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Executive summary 
Smart metering is being introduced in many countries across Europe.  As well as facilitating the 

business processes of utilities, smart metering can also provide final customers with detailed 

information on their domestic energy consumption. This information includes data on how much 

gas and electricity they are consuming, how much it is costing them and what impact their 

consumption is having on greenhouse gas emissions. It is generally believed that this 

information can be used by customers to reduce their energy consumption.  However, this is a 

new topic and there is little experience of using smart metering to support energy saving.  This 

Guide has been produced to collect best practice as it is currently understood and advise those 

charged with implementing smart metering.  As such it is a work in progress and all of the 

chapters will be the subject of future updates.  These will capture both the increase in the 

understanding of the topic and the new applications that smart metering may catalyse.    

 

Europe faces daunting challenges in reducing its energy consumption and mitigating the impact 

of climate change. Smart metering can contribute towards these objectives and it is 

recommended that utilities and other stakeholders should consider the various benefits that 

smart metering can deliver including:  

 

¶ enabling services that improve energy efficiency and help to save energy 

¶ enhancing business efficiency and service performance of distribution system operators, 

energy retailers, energy service providers and energy final customers 

¶ avoiding investments in networks and generation 

 

Analysis of trials of smart metering presented in Chapter 3 leads to the following guidance about 

energy feedback: 

 

¶ Consumers need to be able to see instantaneously and continuously what is happening 

to their consumption, without having to switch on an optional in-home feedback device 

first; 

¶ Direct feedback promises to be more effective than indirect feedback; 

¶ Feedback promises to be more effective when accompanied with goal setting; 

¶ Historic feedback promises to be more effective than comparative or normative feedback; 

¶ Direct displays in combination with better billing promises to be a more preferred way of 

communication for consumers than feedback through an indirect (delayed) personalized 

web page 

¶ The internet promises to provide useful additional feedback through incorporation of 

further analysis and advice on a longer term basis 

 

For smart metering, it is necessary to be able to communicate remotely with the meter. This is 

enabled by a Wide Area Network (WAN).  To support the introduction of new products and 
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services related to energy services and energy saving the design of the WAN should allow for 

future growth in communication performance requirements (such as data rates, availability and 

speed of response). To allow smart meters to integrate with smart homes control devices and 

customer owned energy management software meters should contain a local bidirectional 

communication link. This communication should be supported by the adoption of standard 

interfaces and data communications protocols. Because smart meters record sensitive personal 

information, provide data for billing and provide access to critical networks the security of the 

system must be managed appropriately.  It must be ensured that only approved parties can 

access the meter data and communications networks. (Chapter 4) 

 

The use of smart metering to promote sustainability applies to all utilities, including gas, heat and 

water. To allow these to benefit from smart metering it is recommended that multi-utility smart 

meter systems should be implemented. This should be supported with an expandable data 

standard that can accommodate all of the utilities used. Regulators should consider how best to 

allow access to all market participants so that smart metering can support a liberalised market 

model. For district heating companies and governments, before installing smart metering, the 

first step should be to improve the thermal efficiency of the system, networks and properties.  

Smart metering of heat supplies does not fit well with previous industry practice but it should be 

applied to thermal nodes and heat substation and future installations should be smart meter 

enabled... For District heating and natural gas companies there is a need to develop 

complimentary services that can be delivered with the smart metering system. Careful 

consideration should be given where multiple utilities are displayed in the same location to 

ensure that appropriate environmental messages are conveyed. (Chapter 5) 

 

Huge investments are needed in the power sector in the upcoming decade in Europe due to the 

increasing energy demand, ageing generation facilities and ageing transmission and distribution 

infrastructure. Simultaneously the electricity grid will have to be adapted to a further increase in 

the share of both Renewable Energy Sources (RES) and Distributed Generation (DG). Because 

of this the European distribution grids are expected to develop into a Smart Grid. Utilities should 

investigate to what extent the ICT systems for smart metering can be combined with those for 

the Smart Grid. Basic smart metering features for the Smart Grid include the support for dynamic 

pricing and for two-way communication with a Home Area Network (HAN). (Chapter 6) 

 

The link between demand response and smart metering (DR) is explored in greater detail in 

Chapter 7. DR can be defined as the voluntary reaction by the final customer to a price signal, 

e.g. delaying electricity demand for an hour or two to avoid an extreme price peak. When 

preparing the roll out of smart meters, the relevant design features related to demand response 

should be included in the meter requirements and the costs and benefits associated with DR 

included in the financial analysis. The design features include the time resolution of the metered 

values (days, hours, quarters or minutes) and the feedback and communication possibilities.  
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Both smart homes and smart meters are promoted for the energy savings they can bring about 

in the home. Although they can both work independently, it is clear that combined they may 

provide even greater energy saving benefits. However, agreement must be reached on standard 

interfaces between the systems if this is to become widespread. (Chapter 8) 

 

The introduction of smart metering will provide a dedicated gateway to the final customersô 

home.  This will allow the energy retailer and energy service companies to offer additional 

energy related services that may benefit both final customers and the utilities. However, the 

introduction of smart metering to households and small-size businesses requires concerted 

action from all the market players in order that the potential benefits are harnessed to their full 

potential. Unless such a coordinated approach is taken, interested parties, such as utilities, may 

be exposed to costs without a corresponding counter value. Therefore, any plan for smart 

metering introduction should be designed based on a detailed cost-benefit analysis to avoid or 

diminish potential negative financial impacts. If a positive decision is taken, it should be 

accompanied by proper promotion activities directed at final consumers to explain why a smart 

meter is beneficial, what functionalities it will bring, and how it can be beneficial (e.g. to lower the 

present energy consumption and energy costs and improve comfort). (Chapter 9) 

 

A key challenge facing the smart metering industry is that previous trials have given mixed 

results with regard to the energy savings. It is also becoming clear that it is not a simple matter 

to conduct a trial that gives an accurate forecast of the savings that will be achieved in a mass 

roll out. Further, the potential for energy savings can be expected to be different from one final 

customer segment to another and from one country to another and depending to how the trial is 

conducted and what other measures support smart metering in energy saving. It follows that the 

lessons learnt in carrying out trials should be captured and shared as best (or not best) practice 

and a common methodology developed that gives reliable results that can be compared with 

those from other trials. Chapter 10 sets out guidelines on how to develop clearly efficient designs 

for such field tests.  Key issues are that there must be a control group, samples must be 

sufficiently large to allow sub groups to be identified and that the trial groups should be surveyed 

so that factors that might disturb the results can be corrected. 

 

Due to the role that energy plays in commerce and society it is inevitable that any significant 

change, such as the introduction of smart metering, will be the subject of regulation and the 

interest of governments and the European Commission. It is important to identify an optimum 

detailing level for the Regulation and this is the subject of Chapter 11. Poor, overly complex and 

unpredictable regulation will have negative impacts on the implementation of smart metering and 

reduce expected benefits. Regulators must consider the need to provide for the final customer to 

have access to meter data and to control the use of data by those other parties who have 

access to the data. Definition of common functional requirements for smart metering will 

increase the benefits both for utilities and for society as a whole. These functionalities should be 

coordinated with other relevant Authorities, for example, the Office of Weights and Measures. 
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The issue of stranded assets arising from smart meter roll outs must be considered by 

Regulators who should seek solutions that are fair to utilities and customers.  

