CHAPTER 3. UTILITIES AND METERING

3.1 INTRODUCTION
This section examines advanced metering systems introduced by utilities. It
also considers the methods of communication they use. The cases used for
the examination are large-scale rollouts of advanced metering devices and
were chosen in order to provide a representative sample of projects. Unlike the
in-home energy monitors/displays, the group of advanced metering products
cannot be readily and reliably evaluated using the same criteria. Some
differences can be found with regard to whether the device can monitor
multiple resources, have load and connection managed remotely and ability to
detect important events. The main difference is that advanced meters, as
opposed to in-home energy monitors, have a basic design in which various
functionalities can be added or removed as required. Retailed energy monitors
are not customised therefore any specifications for a device of this type may
not remain the same once they are ordered, configured, and installed, and will
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vary depending on the project. The configuration and installation parameters
vary according to the specifications agreed to by the energy supplier at the
time of the order. Depending on the market and availability of advanced
metering solutions, the project may even receive various bids based on the
delivery of the desired functionalities. Communication methods may be the
most contextual element of the advanced metering system as the type and
scale depends on the location, budget, existing infrastructure and system
requirements. It is therefore concluded that, to compare individual advanced
meters by brand, will not provide a meaningful analysis. Instead the specific
trials and rollouts of different advanced meters is investigated.
The format for this investigation was based around the availability of data and
what factors most clearly differentiate and contextualise each case. Emphasis
was placed on what innovative elements there were and also the stage of
progress the project was at. Drivers of each case have also been identified, an
important factor in determining why it has been done. The investigation
focuses heavily on electricity but also includes other resources that are
metered (gas, water, etc) and the communication methods that have been
used. A cost analysis has also been done outlining total costs and cost per
end-point (approximate).
Utilities such as energy retailers, producers, and grid operators play a
significant role in the introduction of advanced metering. The opportunity to
increase efficiency offers these organizations the ability to implement advanced
metering based on a medium-term investment. Many of these efficiencies can
be attributed to the autonomy that advanced metering systems offer. The
ability to perform important activities remotely along with regular meter reads
has the result of reducing the need for physical activities and personal.
Depending on the city, region or country, the implementation of any wide-scale
advanced metering system will be constrained to some extent by the current
energy and communication infrastructure in place.
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3.2 INTERNATIONAL CASE STUDIES:
EXISTING AND DEVELOPING ADVANCED
METERING INITIATIVES
Advanced metering applications have developed considerably in recent years,
some have involved large scale and particularly capital-intensive initiatives. This
refers to case studies examined in 2007. These have been released world
wide, and in particular throughout Europe, America, Canada and Australasia.
These have varied in scale and type but have largely been driven by the need
for greater operational efficiencies or increased financial returns. The initiatives
that have been specifically chosen for this evaluation are selected according to
how representative they are of the existing advanced metering market. Listed
below are the seven case studies that will be investigated and compared.
These are from Australia, Canada, USA, Sweden, Italy and Northern Ireland.
Each case study includes information on a number of important categories.
Additional information will be provided on the background of each case study
and any other relevant points not identified through this comparative approach.
An overview of these categories is found in Table 3a.
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Category

Explanation

Company

At least two major companies are usually involved. The company providing the
meters/system and the company (usually an energy retailer or supplier) who uses the
advanced meters within their system. It is important to understand which parties are
involved in the process as there are different sets of costs, benefits and effects relating
to each.

Innovation

There are a number of different types of Advanced metering innovation. The most basic
is AMR (Automated Meter Reading), which provides the ability to read the meter
automatically and remotely. The next type is AMM (Automated Meter Management),
which allows for a bi-directional communication of information and control between the
meter and the supplier. The meter may also have the ability to send meter readings at
close intervals in order to know time-of-use consumption and allow the use of multiple
tariffs for peak and off-peak periods. The system may also include an in-home monitor,
which at a minimum displays how much electricity is being used at any given time.

Progress

This category will include start and finish dates for the initiative. Between these stages
are various discreet stages within the initiative, such as planning, pre-deployment and
deployment.

Drivers

These include the various factors that outline the need or importance of the innovation.

Resources

Advanced Metering systems have the ability to measure the consumption of resources.
There are three main categories: Gas, Water and Electricity. Electricity is the most
common resource that is metered but some cases include gas and water as well.

Communication

In each case a method of communication is used to transmit metering information. This
will differ from case to case and may even differ within cases as communication
infrastructure may differ from location to location.

Features

A number of features exist for each case. The distinction of these features will not only
depend on their existence but also the availability of information and perceived
importance of those features.

Total cost of initiative Total cost including planning, deployment installation and management. This will be in
$US currency and based on an average exchange rate over the last 5 years 20052009.
Number of end-

Number of locations where a meter is installed. Correlates directly to number of

points (meters)

consumers (except in the case where customers have both a gas and electricity meter).

Estimated cost per

Where there is information on the cost per meter (including installation and end-point

meter

hardware) this will be used otherwise, in the absence o this information, cost-per meter
will be calculated by dividing the total cost by the number of end-points.

Cost Recovery and

This will include information on how the investment cost is to be recovered and over

Investor Benefits

what timeframe. This will also summarise the specific advanced metering systems
investment benefits and cost recovery.

Customer Benefits

An outline of the benefits received by customers.

Table 3a. Case Study Parameters
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3.2.1 CASE STUDY 1. AUSTRALIA
In Victoria, Australia regional electricity distributors would read conventional
meters every three months. After ongoing increases in summer peak electricity,
demand and a move by the Government to link wholesale and retail markets, it
was considered that advanced meters could provide a valuable solution to
reduce peak demand and reduce meter reading intervals. (Ofgem 2006).
Intervention by the Essential Services Commission was undertaken to ensure
that benefits were to be received by all parties and that efficient solutions were
generated. “Interval meters were chosen in light of the advancement in
technical innovation” to ensure that the electricity network would maintain the
capacity to embrace future opportunities for innovation (Ofgem 2006, p. 35). A
cost benefit analysis was performed for a number of options. The chosen
option was for a single-phase interval meter with multiple tariffs to be installed
for every electricity consumer over a 5 year installation period. Interval meters
are planned for installation by 2011 for small businesses and large residential
consumers (e.g. those that consume more that 20 MWh per annum). Interval
meters are planned for installation by 2013 for all small businesses and
residential customers that have less than 20MWh per year with off-peak
metering or three-phase metering - approximately 2.3 million meters are to be
installed in total. In April 2007, Echelon released news that the government was
taking its first steps to replace 2.4 million meters state-wide by initiating a 500
meter trial. (Ministeril Council for Energy 2006). They are using the Echelon NES
system. It requires three main Echelon products: The data concentrator; either
the EM 1021 or the EM 502XX meters along with the NES software. The NES
system is shown in Fig 3a. (www.echelon.com/metering.htm. Accessed 11
July 2007).

pg 57

Company

Echelon (meter provider)

Products

Emetrion 1021 or EM 502XX

Innovation type

AMM + interval

Progress

Effective start date is 2006 (to be completed in 2013)

Drivers

Summer peaks in electricity (+ 2.4% per annum). These
result from a hot climatic conditions requiring a higher
electricity demand for the air conditioning.

Resources

Gas, Electricity and Water

Communication

PLC and TCP/IP

Features

Bi-directional communication; Multiple tariff options; Time-ofuse billing; Pre-payed metering; Remote connect/disconnect
of electricity supply; Distribution system asset optimisation;
Outage detection and restoration; Blackout and brownout
elimination; Real time direct load control; Power quality
measurement; Tamper detection.

Total cost of initiative

US$590,000,000 (No. of meters x Cost per meter)

Number of end-points (meters)

2,300,000

Estimated cost per meter

US$260 (Ministerial Council on Energy 2007)

Cost Recovery and Investor Benefits

US$380 Reduced Peak Demand. (Ministerial Council on
Energy 2007)

Customer Benefits

Promotes competition in electricity retail markets. Enable
consumers to make more informed choices. More accurate
billing. Problems are remedied faster.

Fig 3a. Echelons NES System (www.echelon.com/metering/default.htm Accessed 11 July 2008)
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3.2.2 CASE STUDY 2. USA - 1
In July of 2006, PG&E (Pacific Gas and Electricity), one of California’s largest
utility providers, received approval to initiate their smart meter program. This
included the installation of 9.3 million smart gas and electricity meters, which
enabled better management of their customer’s electricity and gas
consumption. The program was to allow PG&E to remotely restore power after
outages and more effectively locate and remedy line problems. It also provided
the customer with new time-of-use billing rates and online energy-use
feedback. Central to this program are the time-of-use billing options which
allow consumers to shift energy consuming activities from peak periods (high
demand and more expensive) to off-peak (low demand and cheaper) periods
in order to prevent system-wide power outages and also reduce the need for
extra carbon-intensive electricity generation. At peak demand periods, e.g. the
hottest days of summer, critical peak pricing events could occur. This resulted
in the price for electricity around 60c per kW between 2pm and 7pm. Demand
was reduced during this time period due to a consumer price response that
shifts energy-consuming activities to off-peak periods. However through
negotiations with legislators, here it has been set to a limit of 15 of these events
per year. The new electric advanced meter is almost identical in appearance to
the existing electro-mechanical meters, while the new gas smart meter is a
small module that can be added to an existing gas meter. The entire project
was estimated to cost US$1.74 billion and the company believes these costs
will be repaid through “operational and power procurement savings” (Pacific
Gas and Electric 2006). Figure 3b shows the smart meter and a schematic of
the advanced metering system.
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Company

PG&E (Pacific Gas and Electric)

Products

GE Watt-hour Meter

Innovation

AMM + interval

Progress

Effective start date is 2006 (completed in 2011)

Drivers

Summer peaks in electricity; Usually co-insides with weather
patterns; Opportunity for consumers to decrease bills.

Resources

Gas, Electricity

Communication

PLC, TCP/IP

Features

Online information about energy use, remote
connect/disconnect; Critical peak pricing scheme; Records
meter readings hourly.

Total cost of initiative

US$1,515,000,000 (PG&E 2006)

Number of end-points (meters)

9,300,000 (5.1 million electricity, 4.2 million gas)

Estimated cost per meter

US$160 (total cost / number of meters)

Cost Recovery and Investor Benefits More accurate information on faults and outages enabling
crews to immediately address problems rather than
attempting to find potential problems through routine
checks; Less reliance on fossil fuel generation due to peak
reduction; Costs are said to be offset through operational
and power procurement savings; Slight increase in customer
fixed supply rates (between US$0.49 and US$0.99 cents per
months for additional cost recovery.
Customer Benefits

Problems such as outages can be remedied more easily;
Can access information online; No estimated bills; Enhanced
ability to assist customers; Economic benefits for customers
reducing consumption during peak periods.

Fig 3b. PG&E Smart Meter Website www.pge.com/myhome/customerservice/smartmeter/using/. Accessed 29 August
2008.

pg 60

3.2.3 CASE STUDY 3. USA – 2
Southern California Edison (SCE) delivers power to 12 million individuals in 430
cities and communities. The ‘SmartConnect’ AMI program aims to reduce
day-to-day operational costs, introduce more innovative tariffs and potentially
reduce demand in peak periods by an estimated 1000 megawatts. At the
beginning of 2007, SCE began Phase II: Pre deployment and had its final
deployment stage starting 2009 (Edison International 2007). They claim that
they took a different path to other California providers and wanted to develop
their own product with high customer value as they considered exiting
products did not offer sufficient customer benefits. Included in the set up is
wireless communication that is capable of communicating with the coming
next generation of smart domestic appliances. The devices are ‘future-proofed’
so they can be upgraded and reprogrammed when future developments
deem it necessary. (Edison International 2007)
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Company

Southern California Edison is the electricity supplier; ‘eMeter’
provides meter management system; Corix utilities performs
installations and IBM is the system integrator.

Products

Unknown

Innovation

AMM + interval

Progress

Currently deploying meters, due for completion 2012

Drivers

Summer peaks in electricity; Opportunity for consumers to
decrease bills; California’s Policy initiative to enable time-ofuse pricing;

Resources

Electricity

Communication

Wireless Communication (In-house) Wireless (Utility-tometer)

Features

Next day availability of online consumption information
(online support); Remote-service activation; Read meters
hourly; Multiple Tariff options; Wireless Communication
support; Device can be upgraded and reprogrammed;

Total cost of initiative

US$1,158,000,000 (capital costs) (Edison International
2007)

Number of end-points (meters)

5,300,000

Estimated cost per meter

US$220 (cost / no. of meters) or US$290 (Ministerial Council
on Energy 2007)

Cost Recovery and Investor Benefits

US$200 per customer (Ministerial Council on Energy, 2007)
The US$1,300,000,000 is estimated to be less than the
potential savings signalling that costs can be completely
offset; The company believes peak consumption can be
reduced by a total of1000 megawatts; Lower labour costs.

Customer Benefits

Consumption information is made available; Provision of a
meter that can potentially operate with technology soon to
be in the home; More Accurate Billing; Opportunity to make
savings through shifting consumption to off peak periods.

Fig 3c. An example of SCE’s Advanced Meters http://www.sce.com/CustomerService/smartconnect/about_smartconnect.htm.
Accessed 29 August 2010

pg 62

3.2.4 CASE STUDY 4. ITALY
Italy’s dominant electricity provider ENEL holds 85% market share in
distributed energy and 30 million customers. It has no competition in the
residential sector. In 2001, it was decided that a large-scale rollout of
advanced meters would be beneficial to Italy’s future energy grid. The
Telegstore project was launched in 2001 and by the end of 2006,
approximately 30 million meters had been deployed. A report released by
Ofgem (2006) states that ENEL claims the Telegstore project will offer Italy
lower power consumption, better demand-side management, easier
ability to switch suppliers and improved monitoring. Although these
benefits are significant, ENEL’s major drivers were the projected payback
time

and

potential

savings.

The

system

being

used

currently

communicates meter information from meter to VR Transformer via PLC
and then through GSM or fixed line connection to data centres for
processing. (Ofgem 2006, p. 36).
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Company

ENEL (Energy Supplier); Echelon (Meter Provider)

Products

Unknown

Innovation

AMM + interval

Progress

Completed

Drivers

Large numbers of visits per year due to fraud, theft and
connection/disconnection; Bad debt were hard to recover;
Generation shortfall: Black outs;

Resources

Electricity

Communication

PLC from meter to VR transformers and GSM/fixed line to
data centres.

Features

Two-way communication; Remotely capture meter reads,
ad hoc meter reads, and tamper information; Remote
deactivation/activation.

Total cost of initiative

US$2,660,000,000 (capital costs)

Number of end-points (meters)

30,000,000

Estimated cost per meter

US$90 (cost / no. of meters)

Cost Recovery and Investor Benefits

ENEL reported that they would save US$670 million each
year from the use of the Telegstore project. Reduced
Energy Fraud. Decreases expenditure on field operations
through remote capabilities; Better invoicing of customers;
Improved demand-side management; easier ability to
switch suppliers and improved monitoring.

Customer Benefits

More accurate billing; Improved Customer Service.
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3.2.5 CASE STUDY 5. CANADA
Ontario has a regulated price plan, with any customer consuming over
250,000 kWh annually having to abide by a regulated pricing plan. However if
consumption is below this level this is not required. The new advanced meters
will be first installed at sites with high electricity demand. ‘Powerwise’ is the
installer - an umbrella company for six of the major electricity utilities involved in
the rollout. Responsibility for the implementation is spread over 5 parties
(Ministry of Energy, Ontario Energy Board, Distributors, Independent electricity
system operator, vendors of advanced meters). Costs associated with the
rollout are included in distribution charges. Hydro one (energy supplier) is
currently replacing their old meters with new advanced meters, 1,300,000 are
planned to be installed by 2010. (Gerwen R., Jaarsma S., and Wilite R., 2006).

Energy Monitors
The ‘Powercost’ monitor has been installed in 30,000 homes in northern
Ontario. The device displays feedback in the form of consumption levels in kW
and cost-based values. It has proven to be so successful that some of the
recipients have seen savings of up to 20% on their previous consumption. Of
all the large-scale deployments of advanced meters, this is the only case where
energy monitors have been trailed alongside advanced meters. It is yet to be
offered as a product for all customers with an existing advanced meter. (Blue
Line Innovations 2007).
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Company

Hydro One

Products

Itron Residential Meter

Innovation

AMM + Interval + Energy Monitor (trial stage)

Progress

Deployment 2009/2010

Drivers

Peak demand in summer periods; Requires expensive imports
for those periods; Plan to decrease consumption by 5%.

Resources

Electricity

Communication

Wireless and other technologies

Features

There is no specific system or vendor. Minimum requirements
are for two-way communication, open network interface at the
connection to the WAN. Retailers could choose to include
additional functionality but would be paid for through an
additional customer fee.

Total cost of initiative

US$913,000,000 (whole project)

Number of end-points (meters)

1,300,000 (hydro one)

Estimated cost per meter

Unknown

Cost Recovery and Investor Benefits

More accurate reads, reduced cost incurred from inaccurate
readings, time of use tariff options. Reduced Management
costs

Customer Benefits

Ability to make savings from shifting consumption to off-peak
periods. Faster response to outages. Accurate Billing.

Fig 3d. Hydro One ‘Smart Meter’ Information - www.hydroone.com Accessed 29
September 2010.
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3.2.6 CASE STUDY 6. SWEDEN
Three multinational energy groups have 50% market share of the Swedish
electricity, with each having approximately 1 million customers. The remaining
50% is distributed through 190 separate companies. Distribution companies
are responsible for meter reading. A major driver for advanced meters was the
introduction of legislation in 2003 requiring monthly readings of all electricity
meters by July 2009. Initial design and deployment was faster than required,
only AMR solutions were deployed at the start. Recent deployments were
more sophisticated with AMM and interval metering (Energywatch 2005).

AMR contract with Nacka Energi
The Itron Company Actaris secured a contract to work with Vodafone to
implement 25,000 meters that have ‘point-to-point’ GPRS communication
capabilities. GPRS communication is a sophisticated wireless communication
medium similar to communications used for cell phone coverage. The system
uses existing GSM network to communicate meter readings. This productsystem-configuration was selected because it used the fewest possible
components, which in turn, minimises the potential area for system failure.
(Actaris 2005)
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Company

Actaris (meter provider), Vodafone, Nacka Energi

Products

Unknown

Innovation

AMR & AMM + interval

Progress

Utility companies are underway deploying meters

Drivers

Bill was passed in 2003, which meant monthly meter readings
were made mandatory by July 2009.

Resources

Electricity

Communication

Differs between areas

Features

Will differ between providers

Total cost of initiative

US$1,388,000,000

Number of end-points (meters)

5,000,000

Estimated cost per meter

US$190 (cost / no. of meters)

Cost Recovery and Investor Benefits

Easier supplier switching. More direct connection with
consumption and billing. Estimated benefit of US$80,000,000
per year. The cost of the project is likely to be paid indirectly
by the customer.

Customer Benefits

More direct connection between consumption and billing.
More information.
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3.2.7 CASE STUDY 7. NORTHERN IRELAND
NIE was the sole historical energy provider for Northern Ireland until the market
was deregulated. However NIE is still responsible for the “regulated
procurement, transmission, distribution and supply of electricity to over
700,000 home and business in Northern Ireland” (Ofgem 2006, p. 8). As a
consequence of system inefficiencies and customer dissatisfaction, the
company decided to install a new prepayment ‘credit management’ system
which allowed customers to easily add money to their account and removed
the ability for NIE to disconnect power at inconvenient times such as during
weekends and nights. The meter interface also provided detailed information
on current and historical consumption allowing the customer to make
comparisons across different time periods. (Ofgem 2006, p. 42). See
http://www.niemedia.co.uk/latestnews.php for recent updates.
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Company

NIE

Products

Unknown

Innovation

Prepayment ‘credit management’ keypad meter

Progress

Began 2000. By 2005 155,000 meters had been installed (22% of
customers). Currently deploying.

Drivers

Current prepayment system was outdated and inefficient; High
levels of customer dissatisfaction; Fuel poverty.

Resources

Electricity

Communication

Unknown

Features

The prepayment meters display credit time in days, previous days,
week’s and months cost. Unit rates and number of units. Purchase
Information for the last 5 purchases. Current load; 24 hr maximum
demand and time it occurred; Total units used; Complete time-ofday functionality; Low credit warning is used when customer needs
to top up; Electricity cannot be cut off on weekends, at night or
bank holidays.

Total cost of initiative

Unknown

Number of end-points (meters)

700,000 (approx)

Estimated cost per meter

Unknown

Cost Recovery and Investor

Reduced meter-reading costs; Reduced billing costs; Less callouts

Benefits

and better debt management; 8% reduction in service centre calls;
Almost zero complaints

Customer Benefits

Provides feedback so that saving can occur; Increased
convenience; Cheaper rates (by 2.5%).
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3.3 COMPARATIVE ANALYSIS OF CASE
STUDIES
In different ways each of the projects were driven by electricity suppliers,
whether they were following direction from local or government bodies, or
simply implementing their project for operational efficiency. It can be seen that
all examples had some level of governmental intervention and in some cases
the intervention was the main driver e.g. Sweden.

All case studies included advanced metering systems that have been rolled out
or are currently being rolled to their customer base. Italy’s ‘ENEL’, completed
their rollout of advanced meters by 2006 due to their early initiation of the
project (2001). Others have only recently initiated their projects and are looking
at a 4 – 7 year timeframe. The American (Californian) examples are of
significant interest - they were subject to the same regulatory and physical
environment but chose different paths. PG&E selected their product and
system shortly after the state released a policy initiative to introduce time-of-use
pricing whereas Southern California Edison decided that the current products
and systems available would not meet their requirements. As a result they have
spent additional time and capital on selecting a more innovative system, which
included partners such as IBM, eMeter and Corix. They claim their meters will
be able to ‘talk’ with the next generation of home appliances due to inhouse/on-site wireless communication ability, a unique functionality.

Six of the examples utilised AMM technology and included meters that read
consumption in short intervals. It was understood in most cases that the
advanced metering System must facilitate AMM functionalities in order to
achieve greater operational efficiency. Sweden did not initially embrace AMM
technology rolling out AMR systems. Once it was realised that AMM was far
more beneficial and offered a better cost-benefit-analysis, all further installations
were of the AMM type. Northern Ireland was the only case study not to
implement an AMM system for advanced metering. Instead they have replaced
their old pre-payment meters with more innovative devices that improve
customer satisfaction, reduce metering costs and callouts and enable better
debt management. NIE examined the costs and benefits of AMM and deemed
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it not appropriate for their needs. This was partially because their customers
had previous experience with a prepayment system so imposing a new system
on them could cause confusion. Another difference was seen by Canada’s’
Hydro One advanced metering project - they included in-home displays in
30,000 of their customers homes and may, if the benefits are significant,
include the in-home display in all future smart meter installations. Failing this,
customers can purchase the monitor themselves through retail channels.

In warmer climates such as California, USA and Victoria, Australia, a major
driver for the implementation of advanced meters was to integrate the effects
of increasing demand for air conditioning during summer periods, and the
extremely high levels of consumption. In Australia such peaks are rising at a
rate of 2.4% per annum which without intervention could require 25% more
electricity to be generated over the next 10 years. Increased level of customer
service was also a common driver among the case studies, most likely based
on a strategy of customer attraction and retention.

Victoria, Australia is the only case where all three resources (gas, water and
electricity) are to be metered (California’s PG&E meter does both gas and
electricity - due to the company also being a supplier of gas). The inclusion of
an extra resource into the metering process does not mean twice the amount
of investment is required. This is because the communications infrastructure is
already in place, along with an advanced meter capable of detecting and
storing information, so that the only extra component required is a gas meter
capable of reading gas throughput and sending pulse signals (this is also
similar for a water metering case). Australia is the only country in the case
studies currently metering water, this is because of ongoing issues relating to
water scarcity. Elsewhere, because of no great need for conservation or, water
supply has no cost relative to quantity used therefore advanced metering of
that resource would have minimal to no return from the investment. Such a
feature may be beneficial but the party that invests may not be able to get a
return.

There are multiple communication methods that could be used to transfer
metering information. However, the type of infrastructure may vary significantly
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between countries, states and even suburbs depending on how it has been
developed. It is for this reason that there are different communication mediums
used across different cases. The choice of communication medium may be
dependent on who owns the communication medium, and whether it requires
upgrading or modification - will it have the capacity and accuracy required?
The most appropriate communication medium is one that deals with the
technical and economic constraints of the system. The most common
communication method is the PLC communication from the end-point (meter)
to the local controller, which then sends data through a direct line to the utility
companies data storage. PLC may have been a viable option for Victoria,
California’s PG&E and Italy’s ENEL, because it uses existing infrastructure
(power lines), as opposed to installing new infrastructure or paying to use other
companies

communication

mediums.

The

other

main

method

of

communication was to send meter readings through the wireless GSM
networks such as California’s ‘SCEd’ and parts of Sweden. In-house
communication is also available for use but only California’s ‘SCEd’ included
this in their standard advanced meters.

The most common feature throughout all AMM innovations was the use of
time-sensitive tariffs. This allows utilities (through consumer behaviour change)
to potentially shift consumption from peak periods into off-peak periods. This
contributes to the increase in operational efficiency and therefore is an
expected feature for an AMM deployment. The deployments in California also
provide customers with access to their consumption information through an
online website. Apart from conventional billing methods, this is one of the only
ways that customers can take advantage of the additional information that
advanced metering generates. Remote activation of meter functions such as
connection/disconnection of power was a feature that was utilised by all the
cases except Ireland (NIE) and Sweden. NIE does not have this ability due to
an absence of communications infrastructure between supplier and customer.
However it does provide automatic or case-sensitive meter functions such as
connecting or disconnecting the power supply depending on how power
payments.
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Systems like those used in Australia also offer load control. This enables the
supplier to set a maximum load level beyond which the consumer cannot
exceed. This can be achieved in all AMM systems but does require extra
capacity for components and therefore extra investment. Again, all AMM cases
in this analysis included the functionality to remotely activate meter functions.
However implementation of load control mechanisms may or may not have
been included. The information used for this analysis does not outline whether
the remaining four cases offer this functionality or not. Any AMM system that
provides more accurate information on where energy is flowing and how much
is being demanded at any one time offers more efficiently managed supply to
the grid. This is termed ‘asset optimisation’ and results in better detection of
problems and more efficient maintenance of grid assets. Most current AMM
deployments are also able to detect tampering/fraud, which is a problem in
countries such as Ireland and Bangladesh. In the NIE case, which is the only
pre-payment metering example, extensive information is provided to the
customer through their meter including detail of their previous purchases along
with current and historical consumption information.

Fig 3e. Cost comparison of different international advanced metering initiatives

The number of meters being deployed ranges from 700,000 (NIE) to 30 million
(ENEL). The large deployments are due to economies of scale, both in terms of
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implementation cost and system wide adoption, enabling the significant
benefits of utility-driven advanced metering to be realised.

High saturation rates (number of potential end-points / number of advanced
meters) are required for some significant benefits to emerge. Reducing peak
demand, achieved through new tariff systems, requires a large percentage of
users to not only use advanced meters but also to adopt energy saving
behaviours around peak and off-peak periods. Significant geographic coverage
(optimises line capacity and infrastructure) is also important based on the
principle that unless a project is rolled out covering whole geographic areas at
a time, tasks such as manual meter reading will be still be required.

In Fig 3e the capital expenditure required is significant. In terms of this study,
the costs ranged from just under half a billion (Australia) to over US$2.5 billion
(Italy). All but one of the analysed cases can be compared with respect to total
cost and number of end-points. Using this information an estimate can be
made of the project cost per meter. Cost-per meter will be calculated using the
total cost value and the total number of end-points value on the basis that
those values are correct and relatively accurate. This is shown below in Fig 3f.

Fig 3f. Displaying all case studies with reference to total cost per endpoint
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Except for Sweden, the cases have cheaper costs per end-point as the
number of meters increases due to scales of economy. The use of custom
designed technology as opposed to using existing technology may explain
why California’s SCEd deployment costs were higher per meter than Ontario’s.
SCEd choose to take a different path to other California utilities in order to
implement what they considered a more innovative system4. Therefore it can
be concluded that with an increase in deployment scale, there is likely to be a
decrease in the cost per endpoint. Italy is an exemplar case for this conclusion,
spending US$88 per end-point - less than half to one third of some others.
With the exception of the Northern Ireland case study, there is a reduction on
the expenditure on field operations. This is probably due to three factors.
•

Elimination or reduction of the need for staff to physically perform
meter readings

•

Better and more efficient asset management and maintenance (likely
to

require

less

employees

as

well,

especially

for

connections/disconnections)
•

Certain cases, the reduction of peak demand levels can lead to
significant supply costs due to removing the need for building extra
generation facilities.

The aim of these initiatives is not to provide the customer with benefits; rather
the system is implemented for an increase in efficiency. This often correlates to
a direct economic benefit of utilities. However, the sophistication of the
technology/system does allow certain benefits for the consumer, whether or
not they are implemented for reasons of customer recruitment or retention e.g.
the elimination of estimated bills through an always-accurate meter read. Also,
providing the customer immediate feedback of their usage is beneficial. This
removes a problematic and inaccurate system that affects budgeting and
awareness especially in low-income families.

Some suppliers offer online

feedback in order for a customer to track their consumption and have it
displayed in a number of formats for better comprehension. Power connection
or disconnection can be more efficient and less costly due to the AMM
systems ability to remotely activate power on/off meter functions. Problems
such as outages will also be remedied faster due to the improvement in grid
4

This included wireless communication from customer to utility/data management and additional
communication capabilities that will allow the meter to ‘talk’ with a new generation of appliances.
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diagnostics and the ability to pinpoint problems. All AMM cases also provide
multiple tariff options, which potentially allow customers to save money by
shifting energy-consuming activities from peak periods to off-peak periods. In
one case improved system efficiencies enabled an overall 2.5% cost reduction
for customers adopting the system.
To conclude, these results reveal similarities in functionality and capability.
However the costs incurred by such projects may vary. The contributing
factors to this variation result from differences in project partners, project scale
and asset ownership, signalling the importance of economies of scale. Even
though these cases were examined in 2007 these factors are likely to maintain
there importance within more recent and also future projects. The projects
themselves have been driven by economic and efficiency reasons with the
majority of the benefit being returned to the utilities rather than the consumer.
However the consumer does receive a number of significant benefits and
elimination of estimated bills. There has been one example where advanced
metering initiatives have been accompanied with in-home monitors (trial basis)
for enhanced customer awareness but unfortunately this is unlikely to occur in
many cases due to the cost of the devices and the low level of investor return
as a result. Overall the introduction of advanced metering by the utilities has
been caused by the powerful business case that can be made and it is only a
matter of time before many if not all of our power grids embrace advanced
metering to some extent.
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CHAPTER 4. ADVANCED METERING
DEVICES AND TECHNOLOGY

4.1 INTRODUCTION
This chapter concentrates on advanced meters as devices as of 2007. When
advanced metering is discussed, the first inclination is to look at the ‘advanced
meter’ because it is the most important device within an advanced metering
system. It measures electricity used and in many cases detects outages and
tampering. The previous chapter referred to case studies where advanced
metering devices are currently in use. This chapter will develop an
understanding of what advanced meters look like and what specifications
define their type and performance.
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4.2 METHODOLOGY FOR METER
EVALUATION
The categorisation and comparison of these products will be structured
regarding common classifications currently used to sell and profile electricity
monitors and advanced meters. Information on these devices comes from
differing sources and therefore must be merged into a comparable format. The
format selected measures the devices usefulness for advanced metering and
meaningful feedback (energy-use information).

4.3 AVAILABLE PRODUCTS
There are two categories of currently available products: those purchased
directly by consumers (end-users) and those purchased by energy suppliers or
grid operators as part of an advanced metering system. These two categories
will vary significantly with regard to deployment, use and ownership. Further
differentiation can be made within these two categories. Again it is to be noted
that these products were drawn from the market as of late 2007 and may vary
to more recent products.

The costs for the first category are easily accessible, as prices need to be
made available to consumers. This is a crucial for purchase decisions.
Products in the second category lack information regarding product and
installation costs as these factors are generally not communicated to
consumers. Some of these prices have been obtained by direct contact with
the suppliers but may still vary. Price is therefore not included in the second
category. This chapter will focus primarily on the products available to industry.
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Fig 4a. Product Hierarchy (shows differentiation of advanced metering products)

4.4 ADVANCED METERING PRODUCTS
(ADVANCED METERS)
The most common product available to power suppliers is the basic advanced
meter. This is a digital device installed as the replacement for an existing
mechanical meter. At it’s most basic it provides the functionality to digitally
record and communicate metering information from the home to the supplier.
Digital gas and water meters are available but are not used to this extent. If
used within an advanced metering system, they record gas or water
consumption and remotely transmit the information to a central advanced
meter or directly to the supplier. Gas and water meters and consumption will
not be included in the following product comparisons.
There are some important components installed within the electricity grid that
facilitate the functionality of an advanced metering system. Components are
often required to manage the metering data that is sent to the supplier. The
type and quantity of components will vary between systems depending on the
communication method being used. A number of products have been listed
and explained below.
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4.4.1 ICON RESIDENTIAL METER
This advanced meter can be ordered through ‘Sensus Metering Systems’, and
is a general monitoring device used mostly to improve billing efficiency and
accuracy. It has a six digit digital display, power flow indicator and kWh display.
It measures electricity down to 1 watt per hour increments. It can
communicate using PLC and has the flexibility to work within a wide range of
electricity networks. This product is inversion proof and sends a signal to the
provider if tampering occurs. The design also has an open architecture to allow
future modification decreasing the risk of lock-in technology. (Icon Residential
Meter 2007) Ontario’s major electricity supplier, Hydro One, is currently using
these advanced meters in the residential and small business environment.
Hydro One technicians perform the installation. Before commencing the
technician takes the current reading and inputs it into a handheld device. They
then use a special meter-removal device to take out the old mechanical meter,
and replace it with the new smart meter. This is simply slid on and fixed with a
brace.

Fig 4b. Icon Residential Meter5

5

Picture from www.sensus.com. Accessed 12 June 2007
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4.4.2 MAIINSTALK
Mainstalk is a European-designed advanced meter, produced and distributed
by ‘AMPY’ metering. This device can be used for remote metering of multiple
resources. It has a simple LCD screen similar to the Icon Residential Meter
allowing consumption data to be viewed over the Internet. The Mainstalk
communicates to the Local Controller (LC) through PLC communication and
then from the LC to the RC (Regional Controller) using radio (RF) or telephone.
The RC software then collects and collates data received into kWh readings
and

half

hourly

profiles.

This

device

also

allows

remote

connection/disconnection and supports multi-tariff and tariff switching billing
plans. It also supports prepayment plans. Even if a set price could be placed
on a single unit, the number of units in a single order could vary depending on
scale. The technology was designed with greater efficiency in mind while
offering the ability to provide new services. In this example, advanced metering
would be perceived as an effective investment when considering the one
million pounds required each year to maintain old mechanical meters. (Energy
Controls 2007)

Fig 4c. Schematic of Mainstalk AMR system (Energy Controls 2007)
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4.4.3 MK7 ATLAS SERIES
Recommended for AMR rollouts, this device is similar to the Mainstalk device
but has a larger interface and some additional features. Available in threephase or single-phase, it offers up to 60 user-defined settings. In the Mk7A
class multiple resources can be metered and in addition the device not only
measures incoming electricity but also outgoing energy from small-scale
generation when it is present. The device also has a large 2mb storage
capacity enabling over 38 years of data to be stored when using a single
channel and readings at 30 min intervals. Even if the device is programmed
with 16 channels it can still store data for over 3 years. Intervals can also be
modified anywhere from 1 minute to an hour. It has the ability to store
information on average, minimum and maximum values for each interval. All
time-of-use functionality is also available enabling eight separate rates, 32
channels and up to 200 programmable special days. The time and calendar
accuracy is also highly sophisticated with a maximum error rate of 15 seconds
per month. This device has the capability to record sag or swell events and log
a date and time (EDMI, 2007). It is very sophisticated with a product language
producing multiple versions for different circumstances.

Fig 2d. MK7CAtlas Series6

6

Picture from http://www.sequence-design.com.sg/edmi/index.asp?l1=2&l2=20&l3=41 - Accessed 2
November 2010

pg 83

4.4.4 EMETRION 1021
This is similar to some of the other advanced meters - equipped with
sophisticated measurement of power quantity and quality and able to record
the last eight power outages experienced. It generates load profiles and billing
data but can only store data up to 180 days using intervals of 5, 15, 30 or 60
minutes or alternatively 24-hour intervals. The LCD screen is a simple display
that communicates various values using ID codes for different data sets. It also
shows the direction of reactive energy and uses small LED’s to verify accuracy
of kWh-metered values. It also allows a maximum threshold to be set wherein
the power is disconnected when reached. Overall a very flexible device
enabling functions to be modified before and after installation. (Echelon 2007)

Fig 2.2d. Emetrion 1020 (Echelon 2007)
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4.4.5 POWERHAWK 6320
Powerhawk is a little different as it is mainly used to meter multiple tenants in
apartments. It is also used in office towers, shopping centres, RV parks and
mariners buildings. Utilising two-way communication through PLC it has the
ability to communicate through high speed IP connection for real time
recording. The on board Ethernet is also configured to support cellular (GPRS
or CDMA), wireless (900Mhz) and radio frequency (RF). Additionally this device
offers in-house displays (energy monitors), load control and access to
consumption data online. A single device can monitor up to 20 tenants, and
the use of non-volatile memory means no data is lost during power outages.
The installation is performed by a single technician and can be performed
within an existing premise or new construction projects. The device is
approximately 41cm x 25cm x 6cm, weighing approximately 3.4kg (Triacta
2007).

Fig 2.2e. Powerhawk 63207

7

Picture from http://triacta.com/Products/PowerHawk-6X20-High-Density-Meter.html. Accessed 18
November 2008.
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4.4.6 SINGLE PHASE KWH ELECTRICITY METER
A more simplistic smart meter it has a number of sub-models that expand
basic functionality. A single rate meter is available as well as a single rate meter
with pulsed output (which can be modified for multi-rate using an external
timing device). It measures both active (kWh) and reactive power (kVArh).
Values are stored to 2-decimal places and registered at intervals of 5min 20
seconds. The single rate meter has a single display showing total kWh
readings whereas the single rate with pulsed output has two alternating
screens for active and reactive energy. There is a screen for reverse energy
detection signalling energy fraud and reverse energy register screen displaying
total output energy to two decimal places. In situations where pulses are to be
collected and measured possibly by a BMS or data collection systems, an
engineer would be necessary to reconfigure the meter using software and a
data-probe. All casing is made from flame retardant and UV stabilised
polycarbonate. (Energy Controls 2007)

Fig 2.2f. Single-Phase kWh Electricity Meter8

8

Picture from http://www.econtrols.co.uk/downloads/kWh/Energy/Meters.pdf accessed November 20 2008
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4.5 COMPARATIVE ANALYSIS
A similar comparison method to the one used for in-home monitors was used
for the analysis of advanced meters. It includes all the factors used for in-home
energy monitors plus an additional four factors: Multi element; Supply
disconnect; Detect sag/swell; Load control.

Table 4a. Comparative analysis for the technical specifications and capabilities of
in-home energy monitors

Unlike in-home energy monitors, there is difficulty in differentiating advanced
meters using the evaluation shown above. This is shown in Table 4a displaying
the samples as very similar with respect to functionality. However there are
some differences in the ability to monitor multiple resources, have load and
connection managed remotely and detect important events. Some of these
products are used in the case studies discussed in the previous chapter.
Although this section is dedicated to discussing specific advanced meters
used in the current market (e.g. products used in such large scale rollouts as
Ontario’s ‘Hydro one’ smart meter initiative), it is difficult to evaluate the meter
itself while it is not connected with any specific case. The meter’s use and
configuration relies heavily upon the physical context and business case in any
proposed rollout. In-home energy displays are more comparable to standalone
products due to their method of deployment.

pg 87

CHAPTER 5. IN-HOME DISPLAYS AND
COMMUNICATIONS

5.1 INTRODUCTION
In-home displays and communications allow the domestic energy user to have
improved feedback on the energy that they are using. Depending on the
sophistication of the display capabilities and processing power, in-home
displays can communicate everything from current energy use to the cost of
energy over a specified interval (week, month etc). There are many products
available on the market but compared to other digital devices, in-home
displays are very early in their development. This section will discuss the
capabilities of some of these devices and attempt to evaluate a group of
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products that are representative of the current in-home monitor market as of
2007/2008. Some design decisions relating to the design of in-home
displays/monitors will also be explored.
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5.2 PRODUCTS AVAILABLE TO DOMESTIC
ELECTRICITY CONSUMERS
The following products represent what was available in 2007. Several product
types that fall within the advanced electricity metering can be purchased by the
consumer9. The most common category of consumer-purchased advanced
meters is portable electricity monitors. These are devices that communicate
with a transceiver, within the consumers main power supply receiving and
displaying energy consumption information during or after energy consuming
activities occur. Though this category of product does not allow the
disaggregation of energy use information into specific appliances or end uses,
other ‘plug-in’ products are available. These are typically devices, which
interface between a power outlet and an appliance. The appliance plugs into
the device, which is then being plugged into a wall socket. Consumption
information applicable to that specific appliance and it’s electricity usage is then
displayed on the device’s interface.
Total home monitoring kits, which are either a single device with extra
components or a combination of products, are also available but not
extensively. Such systems allow monitoring of total electricity consumption and
monitoring of electricity consumption per individual appliance. However this
category is problematic as there are few standalone products of this type and
their effectiveness is not readily comparable to portable electricity monitors and
advanced meters. There have been total home monitoring systems trailed in
research studies into disaggregated feedback but due to the expense,
complexity and accuracy of these systems they have not as yet made it on to
the consumer market.