 

Utility metering is currently governed by the Measuring Instruments Directive and associated 

harmonised standards.  The progression of smart metering will undoubtedly depend on the 

development of new standards to deal with the new functionalities introduced and to provide 

interoperability.  Smart meters will introduce new data items and data flows as well as new 

business processes, such as dynamic tariffs, multi utility data flows, pre-payment options, whilst 

also making available detailed final customer usage data and distribution system performance. 

Chapter 12 takes a broad look at the issue of standardisation and how this can assist (or delay) 

the introduction of smart metering.  Specific requirements are identified for the support of the 

energy saving aspects of smart metering. There should be an agreement on common minimum 

functionality and interoperability regarding provisioning of feedback from smart metering systems 

and European stakeholders should begin investigating the feasibility of adopting existing 

standards or developing new standards for use across Europe. These standards would need to 

cover physical and data aspects and meet the needs of all European member states. The 

standards should allow freedom to innovate smart metering systems and feedback techniques. 

Data standards should be expandable to allow the inclusion of entities such as those required to 

show environmental impact; for instance carbon equivalent (e.g. kg CO2/kWh) of the energy 

stream. Physical and data standards should be agreed for local communications with meters. 

These should enable non-utility devices and systems to access meter data. Standards should 

allow the control of what data can be made available by the meter and access to the data.  

 

In the final chapter of the Guide (Chapter 13) guidance is provided on how smart metering 

should be introduced to final customers. The attitude of the general public to smart metering can 

be crucial to its impact on energy consumption. A thorough survey of customersô attitudes should 

be conducted to inform both the design of the smart metering scheme and its introduction. It is 

possible for the public to have a negative attitude and these attitudes need to be anticipated and 

negated.  Cooperation between the utilities and consumer bodies and energy agencies can 

assist in promoting a positive attitude.     
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1. Introduction 
Utility metering is undergoing a revolution as long established mechanical and electromechanical 

meters are replaced by electronic meters. These electronic meters, combined with low cost 

communications and enterprise software, are enabling a wholly new approach to metering. This is 

referred to as ósmart meteringô and it is the subject of intense interest from utilities and others 

around the world. One major benefit of smart metering is the ability to give customers accurate and 

timely information about their energy usage, which has been shown in trials to allow them to 

reduce their energy consumption. Smart metering can also enable more complex time of use tariffs 

so that system demands can be reduced. It must be understood though, that smart metering does 

not automatically provide customers with energy usage information and trials show varied results 

depending on how the information is presented and what supporting measures are applied. Energy 

feedback is a relatively new topic and the subject of growing interest and research.  This Guide has 

been written, and ESMA set up, to provide advice on how to make smart metering an effective tool 

for energy saving.   

 

This Guide has been written to provide advice to those developing and implementing smart 

metering systems, especially for those who want to use it to reduce energy consumption. Other 

readers should find it a useful guide to the exciting new topic of customer feedback.  

1.1. Smart metering ï scope and challenges 

This report focuses on the promotion of Energy Saving of Energy Customers in relation to Smart 

Metering. In the utility world several definitions of Smart Metering are used, depending on which of 

the possible services are included or not. Within the context of this report the following definition of 

ósmart meteringô is used [Koponen 2007]: 

 

Smart metering has the following features: 

¶ Automatic processing, transfer, management and utilisation of metering data 

¶ Automatic management of meters 

¶ Two-way data communication with meters 

¶ Provides meaningful and timely consumption information to the relevant parties and their 

systems, including the energy consumer 

¶ Supports services that improve the energy efficiency of the energy consumption and the 

energy system (generation, transmission, distribution and especially end-use) 

 

óSmart meteringô has received more and more attention within the utility sector around the world 

over the past years. This is due to a mix of factors including increasing technological possibilities, 

decreasing costs, and the desire for utilities to improve their services. 

  

Another driving factor for smart metering - especially in Europe - is the increasing attention from 

governments towards energy saving. In Europe, through the Energy End Use Efficiency and 

Energy Services Directive [ESD], the European Commission has set requirements for EU Member 

States for the provision of energy consumption information to final customers from their meters 

[ESD 2006]. Article 13 of the ESD specifically refers to metering. The text of Article 13 is given 
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below. In Italy and parts of Sweden and Finland advanced metering has already been installed 

[Togeby 2008]. 

 

Article 13 of the ESD Metering and informative billing of energy consumption  

 

1. Member States shall ensure that, in so far as it is technically possible, financially reasonable and 

proportionate in relation to the potential energy savings, final customers for electricity, natural gas, 

district heating and/or cooling and domestic hot water are provided with competitively priced 

individual meters that accurately reflect the final customer's actual energy consumption and that 

provide information on actual time of use. 

 

When an existing meter is replaced, such competitively priced individual meters shall always be 

provided, unless this is technically impossible or not cost-effective in relation to the estimated 

potential savings in the long term. When a new connection is made in a new building or a building 

undergoes major renovations, as set out in Directive 2002/91/EC, such competitively priced 

individual meters shall always be provided. 

 

2. Member States shall ensure that, where appropriate, billing performed by energy distributors, 

distribution system operators and retail energy sales companies is based on actual energy 

consumption, and is presented in clear and understandable terms. Appropriate information shall be 

made available with the bill to provide final customers with a comprehensive account of current 

energy costs. Billing on the basis of actual consumption shall be performed frequently enough to 

enable customers to regulate their own energy consumption. 

 

3. Member States shall ensure that, where appropriate, the following information is made available 

to final customers in clear and understandable terms by energy distributors, distribution system 

operators or retail energy sales companies in or with their bills, contracts, transactions, and/or 

receipts at distribution stations: 

(a) current actual prices and actual consumption of energy; 

(b) comparisons of the final customer's current energy consumption with consumption for the same 

period in the previous year, preferably in graphic form; 

(c) wherever possible and useful, comparisons with an average normalised or benchmarked user 

of energy in the same user category; 

(d) contact information for consumersô organisations, energy agencies or similar bodies, including 

website addresses, from which information may be obtained on available energy efficiency 

improvement measures, comparative end-user profiles and/or objective technical specifications for 

energy-using equipment. 

 

Smart metering schemes are being developed in many countries across Europe, including the 

Netherlands, United Kingdom, France, Germany, Spain, Portugal, Irish Republic, Norway and 

Denmark. 

 

The implementation of smart metering systems that reduce energy consumption is not simple for a 

number of reasons. The main reasons are: 
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¶ Although trials seeking to establish the energy saving benefits of smart metering have yielded 

promising results, the trials have been carried out in different ways so that firm conclusions 

cannot be drawn. It is also clear that final customer reaction depends on the way that the 

information is presented to them and the proposition they are offered by the Energy Retailer. 

Smart metering has given best results in combination with other methods and not alone.  

¶ Smart metering systems provide a number of benefits beyond customer information and 

different parties receive these benefits. This creates the need to share the costs of 

implementing smart metering in proportion to the benefits received. This becomes more of a 

challenge as energy markets are broken up and more parties are involved. 

¶ Article 13 of the ESD offers a wide range of interpretations, where some of the key parameters 

(especially ñestimated potential savingsò) needed to make these judgements are not available 

or accepted by all parties. This lack of certainty leads to a cautious interpretation of the 

Directive that may fail to deliver the full energy saving benefits of smart metering.  

Smart metering is a recent development and there is only limited experience with it. Consequently, 

there is a high degree of perceived risk in its implementation. 

 

For the purposes of the ESMA project, the main feature of smart metering is the possibility of 

providing final customers with more information on their energy usage. Support for this claim 

comes from a series of trials of smart metering that have been carried out and these suggest that 

final customers can save between 10% and 5% of their energy consumption when provided with 

such information. As approximately 40% of the European Member States energy consumption 

passes through the meters covered by the ESD, the potential for improved energy utilisation is 

substantial and explains the widespread interest in smart metering.  

 

A further claim for smart metering is its focus on total energy consumption levels. There is growing 

focus on reducing total energy demand rather than improving the efficiency of individual devices 

and appliances. This shift follows concerns that, even with more efficient appliances, it is possible 

to see consumption go up as final customers make more use of the appliances or purchase larger 

ones. Smart metering, by providing a direct view of their total consumption levels, allows final 

customers to understand and reduce their total consumption. 

1.2. Purpose of this guide 

 

Smart metering can provide the foundations for a radically different approach to energy reduction 

schemes. However, the implementation of smart metering is a complex undertaking and its 

success depends on getting many factors right, from technology choice to how the information is 

presented to final customers. Making the expected reduction in energy consumption depends on 

achieving a positive reaction from final customers. Maintaining and increasing these savings will 

need the engagement of Energy Retailers, energy agencies and others. 

 

This Guide has been produced to bring together the lessons learnt from smart metering systems 

and trials, targeted on the promotion of End Use Energy Efficiency. The aim is to assist those 
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groups implementing smart metering for this purpose (possibly among others) or considering it and 

to maximise the benefits arising from those implementations. . 

 

The main target audience for the Guide are utilities, ESCOôs and service providers across Europe. 

In most countries these are the parties investing in the smart metering systems and providing the 

smart metering services. In addition to these, governments, regulators, consumer bodies and 

energy agencies, as well as suppliers and system integrators, might also find valuable information 

in the Guide.  

 

As the subtitle indicates, the focus of this Guide is on the application of smart metering for 

delivering energy saving. Making the expected reduction in energy consumption depends on 

achieving a positive reaction from final customers. In general, the successful provision of smart 

metering services is highly dependent on the right involvement of the energy final customer. 

 

This guide is not a ready-to-go manual for the installation of a specific type of smart metering 

system. Rather, the authors have tried to give the reader an insight into some of the complexities 

of the whole implementation process of smart metering systems. Also the guide is impartial 

regarding different technologies, unless there is strong evidence available.  

As experiences with smart metering are accumulating quite rapidly, this Guide will be updated 

yearly to keep up with developments. To assist in this process of updating, readers are invited to 

send any comments or remarks to the authors.1 

1.3. About the European Smart Metering Alliance (ESMA) 

This Guide is produced by the Project Team of the European Smart Metering Alliance (ESMA). 

ESMA is an alliance of companies and organisations for the advancement of smart metering in 

Europe. ESMA is working to develop best practice in smart metering so as to deliver the best 

energy saving benefits. It has been formed by a number of interested organisations from across 

Europe - from academics to utilities and energy agencies - with partial funding from the European 

Unionôs Intelligent Energy for Europe programme. 

  

ESMA consists of a Project Team and an Alliance. The ESMA Project Team is responsible for 

producing a number of European-wide reports on smart metering, including this Guide. The 

Alliance works together closely with the ESMA Project Team, and has been involved in 

commenting on draft versions of this Guide.  

 

Membership of the alliance is open to all organisations involved in smart metering at a nominal fee 

of ú 500 per annum2. Members of the Alliance have the benefits of being informed of smart 

metering developments throughout Europe; being able to play an active part in shaping the 

activities of the Alliance; and having access to all of the project deliverables. More information 

about the European Smart Metering Alliance is on the website: www.esma-home.eu 

                                                

 

 
1 Please send your remarks to John Parsons (BEAMA) at JohnP@beama.org.ukn.nl  
2
 Non-corporate organisations can join the Alliance for free. Please contact esma@beama.org.uk for details. 

mailto:esma@beama.org.uk
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2. Why smart metering? 
There are many reasons for introducing smart metering, the most important of which, for this 

Guide, is its potential for promoting energy saving and greater sustainability. This chapter briefly 

examines the environmental, commercial and regulatory context within which smart metering is 

being developed, sets out the primary benefits that might be achieved by a successful 

implementation of smart metering and highlights those specific benefits that meet the objectives of 

this Guide.  

2.1. Context of smart metering  

Europe faces daunting challenges in reducing its energy consumption and mitigating the impact of 

climate change. One measure taken in Europe has been the introduction of The Energy End Use 

Efficiency and Energy Services Directive (ESD) [ESD 2006] which has been implemented by 

Member States during 2008. This requires all member states to reduce their energy consumption 

by 9% over 9 years. Article 13 of the Directive sets European Member States minimum 

requirements for the provision of energy consumption information to final customers from their 

meters. This has provoked great interest amongst governments, utilities and regulators in the 

introduction of smart metering as the preferred means of providing this information and a number 

of countries are pressing ahead with implementing smart metering.  

 

Although the ESD is the major reason for the current interest in smart metering, there are a 

number of other European Directives that are relevant. These are the Services Directive [SD 

2006], the Measuring instruments Directive [MID 2006], the Energy Performance in Buildings 

Directive [EPBD 2002] and the Commission's third legislative package for Electricity & Gas 

markets, September 2007 [EC 2007].  

 

Smart metering refers to a whole range of new functionalities which have been made available by 

the introduction of electronic utility meters, low cost communications and enterprise software. 

Smart metering allows utilities to remotely read and manage meters, communicate with final 

customers and provide final customers with accurate and detailed energy usage information. The 

multiple possibilities of smart metering have led to a large number of different definitions of smart 

metering. ESMA has adopted the definition as given in Chapter 1.  

 

¶ For the purposes of ESMA the main feature of smart metering is the facility to support energy 

savings through, for example, the provision of more information to final customers. 

¶ The reason for this is that a series of smart metering trials suggest that final customers can 

save up to 10% of their energy consumption when provided with such information [Van Elburg 

2007]. As approximately 40% of the European Member States energy consumption passes 

through the meters covered by the ESD, the potential for improved energy utilisation are 

substantial and explain the widespread interest in smart metering.  