9

Defined by their added assistance to the improved communication or management of resource consumption
information.
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5.3 PORTABLE ELECTRICITY MONITORS
There is a range of portable monitors in the current retail environment, known
as, ‘Energy Consumption Displays’ (Wood G. and Newborough M., 2006).
Although these products are still in their infancy in comparison with other
current electronic devices such as i-pods, cellular phones and personal
computers, there are promising developments. A sample of products has been
chosen and are listed below.
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5.3.1 ELECTRISAVE ENERGY MONITOR
Arguably the most common product in this category is the ‘Electrisave’ energy
monitor. A small handheld portable electricity monitor that allows a user to see
how much energy is being used at any time. Its interface is a large but simple
LCD screen broken into three main segments: temperature and humidity;
current electricity use; cost of electricity. The product can monitor how much
electricity is flowing through the meter at any one time (kWh), what the
temperature is at any given time, and the relative humidity. Humidity and
temperature information is communicated using three symbols, each of which
represent a level of comfort within an environment. A smiley face represents a
comfortable environment with the temperature between 20 and 25 degrees
and with humidity between 40% and 70%. The two additional symbols
correlate to humidity levels. A frowning face represents a dry environment with
a humidity level below 40%, where as a neutral face represents a wet
environment with humidity above 70%. This feature allows a household to
adjust heating and ventilation factors to achieve a desirable (comfortable) living
environment. (Electrisave 2007)

Fig 5a. Electrisave – Displaying product interface (Renewable Energy Website
2007)

A product review from “The Renewable Energy Website” (The Renewable
Energy Website 2007), explained the entire consumer experience of
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purchasing, installing and using this device. It is important to note that in the
reviewer’s case, the product was received promptly and there was more than
enough information included to easily install the product - such that the
configuration process took less than 10 minutes. The cost-per-hour setting,
which has to be configured to a specific customers charge rate, was the only
issue due to a complexity found in many billing plans. Often power companies
charge a higher rate for the initial low quantity of electricity then after that level
has been exceeded a reduced rate is used for the remaining electricity used.
The reviewer’s suggestion is to use the information on your last power bill to
calculate an estimate. It was also found that the product was the focus of
attention due to it’s ability to display information relating to current energy
consuming practices being undertaken within the home. One comment that
stood out was that the user found, “it is often more fun to watch the Electrisave
than to watch television” (Renewable Energy Website 2007). Although this may
be an exaggerated comment and not representative of long term use, it shows
that a device such as the Electrisave is not only functional but also enjoyable to
use. During the initial period, various appliances or settings were changed to
increase energy efficiency. There were two limitations specified; 1. The data
displayed on the monitor is unable to be stored so the cumulative energy use
cannot be communicated which was problematic when trying to calibrate the
readings on the monitor regarding the next bill.; 2. The measuring of the
average electricity use per hour for activities such as stove cooking where
different hobs are using different amount of electricity at different stages during
the cooking process. Because such values can differ so much it is hard to
define a meaningful value for total energy consumption.
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5.3.2 POWERCOST MONITOR
A more recent and potentially a more sophisticated product, the ‘Powercost’
Monitor, is an American made electricity monitor that measures the amount of
energy being used at any one time or over a cumulative period (Blueline
Innovations 2007). It is important to note that this monitor can only be used
with specific meters such as those installed across Ontario Canada (see
chapter 3). It has similar functionality to the Electrisave energy monitor but has
a richer interface and some added features to improve usability. It enables the
user to configure the device for a number of billing options such as: single rate,
multi-rate and time-of-use. It also displays temperature, power use and real
cost of power.

Fig 5b. Powercost Monitor10

At the end of 2006, analogzone.com reviewed this product. The person
reviewing the product noted that the did not consider himself a “gadget freak”
(Analog Zone 2006), but the Powercost Energy Monitor intrigued him and was
desirable to use. After installing the device they noted that they had “become
addicted to knowing how much electricity my house was chewing up…”
(Analog Zone 2006) signalling that the device did communicate useful and
meaningful information. This was especially fascinating for appliances with
cycles and subsequently differing energy consumption. It took the reviewer a
little over 30 minutes to set up the device. There were two challenging parts to
the installation; one was positioning the sensor to the existing meter and the
second was programming the display with the right rate data. The display was
10

Picture from http://www.popularmechanics.com/technology/gadgets/4269206. Accessed 11 August 2010
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positioned above an existing display that communicated temperature and
humidity so that the user could view all home-related information in one place.
They also commented that it was very informative enabling them to calculate
what the baseline power11 was and how to spot spikes in power from
appliances such as a fridge or freezer. The one improvement that was
recommended was the inclusion of components that allow information to be
communicated to a PC for more in depth analysis.

11

Baseline power refers to the amount of power that is consumed on a constant basis and does not
include activities such as cooking, washing, watching TV etc. Baseline consumption is best
observed at night time/early morning as household occupants are usually sleeping and therefore
cannot undertake extra energy consuming activities.
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5.3.3 EFERGY METER
This meter is a cheaper but more feature-rich product compared to the
Electrisave. The most prominent feature that surpasses the Electrisave product
is the ability to store consumption data. It also provides information on the
household’s carbon footprint though similar features can be found on other
such metering devices (Efergy 2007).

Fig 5c. Efergy Meter12

REUK.com did a detailed review of this product and concluded that it was a
“fantastic product” (The Renewable Energy Website 2007). To provide an even
more sustainable solution the packaging was partially made from recycled
materials although plastics were still used to some extent. Set-up was easy
and took around two minutes. It was a very similar process to the Electrisave
set-up. It also provided an alarm that can be set to go off when a preset rate of
consumption has been reached. This enables a basic load control that
essentially reduces or caps the amount of electricity consumed. Although it is
cheaper than the Electrisave it has the same functionality except for the ability
to read temperature and humidity. In addition its memory enables the storage
and review of total electricity consumption during the last seven days, the last
23 months and to date. This is important in tracking and attempting to reduce
day-to-day electricity consumption. A limitation is that the cost per unit (kWh)
setting can only be set to a single value. A user on a non-fixed tariff may have
to calculate an estimated rate based on their last power bill, which may vary in
accuracy.

5.3.4 WATTSON
12

Picture from http://www.uk-energy-saving.com/efergy-energy-saving-power-meter.html - Accessed 12
February 2011.
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The ‘Wattson’ can be considered a more aesthetically pleasing choice for an
in-home display as it is manufactured in an environmentally friendly way and
has ambient display characteristics unlike any other product on the market. It
monitors power-use and displays current electricity consumption. Glowing
colours are also used to represent energy usage, blue being low usage and
red being high usage. The installation process is similar to the two previous
products (DIY Kyoto 2011).

Fig 5d. The ‘Wattson’ energy monitor13

This product was reviewed in July of 2007. It was compared to an “iPod
speaker set” consisting of two main components: the sensor/transmitter and
display unit (Register Hardware 2007). Consumption information can be
viewed in either (kW) or pounds and can be transferred to a computer via USB
connection as a method of recording cumulative data (energy use over time).
The designers of the product said that the ‘Wattson’ was an educational
device, especially for children, as it enabled them to learn how much they were
consuming when using appliances such as PSP, Nintendo, Computer etc.
However the price is substantially higher that other products, costing US$190
pre-order and US$230 after release. A more eco-friendly limited edition can
also be purchased at over twice the price, it uses sustainable and recycled
materials. (Register Hardware 2007).

5.3.5 EML 2020
13

Picture is from http://www.engadget.com/2006/04/03/diy-kyotos-wattson/. Accessed 12 Feb 2011
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A two-channel, handheld power meter designed for both residential and
commercial applications. It can measure one or two 120V plug in appliances
through a number of additional components. A wall plug adapter is inserted
into a power outlet and a current sensor, which is linked to the display, is
attached. Once the appliance is plugged into the wall plug adapter, information
on that appliance’s energy consumption is both displayed and stored in
memory. Up to two appliances can be monitored with this system an
additional sensor and wall plug adapter are required. This system has potential
to monitor both total electricity consumption and consumption from individual
appliances, however its design and configuration is less intuitive and rather
complex (Brultech 2007).

Fig 5e. EML 2020 Energy Monitor14

13

Picture from http://www.mymeterstore.com/p4724/eml_2020-h.php. Accessed 26 June 2007
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5.3.6 TED
This is a general-purpose energy monitor which communicates the current
cost of electricity consumption. This device is similar to others in this category
but is comparatively small. It also communicates how much electricity has
been used since midnight and how much has been used so far in the current
billing cycle. Using the button with the currency symbol on it, the user can
conveniently switch between cost and kilowatts. This device can also be
programmed for variable rates.

Fig 5e. TED Energy Monitor15

15

Picture from http://www.powermeterstore.com/p3528/the_energy_detective.php. Accessed 5 Feb 2011.
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5. 4 PLUG-IN ENERGY MONITORS
These devices operate slightly differently from the portable electricity monitors.
Instead of receiving information wirelessly through a sensor in the mains power
board, it is plugged directly into a power outlet. Appliances can be individually
metered with this type of device. The chosen appliance is plugged into the
energy monitor providing feedback on it’s electricity usage.
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5.4.1 KILL-A-WATT
The ‘Kill-A-Watt’ is an electricity monitor that plugs directly into a power socket
while providing a power outlet which an appliance can connect to. Essentially it
acts as an interface between the appliance and the power supply. Once fitted,
it monitors real-time energy consumption and records total cumulative power
from the time in which an appliance begins to consume energy. The interface
is a small LCD screen with five buttons each correlating screen displays of units
relating to voltage, Amps, Watts, Hz and kWh. As well as recording how much
electricity is used the device can also test power quality (Kill A Watt EZ 2007).

Fig 5f. ‘Kill-A-Watt EZ’ Energy monitor displaying interface, buttons and power
inlet16

16

Picture from http://www.mymeterstore.com/p4578/kill-a-watt_ez.php. Accessed 12 Feb 2011.
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5.4.2 WATTS UP ENERGY MONITOR
This device is similar to the ‘Kill-A-Watt’, with the ability to display real time and
cumulative energy consumption. This product costs more than double the ‘KillA-Watt’ with extra features such as the ability to display average monthly kWh,
average monthly cost, line volts, minimum and maximum volts, minimum amps
and maximum amps. Rather than plugging straight into a power socket,
connection is made via a power cord. This product retails at US$95 although
more advanced versions of this product such as the ‘watts-up pro’ enable
transfer of data to PC including software for graphing load profiles for different
devices and retail for US$130. (Watts Up Energy Monitor 2007)

Fig 5g. Watts up energy monitor17

17

Picture from http://www.powermeterstore.com/p1206/watts_up_pro.php. Accessed 12 Febuary 2011.
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5.5 COMPARATIVE ANALYSIS OF IN-HOME
ENERGY MONITORS
In-home energy monitors were first compared regarding technical configuration
and capability. This can be broken down into sub categories: Measurement;
Installation; Power and Energy; Features; Cost.18 After all the relevant products
were compared, a saturation level was calculated for each factor compared19.
This gave insight into how widely spread specific functions are across the
range of in-home monitors. This can been seen in Table 5h.

Table 5a. Comparative analysis for the technical specifications and capabilities of
in-home energy monitors

18

This structure has been adopted from categorisation standards use to differentiate similar
products online.
19
Saturation level refers to how much (percentage) the spread of products utilised a specific factor
within its design. A saturation level can also be calculated for each product and refers to how many
factors/functionalities/features are included in the specific product.
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Measurement characteristics varied significantly through the range of products.
The ability to measure the maximum voltage was only provided by 50% of the
products. Although this is significant, the usefulness of this information is likely
to be low when used within the average household. However the capability to
measure indoor temperature and humidity have significant relevance to
household occupants. The temperature and humidity may determine how
appropriate the living conditions are and may lead to a change in conditions.
This may occur though opening windows, turning on a dehumidifier or turning
on heating or cooling appliances. This may have even more significance for
people with respiratory conditions such as asthma. Measuring and displaying
the running cost of energy was a major functionality of this group. This is an
important value to display as the occupant can use the information to tell when
an appliance has been turned on or off and what the base-line energy is likely
to be. The functionality to display the average monthly cost is satisfied by more
than half of the products within the sample. This is an important value as power
bills are commonly received monthly. Cumulative cost is also important as it
allows the occupant to track how much electricity has been used over a period
of time. This can then be compared with other periods to ascertain if and how
much energy saving has been occurring. The ability to calculate greenhouse
gas emissions, respective to electricity use, has a low saturation rate across
the range of products. This may be an important factor as it connects people
with issues such as global warming and Kyoto protocol. Products from the
U.K. do have this function whereas U.S. manufactured products do not. This is
likely to have a direct relation to which countries abide by the Kyoto protocol.
America does not abide by such protocols.
Compared to industry-led advanced metering initiatives, the installation of inhome energy monitors is relatively inexpensive and can often be performed
entirely by the user in a short time - 75% of the in-home displays allow selfinstallation. The portable in-home energy displays all use a transmitter which,
when clipped on to a main cable, measures and communicates electricity
consumption information to the monitor. The plug-in devices require no hard
wiring or additional sensors. However both the TED and the EML 2020H
installation requires a registered electrician. This does not necessarily mean that
the user is incapable of performing the installation themselves, but rather, it
may reflect some differences in safety regulations between countries and the
liability that accompanies dealing with potentially dangerous systems. Generally
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the installation process for these products is simple and requires not extra
products or infrastructure.
All products had the ability to display and measure kW or watts but only 62.5%
could display kWh. W and kW are important regarding energy use but in
respect to billing processes, and energy consumption over a specific time
period, they are not as helpful as kWh readings. If energy conservation is the
context in which these products are being used, the kWh value is of great
importance as it is directly relates to most billing structures. Devices that do not
contain this function are likely to be less effective regarding energy savings.
All 8 products compared allowed an adjustable energy rate, meaning the rate
which is used to calculate and display the cost of electricity, and can be
customised for your electricity provider. This is important as it allows the user to
input their own energy rate and in response receive accurate cost based
feedback on energy consumption. However half of the products did not have
significant memory space, which prevented the storage of information over a
specific timeframe. As cumulative data is seen to be a useful function for
energy conservation and energy-related goal setting, it should be said that
products without this function may not be as effective. All screen types were
considered similar with the exception of the Wattson, which provided ambient
glowing lights that changed colour depending on the rate of consumption. This
is an important feature improves the products communication potential as it
provides feedback in a form that is understandable from a distance without the
need for a direct reading from the screen. All portable monitors used radio
frequency (RF) for communication between transmitter and display with the
exception of the plug-in monitors, which did not require such a communication
method due to the measurement and feedback occurring in a single device at
one location. The EML 2020H was the only product that allowed USB data
transfer which could then be interpreted by PC software. All products could
only handle a single input with none offering disaggregated feedback.
The cost of these products ranged from US$54 to US$276, a significant
difference considering the range of features. The cheapest product - the Kill-AWatt at US$54 - has a functionality saturation of 54%, the second lowest
figure. The second most affordable plug in monitor - the Watts-Up Pro, - has
the added ability to record data. The Efergy meter is the cheapest option for
portable energy monitor. The Electrisave measures humidity and temperature
while the Efergy is able to record and store consumption data, both equally
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important functions. The Powercost monitor and the TED are the next
cheapest options but have significantly different functionality saturations. The
TED has all the functions of the Powercost monitor with the added functionality
to detect maximum voltage and record and store consumption data into
memory. The two most expensive devices were the EML 2020H and the
Wattson. However the EML 2020H energy monitor has the highest
functionality saturation of 77% and the only device to have USB
communication and windows software. However the most expensive product,
the Wattson has the lowest functionality saturation at 23%. This is an
interesting example of a product that is considerably more expensive and has
less functionality than alternatives. However it offers characteristics which no
other device has. This is perhaps the least functional device but may offer the
most interactive and interesting experience of them all. It is also designed and
manufactured by DIY Kyoto, a design-led and environmentally conscious
organization.
There was considerable differentiation across in-home energy monitors in
relation to functionality and configuration. These were mostly in the area of
recording ability, memory capacity and the inclusion of such factors as
temperature, humidity and CO2 emissions. However there was no correlation
between functionality-saturation and cost (see Fig 5f).

Fig 5i. Comparison between cost and functionality saturation. No correlation was
found.
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5.6 DESIGN DECISIONS
The decision making process, undertaken by the designer when planning or
designing a product-system configuration, is heavily influenced by the options
that are made available both physically and conceptually. However these
options may be constrained by both technological and economic factors
regarding a specific case. For example, a supplier–driven advanced metering
initiative may place more importance on the options available for installation,
capability, communication, and management. However the design of an
Energy Monitor or a Plug-in Monitor is likely to be more heavily focused on the
options available for displaying information and the prerequisite technological
capability required for that function. It is difficult to disaggregate every design
decision within the range of potential advanced metering technical
development pathways (Marvin 1999). However the process of defining these
options could be assisted through the inclusion or investigation of multiple
stages or segments of the whole system.
The important stages that were identified were:
•

System initiation

•

System configuration

•

Product specification

These are broken down into sub-categories in Table 5b. The figure shows the
various options available to the designer within those categories. It is important
to note that stages have a lesser or greater relevancy when examining different
types of technical development pathways, especially between the retail-led or
user-led energy monitors and industry-led advanced metering initiatives.
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System Initiation

Drivers
Involved Parties
Type of control
Underlying action
Investment
Investment distribution

System Configuration

Deployment method
Functionality
Communication technology
Performance Factors

Product Specification

Place of display
Motivation
Display Units
Display method
Timescale
Category
Components

Table 5b. Design decision categories for advanced metering TDP’s
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When examining literature on the design of ECD’s (Energy Consumption
Displays), Wood G. and Newborough M.(2007) have structured the design
options within separate categories, each of which applies to attribute of the
final design.

Fig 5j. Summary of the factors influencing the design of energy-information display
systems for use in and intelligent home (Wood G. Newborough M., 2007. p. 496)

The decisions are based on, where to position an ECD, what units are going to
be used to convey information and the form in which information is displayed.
This also covers the timescale in which energy information is relative to and the
various categories for feedback that are available. This type of representation
allows the designer to navigate through the options and select the appropriate
options for the specific case. However the way in which feedback is delivered,
influences it’s effectiveness in achieving the desired goals of awareness and
energy saving. Wood and Newborough discuss the relation some of the
options have with what “might motivate consumers to save energy and how
energy and how energy information might be displayed”(Wood G. and
Newborough M., 2007, p. 496).
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It is important to note that although the context of the ECD design is
application within a smart home, most factors will also relate to advanced
metering applications in existing homes. In deciding where to place such a
display, it must be decided if a local or central display is to be used. The local
display may be used to meter a specific appliance or appliance grouping (such
as cooking, hot water or heating etc) whereas a central display would provide
an overview of all energy use. The most appropriate design would “incorporate
a hybrid display system which is effectively a combination of a small number of
local ECD’s with a central ECD” (Wood G., and Newborough M., 2006, p.
497). This may be the most effective regarding energy saving but in light of
current retrofit advanced metering initiatives, this does not occur.
With respect to initiating positive behavioural change, it has been found that
electronic methods of display are more effective. It is more successful than
paper-based feedback as it captures attention, initiates involvement, and most
importantly relates to the consumers time, place and environmental context
(Wood G., and Newborough M., 2007, p. 496). Differences in energy use
between different time periods is seen to be effective. Comparisons can be
made between the use of different fuels and energy consumption, by multiple
appliances over a set period, or in different spaces or zones. Another very
effective comparison is energy use with different appliance settings e.g. cold
wash vs. warm wash.
“Unfortunately, very little research has been carried out to determine which
types of comparison are best for an energy display” (Wood G., and
Newborough M., 2007, p. 497).
Comparing different activities can be problematic due to the different energy
consumption levels of different end-uses and the availability of technology that
allows disaggregated feedback on appliance use e.g. water heating may
require significantly more energy than lighting, therefore when a comparison is
made between the two groups the consumer may only worry about reducing
energy consumption for water heating and deem lighting insignificant in
comparison with water heating (Wood G., Newborough M., 2007: 497).
“Enabling users to prioritise their energy saving efforts on a continuous basis is
likely to be seen as a key benefit of an energy consumption display…” (Wood
G., Newborough M., 2007, p. 497).
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Wood G. and Newborough M. (2007) cites Robberts, Humphries and Hyldon
(2004) when exploring the use of historical comparative data. Their study
focused on consumer preferences regarding on-bill historical comparisons of
consumption. It was concluded that a self-comparison20 was the most
desirable choice although the most appropriate timeframe for this comparison
was undefined due to a lack of reliable studies. A scenario where, initially, there
is no historical energy-use information existing for a new customer, a
comparison cannot be made until a sufficient timeframe has passed and data
has accumulated. Wood G. and Newborough M raised the issue that this
problem is not apparent in local displays because as soon as an appliance is
used, comparison data is generated. The same study by Robberts, Humphries
and Hyldon (2004) discussed self-other comparisons (meaning comparisons of
electricity use between on consumer and another) as being ineffective.
Outlining one of the drawbacks to this self-other comparisons, Wood G., and
Newborough M. provides a scenario in which one household (in comparison to
others in the area) has lower average energy consumption. This may provide a
disincentive to conserve energy due to their already low consumption rate in
relation to other users.

20

A self-comparison is a comparison made between your own energy actions. This can be comparison’s
between timeframes or even spaces etc.
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Motivational factor

Local display

Central display

Other homes competition

×
×
×
℘
℘
℘a
℘a

×
×
℘
℘
℘
℘a
℘a

Social reward
Monetary reward
Self competition/comparison
Within the home competition
Consumer specific goal set by others
Self-set goals

Table 5c. The motivational Factors which would work on local and central displays
(Wood G., and Newborough M., 2007, Table 2)

Goal setting for electricity use has a number of strengths, and is depicted by
Wood G. and Newborough as a higher performance factor than some other
comparison methods. This theory is supported by a number of studies
(Harkins and Lowe 2000), they conclude that specific goal setting is more
effective than asking participants to just ‘do the best they can’. Woods
previous studies (2003) also supported goal setting as being effective, claiming
a 15% reduction in energy required for cooking if goal setting is applied to
electricity use. Other studies show an average of 20% energy reduction when
setting goals for washing machine use, by both the user, and as a benchmark
(McCalley L., and Midden C., 2002). Goals can also be set by an external
agency, such as government or a utility company. It is important to note that
aligning policy with personal goal setting may prove to be effective in
accomplishing top-down goals through a bottom up approach. A time-of-use
goal is important to consider as an effective method to reduce peaks in energy
demand. This would reduce the need for extra capacity while utilising existing
capacity. Unfortunately, current retrofit systems such as the Electricsave do
not currently enable goal setting except for load-limit alarms and some online
benchmarks from electricity provider.
Customers are usually motivated by the rewards they receive as a result of
energy saving actions. These can be direct payments from reduced energy
use or financial savings that accumulate for energy saving or peak demand
reduction. Wood and Newborough (2007), citing McCalley and Midden (2002),
stated that energy consumption is reduced by approximately 20% when
paper-based comparison feedback is used. Dobson and Griffin (1992) were
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homes received around 13% through using a real-time PC application.
However, comparing the two media as a method of feedback is difficult as
there is approximately 10 years between each study.
The design of an ECD must take into account the level of positive and negative
feedback. These need to be balanced so it promotes customers participating
in energy-saving behaviours.