¶ Additionally, there is increasing interest in the reduction of energy demand as an objective 

rather than aiming for improved energy efficiency of individual devices and appliances. This 

shift follows concern that, even with more efficient appliances, it is possible to see consumption 

go up as final customers make more use of them or buy larger ones. Smart metering, by 
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providing a direct view of total consumption levels, allows final customers to understand and 

reduce their total consumption.  

2.2. Advantages and costs of smart metering  

Although the focus of this Guide is on energy saving and demand reduction, a full listing of the 

various benefits of smart metering is given in the Table 2-1below. These benefits are instrumental 

in formulating the process of implementing smart metering. Where this Guide deals with a benefit 

in more depth, this is indicated in the text. Those benefits directly benefiting energy saving are 

highlighted. 

 

Table 2-1 Benefits of smart metering 

Benefit Beneficiaries 
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Advantages of smart metering  

Network operations      

By providing information from every supply point the DSO will 

receive greatly increased levels of monitoring of the distribution 

system. This information can be used to improve their 

operation of the network and investment decisions related to 

system upgrades.  

  V   

Meter and billing operations      

Remote collection of meter data should reduce the cost of data 

collection, eliminate estimated bills and provide accurate data 

for usage information on bills. 

V V V   

Linkage of different utility meters (such as electricity, gas, heat 

and water) further reducing the costs. See Chapter 5 ñSmart 

metering systems ï multi-utility issues. 

 V    

Smart metering can reduce theft and increase revenues for 

Energy Retailers. Identification of locations where fraud levels 

are high is possible. Realising this benefit, however, depends 

on careful implementation of smart metering systems and 

higher specification meters as fewer site visits can leave 

meters vulnerable to interference. This is a benefit to honest 

customers as well as the Energy Retailers and DSO. 

V V V   

Remote management of meters will allow meter operators to  V V   
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avoid physically visiting meters and eliminate problems 

associated with gaining access to meters. It can also help with 

remote switch-on/off functionality to reduce safety risks and 

energy consumption on unused premises. 

Demand management and system operation      

Smart meter systems can be used to reduce the final customer 

load when networks or generation capacity is approached, 

reducing the cost of energy supply and improving its energy 

efficiency. Customers save in energy costs. See Chapter 7 

ñSmart metering services for demand responseò. 

V V V V  

Energy saving, embedded generation and renewables      

Smart meters will provide final customers with much more 

energy usage information, either on their bills, via the internet 

or directly within their homes, or a combination of all of these. 

Current expectations are that final customers will respond to 

this information by reducing their consumption by between 10% 

and 5% for in house displays. This should reduce their energy 

costs although this will depend on the details of their supply 

contract. See Chapter 3 ñThe customer and smart 

meteringò. 

V V  V V 

Smart metering will support embedded generation and the 

integration of renewable power generation. Signals from the 

smart metering system can also be used to control energy 

management processes within the property, allowing further 

cost reduction. See Chapter 6.2 ñSmart metering and the 

Smart Gridò. 

V V V V V 

Smart meters will support dynamic tariffs that may be required 

to improve the utilisation of less predictable wind and solar 

energy resources. See Chapter 6.2 ñSmart metering and the 

Smart Gridò 

 V V V  

Smart meter components and infrastructure can be linked to 

other energy savings schemes such as White Certificates. See 

Chapter 9 ñThe utility and smart meteringò. 

V V    
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Smart metering will create an opportunity for energy saving 

agencies and other groups promoting energy demand 

reduction to devise enhanced energy savings measures based 

on the use of smart meters (for example, providing immediate 

feedback on savings resulting from the use of low energy light 

bulbs). See Chapter 9 ñThe utility and smart meteringò. 

 V  V V 

Market operation      

Smart meters may provide improved and faster processes for 

final customer switching between Energy Retailers. This would 

support market liberalisation. 

V V  V  

Smart metering can enable demand response that is necessary 

for efficient and secure operation of the electricity markets and 

other energy markets. 

V V  V  

Smart meters offer the possibility of reducing the capacity of 

the electricity/gas connection which may also have benefits for 

lower income classes as an alternative to disconnection. 

V V    

Smart metering can support pre-payment contract options 

making pre-payment more attractive and less costly for final 

customers. See Chapter 4 ñSmart metering systems ï 

technical optionsò. 

V V   V 

 

Table 2-1 Costs of smart metering 

Cost Party 

Investment cost      

It is clear that the use of smart meters will be associated with a 

number of higher costs, ranging from the capital cost of the 

meters, communications costs (capital and operating costs) to 

possibly higher maintenance costs. These greater costs will be 

accompanied by the reduced costs listed above and their 

balance will vary from implementation to implementation. 

Further information on this can be found in ESMA Work 

Package 3 ñFinancial Toolkitò [Parsons 2008A]. What can be 

said is that the implementation of smart metering, because of 

V V V V  
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the large number of meters involved, will typically represent a 

very large financial investment that must be fully and carefully 

justified. 

Energy consumption      

Smart metering systems are likely to consume more power 

than conventional metering. Any analysis of the energy saving 

benefits of smart metering should include a comparison of the 

energy consumption of the conventional and smart systems. If 

the smart metering system consumes more this additional load 

must be deducted from the final customer energy savings. 

Based on current technology and largely arising from the 

communications function, potentially this could raise residential 

electricity demand by 0.5%. Advances in low power electronics 

and communication technologies will ameliorate this 

disadvantage over time. This issue is dealt with in more detail 

in D2 Impact of Smart Metering [Parsons 2008B]. 

V V V V V 

Security      

Smart meter systems are vulnerable to hacking attempts as 

they are widely accessible for extended periods and control 

large financial values. There will be a cost implication to 

ensuring their current and future security. 

V V V V  



 

 

 

European Smart Metering Guide 2009  

Energy Efficiency and the Customer  

12 

2.3. Progress towards smart metering 

The benefits of smart metering have been recognised within the ESD and by member states. 

Advanced metering has already been installed in Italy and parts of Sweden. Schemes are being 

developed in the Netherlands, United Kingdom, France, Germany, Spain, Portugal, Irish Republic, 

Finland, Norway, Denmark [Togeby, 2008]. Trials of the technology are underway across Europe, 

including major trials of 300,000 homes in France and 43,000 homes in the UK. The provision of 

energy feedback information varies considerably between the different schemes, with some 

providing feedback via more frequent and accurate bills and others making information available 

on the meter or via an internet link. The ESMA Annual Report 2008 [ESMA 2009] contains a 

detailed listing of all the schemes that we have been able to discover. Outside of Europe there is 

also progress in smart metering, principally in the US, Canada and Australia. A good report on the 

cost benefit analysis of smart metering and the recommended functionality is available from 

Australia [NERA 2008].  

 

2.4. Recommendations 

¶ Regulators should require that all utilities introducing smart metering include a statement in 

their proposals on how they will use the smart metering to enable and support services that 

improve energy efficiency and help to save energy. 

  

¶ Both costs and benefits of smart metering systems are highly dependent upon national and 

local circumstances and upon specific characteristics of final customer segments. A proper 

evaluation of the costs and benefits of introducing smart metering should therefore be done 

per country and per final customer segment. 

 

¶ Before introducing Smart Metering for reasons of energy saving, a full energy analysis 

should be made of the system to be used. This energy analysis should not only take into 

account the expected increases in energy saving at the final customer side, but also the 

increase in energy consumption through the deployment of the smart metering system 

(including the stand-by consumption of the ICT equipment). 
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3. Smart metering and customer feedback 
 

This chapter identifies the current understanding of the most effective consumer feedback 

techniques that can be considered to favour the implementation of smart meters for lower costs 

and higher benefits. This is based on the conclusions of a broad sample of the latest international 

research findings and recent experiments into the information aspects of smart metering, 

containing both positive as well as negative experiences [Elburg 2007]. The purpose of this chapter 

is to lead the reader to some clear principles for effective customer feedback. 

3.1. Benefits for consumers 

Traditionally, utility meter readings are not easily accessible to consumers. The information is 

displayed in kWh, often shown as a cumulative total. And the consumer cannot access historical or 

instantaneous information. Even billing is often based on estimates without useful historical 

information. Except for countries where self-reading is common and meters are freely accessible to 

the consumers, the meters are often put close to where the electricity or gas supplies come into 

the building and are seldom easily accessible for consumers. The majority of consumers have 

difficulties in locating their meters, or do not easily understand the information displayed on the 

existing meters. The introduction of smart metering in combination with feedback devices can 

change this to the benefit of the customers. The most common benefits in short are: 

 

¶ The end of estimated bills. The benefit of more frequent bills based on real consumption and 

without waiting for a meter reader, will certainly appeal to most consumersô imagination. It will 

also tackle some of the serious debts which arise when estimated bills grossly underestimate 

actual consumption. On the other hand, accurate bills mean that energy costs can also rise 

strongly in certain periods of the year, which could be hard to bear for the most disadvantaged 

in society.  

 

¶ The provision of historical data on bills to show how energy consumption compares with the 

same billing period of the previous year. 

 

¶ The possibility to become more aware of household energy consumption and the ability to 

better manage energy consumption, resulting in savings on energy bills. 

 

¶ The ability to switch the supply contract between debit and credit without requiring manual 

intervention or the installation of prepayment meters. 

 

¶ The ability to switch more easily between energy suppliers. 

 

¶ The ability to adapt energy consumption patterns to take advantage of time of use tariffs and 

hence lower costs. 

 

¶ The ability to install micro generation measures without new metering arrangements. 
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¶ The possibility for prepaid or post paid schemes and easier credit, either by phone or internet 

for pay as you go meters. 

 

In the presentation of these advantages, the eventual disadvantages should not be forgotten:  

 

¶ Smart metering can lead to more automation, privacy concerns and can be more vulnerable to 

misuse of systems or data by criminals, vandals and hackers. These concerns should be 

solved by good security and appropriate regulation of the access to, and use of, the data. 

 

¶ Careless introduction of smart metering and related possibilities (e.g. differential tariffs) may 

lead to higher costs for some consumers or another form of decreased final customer 

satisfaction.  

 

But all in all, it seems that these disadvantages can be overcome and will not outweigh the 

advantages. Careful piloting of both meters and feedback is essential to minimise the 

disadvantages.  

3.2. Types of feedback for consumers  

International feedback experience in demand response pilots covers a wide range of practices. 

These practices can best be understood by looking in terms of their contribution to the technique of 

information dissemination and data presentation as part of a learning process. People take in 

information concerning their energy use, they gain understanding by interpreting what has 

happened and finally, they act/change their behaviour in some way.  

 

Demand response is a generic term for energy delivery programs to residential and commercial 

customers that combine supply with additional communication efforts in order to encourage (or 

eventually enforce) reducing or shifting energy consumption for the benefits of security of supply 

and climate conservation. The communication can be based on pricing (incentive pricing and tariff 

schemes), limitation (load control/ pre payment) or on consumption feedback information. The 

general communication objective of demand response is to create pro-active customer 

participation (peak shifting or energy savings) through greater awareness and an increased sense 

of responsibility.  

 

Effective demand response schemes often include technical equipment such as smart meters and 

communication applications to add feedback functionalities to the smart meters. The level of 

advanced feedback functionalities will enable the full potential of demand response. 

 

This paragraph divides feedback into basic types, based on a mix of various degrees of: 

¶ ease, immediate and continuous information dissemination; 

¶ type, quality and quantity of data presentation; 

¶ interaction and control by the energy user. 

 

The basic types of feedback that can be distinguished are: 
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1. Indirect feedback that has been processed before reaching the end-customer and mediated 

through another channel;  

2. Direct feedback in real time, either through an individual associated in-home display (whole 

house or appliance specific) or as part of a pre payment program or time related pricing 

structure. 

 

These basic types of feedback are described below. 

Indirect feedback  

Important characteristics for indirect feedback are that end-customers: 

 

¶ have no direct access to actual consumption data; 

¶ respond to previous consumption behaviour (which may have a lower information value);  

¶ need to switch to another medium channel (e.g. bill, website etc); 

¶ need a level of commitment regarding regular use and interaction;  

¶ have to rely on processed information. 

 

Examples of indirect feedback are frequent (e.g. day-to-day) feedback through an interactive 

webpage on internet, PC, e-mail, SMS or frequent periodic informative billing. These types of 

feedback are based on smart meter readings with a combination of: 

 

¶ historical feedback; 

¶ comparative feedback;  

¶ normative feedback; 

¶ disaggregated feedback (e.g. the heating load at different times of year);  

¶ detailed annual or two-monthly energy reports. 

 

Research findings indicate that savings from indirect feedback range from 0% to 10%, but can vary 

according to context and the quality of information given. There are also indications that indirect 

feedback is more suitable than direct feedback for demonstrating effects on consumption of 

changes in space heating, household composition and the impact of investments in efficiency 

measures or high-consuming appliances. In other words, indirect feedback will show up longer 

term effects best, such as investment in insulation, use of new appliances, replacement of heating 

systems and appliances, home extensions, new members of the household. 

 

Better billing can - when combined with an in-house display - contribute to final customer 

awareness of energy and environment and help them to make reduction decisions. Of course 

information alone will not deliver energy savings. However once consumers are aware of their use, 

particularly in times of increasing energy costs, it is reasonable to believe that they are much more 

likely to reduce usage. 

Direct feedback and individual in-home displays 

Ideally, every household should continuously and instantaneously be able to see what is 

happening to consumption and directly respond to it without having to switch on an optional 

feedback service. The main characteristic for direct feedback is that final customers have an 
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easily-accessible display monitor, associated with the smart meter. The role of the meter is to 

provide a clearly-understood point of reference for improved feedback in combination with a 

separate, free-standing or easily accessible and easy to understand display monitor in the building. 