There may also be competition among

occupants of the same household to save energy, but this has yet to be
quantified. It is also possible to create a motivational factor based around “an
association of global environmental risk with personal health risks” (Wood G.,
and Newborough M., 2007) e.g. providing information regarding the level of
carbon dioxide being emitted indirectly through energy use due to the
production methods.

5.7 VISUAL CHARACTERISTICS OF IN-HOME
DISPLAYS
The visual characteristics of a display are concerned with the numerical units,
the method in which they are displayed, and how they fit within the various
categories. It is also important to discuss what information is displayed
temporally.
Wood states that the use of scientific digits such as kWh may create more
trust than non-scientific unit21 but users may find it difficult to connect or
understand the correlation between end-uses and the kWh value attached to
them. It is argued the effectiveness of displaying monetary amounts per hour,
day or week, it is made clear that scenarios in which monetary values are used,
as the prominent form of feedback, may not be very helpful when applied to a
specific end-use such as washing or using the kettle. The price of an individual
event, or even cumulative price over time for a low consumption appliance
would be displayed at very low cost making it an insignificant part of a monthly
bill payment. (Wood G., Newborough M., 2007, p. 499). Due to an absence of
products offering disaggregated feedback within the current smart meter
market22, this factor may not be a current issue, but with the emergence of

21
22

Such as cost-per-hour which is of more relevance in respect to consumer actions
Including the range of industry led advanced meters and in-home energy monitors.

pg 113

more sophisticated systems consideration of the layering of cost-based
information would need to be done.
Although there is a sound basis for highlighting or displaying energy costs
correlating to energy savings to end-users, it may not always be the case. This
may be a result of the consumer perceiving the relatively low cost of an enduse as “well worth the service it provides” (Wood G., and Newborough M.,
(2007), p. 499). This is especially relevant to such activities as heating and
cooking since warmth and food are some of the most basic requirements for
human health. It is also important to note that energy savings in contexts
where there is reduced quality of life, are not advised and should be avoided
for obvious reasons. During recent years global warming has become more
publicised and widely accepted therefore the need to display elements, such
as carbon dioxide emissions, resulting from energy generation/consumption,
has increased. However there is difficulty with accurately calculating and
depicting what effect energy use has on global warming and carbon
emissions. Carbon intensity estimates can be calculated based on ratio’s that
are applied depending on supplier. However the accuracy of these calculations
is questionable especially when energy generation is more often more carbonintensive inside peak periods and is susceptible to environmental fluctuations23.
The same may apply for other environmental units such as deforestation,
destruction/regeneration of natural habitats, consuming non-renewable
resources-these are indirect effects.

5.7.1 DISPLAY FORMATS
Numerical display formats are probably the most simple to achieve in an ECD
and is relatively inexpensive. However using only numerical values may not
engage consumers or allow them to make additional observations about their
energy use. It was also mentioned that uni-variate graphs were more effective
for understanding energy use. Some main considerations for energy saving
feedback are:

23

Hydro Generation is an example where environmental fluctuation can cause problems. If there has
not been enough rainfall, and river levels are low, generation might have to slow or even stop. This
creates a scenario where a supplier must then purchase energy on the open market which I often
coal or gas-fired energy. These alternative (security of supply) energy sources usually have higher
emissions due to their generation methods.
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Numerical data that is frequently updated and variant in form should be
communicated graphically. Graphical information relates to billing formats such
as pie charts and bar graphs and are more effective than numerical information
on price and kW consumption.
The frequency of updating of the display is a very important part of the design
option. Wood outlines two significant factors relating to the design of a ECD;
how often to update the display and the time over which the energy
information will be displayed to the user (Wood G., Newborough M., 2007, p.
500). The decision regarding how often to update will relate to the number of
times the user is likely to check the ECD. e.g. local and central ECD’s will have
different levels of interaction. The second decision will be dependent on what is
relevant to consumers. It may be that the customer would like to reduce
his/her power bill this month in relation to last month therefore needing to
ascertain an energy difference between the two periods. Wood and
Newborough recommend that if there is a difference, that difference is to be
made as clear as possible.
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Information grouping

Display type

Event driven (high frequency), this event-last event or this event + goal

Local (group 1 appliances)

Cumulative frequency

Local (group 2 appliances)

Event driven, e.g. by setting (low frequency), end of event energy report

Local (group 3 appliances)

Layer 1: activity

Central

Layer 2: appliances

Central

Layer 3: total cost, tips and tariffs

Central

Table 5d. Information grouping for local and central displays (Wood G., and
Newborough M., 2007, Table 1)

Wood and Newborough (2007) concluded with a comprehensive description
of the appropriate type of display, consumption periods, and frequency of
updates for each appliance grouping. Note, however, that highly specified
functionality such as detecting energy use per room does not fit within the
retro-fit smart metering model. Without rewiring or other significant electrical
changes current products will only allow information to be monitored at
accessible electricity points such as mains power supply, and wall sockets.
Therefore, emphasis would be best focused on providing feedback relating to
end-uses and consumption over time.
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CHAPTER 6. COMPARING EXISTING
CASES WITH SPREAD MODEL
6.1 INTRODUCTION
By making a comparison between an existing advanced metering case and
the spread model we can see the extent to which each specific case has
utilised the various options available in the current advanced metering market.
The reasons for the inclusion or exclusion of specific attributes is discussed to
some extent, but the process of comparison will mostly be used to understand
the main types and configurations of advanced metering systems. These
system categories will be analysed concerning what is consistent throughout
specific examples.
These categories were very apparent throughout the products and case
studies examined in the previous chapters of this dissertation. Importantly it
outlines clear differences in the common use of advanced metering devices
and technology. This may be helpful towards finding areas of opportunity or
innovation. Three main types will be explained. Firstly the ‘bi-directional interval
metering’ type which covers such cases as seen in Chapter 3 – Utilities and
Advanced Metering. Secondly, the ‘whole-home self metering type’. This
relates to the use of in-home monitors like those discussed in Chapter 5. Lastly
is the ‘appliance-specific metering type’, which is based on plug-in energy
monitors and the capability to download metered information on to a PC for
comparison.
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These three types will use the same structure for comparing and contrasting
the specific factors. Each type is introduced with a brief explanation of the
system outlining the main characteristics. Using the product system
configuration model, introduced in Chapter 2, a specific model is created for
each type. This shows the physical configuration of parties and products and
the specific attributes associated with them. There will also be a list attached to
each type of system conveying factors relating to the feedback the system
offers and it’s metering ability. Because these types represent general
categories, each type will outline what elements of the system are static,
meaning they are the same for all the specific examples within that category,
and the elements which are variable within the category. To show how each of
these types relates to different areas of research and different parties, an ‘Areas
of Significance’ chart will be used. This will include the 6 squares representing
the 6 main areas discussed in this dissertation. Depending the type of system,
each square will be sized to represent how significant that area is. Explanation
will be provided on types with regard to their being a connected model and
their wider relevance.
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6.2 BI-DIRECTIONAL INTERVAL METERING
(UTILITY DRIVEN)
This advanced metering system is based upon the functionality to meter
electricity regularly, electronically and remotely. This will often involve an
electricity retailer who will install advanced meter’s into customer’s households.
The communication capabilities allow the transfer of data from the meter to the
retailer’s ‘back office’ information system. It also allows signals to be sent to the
meters allowing the control of various functions such as remote connection
and disconnection or electricity supply. Other features such as tamper and
error detection are evident and mean important signals other than meter
readings can be used for problem detection and correction. The customer
receives here an accurate bill which may depict consumption in daily or weekly
time periods. These types of systems may offer some level of feedback
through an informative website provided by the energy retailer.
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Fig 6a. Bi-Directional Interval Metering Product System Configuration
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FEEDBACK AND METERING
•

Feedback is delivered to the end-user with billing and in some cases
online feedback (website)

•

Interval meters replace conventional metering reading activities

•

Accurate, regular and remote reading provided

STATIC
•

Meter reading performed at close intervals

•

Time-of use tariffs and event detection enabled

•

Control of the meter for remote meter functions is often included

•

An in-home monitor is usually not included with the initiative. No inhome communications were present (exception of the Southern
California Edison case – see Chapter 3)

VARIABLES
•

Metering may include electricity, gas and water but differ through
specific examples

•

Additional pulse meters are required for the inclusion of gas or water

•

Communication mediums will be different but mostly fall into the
categories: Power Line Communication (PLC), Transmission Control
Protocol/Internet Protocol (TCP/IP) or, or Global System for Mobile
Communications(GSM)

•

Some cases require Critical Peak Pricing for extreme conditions (high
energy demand)

•

Specific Cases: Hydro-one, Southern California Edison, ENEL, Pacific
Gas and Electric
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AREAS OF IMPORTANCE
The areas of importance are based largely around the utilities, communications
and the advanced meter itself. The utility often invests in the development and
deployment and management of meters and works on a business-case where
the investment is likely to be returned through increased efficiency of operation.
The customer benefits through the improvement in billing accuracy and may
receive some additional online feedback including historical consumption
patterns. Although a computer screen can be considered a display, the
communication of electricity us information is not provided in the home as a
reference device.

Fig 6b. Areas of importance for Utility Driven Bi-Directional Metering
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6.3 WHOLE HOME SELF-METERING
(CONSUMER DRIVEN)
This system uses an in-home monitor that includes a display for feedback. This
display/monitor can usually be purchased though retail outlets or, depending
on location, may have to be purchased online. The user clips a sensor on a
specified component on the mains board, which acts as a sensor for
measuring electricity use and a component to communicate the rate of that
consumption. The monitor, which usually sits on a bench-top or shelf displays
the rate electricity is being consumed and often the cost relating to that level of
consumption. Other forms of feedback may communicate consumption over
different time periods and allow comparisons to be made and savings to be
visualised. The consumer must drive this system as the investor and user of
the device.
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Fig 6c. Whole-home self metering Product System Configuration (see Chapter 5)
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FEEDBACK AND METERING
•

Feedback is delivered through a portable display

•

Feedback

is

more

direct.

Some

products

allow

additional

feedback/analysis through a home computer.

STATIC
•

Still requires a manual meter read and estimated bills

•

No advanced digital meters present as replacement for mechanical
meter

•

Reads running cost and electricity demand

•

Communicates through a transmitter placed inside the mains power
box

•

Only electricity is metered

•

Often done for electricity saving and increased awareness

•

Majority use simple LCD displays

VARIABLES
•

Only some devices have memory which is required to enable
cumulative and historical information to be displayed

•

Few products communicate humidity and temperature

•

Few products allow transfer of information onto a computer for further
analysis

•

Few Products show C02 emissions

•

Few used ambient displays
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AREAS OF IMPORTANCE
The utilities play the role of the supplier of the electricity but have no part in the
advanced metering aspect of this system. The use of wireless communication
technology is effective as it allows information to be transmitted to the In-home
display. The device and sensor perform advanced metering activities such as,
measuring current load and cumulative electricity usage over specific periods
of time. The in-home display plays a significant role in this system allowing the
metered data to be changed into useful information that can be displayed on
it’s screen. The display is able to simultaneously communicate both price and
quantity of electricity use at any given moment creating positive emphasis on
energy related feedback. This feedback is seen by the consumer as a reflection
of their energy-consuming activities which encourages energy saving. The
consumer is therefore the investor, driver and user of the whole home metering
system.

Fig 6d. Areas of importance for In-Home Self Metering
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6.4 APPLIANCE-SPECIFIC METERING
(CONSUMER DRIVEN)
This system uses one or several stand-alone metering devices. The devices
are connected to a power outlet and used as an intermediary device between
a plug-in appliance and the electricity supply to that appliance. The device will
record the electricity consumption of the appliance and display this information
on a small screen. The device offers the functionality for a personal computer
to download and view consumption data for specific appliances.
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Fig 6e. Appliance-Specific Metering Product System Configuration
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FEEDBACK AND METERING
•

Allows disaggregated feedback

•

Some products allow the storage of individual product profiles to be
stored.

STATIC
•

Connects directly to appliances

•

Records cumulative consumption

•

LCD display

VARIABLES
•

Minimal Variance

•

Some products allow storage of demand profiles. These can be
viewed on a personal computer.
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AREAS OF SIGNIFICANCE
Like the whole-home metering case, the utilities have nothing to do with the
advanced metering aspects of the system. There is little communication
technology except for the transfer of information to a PC via a USB port. The
advanced metering capability exists within the stand-alone device but does not
offer the range of higher-level functionalities of utility-driven advanced meters. A
display exists on the device although the size and resolution of the screen limits
the type of information that can be communicated such as graphical and
pictorial signals. It also cannot be seen unless the user is close to the device.
The feedback is potentially very helpful especially in identifying high-energy use
appliances, energy-use behaviours and appliance use. It is also very flexible for
general use as it can be reset and moved between locations and appliances
with relative ease. Like Whole-Home Self Metering, this system is driven and
controlled largely by the electricity customer.

Fig 6f. Areas of importance for Appliance Specific Metering
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6.5 SUMMARY
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This modelling process allows the case studies to be allocated into one of the
three general models they best fit. Because the areas are linked to various
benefits associated with advanced metering this acts as a useful tool in which
to help decide which specific cases have the configuration that will deliver
those benefits. For example it is clear that the bi-directional interval metering
category is not as focused on energy efficiency or savings for the domestic
user due to the absence of in-home displays and informative feedback.
However the utility driven models place more emphasis on the metering and
communication capability facilitating the benefits of accurate of bills and
improved service such as remote connection/disconnection. These are
ultimately the benefits that drive the implementation of such projects. Even the
cheapest solution the ‘appliance specific metering’ model has it’s individual
benefits based around disaggregated feedback and the flexibility to change
which appliance or group of appliances is being metered, crucial in identifying
unnecessary energy consumption behaviours.

Further research would uncover more of the potential of different devices,
functionality options and communication mediums. What is more important is
that additional research is required to more clearly depict what types of
feedback are effective in the reduction or more efficient use of electricity.
However it can be argued that if more goal setting is incorporated efficiency is
likely to be improved. When relating energy consuming tasks to domestic life
the economic factor is of great importance especially compared with scientific
figures such as kW. For this reason one essential feedback loop should include
a kW-to-cost display function. With respect to device selection or
appropriateness, the smart home differs from the retro-fit smart meter model. If
cost is a significant factor in the decision making process for adopting
advanced metering technology, retrofit solutions are more commendable as
they make use of the available wiring configuration and electricity-use
environment. Considerations relating to these devices and systems can initially
be limited to product characteristics, but as has been demonstrated, there is a
significantly more to be understood.

As stated advanced metering has great potential to assist multiple parties
involved in the electricity supply system. The difficult task is choosing what
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combination of products, technologies and configuration is best suited for a
proposed advanced metering project. However. as stated in this chapter,
although there are multiple options at all stages of development, examining
current systems can help us differentiate the more successful initiatives and the
links between success and design. It also allows new conceptual initiatives to
be modelled. The utilities have been the main driver for introducing advanced
meters but the introduction of in-home energy monitors is also contributing
towards its adoption. There are significant differences between these two
categories of advanced metering as can be seen by comparing the Product
System Configurations of each. This comparison has shown differences
relating to, connection and reliance on the supplier, cost distributions, and
types of communication channels. The in-home energy monitors are clearly
more advanced with regard to the display, access to information and more
importantly feedback (without being too critical about accuracy levels). When
considering, as previously stated, findings relating to energy saving through
informative feedback, in-home energy monitors seem to offer greater benefit to
the domestic user. Cost may be a significant barrier to the introduction of inhome energy monitors but the cost, if supplied by an energy retailer, is likely to
be payed anyway through increased rates as per business case models. The
next section will outline some of the important contextual factors relating to
electricity use within New Zealand along with current advanced metering
developments and government standards.
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CHAPTER 7. THE NEW ZEALAND
CONTEXT
7.1 INTRODUCTION
Historically in New Zealand, there has been a monopoly of the generation,
transmission and distribution of energy, with the government being in firm
control of electricity production. In 1995, industry reform separated the
monopolies creating an energy market that was competitive in both retail and
generation. The seven main companies involved in the generation and retail of
energy, trade from approximately 250 nodes throughout the nation.

Energy supply to consumers begins with the generator selling electricity from
grid-points based on a bid from energy retailers. These bids or prices are
determined at each grid-node at half hour intervals. The transmission system,
owned by the SOE ‘Trans Power’, acts as the grid owner, system operator,
scheduler and dispatcher for the wholesale market. Retailers manage and
supply the electricity for their corresponding consumers.

Distributors, commonly known as lines companies, have the task of distributing
power from grid-exit points to consumers. They have a monopoly over the
lines services on their network and are trusts or public companies. Full retail
competition occurred in 1999, resulting in an increased customer-switching
rate.
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The regulation (environmental and commercial) of the electricity industry has a
framework of legislation which is part of the Companies Act, Resource
Management Act 1991, Fair Trading Act 1986, Electricity Act and the
Commerce Act 1986.

7.2 ELECTRICITY MARKET
The market is split into administration and market clearing, regulation,
generation, transmission, distribution and retailing. Cross-sector (energy
generation and lines) ownership is prevented through the Electricity Reform
Act. However exceptions are made when a generation company that owns the
line(s) from their point of generation to the local distribution network. However,
there is no barrier for vertical integration.

The generation and/or control of electricity is generally dominated by Meridian
Energy, Contact Energy, Genesis Power, Mighty River Power and Trust Power.
A new form of energy retailing has just recently been introduced. ‘Powershop’
(Powershop 2010) is a new company offering a retail service for buying
electricity. The innovation they introduced is the ability to buy blocks of
electricity for different periods of time and from different electricity providers.
Using an online website, www.powershop.co.nz the customer can order and
pay for blocks of electricity. As more of our everyday activities involve using the
internet (e.g. mail and banking) this type of service is appropriate in the New
Zealand domestic context. Powershop also allows the customer to read their
own meter and update the readings regularly. Without needing to install new
metering technology, this process can greatly improve the ease and accuracy
of domestic energy use. This impacts to some extent on the usefulness of cost
effectiveness of the products and cases examined in 2007.

7.2.1 HISTORY OF REFORM
The major milestones in the reform process in New Zealand between 1993
and 2008 were as follows. (Ministry of Economic Development 2010)
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Prior to 1987

A government department – the New Zealand Electricity Department (NZED)
controlled and operated almost all New Zealand electricity generation and
operated the New Zealand electricity transmission grid.

April 1987

The New Zealand Government Corporatized the NZED and formed the stateowned enterprise– The Electricity Corporation of New Zealand (ECNZ)

April 1993

Electricity Market Company (now M-co) established as a joint venture by New
Zealand electricity industry players to act as a focal point for the design of a
wholesale electricity market. The Metering and Reconciliation Information
Agreement (MARIA) was set up as a multilateral arrangement to allow for retail
competition for customers with half-hour interval meters. Former local electricity
supply authorities established as energy companies.

April 1994

Transpower separated from ECNZ and established as a stand-alone state owned enterprise

July 1994

NZEM commences trading as a secondary market for ECNZ hedges. An
independent market surveillance committee was formed

June 1995

After an exhaustive policy debate, the Government announced significant reform
of the electricity industry including a framework for buying and selling electricity
through a wholesale pool.

February 1996

An interim wholesale market is put in place allowing ECNZ and Contact to begin
competing.

April 1996

Contact Energy commenced operations

October 1996

The reformed wholesale electricity market (NZEM) began trading

April 1998

Government announced the Electricity Industry Reform Act, which included:
Privatising Contact Energy Limited
Splitting ECNZ into three competing state-owned enterprises
Instructions to all energy companies to split their retail and lines businesses and
sell one or other within a set time period

April 1999

Electricity Corporation of New Zealand (ECNZ) disbanded, establishment of 3
separate competing spin-off generating companies ie Mighty River Power
Limited, Genesis Power Limited and Meridian Energy Limited. Low-cost system
for customer switching established allowing every consumer to choose their
electricity retailer.

February 2000

The Ministerial Inquiry into the electricity industry begins

June 2000

The report of the Ministerial Inquiry is published

November 2000

Electricity Governance Establishment Project set up as a result of the
government's review of the report of the Ministerial Inquiry

December 2000

Government Policy Statement published

April 2003

An industry referendum on the outcomes of the Electricity Governance
Establishment Project (EGEP).

May 2003

The rules developed by EGEP fail to gain sufficient support in the referendum to
avoid government regulation.

July 2003

A draft set of regulations and rules was issued for consultation.
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September 2003

As a result of submissions received, revised rules and regulations were issued
for further consultation. A revised Government Policy Statement was issued for
submissions and the Electricity Commission was appointed.

March 2004

The Electricity Commission took over control of the New Zealand electricity
market from the self-regulating bodies, the MARIA Governance Board (MGB)
and the Rules Committee of the NZEM.

October 2004

The Electricity Act was amended to increase the powers of the Electricity
Commission. The sustainable energy discussion document was also released,
signalling a focus on environmental awareness.

August 2005

Resource Management and Electricity Legislation Amendment Act Passed

December 2006

Electricity Market Review Completed. This highlighted areas such as security of
supply, transmission costs, electricity cost for low income households and
energy efficiency.

August 2007

Electricity Governance Regulations released. This involved regulation s regurding
to th pricing and management of distributed electricity generation.

October 2007

The government released the ‘New Zealand Energy Strategy’, which outlined
goals surrounding issues such as reliability of supply, environmental
consideration, and pricing structures.

October 2007

Revised New Zealand Energy Efficiency and Conservation Strategy. This
revolved around the energy efficiency and environmental standard of transport,
homes, business and electricity generation.

April 2008

Electricity Amendment Act (Disconnection and Low Fixed Charges) was passed.
This was aimed at solving problems around unnecessary disconnections and
delivered cheap electricity for low users of electricity.

May-July 2008

Winter Supply Shortage

September 2008

Electricity Industry Reform Amendment Act. These redefined rules in the area of
investment by lines companies into supply infrastructure in close geographical
proximity and defined the scope for ‘renewable’ generation to include hydro and
geo-thermal.

February 2009

National Grid Upgrade. Transpowers’ plans a 10-year 5m upgrade to lines
infrastructure.
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7.3 CURRENT METERING
SITUATION/CONTEXT
All meters within residential and business sites are standard one or three phase
electricity meters. The installations must abide by installation policies24 which
dictate what type of meter is to be installed based on multipliers, voltages, and
transformer rating (Electricity Commission 2007, p. 4). Most residential meters
allow a standard flat rate with a monthly line rental and a cost per kWh for all
electricity used. Some people have an additional meter/circuit which may run
their night store or water heating which can be set to a night rate, the circuit
can only be used during night-time periods incurring a lower night-time rate as
a result. Apart from these options residential electricity customers have few
other options regarding tariff plans. This is due to the absence of a smarter
metering system and the functionality to measure usage and time of use.

Seasonal trends in electricity consumption also affect the charges that
customers pay. For example, more electricity is required during the winter
periods due to increased requirement for space heating. The smarter model
charges a higher kWh rate during the winter months in comparison with
summer periods. Due to a number of variables, the price per kWh for
residential consumers has steadily been increasing from year to year.
“The New Zealand transmission, generation, and distribution infrastructure has,
and depends on, a well-developed centralized load management system to
reduce capacity at peak load or system event times.” (Electricity Commission
2007)
Ripple relay systems have some ability to manage the electricity load at local,
city or regional levels but only within small margins. Therefore load control
mechanisms are present but may not be as effective as load controllers in
advanced meters would be. There are currently few options or financial
incentives for homes or businesses to use electricity more appropriately. This
may be due to the absence of smarter technology, more accurate data and
time of use tariffs. In domestic situations, the only action that can be taken is to
reduce electricity consumption, which is often at the cost of warmth or comfort
24

Standards can be found at http://www.electricitycommission.govt.nz/infopapers/index.html#retail.
Accessed 4 October 2008
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The continued use of ‘dumb’ meters, meaning traditional mechanical meters,
limits the ability to provide additional products and services. The standard
display, if viewable, is a cumulative reading of kWh, which is not enough
information to translate into meaningful and helpful signals (Electricity
Commission 2007, p. 6).
Accuracy is also an issue with the current meter stock. Due to their age and
design some meters have been found to be faulty and as a result the
occupants are receiving power bills that may not reflect their actual electricity
usage. Other components such as the ripple relay systems are also ageing
and need to be upgraded or replaced with technology such as advanced
meters.
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7.4 CURRENT ADVANCED METERING
INITIATIVES
7.4.1 MIGHTY RIVER POWER
Mighty River Power has started rolling out advanced meters in the Auckland
area. Customers are not charged for them and they are estimated to cost
around $1 month to run (New Zealand Herald 2008). Metrix is the supplier of
metering technologies and services. Mighty River Power does not own the
devices, they are leased by Metrix. The rollout is estimated at approximately 3
years (started 2008). Metrix is considered a ‘Metering Service Provider’ it was
developed by the Electric Power Board and brings experience of the energy
industry to the company (Mighty River Power 2010). According to the New
Zealand Herald (2008) they have begun a full metering rollout.
The system uses radio mesh communication technology, which transmits
meter reads through various layers to the Metrix database. These layers
include transmission devices such as advanced meters and data collectors.
The information collected from these meters is delivered to the central
database of the utility company, in this case Mighty River Power. It is also
converted into an appropriate format so as to provide meaningful and up to
date information.
The PCE report on advanced metering, ‘Smart Electricity Meters: How
Households and the Environment can Benefit’ (Parliamentary Commission for
the Environment, 2009), outlines recommendations on how advanced
metering should be developed in New Zealand. Mighty Rivers opinion of their
finding was as follows;
“a. The current rollout of advanced meters is delivering benefits to both retailers
and consumers.
b. The PCE report's recommendation to mandate HAN standards for
advanced meters is not presently feasible, as there are no agreed HAN
standards.
c. The PCE report fails to demonstrate regulation of smart meters is warranted.
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d. It is important to ensure that smart meters do not create barriers to
customers switching retail suppliers. To that end, the industry is working
together to ensure this is not the case by establishing data exchange
agreements between providers. This is analogous to the ‘eftpos’ model in
banking.”
(Parliamentary Commission for the Environment, 2009, p. 2)

Mighty River Power Does not believe that HAN (Home Area Network)
functionality should be mandatory in advanced meters as stated by the
Parliamentary Commission for the Environment. This is due to the absence of a
national or international standard which could ultimately lead to a development
of non-compatible HAN devices. It is recommended to wait until international
guidelines on HAN systems is developed. “Mighty River Power has a range of
smart meter technologies and smart services on its roadmap that will be rolled
out in the next few years as the meter deployment reaches a “critical mass”
(Parliamentary Commission for the Environment, 2009, pg. 4)
It is their belief that governments should act in ensuring that no monopolies or
unnecessary regulatory barriers exist within the national advanced metering
industry. However it is Mighty River Power’s belief that multi-rate tariff systems
create opportunity to shift power from peak to off-peak periods in order to gain
more efficiency from our electricity generation and reduce the need for
additional generation.

7.4.2 MERIDIAN ENERGY / ARC INNOVATIONS
As part of this research, a trip was made to Arc Innovations in late 2007 to see
a running demonstration and hear an explanation of their system. Craig
Latimer, the Project Manager was made available to answer any questions.
Arc innovations are a new innovative company that entered the metering
market recently. With the capability to design and manufacture both the
advanced metering products and software they have developed a state of the
art bi-directional metering system, which is currently being trialed with Meridian
Energy, a major energy retailer. The trial is located in central Christchurch and
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the results will be used to inform the deployment of over 200,000 advanced
meters into the homes of all Meridian customers.
A bid for the additional 1,000,000 endpoints existing within Contact Energy
and Genesis Energy’s existing customers was unsuccessful and was lost to a
conglomerate composed of the companies Vector, NGC, Siemens and Iskra
Metering. This is interesting for a number of reasons.
•

Iskra Metering was attempting to trade itself out of Bankruptcy

•

Vector are looking to build a large broadband network with Vodafone
signed up as a keystone customer

•

Craig Latimer from Arc innovations believes that their Vodafone GSM
Network proposed for advanced metering will be ineffective around
rural areas that are not close (within 500m) to state highway 1 or small
town. This would not have been problem using Arc’s system.

Had they won the bid Arc Innovations would have had close to a majority
share of the total 2 million endpoints currently existing throughout New
Zealand.

However Arc Innovation have recently won a bid for supplying

advanced meters to ENMAX, a Canadian Energy Company with over 400,000
customers. There were around 10 other international companies involved in
the bidding process (The Scoop 2007).
Their market structure is dissimilar to most international examples. Arc
Innovations owns all meters and operations rather than the utilities as opposed
to international examples (see Chapter 3). However Mighty River Power and
Metrix have a similar relationship. This means they receive a contracted
amount from the energy retailer for each end-point point that is metered. The
business case for this model was such that the current ‘dumb’ meters, owned
mostly by NGC, are more expensive to contract than the installation and
operation of advanced meters over their projected life span. This structure also
affected their choice of communication technology. Because the lines
companies in New Zealand manage the electricity grid, which can potentially
be used as a communication medium (through PLC), any metering data and
use of local controllers within that network is charged. In some international
cases the utility rolling out advanced meters also had ownership and
management of the electricity grids and therefore was not charged externally
for the communication of metering information. Due to this constraint Arc
Innovations chose to use a wireless technology called ‘Zigbee’ (Zigbee Alliance
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2010). It uses small digital radios to create wireless networks over large
distances with minimal communications infrastructure.
The product currently being used in the Meridian trials can read consumption
information at any interval and has the capability to take information from three
separate sources such as gas meter, electricity supply, water meter, separate
electricity meter etc. The RF mesh board, a circuit board that sits inside the
meter, facilitates the communication of metering information. This configuration
allows information, which can be meter readings or remote control
mechanisms, to jump between advanced meters until it reaches what is called
a WAN gate. The WAN gate facilitates a longer range of communication up of
5km. These WAN gates can manage approximately 2,500 meters at any given
time and offer the ability to reconfigure transmission paths in the instance a
LAN gate is not operational for a period of time. The system also allows a visual
representation of the advanced meters and can detect a malfunctioning device
or the pre-installation stage.
While the overall management of metering operations lies with Arc innovations,
service providers at Meridian Energy will have significant ability to assist the
customer. The information system, which is located at the supplier’s facilities,
allows

a

number

of

connection/disconnection,

tasks
the

to

be

ability

performed.
to

set

It

tariffs

allows
and

to

remote
make

recommendations on pricing plans using projected or historical consumption
data.
Meridian’s current advanced metering project may also include an online
customer website. This enables the customer to see the latest bill, what their
current meter reading is and how much is owed on their account.
Consumption data may also be made accessible as historical or projected
data-sets. These have been extrapolated into load profiles then analyzed
regarding time-of-use plans. This type of information is also accessible as daily,
weekly, monthly or annual consumption data. It may also allow the ability to
time, for example, their hot water heating, washing or heating, so it fits within
their tariff choice and lifestyle choice. The customer can also request the final
bill and automate their energy consuming activities. Comparisons concerning
energy consumption are also available. These may include comparisons of
type self-other, historical, benchmark etc (See Chapter 1).
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7.5 GOVERNMENT POLICIES AND PLANNING
“The merging of communications and metering is leading to a worldwide trend
to include load control capability along with the advanced metering functions
into a single device. The inclusion of a local load control capability to influence
system peak loads now brings considerable additional value, permitting a
“single-box” approach to the equipment required at each supply point.”
(Electricity Commission, 2007, p. 4)

In June 2007 the electricity commission released a discussion paper outlining
information on advanced metering within the New Zealand Environment. The
paper specifies guidelines relating to introducing the technology but they are
advisory only and not legally binding. However they specify that, “Attention
must be given to supporting New Zealand’s wider national energy objectives
and consumer interests, along with those of the electricity sector” (Electricity
Commission, 2007, p. 3).
The Electricity Commission defines an advanced metering system as one that
can measure and record electricity, consumption and events while having the
communications ability to enable a remote read. The features they outline are
as follows:
•

Remote connection and disconnection

•

Tamper and outage detection

•

Quality of supply monitoring

•

Demand Limiting

•

Communication interface with other devices (computer, in-home
display) beyond the electricity industry

•

Export metering

•

Programmable time periods and peak load limits

The commission performed an overview of other countries’ advanced metering
initiatives including Australia, Europe and North America. These examples
signalled the common benefits existing in each international case. These
included such benefits as: increased frequency of meter readings; the provision
of financial incentives to save energy; load control; detailed information on
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network loads and issues. In light of the various AMR and AMI solutions that
are currently available, it is clear that whatever systems is decided on, the
“back-office systems and communications platforms will need to be able to
communicate will multiple meter and data types” (Electricity Commission,
2007, pg. 8). Within the wider discussion, the commission differentiates
between the objectives, benefits and attributes of any advanced metering
scenario that is viable for the New Zealand Environment. Whoever is
responsible for introducing advanced metering technology must ensure that
system attributes are worth both the cost and risk. (Electricity Commission,
2007, pg. 9).
The strategy touches on the possibility of connecting advanced meters with inhome appliance control as a solution to provide more benefits for the
consumer and allow appliance control via the supplier. Note that the flexibility of
the physical communication systems would have to be examined. However
this type of product is not available in New Zealand.
One issue that will have to be resolved is the use of the national load control
system and it’s application over entire networks. Because this is out of the
distributors control it may have unforseen effects on advanced metering
initiatives, allowing one load control program to be imposed on multiple
distributor consumer groups (end-points)(Electricity Commission, 2007, p. 10).
This may have some affect on the ability for distributors to place a load-limit on
a customers premise. The use of load reduction via an advanced meter has
benefits for New Zealand enabling not only peak-load reductions and the
reduced requirement for extra generation, but the potential for consumers to
be educated in appropriate energy management practices. This could
generate economic incentives, therefore it is important to ensure that advanced
meters complement the existing load management system and not conflict
with it. However, additional research may be required ascertain if and how this
is to be achieved.
Another important issue in this discussion is meter standards and the ability to,
under different advanced metering initiatives, obtain a protocol that allows open
communication between devices and reduces the incompatibility of different
systems. Appendix E (Electricity Commission, 2007) is provided to specify a
minimum standard for device functionality and additional functionalities that are
optional but not compulsory. For example the device must be able to read half-
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hourly consumption, it is preferred that there is remote disconnection and it is
optional to include a remote display. See Figure 7a for complete appendix.
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Table 7a. Advanced Metering Attributes (Electricity, Commission 2007, p. 40).

The objectives of advanced metering are to deliver the generic benefits of
advanced meters but also to reduce the cost of generating and delivering
electricity, provide a platform for future energy focused innovation, minimise
barriers to competition in both generation and retail and provide increased
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accuracy in the settlement process (Electricity Commission, 2007, p. 13). Open
operation, an established standard for communication, relevant feature
flexibility, wider localised load control capacity, meter information availability and
consumer information availability are all required characteristics to achieve
those objectives. Included in these characteristics is the use of time-sensitive
tariffs and critical peak pricing mechanisms. Following are products and uses
that aim to open up the potential that advanced meters allows.
•

Energy Efficient products

•

Storage heaters

•

Insulation

•

Thermostats reduce temperature at peak pricing times

•

Disconnection of discretionary loads such as pools and spa’s

•

Ability to communicate with appliances or display screens

•

Scheduling appliances to begin cycles within low-cost periods

•

Extra communications link to provide changes in pricing

•

Ability to signal peak period prices to the consumer or appliance

•

Setting of load limits and extremely low load limits in the case of credit
issues

(Energy Commission 2007, p. 15)
When discussing advanced metering attributes, the Electricity Commission
provides a table (Table 7a) outlining a product-system layering, layer one as the
most fundamental layer, with the next two building upon it. However if the
model is structured regarding importance it is arguable whether aspects, such
as the inclusion of remote displays, should be considered as non-fundamental,
especially in the context of research into feedback and energy savings.

pg 148

Table 7b. Advanced Metering Functionalities (Electricity Commission, 2007, p.16)

Issues relating to the large-scale deployment of advanced meters are also
significant in this discussion. The infrastructure changes regarding large scale
projects are concerned with factors such as: accuracy of reads; multiple tariff
options; unseen financial effect of tariffs on distributors; increased back office
system to manage new data; data format and transfer methods; standing
costs; and ownership rights. (Electricity Commission 2007, p. 19)
The supplier/distributor has the potential to receive significant benefits from
advanced metering in addition to what their basic functionality offers. It is
important to note that these actions define distributors as users of the
system(s) and should, technically speaking, be treated similar to retailers and
consumers. The distributor can have multiple functions such as:
•

Check and rectify distributed asset loadings

•

Check temperatures of transformers and to signal when temperatures
are reaching life-shortening levels

•

Identify failures or dropouts within the electricity network and also
voltage limits

•

Ensure the delivery of load signals

•

Offer capacity limited rates in order to improve the load factor on their
networks
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•

Manage capacity limiting of demand

Specific costs have not been discussed in this discussion paper although
some important issues have been outlined regarding cost. The installation of
meters will be challenging in some situations where not only meters have to be
installed but potentially a range of other components must be installed and
repaired also. This was also noted by Craig Latimer at Arc Innovations,
specifically relating to the variety of wiring configurations found in domestic
households in New Zealand. This can be due to old or faulty equipment. One
proposed solution is introducing the process of creating business cases to
decide what is performed at each location depending on the context/situation.
The issue of stranded assets will also affect the cost distribution and ownership
models. This exists in a scenario where an advanced meter is installed and
then the occupants move or change energy retailer. This often is an issue of
ownership and where the investment resides. Communication protocol is
another cost-reflective component of an advanced metering system and it is
yet to be decided what is the most appropriate technology or configuration to
be used within the New Zealand environment. However some companies such
as Arc Innovations have found some product system configurations that may
be suitable (RF Mesh) (Electricity Commission 2007, p. 23).
“It is suggested that a meter replacement program should include a check on
the wiring condition, safety of the wiring disturbed as part of the replacement or
within the switchboard or meter box, and earthing of the consumer’s
reticulation. Any issues should be brought to the retailer’s attention and the
retailer should convey these to the consumer" (Electricity Commission, 2007,
p. 23)
Using the information provided in table 7a, the areas of significance can be
portrayed using the same model used to identify areas of significance for the
three main types of advanced metering systems that were examined. Below
are the representations, using this model, for the ‘must have/preferred’
compared with the ‘optional’ components. The models are approximately
comparable with the bi-directional interval metering category (musthave/preferable) and the whole-home self-metering category (optional). This
shows a government push for increased efficiency of operation and not for
increased feedback and customer savings.
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Fig 7a. Comparison between ‘optional’ and ‘preferred’ areas of interest for
proposed advanced metering in New Zealand.
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7.6 THE DOMESTIC ELECTRICITY
CONSUMER
Although domestic energy consumption in New Zealand is lower than
commercial and industrial consumption levels, it still makes up a considerable
slice of our total national electricity usage. According to 2006 figures 52% of
electricity is used by domestic households, 31% Industrial and 17%
Commercial, during peak periods (Parliamentary Commission for the
Environment 2009). As stated by various authors in Chapter 1, more efficient
electricity use can be achieved through behavioural changes in conjunction
with the addition of new technology.

7.6.1 CONSUMPTION PATTERNS IN NEW ZEALAND
HOMES
There are some important factors relating to household energy use that may
have some effect on the choice of advanced metering initiative or have some
influence on how it’s products or systems should be configured. There has
been a study done throughout New Zealand, focusing on the energy use
within household’s as of 2006 reached its 10-year mark. The study is named
the Household Energy End-use Project (HEEP).
“The goal of HEEP is to understand how, where, when and why energy is used
in New Zealand Homes. This knowledge is being used to develop a model of
the residential energy sector to help improve energy efficiency, reduce
greenhouse gas emissions and identify new energy efficiency opportunities”
(Issacs N., 2006, p. 1)
As a result of this project, the HEEP database now has information on over
400 homes throughout the country as a result of 8 years of monitoring (1997 –
2005). Around 300 of these houses were monitored over the last 3 years of the
project. All fuels including electricity, natural gas, solid fuel, solar water heaters,
oil and LPG were monitored at 10 minute intervals. The living room and master
bedroom temperatures were also recorded at this interval. Additional
information such as social data and physical house data were also recorded
for analytical purposes.
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Energy use in New Zealand households, including all types of energy, is
distributed through 6 main end-uses: space heating (34%); hot water (29%);
appliances (13%); refrigeration (10%); lighting (8%); cooking (6%). The use of
low temperature heat for space heating and water heating is the main use of
energy with 75% of water heating by electricity, this is the highest proportion
for any country. However with the uptake of gas the current figure may be less.
‘Non-low grade heat’ end uses such as appliances, refrigeration, cooking and
lighting account for 37% of total energy use and 54% of total electricity use.
Solid fuel is still the main source of energy for space heating (56%) although
electricity is the second most used energy source (24%). An increase in the
supply of solid fuels led to an increase in total solid fuel consumption in the
domestic sector from 5% to 14%. However homes with solid fuel heating have
warmer winter evening temperatures compared to homes without.
Promotion of electric heating such as heat pumps may impact on the electricity
generation and distribution systems. Users of these new products have both
positive and negative experiences with their use. For some users heat pumps
improved their comfort and the healthiness of their home but in some cases
produced significantly higher and even exorbitant electricity bills.
Large users (top 20%) are using 34% of total energy while the bottom 20% are
using 9% of energy. However, there is little variance between regions regarding
total energy and electricity use per household although there are differences in
the end uses and the number of occupants. This may mean that there is
significant opportunity to reduce a significant amount of electricity use within
the top 20% of users.
Faulty refrigeration (insulation gets wet, coolant leaks, door seals fail,
thermostat or control malfunction) is prevalent throughout households but
often goes unnoticed. Refrigeration accounts for 15% of total electricity use but
16% of refrigeration appliances are either operating marginally or are faulty
resulting in inefficient and often costly operation. HEEP has the algorithm to test
for faulty appliances. There has been seen to be efficiency benefits in replacing
old refrigeration stock because the sales weighted average for the electricity
consumption of fridge freezers has dropped by two thirds.
Standby and baseline electricity consumption for the average home is between
104W and 121W and as a continuous load on the system would account for
around 10% of total domestic electricity use (NZ$150 per year per household).
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27% of homes that are post 1978 received total energy savings of 2-3% as a
result of better insulation and other factors.
The energy use profile for Maori was examined regarding the average and was
found to be similar. However there were small differences in the mean annual
gross heating energy use with 49% of Maori households having mean winter
living room temperatures below average or ‘cold’ compared with the national
average of 40%.
“At its simplest, fuel poverty exists when households are not able to afford
comfortable domestic warmth and more particularly comfortable warmth”
(Issacs N., 2006, p. 5). The measurement of temperatures allowed HEEP to
look at fuel poverty in greater detail in contrast with other international studies,
which did not record temperatures. It was found that low income houses had
low winter living room temperature although this group spends more money on
electricity throughout HEEP households overall.
The important factors regarding winter and summer indoor temperatures are
heating schedule, climate, heater type, fuel, house age and thermal insulation.
Winter evening (5pm to 11pm) living room temperatures average 17.9C. It was
also found that new houses are warmer during summer than old houses as
would be expected however post-1978 insulation has not helped reduce
energy consumption which is interesting considering the push for retrofit
insulation.
It is obvious that the New Zealand electricity consumer would benefit from the
introduction of advanced metering. Depending on what systems are available,
benefits such as energy savings and a more transparent and accurate billing
system could be achieved. The challenge is therefore to design advanced
metering systems that respond to these specific factors in New Zealand’s
domestic energy users. Any solution that allowed fine tuning of baseline energy
consumption or detect faulty appliances would provide useful innovations
along with the general benefits of multi-tariff rates and online feedback.
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7.7 BARRIERS AND IMPLEMENTATION
ISSUES
The main reason for the absence of advanced metering systems within New
Zealand electricity distribution network is the fact that it is a relatively recent
technological advancement or, more accurately, it has only recently been
implemented at a significant level during the past 10 years.
Market research has shown how much of an investment is involved in a wide
scale rollout of advanced meters and its correlating infrastructure. It is for this
reason that other major countries, such as the U.S.A., Australia and the U.K.
have been cautious in selecting the scale and type of their advanced metering
systems. The worst-case scenario for a country is to have their advanced
meters made redundant due to some form of lock-in technology (which is what
most countries are attempting to stay clear of).
The privatisation of the electricity generation and distribution industries, which
occurred in 1995 has also been a barrier to it’s introduction. If it was still
maintained and controlled by the government, decisions to introduce
advanced metering may have been based on an analysis of social, economic
and efficiency benefits. However the actions of privatised energy retailers such
as Meridian Energy, Mighty River Power, Contact Power and Trust Power are
based on factors such as investment and return and therefore rely solely on a
profitable business case in the absence of government initiatives.
The vertical structure of the electricity distribution channels also hinders such
development due to the extensive number of companies and organizations
involved. An example illustrating the problems of such vertical integration can
be seen in the Arc Innovations case. Most international cases utilise PLC
communication for the transmission of meter readings due to the efficiency of
using an existing communication medium(s). However because the lines
companies in New Zealand control the use of the transmission medium a
charge would apply to all data packages that are sent through the lines. In
Arc’s business case this was too expensive so another solution (which ended
up being an RF zigbee system) was selected.
As for energy monitors, there has not been significant demand for them within
New Zealand although they do exist in some households. It is unknown
whether this is due to inadequate promotion by retailers or whether the
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demand for such devices is absent. However products such as ‘Electrisave’
have been successful over in the U.K. and this would signal that there is
potential for similar results in New Zealand. The price comparability to other
digital devices could also be a reason why such products have not been selling
in great quantities. For under NZ$200 devices such as Mp3 players and
computer accessories can be purchased and have an added aspect of
desirability, something that the functional smart monitors require.