The consumption information displayed can either be in kWh, in currency or CO2 and be presented 

at a total level or at a more disaggregated level (depending on sub-meters or on signal recognition 

capability). 

 

Taking data directly from the meter also means that the information can be real time, greatly 

increasing its value and effectiveness. Recent developments in domestic communications provide 

paths for the data and destinations. For instance, the data can be transmitted via Wi-Fi, Bluetooth, 

PLC, and Ethernet (see Chapter 4 ñSmart metering systems - technical optionsò) to a standalone 

display, the TV or a home PC. All of these destinations allow the data to be brought in somewhere 

convenient for the final customer. Data visualisation through a standalone direct display is in this 

respect most interesting. Both TV and Internet/PC require final customers to make an extra effort 

to locate the information (and therefore are considered to be indirect feedback).  

 

A well known example of direct feedback is an associated direct display on a monitor separate 

from the meter. Householders can look at the displays for instantaneous information and in some 

cases they can also set an alarm to go off when the load rises above a level chosen by them. A 

potentially effective way to increase the final customerôs awareness is to provide them with special 

in-house displays of readable, easy to comprehend energy use information, in a display design 

chosen by them. Once the consumers can see the changes in their energy use instantaneously on 

a display design chosen by them, they are much more likely to act to reduce that consumption, 

particularly in the present higher fuel pricing environment. 

 

According to Parker, Hoak, Meir and Brown [Parker 2006], there is a parallel with hybrid 

automobiles (e.g. the Toyota Prius). Here accumulating evidence suggests that feedback from 

dashboard-mounted displays allows drivers to improve their mileage as they learn from 

experience. The important reason for this is that drivers suddenly have an immediate feedback 

about how various aspects of their driving habits shape mileage.  

 

Research literature indicates that savings from direct energy feedback devices range from 5% to 

15%. Savings are typically of the order of 10% for relatively simple displays [Darby 2006]. Over half 

of those interviewed during trials said that they would like to have such a display permanently. 

There are also indications customers with a high energy use may respond more to direct feedback 

than customers with a low energy use, because direct displays best show up the significance of 

moment-to-moment behaviour.  

 

Real-time feedback can possibly also tell the final customer about the relative importance of 

different end-uses. For instance, an instantaneous, easily accessible display may show the surge 

in consumption when the kettle is switched on, or the relative significance of a radio, vacuum-

cleaner or toaster. Presumably for this to be effective, the display must react within a given time ï 

less than the duration of the activity. At present, fully disaggregated feedback using signal 

recognition of different appliances is relatively expensive and complicated to supply, though this 
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may change within the next few years. Customers may need guidance on the relative importance 

of large short duration loads, compared to small long duration loads. 

Direct feedback and prepaid systems 

Older prepay meters tend to be ósemi-smartô, because they lack a two way communication module 

within the meter. Other relevant characteristics of traditional prepayment are the focus on budget 

management of costs and the transfer of information such as tariff-changes and meter reading 

data to and from the key code at the payment point or shop.  

 

Modern prepaid systems however have the potential to be much more than just a traditional option 

to low-income final customers in general. Research literature indicates that savings to date for all 

keypad final customers are estimated to range broadly from 3% to approx. 15%. An example is the 

situation in Northern Ireland where prepayment has been offered to all final customers; 27% have 

taken the option, only 45% of whom are classed as low income [Oxford 2008]. 

Direct feedback and time related pricing (different tariffs) 

Time related pricing is important in those parts of the world with: 

¶ summer and winter peaks in demand allied with supply constraints: California, Ontario, the 

north-eastern states of the USA, Nordic countries, parts of Australia and southern Europe; 

¶ fluctuating market prices due to high penetration of intermittent generation (such as wind power 

in Denmark) or high penetration of invariable generation (such as nuclear power in France). 

 

Regarding electricity tariff structures, it is relevant to distinguish between pricing of electricity (as a 

commodity) and transmission and distribution of electricity (as a service). In deregulated electricity 

markets, formation of the price for these two things is different: 

¶ The commodity prices is based on market transactions and should ideally correspond to the 

electricity generation costs;  

¶ The distribution tariff is regulated as a natural monopoly and reflects the allowed costs for 

investments in and maintenance and operation of the transmission and distribution 

infrastructure. 

 

This is relevant, because in some countries such as the Nordic countries, final customers receive 

separate bills for these.  

 

In general, three broad types of time related pricing methods can be distinguished: 

 

1. Time-of-use / time-of-day tariffs reflect daily and seasonal variations in electricity costs. These 

are fixed in advance based on estimated costs. These tariffs reflect expected costs during peak, 

shoulder and off-peak periods of the day. Customers are informed of the different time periods and 

prices on their bills and on their meter display. Time of use tariffs are widely used in Finland for 

instance.  

 

2. Actual cost tariffs (real time pricing/ spot pricing) require final customers to pay, in each (half) 

hour period, the actual cost of electricity. The price is usually known shortly before the time of use. 
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Customers are alerted to these prices through the meter display. This form of pricing is in use in 

Norway and is planned for introduction in California. 

 

3. Critical-peak pricing is the application of different prices for specific hours of the year, when 

the system is stressed or hourly energy market prices are high. In this case, final customers pay a 

time of day price most of the time and a high or critical peak price at times when it is important to 

reduce demand. This type of pricing is used in France (called the Tempo tariff) and final customers 

see a red light on their meter a day before the critical peak period begins. 

 

The main advantage of time-of-use pricing is that final customers know the price well in advance of 

consuming electricity. However, this may also be the main disadvantage, when price variations in 

the market do not follow regular patterns. In order to provide final customers with predictable 

prices, such tariffs are unlikely to reflect the actual cost of producing electricity at any point in time 

(as the prices are set in advance and based on forecasts of costs). Real time pricing trades 

predictability for price accuracy, while critical peak pricing falls somewhere in between real time 

and time-of-use pricing in terms of predictability and accuracy. 

 

The main purpose of time sensitive pricing is not end use energy savings. They may even increase 

energy end use. The point is that the total energy consumption in the whole system is, in most 

cases, reduced by responding to market prices and system requests. This because less efficient 

generating plants, which are normally used to meet peak demand, are required less often. That is 

a goal of any reasonable energy saving policy. The primary energy saving from demand response 

however depends on what peak generation plant is no longer required.  

 

In Scandinavian countries there is much electrical heating and therefore a lot of potential for real 

time pricing and other types of demand response. In countries with summer peak, as in southern 

Europe, air conditioning and cooling loads also have much potential for real time pricing. In other 

parts of Europe, there seems to be less scope for load-shifting among domestic consumers. 

Moreover, most households have gas heating, while almost all the rest use off-peak electricity, oil 

or solid fuel for their heating. In short, opportunities for reducing peak usage seem to be limited. 