7.8 APPROPRIATE COMMUNICATION
METHODS FOR NEW ZEALAND
There are three main options for the communication of metering information in
New Zealand within Supplier-led Advanced Metering initiatives.
•

Power Line Communication (PLC)

•

Wireless communication GSM

•

Wireless Communication RF Mesh

PLC has worked well in some international examples especially where the
generator/retailer also had control and ownership of power lines. In this way
the

communication

method

only

costs

as

much

as

the

initial

controllers/receivers which sit inside local control boxes. Because New
Zealand’s electricity providers and retailers (or metering companies such as arc
innovations) do not own the power lines, any data sent using those lines will be
charged for. Therefore if another medium can be used which does not have
significant cost attached to each data parcel it would be a better business
case.
Wireless communication using GSM (cellular technology) will provide
appropriate communication requirements to manage metering information but
may not be reliable in all areas that have access to power. Again if the metering
driver (either utility or metering company) does not own or manage the cellular
network they will also have to pay per data package sent.
Wireless communication using the RF mesh system is a viable option for two
main reasons. It does not cost anything for each data transmission and the
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system is self-repairing, such that if a central controller/data manager stops
operating, a new communication path can be configured.

7.9 CONCLUSION
Currently there are two examples of bi-directional utility metering, which are in
the early stages of development. There are similarities between these two
examples such as the use of wireless communication technology for meter
reading. They also both involve an energy retailer and meter provider. The
document by the Electricity Commissions reports on the perceived value and
understanding of advanced metering in New Zealand. Although they highlight
the benefits of advanced metering, they have not placed significant value on
the use of in-home monitors/displays and the corresponding feedback. This is
disappointing due to the clear benefits that can be attributed to electricityconsumption feedback. The investigation into the use of energy within New
Zealand households tells us that there is opportunity to increase the energy
efficiency. However the context is problematic considering the affect that the
absence of insulation has on space heating and the high proportion of
households that do not use electricity for space heating and therefore have
less potential for energy savings. The factors discussed in this investigation will
be used to some extent in the evaluation section at the end of the next chapter
– Options and Opportunities.
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CHAPTER 8 - OPTIONS AND
OPPORTUNITIES
8.1 INTRODUCTION
The purpose of this chapter is to outline a methodological approach to the
creation and evaluation of possible advanced metering scenarios. The spread
of six scenarios has been created in response to the research in the previous
chapters in order to ascertain the spread of options in respect to the products,
communications and their configurations. This is applicable to both utility driven
advanced metering and in-home electricity monitors.
As part of this chapter, a number of design elements will be discussed with
reference to the relevant literature. Planning these inherently complex systems
provides a fertile area for the application of strategic design approaches. This is
supported by work such as ‘Levering Designs Core Competencies’ (Conley C.,
2004) and ‘Design as a Brokering of Languages’ (Verganti R., 2003), which
illustrate the benefits of design throughout all phases of such projects. Conley
(2004) and Verganti (2003) both offer frameworks for understanding the
strategic design phase and may offer an approach that is beneficial for
advanced metering. Innovation is a key element in technological developments
such as advanced metering and central to design thinking. Articles such as
‘The discipline of Innovation’ (Drucker P., 2002) identifies sources of this
innovation and is framed to assist in uncovering new solutions. This initial
section of the chapter will cover a range of these design-led strategies and
methodologies.
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After this information is introduced, the following section will outline 6 scenarios
representing the current spread of advanced metering options. Each scenario
will be structured into four sections. The first will be a written overview of the
advanced metering scenario, explaining the main elements of the system. The
second is a simplified model conveying the physical system the scenario
depicts. Third, a product system configuration model is provided for a more
detailed version of the system. Information regarding how to understand these
models is found in Chapter 2 – ‘Breaking down Advanced Metering into it’s
elements’. Finally, a chart similar to that used to compare the generic cases in
chapter 6 will show the areas of interest for each specific scenario. Using these
various mediums of communications, an attempt is made to provide a
comprehensive model for visualising various options in advanced metering.
The final section of this chapter will provide a brief analysis of these 6 scenarios
and compare and contrast the results. This analysis uses evaluation criteria that
has been taken from the Electricity Commission’s ‘Advanced Metering
Discussion Paper’ (2007) along with some additional factors compiled from
various areas of this research. These will be explained in detail in the last
section. Based on the evaluation criteria, the scenarios will be discussed
regarding the features that are supported, partially supported or not supported
at all.

8.2 STRATEGIC DESIGN AND THE SEARCH
FOR INNOVATION
Richard Buchanan (2001) stated that, “There is no clear intellectual strategy for
understanding the complexity and diversity of design in the present”(p.84).
Buchanan highlights the important point that the strategic approach within the
design discipline has not yet disseminated the full potential of the creative
elements that shapes those design practices. However, the following sections
will attempt to uncover some recently developed frameworks for
understanding strategic design and the search for innovation. There is also a
strong argument for the application of strategic design within the
business/corporate environment as it is in that environment that advanced
metering programs are planned and developed.
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Conley (2004), attempts to provide a reasonable argument for strategic design
being beneficial to business operations and developments – “design is a
discipline with a set of competencies that can be understood in objective forms
and applied broadly across functions” (Conley C., 2004, p. 51). He outlines
seven capabilities core to a designer’s competency in his/her ability to generate
strategic outcomes for such project development as advanced metering
products and systems (Conley C., 2004, p. 46). The seven competencies are
as follows:
•

Understanding the context

•

Abstraction of ideas

•

Modelling and visualisation

•

Creation and evaluation of alternatives

•

Adding and maintaining value

•

Establishing purposeful relationships between solution and context

•

Able to use form to embody value

It appears that these competencies roughly outline what is required for
advanced metering design, considering the relative infancy of the
technology/application in comparison to other mainstream digital devices.
Modelling and visualisation are considered very important parts of the design
process as they allow the designer to work through and communicate
complex ideas. It also has the ability to find benefits relating to advanced
metering that help form purposeful relationships between context and solution.
The design of the form is not so much a part of this research although there is
great opportunity for creative solutions surrounding the display and
communication of information in this area.
Design strategy, when applied, aims to convert ‘workable data’ into models,
however defining the problem is also part of the strategy. ‘Strategy Synthesis’,
by Robert Meyer and Bob De Wit (2005), discusses the process of the defining
of strategic problems as one of the most important elements within the design
process. He defines a strategic problem as –“A set of circumstances requiring
a reconsideration of the current course of action, either to profit from observed
opportunities or to respond to perceived threats” (De Wit B., and Meyer R.,
2005, p. 27). Like Conley, there is an emphasis on assessing context but also
on diagnosing the problem within a manageable framework (De Wit B., Meyer
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R., 2005, p. 29). The other part of the equation deals with solving the
problem(s), which involves both conceiving potential solutions and evaluating
realised solutions. This is what is attempted within the latter two parts of this
chapter. However the specific design analysis is structured around the
parameters of this research project and the exclusion of any substantial group
work. De Wit and Meyer (2005) outline the two types of thinking involved in
strategic reasoning – creative and logical. Creative thinking deals more with
seeing new opportunities and strengths; logical thinking deals with
independent analysis of procedures and outcomes, removing ones self from
personal views and defining boundaries and limitations. Although these can be
separated rationally De Wit and Meyer argue this is problematic in reality as
logical thinking cannot be considered better than creative thinking or visa versa.
It is concluded that both are required to deliver the best outcomes. This raises
the question of how to structure creative thinking into the framework of
business/industry related research and analysis. Ultimately, creativity has the
potential to offer “new ways of looking at old problems” (De Wit B., and Meyer
R., 2005, p. 36)
Buchanan L. and O’Connell A. (2006) outline the principles of risk, consensus,
decision-making and intuitive reasoning as being important in good decisions
making. These fall on the logical side of reasoning, however Buchanan and
O’Connell do re-enforce the push for a better understanding of cognition,
especially the creative elements.
Much emphasis is placed upon the argument that innovation is just as likely be
found by changing your viewpoint rather than technology. This is very
applicable to advanced metering, especially considering the two contrasting
viewpoints of supplier led systems vs. user led systems (Marvin S., 1999).
Drucker (2002) outlines seven sources of innovation. They are as follows:
•

Unexpected occurrences

•

Incongruities

•

Process need

•

Industry and market changes

•

Demographic changes

•

Changes in perception

•

New knowledge
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Advanced Metering, as an innovation, can be seen as having connection to
many of these, however there are two that are the most relevant to advanced
metering. The first is ‘process need’. Advanced metering can be seen within
this category, as it serves a need in the metering process of the delivery and
metering of electricity. Secondly, ‘industry and market changes’, such as the
demand for enhanced consumer-related consumption information through
advanced metering. Drucker (2002) also identifies some principles key to
innovation, which may assist in further defining the characteristics of innovation.
One of the main principles is that innovation must satisfy an opportunity. The
opportunity itself can be economic, environmental or social. Another principle is
that the innovation must be simple as it is argued that complexity may destroy
the improvement the innovation offers. Lastly it is stressed that innovation is
derived from hard work examining those opportunities and cannot be
attributed to a level of genius or monetary value (Drucker P. F., 2002). Design
practice, with it’s use of creative methods, is well positioned to explore
problems as potential opportunities and may be very beneficial in the process
of innovative development.
One example of design-led research is provided by Alexis J. (2006), who
outlined a “discreet set of research strategies” based on a design-led process
(Alexis J., 2006, p. 1). One of these strategies is termed ‘needs clusters’. Alexis
argues that the design process, although improved by creative processes, can
be greatly improved by introducing generic strategies. These improvements
revolve around the client knowing the structure and potential outcome from the
beginning of a project and it being based on a research strategy that is tailored
to the specific area of investigation. Design research is compared to market
research and it is suggested that design research delivers more usable
outcomes, is collaborative and inclusive and frames users more accurately
(Alexis J., 2006, p. 3). ‘Needs Clusters’ may be a good way of defining
products as it is an intersection between requirements and behavioural modes
(Alexis J., 2006, pg 6). He also provides a step-by-step process for this
research method. It is as follows.
•

Data collection

•

Develop behavioural modes

•

Develop requirements (Desired outcomes)

•

Create matrix of behavioural mode and data requirements
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•

Identify and present solution areas

(Alexis J., 2006, p. 5-8).

By identifying a cluster of needs, it is possible through this process to identify
appropriate solutions. This relates to the user-led advanced metering solutions
aiming to meet the needs of domestic consumers of electricity. The research
process used for this dissertation is design-based but largely an individual
effort. Alexis (2006) argues that group-based research and development
produces better outcomes. Therefore this may suggest that advanced
metering options, as the subject of this dissertation, may be more investigative
within a group environment.
Tim Brown (2008) also believes that a group approach is beneficial to the
design process (p. 86). He explores methods of research central to design
thinking. One technique that is argued to be effective is the technique of
‘prototyping’ (Brown T., 2008). Contrary to the distinction of a prototype being
a finished physical model which takes considerable time to build, Brown
argues that ‘prototyping’ does not have to be expensive or time consuming.
He suggests that “Prototypes should command only as much time, effort, and
investment as are needed to generate useful feedback and evolve an idea. He
goes on to say that the, “ more finished” a prototype seems, the less likely it’s
creators will be able to pay attention to and profit from feedback”. The goal of
prototyping isn’t to finish. It is to learn about the strengths and weaknesses of
the idea and to identify new directions that further prototypes may take” (Brown
T., 2008, p. 87).
This is specifically what the models such as the ‘product system configuration
model’ and the ‘area of significance model’ are designed to assist with, both in
the previous explanation of advanced metering and the scenarios outlined in
the next section. Brown also places much emphasis on ‘human centred
design’ and conveys it’s benefits through examining a case where humancentred design was applied to a hospital environment, that application
provided a range of benefits such as improved job-satisfaction and increased
operational efficiency (Brown T., 2008, p. 88).
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The process of design thinking is disseminated into a structure with three
definitive stages: Inspiration; Ideation and; Implementation. The ‘Inspiration’
stage defines what the problem actually is and what constraints surround the
problem, ultimately defining a context. The ‘Ideation’ stage is where the
problem is explored, “creative frameworks” can be built in order to understand
the opportunity and means of achieving it. The ’Implementation’ stage requires
you to “engineer the experience” (Brown T., 2008, p. 89). This involves
producing theoretical and physical models as a result of the ‘Ideation’ stage.
Brown uses case studies to support his strategies and again, like Alexis (2006),
recommends that this process is used within a group environment. Browns
thinking is based on a systems approach, which he considers, “beyond
aesthetics” (Brown T., 2008, p. 92).
Like the authors stated above, Robert Verganti, a well-known Italian designer,
is interested in “radical design-driven innovation” (2003, p. 34). He suggests
that, “design is recognised as a strategic resource” and the designer is the
‘broker’ between the language of their creative design process and that of the
client or other involved parties outside the design discipline (Verganti R., 2003,
p. 35). Verganti, like Brown (2008), uses examples of companies that have
used design-led approaches to their process and development. Verganti
portrays one model that may be suited to the advanced metering field. It
outlines the three dimensions of innovation as being the function (technology),
the language (form) and the user (needs). The level of innovation can be judged
by the level in which the needs of the user are met and the delivery of a
product that has the desired functionality through meaningful relationships with
the user. (Verganti R., 2003, p. 35). He states that, “Three types of knowledge
are essential for an innovation process: knowledge about the user needs,
knowledge about technological opportunities, and knowledge about product
languages” (Verganti R., 2003, p. 37). As an example, this project covers
demonstrates the three types of knowledge but it is arguable to what degree it
covers each of them. Importantly, design driven innovation focuses on
providing new functions and enhanced performance but also new forms of
meaning and significant changes in meaning (Verganti R., 2003, p. 39).
Advanced Metering as an innovation itself and has all sorts of meanings
attached to the information gained through the process. Part of that innovation
is providing that meaning through the appropriate form. Verganti advocates
involving designers at all stages of the research and development process and
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while design is not industry specific, it is compared to a combination of the
architecture and sociology disciplines (Verganti R., 2003, pg 39).
Verganti’s importance of ‘form’ as a language is reflected in Luke Williams
examination of certain attributes surrounding design elements of the ‘ipod’, one
of the previous decades most successful and distinguishable electronic
devices. To put it simply, Williams (2005) suggests that the ipod’s aesthetic
was based on the bathroom environment, a clean and familiar place for most
people, hence the ‘all white’. This idea of ‘clean’ and ‘familiar’ is a form of
design language can be used to assist in providing the appropriate meaning
that may encourage adoption of a product/system. However it must be noted
that attributes other than aesthetics may also be part of the design language.
Williams breaks down the design language into connection to perception,
technology and sophistication. It is noted that technology can be highly
beneficial but complexity can intimidate users, which in turn generates a
negative perception towards the specified product/system (Williams L., 2005).
Of course as peoples perceptions change, due to technological acceptance or
fashionable trends, the language in which we use to communicate meaning
may also change. Williams provides a model for defining low tier and high tier
products based on the materials and meaning (2005, pg 4). He argues that
high tier products display the colour of their materials whereas low tier
products are highly coloured but with no connection to material. Therefore the
argument is that, the colour is a ‘simulated’ meaning where the material has an
authentic meaning. This provides a good basis to frame form-based
investigations that targets the appropriate meaning for the target audience(s).

8.3 SCENARIO STRUCTURE AND
METHODOLOGY
There are many views on what strategic design, strategic thinking or design
research should involve. However it is clear that much emphasis has been
placed on the process of generating ideas based on the context and,
especially, the needs of the user(s). The approach that has been taken for
creating these advanced metering scenarios, uses some similar principles to
scenario planning methodologies

(Jonas W., 2001). However a strong

emphasis has been placed on exploring the physical systems and, in
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particular, the communication systems and product functionalities. This is
because these areas are directly related to the cost of the system (amount of
investment, scale of project etc.) and the end uses that the system is defined
by. In addition, there is a lack of models able to be used to represent advanced
metering systems. In short, communications systems and product
functionalities are the means for advanced metering to deliver the benefits
discussed in this research. This is seen as being important as it has enabled
the wider technologies, which encompass advanced metering, to be portrayed
in a number of specific, and most importantly, realistic scenarios. A broad
spread of all possibilities is the most desired result for this section of the
research. Therefore the differences within the available technologies have been
used as parameters. However it is important to note that although these were
seen as the most appropriate areas and subsequently chosen, valuable
research still lies within other areas such as the aesthetic development of
advanced metering products and their interface and display characteristics.
Initially the, product system configuration model, was used to construct and
convey potential scenarios. However, to aid compression and differentiate the
various levels of complexity, a simplified model will be included with the PSC
model. This will ensure that readers of this document are presented with
realistic and imaginable physical systems and experiences, while receiving
information that allows quantitative comparisons
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8.4 SCENARIO SELECTION
The scenarios were chosen with special attention regarding to what extent they
cover the spread of options highlighted in the previous chapters. As shown in
the market research, the range of products and functionalities could potentially
be modified into an endless list of scenarios, however six categories have been
chosen to portray the spread of these scenarios.
•

User-Led

•

Supplier-Led

•

Renewable and Self Sufficient

•

International Standard

•

Arc Innovations (existing plan)

•

Mighty River (existing plan)

These cover a range advanced meters, home monitors, communications,
differing levels of sophistication and cost. A user-led model was specifically
chosen to portray systems that result in user benefits or added user
functionality. This model, as explained by Marvin Chappells and Guy (1999), is
used to a lesser extent in the supplier–led market. The supplier-led scenario
was chosen as an opportunity to convey the other end of the advanced
metering spectrum where the system is constructed around positive
investment/return models and enhanced system efficiencies. A scenario was
also created for the inclusion of renewable energy generation and
management, and also provided and opportunity to display the functionalities
and configuration of such a system. It also allowed advanced metering
functions such as bi-directional metering. When examining the range of existing
and planned large-scale rollouts of advanced meters on an international scale
there were similarities through the case studies. A scenario has been
constructed to represent the common attributes in these international cases.
Lastly it was seen as being important to include the existing advanced
metering initiative in the national context to show the suitability of a New
Zealand application in comparison to those that are not based on projects
existing within New Zealand domestic environment. These will be introduced
one at a time.
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8.4.1 USER-LED
Overview
This scenario follows a user-led model exemplifying the concept of smart inhome monitoring. An advanced metering device that can be installed by the
end user is made available through normal retail channels and supported by
government incentives and subsidised purchase costs. It consists of a main
device used as the central processing and display unit with optional purchase
of multiple other components. The device(s) will read and record current
electricity, and water consumption for up to a year. It could also measure inhouse temperatures and humidity levels. Outside conditions can also be
monitored through additional devices. Additional input channels will allow
individual appliances to be monitored through pulse meters interfacing
between appliances and electricity outlets. All monitoring is received and stored
by the energy monitor with interfaces for viewing consumption and
environmental information. In addition, a component allowing information to be
downloaded from the electricity monitor to a PC, via a USB key can also be
purchased. Free software could be provided to manage this data and even
analysis of demand profiles, resource consumption patterns and climatic
conditions could be made available. The monitor would have a high quality
LCD screen appropriate for pictorial, linguistic, numerical and graphical
information and enough memory capacity for holding information from six
separate inputs.
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Simple Schematic
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Product System Configuration Model (PSC)

Fig 8a. Product System Configuration for the User Led Scenario
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Areas of Importance
This specific scenario is based around in-home displays, energy-use feedback
with use-patterns relating to the user (domestic occupant). There is very little
connection to utilities other than the fact they still deliver the electricity to the
home. However there is a need to utilise digital electricity metering technology
and wireless communication capability. There is significant opportunity for
design-led research and development to improve aspects such as the look
and feel of the electricity monitor/display. There is also much potential
development for the analysis of the metered information using a PC and the
range of graphical representations of feedback.
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8.4.2 ARC INNOVATIONS
Overview
This scenario involves the company managing the meters, and gatekeeper of
the metering information (Arc Innovations), the latter taking the responsibility to
deliver information from the customers premise to the supplier while ensuring
the meters and communication systems are operating correctly. They offer a
single-box solution that is installed within households mains electricity board to
read electricity consumption. It has two additional inputs for a separate circuit,
water or gas meter. It uses RF mesh communication technology to send
metering data to the supplier. A website is also available for the customer,
offering information concerning current electricity bills/balances, consumption
patterns (demand profiles), tariff information, comparisons, benchmarks etc.
The electricity supplier (Meridian) has the ability to remotely connect or
disconnect electricity supply, change tariff plans and set load limits for individual
households. There would also be a simply designed small bench top energy
monitor displaying current energy consumption and cost. The company
receives a yearly management fee for the metered endpoint over the estimated
lifespan of the meter. The company therefore works on a business case model
that ensures a profit over the estimated lifespan of the meters while consumers
and suppliers receive the benefits for little or no extra charge.
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Simple Schematic
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Product System Configuration Model (PSC)

Fig 8b. Product System Configuration for the Arc Innovations Scenario
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Areas of Importance
This scenario covers most areas of this research. Unlike many international
examples of Supplier-led advanced metering, the Arc Innovations system
includes a basic in-home monitor and places importance on feedback.
Obviously the utilities are of great importance as they provide the end-points to
be metered. Communication technology is especially important as Arc
Innovations uses a wireless RF mesh system which overcomes the constraints
posed by using other communication methods as PLC. These constraints
relate to the ownership and management of current communication networks
(see Chapter 7). The advanced meters themselves are of great importance as
they require components that ‘talk’ with local data collectors and other
advanced meters in the area. Due to the inclusion of an on-line website, the
customer has access to in-depth feedback on electricity use. The more
promising aspects of this system are the ability for the supplier (Meridian) to set
a billing structure based on historical consumption data, relative to the
customers actual energy-use patterns.
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8.4.3 SUPPLIER-LED
Overview
This scenario exemplifies the supplier-led model designed to reduce
management costs and in turn gain more information on all resources that can
be metered. An advanced meter is able to record and send consumption data
for gas, water and electricity making all metering processes autonomous.
There is also remote control of meter functions such as connection /
disconnection of power and the setting of load limits. Metering information is
used to create grid diagnostics enabling electricity to be managed more
effectively. New tariff rates can be introduced as well as CPP events. A website
is also available offering historical records of consumption, which can be
viewed in different contexts/display methods, and billing information/tariff plans.
A simple monitor is included displaying the current consumption rate (kWH).
This differs form the Arc Innovations scenario as it is driven by the supplier
rather than an affiliated metering service. This scenario is based on providing a
better service for the customer (customer retention) as well as improving the
suppliers efficiency. A similar example (Canada) is explained in Chapter 2 –
Utilities and Metering.
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Simple Schematic
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Product System Configuration Model (PSC)

Fig 8c. Product System Configuration for the Supplier Led Scenario
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Areas of Importance
In any supplier-led example, there is much importance associated with utilities
and how advanced metering is going to increase efficiency and help to create
a more autonomous metering system. Communications, with any large-scale
deployment of meters, is important but due to the generalised nature of these
scenarios, will be subject to the specific characteristics of the current
infrastructure. The advanced meter is central to the system, facilitating
metering operations and performing functions that can be controlled remotely
directly from the supplier. This specific scenario differs from the general
international cases as it provides substantial energy-use feedback from an
advanced electricity monitor. This displays a greater emphasis on the users
understanding of electricity use and the potential for energy saving behaviours
to be adopted as a result of it’s use.
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8.4.4 INTERNATIONAL CASE
Overview
This scenario is based on the most generic model seen in the international
cases. It uses a smart meter capable of reading, storing and sending
consumption information through existing phone and power lines by utilizing a
communication technology called PLC. It also offers remote control of meter
functions such as connection and disconnection. Most feedback is channelled
through a customer website and is based around consumption over time,
billing plans and tariffs and current account information. This scenario is simply
implemented to allow better energy security throughout the regions and
promotes energy saving or shifting of consumption to off-peak periods due to
the ability to use multi-tariff pricing plans. This is driven by power companies or
utilities that base the advanced metering investment on projected efficiency
gains and reduced need to build extra generation facilities. The system is basic,
it includes an advanced meter and the intermediate devices required to
facilitate the communication of meter readings using PLC as a communication
medium.
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Simple Schematic
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Product System Configuration Model (PSC)

Fig 8d. Product System Configuration for the International Case Scenario
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Areas of Importance
Like the previous two scenarios, the International case is based mostly around
utilities,

communications

and

advanced

meters

(digital

electricity

measurement). There is significant investment involved within these threes
areas based on the presumption that the investment is returned through
increased efficiency of operation. Other areas such as in-home displays and
energy-use related feedback for the customer does not produce the same
return and therefore can be deemed ‘unimportant’.
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8.4.5 MIGHTY RIVER POWER
Overview
This scenario involves an energy retailer (supplier) using a subsidiary metering
company to introduce advanced metering. This model is similar to the generic
supplier-led systems model. The system uses radio mesh technology for the
communication of metering information. Similar to the Arc Innovations
scenario, the radio mesh network uses advanced meters, which transmit
meter readings. These are then picked up by data collectors. The information is
then sent from the data collectors to the metering companies database. The
information that is collected is then converted into the appropriate formats,
based on the requirements of the energy retailer, providing meaningful
information for both the electricity retailer and the customer. Due to the
communication network, both remote metering and remote meter control are
possible. Feedback is provided for the customer/domestic occupant through
informative and accurate billing formats. There isn’t an in-home display, rather
a small digital display is present on the advanced meter that replaced the old
mechanical meter. Similar to generic supplier-led scenarios, this system is
based on a business case offering improved efficiency, improved and cheaper
service, and the provision of more accurate information. However there is not
in-home display or feedback via a company website.
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Simple Schematic
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Product System Configuration Model (PSC)

Fig 8d. Product System Configuration for the Mighty River Power Scenarios
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Areas of Importance
The areas of importance are directly comparable to the general international
case (see scenario 4). Feedback is provided to the utilities but there is no
channel for meaningful feedback to the consumer apart from the conventional
bill by mail. The accuracy of the bills will be greatly improved, but no feedback
during energy consuming activities is provided.
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8.4.6 MICRO GENERATION
Overview
The context of this scenario is small-scale domestic electricity-generation, such
as solar or wind devices, present in the domestic environment. Using a
transmission system that is capable of drawing power from a household as
well as supplying it with electricity, the household does not require battery
storage. This provides a very appropriate case for advanced metering due to
the mixture of information regarding both consumption and generation. The
import and export of electricity requires an advanced meter, installed by the
supplier, for calculating the difference between the supply of micro-generated
electricity and overall household consumption. Using RF transmitters, the
metering information is sent to an advanced in-home display. The capability
can be compared to that of the User-Led Scenario. However additional
information based on the generation of electricity will be provided. This
information will be in such formats such as kw produced per hour and total
amount of electricity generated in a specified time period (e.g. day, week,
month). This scenario uses a mix of factors and functionalities of User-Led and
Supplier-Led scenarios. It will also include two percentile figures. One for
consumed energy supplied from micro generation and the other for consumed
energy supplied from utility based generation.
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Simple Schematic
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Product System Configuration (PSC)

Fig 8f. Product System Configuration for the Micro Generation Scenario
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Areas of Importance
A scenario of this type incorporates all the important areas. The difference
between this scenario and the previous 5 scenarios is that it requires both the
advanced meter (for the bi-directional metering capability) and the in-home
display (to communicate the mix of imported and exported power). During this
period of intense technological development and an increasing reliance on
large-scale energy generation, this scenario offers an opportunity to utilise
technology that reduces reliance on energy and diversifies the generation
profile.
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8.5 SCENARIO EVALUATION
Factors chosen for the evaluation of these scenarios are considered important
both as a result of general research and investigation into evaluation standards.
A broad range of characteristics have been chosen however the majority of
factors have been derived from the HEEP report (2006), Electricity Commission
Discussion Paper (2007) with some additional design considerations.

8.5.1 EVALUATION CRITERIA
The Household Energy Efficiency Project related factors regarding health and
the effect advanced metering has on wellbeing. Providing winter evening
temperatures and other factors such as humidity enables a more informed
decision on heating requirements. The ability to understand electricity
consumption and reduce continuous load are also included.
•

Factors derived from HEEP

•

Detection of winter evening temperatures

•

Detection of environmental conditions

•

Ability to understand electricity usage

•

Ability to reduce continuous load

The Electricity Commission Discussion Paper (2007) was chosen as a good
benchmark for evaluating the appropriateness of advanced metering systems
for New Zealand’s energy requirements. There are a number of technical
factors relating to the functionality and capability of the chosen system, each of
which can be important to achieving certain energy efficiency goals. Included
also are factors relating to the financial incentives and attention for future
connectivity.

Factors derived from Electricity Commissions Discussion Paper
•

Supports NZ wider national energy objective (“A reliable and resilient
system delivering New Zealand sustainable low-emissions energy”)

•

Allows remote connection and disconnection

•

Ability for supplier to detect tampering and outages
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•

Ability for supplier to monitor quality of service

•

Ability to limit load

•

Contains communications to interface with other devices

•

Can handle export metering

•

Offers financial incentives to reduce electricity

•

Ability to control appliances (scheduling)

•

Reduces competition within industry

•

Availability of consumer information

•

Ability to signal CPP

•

Provides additional communication link for updates on pricing plans

•

Replacement of old equipment

•

Attention was also given to design factors relating to how the system
performs within a product system configuration. They are as follows

•

Remote meter reading

•

Remote meter control

•

Allows multiple inputs

•

Basic energy monitor display (current and continuous load)

•

Advanced energy monitor display

•

Advanced Energy Use Analysis

•

Information downloadable to computer

•

Supplier offers customer website for billing and feedback

•

Meter memory / Data storage

8.6 EVALUATION
Each of the six scenarios have been evaluated regarding the factors discussed
in the previous section. Each factor is evaluated and stated to be either fully
supported, partially supported or not supported at all. However some factors
may simply be constrained to the classification of ‘fully supported’ or ‘not
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supported’ depending on its variability. This can be seen in fig 8a. Due to the
constraints of this research, it is difficult to differentiate the level of importance
between different evaluated factors although each has their own special
importance. Provided in the results section below, are some additional graphs
used to compare the quantity of fully and partially supported factors within
each scenario.

Fig 8g. Evaluation of the six chosen scenarios.

From the results of the evaluation it is clear that the Arc Innovations scenario
has the most fully-supported factors followed closely by the micro generation
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Scenario. Arc innovations also had the least amount of factors not supported.
This success of this scenario in the evaluation is due to it’s inclusion of a
customer website, in-home monitor as well as a fully operational advanced
metering system with remote reading and control of meters. Similar to the Arc
Innovations scenario, the micro generation model also includes both an inhome monitor as well as an advanced meter capable of remote functionality.
Even though these results have been quantified to some extent, the
evaluations themselves are really to further define each scenario within a usecontext and portray the use of the models created as an outcome of this
research. It is for this reason that there will not be considerable speculation on
the results of this evaluation, with the importance being rather being placed on
the modelling process.

Fig 8h. Evaluation Comparison. This graph portrays to what extent each scenario
meets the chosen criteria

Generally all scenarios actually performed reasonably well, with no scenario
having less than 9 fully supported features. However it is difficult at this point to
make conclusions on what system is better suited for New Zealand’s
environment, there could be variations depending on location and cost-related
factors. Arc Innovations does have a system that is successful in regard to
these criteria and provides probably the best solution available for the AMM
side of things. However, even though the User-Led scenario scored relatively
low compared to the AMM examples, this simply shows the factors derived
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from the electricity commission are based around broad-system efficiencies as
opposed to the analysis and communication of meaningful feedback.
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CHAPTER 9. DISCUSSION
9.1 CONTEXT
Electricity has a variety of uses within domestic households. Not only do we
use electricity for various end-uses but we also purchase products that have
specific quantities of embodied energy attributed to them. Because the
consumption of electricity has a specific cost attributed to it, the importance of
information regarding how this is calculated is significant. Problems associated
with the current mechanical form of metering have largely driven the
introduction of varying degrees of advanced metering internationally. There is
also greater awareness regarding environmental issues and in particular energy
efficiency. The increasing use of energy saving light bulbs and the use of more
efficient heating appliances such as heat pumps supports this increased level
of awareness. The application of advanced metering technology can improve
the communication and management of consumption information for both the
supplier and the consumer.

9.2 RESEARCH
This dissertation draws from research in a number of areas and utilises varying
types of analysis. It engages with research undertaken in Energy efficiency,
usability and design-led research. Approached from a design discipline, it has
been undertaken in a way that emphasises the specific products (form) and
functionalities (function) that characterise advanced metering. The initial content
was derived from papers and reports on the subject and especially focused on
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how advanced metering was understood at a conceptual level. This was
contextualised to some degree through the examination of specific cases and
products, which have been compared and contrasted in order to find a
workable spread of data/information. These cases and products were taken
from a representable sample during 2007. This information was then
transformed into various models that assisted the representing of advanced
metering systems and their attributes. Using data from both the modelling
process and from academic review, an attempt is made to generate potential
scenarios for the use of advanced metering within New Zealand.

9.3 KEY FINDINGS
9.3.1 ADVANCED METERING
In Chapter 1, it is identified how advanced metering is currently defined, ways
of understanding the different types of systems, and the benefits associated
with its introduction.
Advanced metering can operate within many different resource based supply
and consumption chains such as electricity, water and gas. Although this
dissertation mainly focuses on electricity metering, advanced metering can be
considered as a method for the management of metering information of any
resource. Any generic definition that focuses on specific technologies or
devices does not correctly depict advanced metering. (Gerwen R., 2006,
Owen G., and Ward J. 2006). Specific systems have been generalised into
categories such as AMR (Automated Meter Reading), AMM (Automatic Meter
Management) and ECD’s (Electricity Consumption Displays) (Wood G., 2006).
However, other configurations such as RMS (Remote Metering Systems) are
defined for their autonomous nature and ability to manage metering operation
in remote locations.
There is also a prominent emphasis on Energy Efficiency, clearly apparent in
the definition and communication of advanced metering products (Brandon G.,
1999). This factor is also important in the desirability and cost-savings benefits
of purchasing advanced metering applications. It is still very difficult to forecast
possible savings or benefits due to the differences in systems, objectives and
context however Darby S. (2001) concluded that on average a 10% saving
was achieved when advanced energy related feedback was introduced into a
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domestic context. One must also be cautious regarding the ‘fallback effect’
and ‘hawthorne effect’, both of which can reduce the accuracy of energy
saving studies (see chapter 1). Much of the research applies to in-home
monitors rather than supplier-led advanced meters.
Potential environmental applications shown in the literature (Marvin S., 1999)
was not apparent in the 2007 review of products and cases. This may be
explained by the difference in the aims and objectives between the exploration
of advanced metering (academic) and the implementation of advanced
metering (industry). Because the real-time retrieval of electricity consumption is
the main benefit received by the investor, any additional functionality that
facilitates energy-use feedback or improves the customers’ interaction is often
overlooked due to their lack of investment return.
It was discovered as of 2007 that the main benefits received from advanced
metering were:
•

More autonomous system

•

Potential for consumer energy savings

•

Reduction in demand during peak periods

•

Reduction in metering related costs

•

Improved information

•

Remote control of meter functions

9.3.2 BREAKING DOWN METERING INTO ITS ELEMENTS
Chapter 2 introduced the ‘product system configuration’ model and explained
how to understand specific advanced metering attributes.
The differentiation between consumer-led products and industry-led products
is very apparent in the current market. This is important as it represents a
distinct separation between devices purchased by the consumer, such as inhome monitors, and those that are installed by the suppliers/meter providers
as part of a large-scale AMM rollout. Not only is this represented through
product system configuration models but also through the difference in cost
distribution and priority of design. For example we have seen that the in-home
monitors/displays are not being utilised to any great extent within the examples
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shown in Chapter 3 – Utilities and Metering. This could be largely attributed to
the decision-making process being business-orientated and considering the
inclusion of in-home monitors as being non-profitable. However it may be
possible for utilities to include such devices if they were to offer them as part of
a subscription such as charging an additional monthly fee for the use of a
monitor. This would greatly improve such systems and return significant
benefits for the user as well as the supplier. The added value of an in-home
monitor to the user/customer would still be applicable within a regular
mechanical metering system but still as a utility provided product.
The overall examination of advanced metering configurations from a range of
products and communication mediums shows that they are still relatively new
applications with much potential for the development in comparison to other
digital devices and communication mediums.
The product system configuration model provides a framework which can be
used to investigate specific cases. It has been found that not only can
devices/products within those systems be examined but the whole structure
including parties, devices and relationships. This is achieved by including
factors such as, physical and digital relationships between devices,
infrastructure, and users of the system. It has also been identified that a range
of factors, including those relating to the communication mediums, device
functionalities and feedback, are highly variable within various advanced
metering products and case studies examined within this research. It is for this
reason that the complexity of the model is required. However this is still only
one level of detail and several more layers of complexity could be added.
The strategic design discipline is dependent on time and resources regarding
how detailed an investigation is to be. Considerable effort has been made to
create a structure, which can be built on and used to analyse not only the
cases and products within this specific research, but to define new advanced
metering initiatives, both real and conceptual.

9.3.3 UTILITIES AND METERING
Chapter 3 identifies AMM configurations from field research mainly performed
during 2007 and conveys varying forms of communication technologies, and
outlines the costs and benefits of international examples.
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It was discovered that all cases, except Northern Ireland, some type of AMM
configuration was used. This is not to say that the pre-payment system that
was used was not beneficial. On the contrary, the system improved operational
efficiency and customer satisfaction. Therefore it is not to say that AMM
capability must be provided for advanced metering to be successful.
One of the major drivers for advanced metering was the need to reduce
consumption during high-demand (peak) periods. This was achieved by
offering cheaper electricity during the off-peak periods, an incentive used to
shift energy-consuming activities from peak to off-peak.
It was found that the type of communication technology used is selected
based on location, existing communications infrastructure, and the ownership
model. It was shown that PLC was an efficient mode of communication for
supplier-led configurations due to it’s use of existing infrastructure (power lines).
However wireless networks (RF Mesh), such as those used by Arc innovations
and Mighty River Power have been seen to be the most appropriate for the
New Zealand context.
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9.4.4 ADVANCED METERING DEVICES AND TECHNOLOGY
Chapter 4 differentiated advanced metering devices, explored utility-led
advanced meters, and portrays the difference in comparison methods required
for comparing utility led meters and in-home monitors. This section was also
based on the sample of cases and products covered in 2007.
This chapter highlights the distinct differences between advanced metering
products available to the consumer and those available to the supplier. This
differentiation is supported by Marvin S. (1999) regarding the Supplier-led and
User-led ‘Technical Adoption Pathways’ (See Chapter 1)
There is a wide range of advanced meters suited to the supplier-led model.
These devices were evaluated based on their capabilities. However the
comparative analysis was not useful in differentiating products as they do not
have a ‘standard’ configuration. This is because the devices are configured
with capabilities specific to the particular supplier-led rollout. Clearly the case
studies in chapter 3 are a more effective source of information on capabilities of
supplier-led advanced metering devices.

9.3.5 IN HOME MONITORS AND COMMUNICATIONS
Chapter 5 reviewed a spread of available in-home monitors as of 2007,
compared their functionality, and examined literature regarding factors relating
to display characteristics. Also highlighted is the opportunity for using existing
technology in the home.
It was discovered that in 2007 there is a good spread of in-home
monitors/displays on the current market. The devices that were examined fall
into two general categories: ‘portable in-home energy monitors’ and ‘plug-in
energy monitors’. The portable energy monitor not only offers the ability to
change the location of the device but also offers the functionality to meter the
household electricity consumption using an advanced sensor. The ‘plug-in
energy monitor’ is also portable but is restricted to metering single appliances
or power points. However these devices allow individual appliances to be
metered, which may help in ascertaining what appliances are consuming the
most. This is important regarding energy saving as it allows people to
participate in ‘energy saving behaviours’ (Wood G., Newborough M., 2003).
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The acknowledgement, let alone the desirability, of advanced metering
products and services within the market place of domestic consumers, is an
area with much potential for development. Evolution like the smooth
information-rich interfaces existing in our television networks, personal
communication devices, personal computers etc has not yet happened.
Devices such as the ‘in-home monitor’ often concentrates on the aspects of
functionality rather than desirability or experience. If an ‘in-home monitor’ was
designed to enhance the elements of experience and desirability, the device
could be more enjoyable to use, and subsequently provide more opportunity
to deliver benefits such as energy savings. This will require development in
predominantly the aesthetic considerations, and the form and capability of the
interface.
The use of in-house communications, especially between metering devices
and in-home monitors, could hold exciting possibilities for a more integrated
energy-information system and an improved feedback loop. The products that
were examined in Chapter 5 were all examples of stand-alone devices that
either plugged directly into a power point or used a sensor to transmit metering
data to the monitor. Another method of delivering the same information would
be to provide the consumer with a sensor, similar to that provided with the
‘Eletrisave’ in-home monitor, but have this transmitting to an existing
device/interface within the domestic environment. Notably advanced metering
does not necessarily require much more than the measurement device, as
wireless networks and digital displays are becoming commonplace in
domestic households. This could potentially apply to both supplier-led and
user-led cases.
There has been documentation on the control of appliances via Advanced
Meters (Siuru, 2000), however there exists no retrofit solutions for this in the
spread of products. This functionality may reside in only smart appliances and
new smart homes.
Chapters 1 & 5 include some discussion of the use of disaggregated feedback
and advanced analysis of energy-use information (Marvin S., 1999) (Wood G.,
and Newborough M., 2003), however most of the examples included in this
dissertation do not facilitate this. It requires the ability to meter multiple
appliances

and

generate

feedback

that

differentiates

the

separate

consumption rates and quantities used. This can be achieved using a
sophisticated analysis of the demand profile of the household (signature
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detection), or through the incorporation of separate metering devices. This also
requires also requires a central display for feedback. However Wood and
Newborough (2003) specified some situations where displays should be
appliance-specific and viewable during the related energy-consuming activity.
This may have merit for energy savings, however cost and complexity may
impact on the appropriateness of such options. Therefore care must be taken
when deciding on the quantity of displays required in order to achieve the
desired level of feedback.
As of 2010 there has been some development in the field of disaggregated
metering, feedback, and remote control. There now exists a range of products
called ‘Plug-wise’ (Plugwise 2010) which facilitate these functionalities. This
system used intelligent plugs that meter individual power-points/appliances.
These communicate there metered information back to a the home PC via a
Zigbee wireless network (Zigbee Alliance 2010). This system come with
software that analyses electricity consumption and displays it in reference to
specific appliances(s) over a period of time. These plugs also have the ability to
switch appliances on or off. See Fig 9a for an example.