Nevertheless, time-of-use or real-time pricing may become more important as part of more 

sophisticated demand response policies and as more air-conditioning or distributed generation 

come on stream. 
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3.3. Lessons learned from experiments and field trials 

In the last couple of years, there has been growing interest in the potential benefits of introducing 

smart metering and how this should be done. It has become a óhotô topic in countries such as UK, 

USA, Canada, Netherlands, Italy, Australia and Scandinavia. Despite these recent developments, 

there is still relatively limited quantitative evidence from recent smart metering projects designed to 

promote energy savings in households. Researching the effectiveness of feedback on gas and 

electricity consumption does not have a long and intensive (scientific) tradition. Most evidence so 

far is based on small-scale trials and only very few have been longitudinal enough to judge 

whether the response is likely to last or can be built upon. Further, complicating factors are the low 

level of interest of most consumers in their energy usage, the difficulty of measuring feedback 

savings and the minimum persistence of effects for at least three months. Chapter 10 ñDetermining 

energy saving gains using field trialsò expands on this topic. 

 

Another complicating factor to be expected from experiences from field trials is the difficulty of 

comparing these studies. All contain a different mix of elements such as sample size, housing type, 

additional interventions, and financial influences, household composition, feedback frequency and 

duration. Further, recorded feedback savings can dramatically differ according to the technology 

under consideration, the quality of feedback information and the way in which studies are 

conducted, the institutional and cultural background (lifestyles) and of course climatic conditions 

against which the study takes place..  

Load management in non-liberalised markets  

The term Load Management is known in non liberalised markets under other names such as 

direct load control, demand side management, peak load control, etc. Reducing maximum 

capacity at critical time periods (peak load shifting/ trimming) can be exercised either indirectly, 

as described above, when the customer makes choices in line with time-sensitive pricing options 

offered by the utility (demand response), or through utility-controlled load management (direct 

load control). Direct load control only involves feedback in an automated sense. For example, 

changes in electricity demand can trigger the switching off or on of appliances, or, when 

household renewables are available, their output can be matched to the use of appliances such 

as washing machines. 

 

The extent to which load management leads to carbon emission reductions depends on the way 

the electricity system is implemented and operated and in practice different results are obtained. 

There is no general conclusion. But reduced demand or the reduction in use of high carbon 

intensity generation plant at peak periods can lower emissions. King and Delurey discuss the 

relationship between demand response and demand reduction [King 2005]. The benefits in 

terms of security of supply are clearer cut. Direct load management can have other effects if 

combined with the use of smart appliances, building services and household renewables. The 

ability of a washing machine, for example, to only operate when there is a low carbon electricity 

supply available can increase the carbon abatement possibilities significantly. More about this 

subject can be found in Chapter 7. Smart metering services for demand response. 

 



 

 

 

European Smart Metering Guide 2009  

Energy Efficiency and the Customer  

22 

 

The best feedback technique is likely to evolve over time as various approaches are tried and 

evaluated. Home ICT is evolving very fast and in a landscape where all appliances and multimedia 

applications will be linked together, innovative techniques like pop up messaging on the TV set 

when it is put on could be more effective than a specialized screen displaying the same messages 

all the time.  

 

Nevertheless, this Guide includes lessons from what is known so far about the effectiveness of 

feedback to householders regarding energy consumption behaviour. As stated before, it is 

expected that within a relatively short period of time a lot of experiments that are currently 

underway will deliver new insights and other experiments will be started. So this section is about 

basic understanding of the factors that influence the impact of smart metering and feedback on 

consumer demand.  

Top 5 key findings of feedback 

Energy feedback can take many forms and several studies have analysed the effect of feedback 

on domestic energy behaviours [i.e. Abrahamse 2005 and Darby 2006]. Feedback methods 

include giving final customers instantaneous, historic or comparative feedback, prepayment / pay-

as-you-go, or any of these in combination with other types of information. Technologies include 

advanced billing, displays, internet etc. Based on a broad sample of experiments and international 

literature reviews, the Top 5 interesting findings regarding the use of methods and techniques of 

feedback are: 

 

1. Time between behaviour and -accuracy of- feedback on resulting energy use and cost is 

crucial:  

2. Direct feedback seems to be more effective than indirect feedback (up to 10% for indirect 

feedback, up to 15% for direct feedback and up to 20% in pre payment programs); 

3. Feedback seems to be more effective when accompanied with goal setting; 

4. Historic feedback seems to be more effective than comparative or normative feedback; 

5. There is more preference for information feedback through an enhanced direct display than 

through a website. 

 

The last finding is particularly interesting for countries with a high level of internet penetration and 

on line tasking such as in the USA. According to a National Residential Online Panel In-home 

Display Survey, conducted by Energy Insights in October 2007 [Borstein and Blackmore 2007], 

more than 60% of the 270 respondents preferred to have some sort of direct display for energy 

information and communication. Only 3% of the respondents preferred an internet website. 

 

The last finding also seems to account for most European countries, according to a pan European 

market research in 2007 on the role of information and technology and consumer preferences 

regarding the use of feedback technologies in facilitating energy saving behaviour (see Table 3.1 

below).  
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Table 3.1 Preferred communication technology for receiving smart meter feedback information 

   (More options possible, boldface indicates highest score) 

 

Country involved in 
market research 

Information on 

screen / direct 

display 

More 

detailed 

bills 

Personalized web 

page(s) 

Telephone 

services 

Finland 68% 46% 34% 10% 

Norway 54% 29% 32% 10% 

Sweden 49% 28% 39% 5% 

Denmark 58% 29% 41% 10% 

Netherlands 39% 25% 23% 10% 

France 57% 53% 28% 9% 

Germany 61% 66% 32% 5% 

Great Britain 59% 61% 30% 20% 

Spain 50% 73% 29% 23% 

Portugal 22% 32% 18% 5% 

     

Average 55% 57% 30% 11% 

Source: Logica CMG, based on TNS/ Future foundation research, 2007.  

Although the results vary greatly depending on the country surveyed, looking at Europe as a 

whole, there is a clear indication that the most preferred method of receiving smart meter 

information is not through personalized web pages, but either through a screen/ direct display 

showing up-to-date energy usage information or through more detailed billing.  

Just as in USA, the low preference for a personalized webpage is surprisingly clearly visible in the 

European countries with the highest levels of internet penetration, such as the Scandinavian 

countries. Most consumers here are experienced users of the internet and often more inclined to 

carry out a wider range of tasks on the internet, including bill payment. Research carried out by 

Nvision in 2007 [Logica CMG 2007] found that 92% of Norwegians, 79% of Swedes and 68% of 

Danes had paid a regular bill online in the past six months, compared with a European average of 

23%.  

 More detailed billing will probably become popular in Spain, Portugal and Germany, but finds less 

favour in the Scandinavian countries, Denmark and The Netherlands. Consumers in these 

countries prefer to receive information as and when they want it, either on a personalized web 

page or on a display.  

 

Telephone services such as call centres only find favour in Spain and Great Britain as a method of 

delivering information. In Great Britain consumers are familiar with these centres as a method of 

obtaining information although something of a national love/hate relationship exists (with sentiment 

skewed toward the latter). It is therefore reasonable to assume that higher than average 

preference for call centres comes from familiarity rather than affection. 