Fig 9a. Plugwise system (Plugwise 2010).

We have seen some devices such as those in the ‘in-home monitor’ range that
measure factors such as humidity and temperature in the home. Although
metering other resources such as gas and water are largely outside the scope
of this research, a variable such as humidity or temperature could be added to
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the display with little added expense or impact on the general design. Although
there has been little consideration regarding the measurement of temperature
and humidity it may be helpful in a number of areas. First it may contribute to
energy savings with regard to space heating. Humidity affects the heat energy
required to heat a room. If humidity can be kept at a healthy level it would
require less energy to heat the same space. Second it provides a feedback
loop for the current room temperature, therefore providing the user with useful
information which they can utilise to decide when it is appropriate to use space
heating and to what extent.

9.3.6 COMPARING EXISTING CASES TO SPREAD MODEL
Chapter 6 demonstrated the use of the product system configuration model,
defined three main types of advanced metering systems, and portrayed the
differences between them.
The three main types of advanced metering systems are ‘bi-directional interval
metering’ (supplier-led), whole-home self metering (user-led), and appliance
specific metering (user-led). These types were created from the spread of
products shown in chapters 3 and 5. Product system configurations of specific
products were mapped, and then examined with reference to feedback the
systems offer and the variability of available products. This contributed to the
research as a whole, simplifying the spread of systems into three distinct
categories making them easier to comprehend.

9.3.7 THE NEW ZEALAND CONTEXT
Chapter 7 examined the current environment of electricity use and metering,
provided examples of current AM initiatives, and outlined the governments’
approach to advanced metering.
It was discovered that New Zealand has several defining characteristics
relevant to the use of advanced metering within domestic households. It was
apparent that the majority of existing residential end-points currently use
conventional mechanical meters. Energy providers currently use meter readers
to visit each endpoint and retrieve the metering information manually. The
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infrequency of these visits and the difficulties associated with access to
residential properties means less efficient calculation of power bills.
New Zealand is ideally suited to the introduction of supplier-led advanced
metering due to current technological environment and the relative absence of
widespread advanced metering. Suppliers such as Meridian Energy and
Mighty River Power are currently involved in advanced metering initiatives,
however they are in the early stages of development and do not as yet have
large scale, fully operational systems in place. A large number of end-points are
currently managed by both Meridian Energy and Mighty River Power, and a
considerable number of the total residential end-points may already be
committed to the AMM systems that have been proposed/trailed/tested by
these companies. These systems are heavily defined by radio mesh
communication technology. This radio mesh network can be viewed as
appropriate due to the challenges faced by suppliers not owning and/or
managing the communications infrastructure. Any one of these infrastructures
(power lines, telephone lines, cell phone networks) that is used by the
suppliers/retailers for the retrieval of metering information will incur a cost per
amount of data being sent. A radio-mesh technology system, which operates
using independent devices (data collectors and advanced meters), do not incur
these additional usage fees. This is more beneficial for both the supplier/retailer
of electricity and any metering company involved.
The ‘HEEP Report’ (BRANZ, 2006) clearly shows that New Zealand has a high
rate of solid-fuel use within homes compared other countries. This is reflected
in the lower level of electricity consumption used for space heating and may
mean that the potential for energy savings through using an advanced meter is
reduced. However it found also that dampness is a problem in New Zealand
homes, which may contribute to higher electricity-consumption when people
are heating their home using an electric appliance. Humidity could be
monitored, and dampness reduced through dehumidifiers or ventilation.
The Electricity Commission released a discussion document on advanced
metering (2007) defining advanced metering attributes. They provided a
detailed list of 63 attributes, organised into 14 separate groups. This was
formulated into a table, with each attribute rated as ‘must have’, ‘preferred’ or
‘optional’. An interesting comparison was made using this information. By
using the areas of interest model, it was found that the optional attributes
closely resembled the whole home metering system type, however the must
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have and preferred attributes resembled the bi-directional interval metering
system type, such as those discussed in chapter 6. This may be a very good
representation of what types of advanced metering the government is likely to
adopt.
There are development opportunities available within New Zealand, however
supplier-led initiatives have to some extent already locked in specific devices
and systems.

9.3.8 OPTIONS AND OPPORTUNITIES
Chapter 8 emphasised the importance of strategic design and design-led
research, provided 6 potential advanced metering scenarios, and evaluated
them on a variety of criteria.
It has been found that there are many frameworks relating to design-led
approaches, such as innovation and strategic design – two areas of great
importance regarding advanced metering. Parts of these frameworks have
been used for this research process, however due to the scope and
parameters of this research some important elements such as group work and
actual product generation and testing have not been included. This is largely
due the diversity of research areas and the emphasis on understanding the
spread.
Balancing all the features, including supplier-led initiatives (multi-tariff rates, load
reduction, recording consumption data etc) and consumer-based initiatives
(energy saving, understanding energy use patterns etc) is a difficult task. This
process is made easier using the product system configuration model. It is
clear after the evaluation of the 6 scenarios, that the spread of all possible
features could have been improved. However those examples conveyed the
use of the model(s) and the fact that alternate scenarios such as ‘mirco
genertion’ can be portrayed, even though all it’s features were not included in
the spread model, is a good reflection on the model itself.
With unlimited design freedom and resources, solutions could be generated
that facilitate benefits for all parties along the supply chain. For example, when
using the product system configuration model, one simply decides what
benefits/motivations a specific party should have, and then adds the devices
and relationships required to achieve them. Specifications for the systems in
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each scenario can also be tailored for features such as economy, efficiency,
and flexibility. However some system types are more suited to specific
applications. There were six scenarios presented in chapter 8 but this process
could create twenty-six, sixty or six hundred solutions. However the six chosen
scenarios aimed to successfully cover the spread of current systems. The
inclusion of more appliance-specific metering would have improved the
comparison. As the models have been explained in depth, further generation of
scenarios can be done as a simple exercise. The real question is - what do we
want these advanced meters to provide for us?
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CHAPTER 10. CONCLUSIONS
10.1 MAIN FINDINGS
It is concluded that the findings of this research relate to the understanding of
advanced metering, development of visualisation tools, and identification of
gaps within the product mix. The four main research findings are as follows:

10.1.1THE RESEARCH IDENTIFIED A NEED TO EXPAND ON
THE CURRENT CONCEPTUAL UNDERSTANDING OF
ADVANCED METERING
After examining the various advanced metering products and initiatives, it has
been concluded that there are 6 main attributes of an advanced metering
system. The utility (supplier), customer to utility communications (infrastructure),
metering device (product), in-home display (product), in-home communications
(product), and the customer (consumer). The utility supplies electricity to the
household and often is the investor into supplier-led initiatives. Customer to
utility communications is responsible for both receiving information from
advanced meters such as meter readings but also for enabling remote meter
control functions such as switching the meter on or off. The metering device
represents a digital meter that replaces the conventional mechanical meter.
The primary function is to accurately read electricity consumption at specific
intervals and communicate those readings back to the supplier for general
metering purposes. The in-home display exists as an electronic device that
communicates consumption data. The interface is able to present information
in a meaningful form. In-home communications refers to the use of wireless
communication methods such as RF and Wi-Fi. Wireless communication is
used to transmit information from a digital electricity meter to the in-home
display. The last attribute of the system is the user, who consumes the
electricity, is exposed to various levels of feedback, and, as the purchaser, is a
major driver for in-home displays. This is important to the research as a whole
because this definition is not objective therefore making it applicable to both
energy-saving research and supplier-led advanced metering initiatives.
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10.1.2 THE RESEARCH DEVELOPED A VISUALISATION
TOOL THAT DISTINGUISHES DIFFERENT PRODUCTSYSTEM-CONFIGURATIONS
From examining the market as of late 2007, there is a clear distinction between
supplier-led and user-led advanced metering systems, displayed by both
academics (see Chapter 1) and in international cases (see Chapter 2). The
‘product system configuration’ model has been successful in communicating a
wider range of specific differences and similarities of configurations. These have
been partially defined in theoretical models by experts such as Marvin (1999).
However this research enables the differentiation of available products through
the analysis. The devices, the type of communication, and the type of
feedback were on the whole different for the supplier-led configurations as
opposed to user-led configurations. The device used for the supplier-led
configuration is a digital and advanced replacement for the old mechanical
meters while the user-led configuration uses a sensor clipped on to the mains
power supply to relay electricity consumption to a portable in-home monitor.
The supplier-led configuration has a communication network between the
advanced meter (end-point) whereas the user-led configuration has an inhome wireless communication network. The user-led configuration generates
immediate feedback for the electricity consumer via this wireless network and
displays this in a meaningful way. The supplier-led configuration receives the
feedback in the form of accurate meter readings. The model did not focus on
any particular part of the physical system. Instead it included the physical
elements and relationships that were relevant to the specific case. Therefore
this type of model can be considered a useful tool for defining and comparing
advanced metering initiatives.
The other major benefit regarding the ‘product system configuration’ model is
the ability to generate a spread of options that represented an array of
products, systems and services. This was useful in this specific area of
research as potential systems could be generated simply by choosing what
parts of the spread model are required and what are not. This is displayed in
chapter 8 with the spread of scenarios, although theoretically many more could
have been developed. For example, if a new in-home electricity monitor
communicated information wirelessly to a USB receiver in the home PC, such
as the new ‘Powerwise’ product, this could be depicted within the model by
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inserting of a red directional arrow from the in-home monitor to the PC (device)
and placing an RF label on it. Therefore the product system configuration
works as a successful framework for building specific advanced metering
configurations while having the flexibility to incorporate the functionalities of new
systems/products.

10.1.3 THE RESEARCH FOUND THAT CURRENT SYSTEMS
TEND TO UNDER UTILISE EXISTING TECHNOLOGY IN
DOMESTIC ENVIRONMENTS
User-led advanced metering places great emphasis on the use of innovative
ECD’s but it is not generally considered beneficial to provide to customers
functions with poor financial returns to the utility. The most important feature
which ECD’s provide is the delivery of meaningful feedback. This plays a very
important role in energy savings as it allows metered data to be converted and
displayed in multiple forms, depending on how advanced the processing
power and display capabilities are. Therefore if the utilities wish to be a part of
energy-awareness and household saving energy, more emphasis must be
placed on electricity consumption displays.
As a result of examining the product system configurations, it is clear that the
metering and feedback of electricity consumption are delivered through
different communication mediums. However within the household this is largely
attributed to some form of wireless communication. Devices such as
computers, cellular phones and gaming consoles have some form of wireless
communication capabilities and are potential mediums for advanced metering
information. Their display capabilities are much better than any seen in devices
examined in Chapter 5. Shown Below in Fig 10a is a visual representation of
such devices. From examining more recent devices from 2010, it can be
concluded that the PC interface has been and still is an successful medium for
communicating consumption information(feedback).
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Fig 10a. Example of current interfaces acting as ECD’s25

Although there is no information regarding the appearance and usability of
websites (those provided as part of an supplier-led rollout) as part of this
research, the websites themselves have significant potential for the delivery of
meaningful information. However it is crucial that the design is based on
providing information that is coherent and compelling and provides multiple
ways of displaying information e.g. graphical, numerical, pictorial (Wood G.,
Newborough M., 2007). From more of a look into recent systems, these
interfaces are improving in respect to their visual integrity and clarity.

25

Play station Portable - http://taufanlubis.wordpress.com/2007/12/22/upload-games-music-moviephoto-save-games-data-from-ubuntu-to-your-sony-play-station-portable-psp/. Accessed 1
September 2010.
Personal Computer - http://www.logichp.com/tag/logicbuy/. Accessed 1 September 2010.
‘iphone’ - http://surfpk.com/apple-to-announce-iphone-4g/-0346.
Accessed 1 September 2010.
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10.1.4 THE RESEARCH FOUND A GAP IN THE AVAILABLE
PRODUCT MIX: AFFORDABLE RETROFIT SOLUTIONS TO
DISAGGREGATED FEEDBACK
Disaggregated metering is defined by the ability to meter manage multiple
appliances and/or groups of appliances simultaneously. At this stage domestic
retrofit solutions are expensive and complex making it difficult to achieve
disaggregated feedback, which differentiates consumption patterns between
separate electronic appliances and groups of appliances. Examples of such
groupings are ‘cooking’, ‘hot water’, or ‘entertainment’. This is important as it is
used to frame energy-use information into feedback which is useful for
understanding what appliances are the big consumers of electricity. Wood G.
(2003) argues that ‘appliance-specific information’ (ASI) gained from
disaggregated feedback on end-uses and grouped appliance use, is able to
promote energy saving behaviours. Wood recommends that ASI does not
have a high merit for all appliances and recommends that it is only for those
with the most potential for energy savings. The problem is the complexity and
cost of the system that is required to achieve effective disaggregated metering.
This can potentially be achieved in two different ways. The first involves using
additional sensors that have the capability to read appliance consumption and
communicate that consumption data back to a central display. The second
way is the use of sophisticated analysis software able to read a domestic
electricity consumption demand profile and differentiate consumption of
different appliances based on their generic demand profile. Challenge and
opportunity exists in providing this system at an affordable price. Plugwise, a
system discussed in Chapter 9, goes along way to achieving these goals,
however disaggregating appliance energy use through signature detection is
still largely unavailable but if possible would not have the need for so many
components.
Based on the evaluation parameters used in Chapter 5, the effectiveness of
design-led devices such as the ‘Wattson’ (see chapter 5) is not, as yet,
conclusive. However the inclusion of desirable features may aid in overall
effectiveness and engagement. This was supported by Williams (2005)
regarding the product ‘ipod’. Although the added investment in design can
increase the price of an electricity monitor, it is clear the improved aesthetic
look and feel of the device would greatly enhance it’s appeal potentially
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developing electricity monitors into a more desirable product standard as seen
in such categories as cell phones and mp3 players. Recent developments to
the ‘Wattson’ range include devices that measure both the consumption and
generation of electricity (in the case of on-site micro-generation). Another
development is the inclusion of different aesthetic looks and also varying
functionality. This is communicated well in their new website (DIY Kyoto 2010).

10.1.4 RECENT DEVELOPMENTS
As much of the research into products was performed in 2007, it is important
to note some changes as of 2010. The TED (2006) now has a new improved
model called the ‘TED 5000’ (2010) which looks similar to an MP3 player. It
has a new interface both on the device and through it’s PC/USB interface. Like
the new ‘Wattson’ this device can also meter the generation of electricity
through the use of an additional sensor. The Electrisave Energy Monitor (2007)
is still much the same but has gone through new branding is now known as
‘The Owl’. A smaller, simpler device called the ‘Owl Micro’ (REUK 2010) is also
available. The ‘Efergy Meter’ has also been updated into a more aesthetically
pleasing and ergonomic shape. The new software ‘e-link’, has good visual
communication for feedback and offers various formats of display. It also offers
remote controlled sockets like those used in the ‘Plugwise’ system. Other
products are also emerging, such as the ‘Eaga’ (Ethical Superstore 2011). This
product is very affordable and offers only the simple functionalities. However
these cheap devices will undoubtedly increase the availability of In-home
energy monitors.
Broadly speaking the market for electricity monitors is moving forward and
products are becoming more comparable to other common digital devices
such as mp3 players and cellular phones. Disaggregated metering, feedback
and control have just recently become available on the market through new
products however signature detection technology is not as yet in common use.
Utility-led initiatives like those conveyed in the case studies are frequent but
specific configurations are still relative to each unique case.

Advanced metering is an emerging technology. The first large scale
implementation took place less than 15 years ago. It is likely, given rapid
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developments in technology that in 20 years time the ways advanced metering
has been developed, and also the emerging potential for smart home
functions, will be dramatically different. Given the links to energy use, climate
change and people’s personal actions, it is of significant importance to
continue examination of advanced metering in relation to energy use. It is within
such a context that this research, it’s key findings, and it’s identification of
opportunities for future research, resides.

10.2 OPPORTUNITIES FOR FURTHER
RESEARCH:
HOW CAN IN-HOME DISPLAYS BE INCORPORATED INTO
AMM INITIATIVES USING A POSITIVE BUSINESS CASE
MODEL?
This is an important part of advanced metering research, as the benefits
provided by in-home energy monitors are often not delivered through AMM
initiatives. It would therefore be useful to identify whether or not successful
AMM solutions can be generated with the inclusion of in-home monitors such
that it satisfies a business case model.

WHAT IS THE EFFECTIVENESS OF SIGNATURE DETECTION
TECHNOLOGY IF USED TO DISAGGREGATE APPLIANCE
USE WITHIN THE HOME?
This research has not had the opportunity to investigate signature detection
technology or more broadly the technology to differentiate usage based of the
analysis of a home electricity consumption profile. This would mainly involve
investigating the existing software for the signature detection and more clearly
identify the potential solutions that are affordable and retro-fit.
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WHAT ARE THE ALTERNATIVE DISPLAY MECHANISMS FOR
COMMUNICATION CONSUMPTION INFORMATION?
This research would be based around investigating the existing forms of
communication (feedback) that could be incorporated into devices and the
different mediums (sight, sound, ambient) it can use. Other electronic devices
such as those in the Media may be a good area for examination. This is an
important area of research as it may aid in increasing the desirability of in-home
monitors through a more enjoyable and coherent experience.

HOW CAN THE AESTHETIC CHARACTERISTICS BE
IMPROVED AND CAN THIS IMPROVE THE DESIRABILITY OF
SUCH DEVICES?
There are many aesthetic factors to consider when designing a Electricity
Consumption Display (ECD) such as, what does the interface look like? And
what does device look like? What if you could customise your meter? This area
of research may be fertile when considering the array of other digital devices,
which can offer insight by comparison.

CAN WEBSITE DESIGN BE IMPROVED TO AID IN THE
DELIVERY ENERGY-RELATED FEEDBACK?
A website is like any other form of interface in the fact that it requires good
design to get the information to the user coherently and in a compelling way.
Some type of structure would be useful for framing information and some
guidelines in relation to the level of complexity of the metering information.
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GLOSSARY OF TERMS
SME’S

(Small to Medium Enterprises).

AMR

(Automated Meter Reading). One way
communication from the meter to a data collector.

AMI

(Automatic Meter Infrastructure). The infrastructure
relating to advanced metering systems, in particular
AMM.

AMM

(Automatic Meter Management). Two way
communication between the meter and the supplier
which offers various communication and control
benefits.

INTERVAL METER

An meter with the capability to store and
communicate consumption data over specific time
periods.

GSM

Communication technology that allows wireless
communication.

PLC

(Power Line Carrier) Allows basic transmission of
data along power lines.

LPR

(Low Power Radio) Wireless radio communication
that can be used in the home for in-home monitors.

STRANDING COSTS

Potential costs resulting from the non-inclusion of
technology.

RIPPLE CONTROL

A system that is applied to electricity networks to
reduce errors (faults in power supply).

SMART APPLIENCES

Appliances that have special chips or
communicating devices that allow functionality with
a advanced metering device.

DG

(Distributed Generation) Energy production that is
generated locally by various parties (large and small)
though small scale generation methods such as
micro-hydro, solar, wind etc which is then supplied
to the energy grid for consumption.

DEMAND SIDE MANAGEMENT

Managing the demand for electricity (requirement
for generation) opposed to the supply (capacity of
generation).

API

(Appliance Specific Information). This relates to
energy-use information specific to a particular
appliance.

GAI

(Grouped Appliance Information) Grouping is used
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to aid understanding of energy use (time fuel, use
or, person).
ECD

(Advanced energy consumption displays). A display
that communicates quantities of electricity used
over what timeframe. Also known as an in-home
monitor.

MB

(Micro Behaviour) Any distinctive behaviour within
an energy consuming event that contributes to the
amount of electricity consumed.

ESB

(Energy Saving Behaviour). A behaviour that leads
to a reduction in Electricity Consumption.

ACCOUNTANT TYPE

A type of consumer who makes energy use
decisions on cost.

DHW

(Domestic Hot Water).

RMS

(Remote Metering System). Metering system used
in remote location where utility support is low.

HAWTHORN EFFECT

The potential effect on results when participants of a
study are aware that they are being studied.

FALLBACK EFFECT

The effect experienced when people are involved in
a new activity or initiative in which they have a high
initial effect but this effect decreases over time.

LC

Local controller (Power substation).

RC

Regional Controller (Main power station)..

CPP

(Critical Peak Pricing). Also known as multi-tarrif
system. Allows customer to have different pricing
schemes for different times of the day. This is used
to try reduce peak energy demand by flattening the
demand curve.

AMD

(Automatic Meter Disconnect). The ability for the
supplier/meter manager to remotely control
residential meters functions such as Remote
Disconnection.

PSC

(Product System Configuration). This is a model
used to understand the configuration of the
products, communications and users of an
advanced metering system.
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