 

The broad European preference for direct displays and more detailed billing instead of 

personalized web pages is a rather surprising outcome. This indicates that consumers point at an 

important shortcoming of web based applications: there is a latent but strong desire of consumers 
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to get information on energy consumption that is immediate, instantaneous and continuously 

visible. Consumers realize that energy is invisible to the user and that they have only a vague idea 

of how much they are using for different purposes and what difference they could make by 

changing their day-to-day behaviour or investing in efficiency measures. In order to manage their 

energy consumption better, consumers simply need to see what is happening to consumption, 

without having to switch on an optional feedback medium. 

 

However, it must be stressed that ïalthough the internet is unlikely to become an adequate 

communication substitute for a direct display- web services and on line billing can provide useful 

interactive feedback and can incorporate further analysis and advice on a more long term basis. 

This finds support in a recent market survey, in the UK [ONZO 2008]. This survey showed a close 

correlation between the preferred type of device on the one hand and the type of decisions 

consumers take on the other hand:  

 

¶ Direct energy display for real time insight and rapid tactical decisions (seconds/ days); 

¶ Web services to view longer term effects of their actions goals (weeks/ months);  

¶ Bill/ personalised reports to view long term trends and advice on strategic decisions (month/ 

years). 

3.4. Examination of energy and pricing display devices 

It is generally expected that consumer interest in, and demand for, in-home energy displays will 

grow rapidly. Although the use of in-home energy display devices is still limited, they represent a 

ready technology to educate customers about their energy use and maximize participation rates for 

energy conservation and dynamic pricing programs. For this reason, energy and utility companies 

are increasingly interested in the potential of these devices to affect customers' energy use 

behaviour.  

 

This chapter focuses on the latest developments in in-home displays by illustrating examples of the 

energy information technologies currently available on the market or soon to enter 

commercialization. The purpose of this information is to assist energy companies and technology 

vendors in getting up to speed rapidly and staying abreast of developments relative to in-home 

displays in the energy industry. While doing this, it is at the same time interesting to take note of 

two fundamental changes that take place in the development of in-home displays.  

 

The first fundamental development is a shift from ónon-communicatingô towards more 

ócommunicating displaysô. 

Most existing relatively simple in-home display are primarily designed to provide energy only 

information such as electricity usage and are not integrated with utility metering systems or home 

automation networks (HANs). This means that there is no communication with the utility and no 

possibility to handle dynamic pricing. The display data collection depends on techniques such as 

an optical sensor or a current-transformer (CT) at the electrical panel. A well known example of this 

type of display is The Energy Detective (TED), which is described below. 

 

But now a new generation of devices is coming into commercialization that can communicate with 

smart meters to provide dynamic rate information, appliance control and other advanced features. 
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Within this new generation of communicating displays, another interesting development is 

occurring: a shift from utility based displays towards more customer based displays. Many of the 

new communicating energy displays that can be connected to some type of (smart) network can 

only work in conjunction with that specific metering system. The communicating energy displays 

are primarily designed to help the utility to control energy load and achieve better demand 

response during peak events. An example of this type of displays is the Ecometer, a display 

monitor that exclusively works with a Landis+Gyr meter with a communications chip. 

 

But recently a growing number of energy displays can be qualified as customer centric. These 

displays can be installed individually, do not depend on a specific utility network and allow the 

customer to respond at the level of energy use they are comfortable with. An example of this type 

of displays is the ONZO a stylish, modern designed display monitor which is described below. 

The Energy Detective (TED) 

The Energy Detective (TED) by Energy, Inc. is an energy display that shows instantaneous kW 

and month-to-date kWh. It also projects what the use at end of month will be. It is somewhat 

programmable for complex rates such as time-of-use. TED communicates the data via power line 

to the display unit, which can be moved and plugged into any outlet. Data displayed include: 

instantaneous use (kW and $), use today 

(kWh and $), use month-to-date (kWh 

and $), projected monthly bill, peak 

demand (kW and $), voltage (current, 

highest and lowest today), and current 

electricity rate. It also has an alarm that 

can be programmed in various ways: if 

cost/hour or kW/hour exceed limit, if $ or 

kWh per day or month-to-date or monthly 

projection exceed limit, and for low or 

high voltage. 

 

The design is very simple and easy to 

read. TED displays instantaneous and 

month-to-date energy use and cost. It 

also has an audible alarm and red and 

yellow LEDs. TED stores 2 months worth of 

hourly readings. The user can download the data to a computer for further analysis. TED is very 

accurate and programmable. The user can input rate details, including flat fees, time-of-use or 

demand pricing, and taxes. Based on these data, TED can estimate the electric bill accurately. 

However, there will always be some discrepancy because the exact time of the utility read will vary. 

TED is a so-called clip-on device and requires electrician to install the current transformer. Data is 

communicated to display device through power line communication. The display itself can be 

plugged into any standard electrical outlet. 

Figure 3-1 The Energy Detective (source: Energy 

Inc.) 
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Ecometer (Landis+Gyr) 

The Ecometer is a wired or wireless display monitor that exclusively works with a Landis+Gyr 

meter with a communications chip. The monitor communicates with the metering system and can 

display load profile data for electricity, gas and water. In the optimal configuration the meter and 

display unit are part of an integrated utility communications infrastructure network. The display gets 

the data directly from the meter and is programmed with all components of the utility tariff. Because 

the meter has two-way communication with the utility, it can accurately show energy cost for 

excessive usage, current Time-of use-pricing and usage based on cost information that matches 

the bill exactly.  

 

An interesting extra is the visual colour coded 

indications running from red to green to indicate the 

level of consumption or current energy tariff down to 

customer level. It also shows historic and carbon 

data. 

 

 

 

 

 

 

 

 

 

ONZO 

The ONZO is a stylish, modern designed portable consumer unit from the UK that monitors energy 

consumption, sometimes referred to as the 

ñdashboard for your homeò. ONZOôs 

battery-free innovative energy display works 

with a smart meter in order to provide real-

time feedback on energy use by interactive 

sharing information with a computer to allow 

comparing performance with others and 

analysis of energy usage down to the 

appliance level.  

 

The Onzo collects and logs electricity data 

directly from the meter in order to help 

consumers determine carbon emissions 

with advanced metering infrastructure 

devices (gadgets), such as a wireless PC 

dongle, individual appliance meters and clip-on sensors and a web interface where users can chart 

Figure 3-2 Ecometer (source:  Landis+Gyr) 

Figure 3- -1 ONZO energy display (source: ONZO) 
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and track their energy use. Once the ONZO is hooked up to a computer, it will take the customer 

straight to a website with information for comparing oneôs homeôs carbon footprint over time ð or 

with everyone else.  

 

Energy company Scottish and Southern Energy (SSE) is behind the financing because they hope 

to find a marketing advantage by giving their customers the Onzo as a more powerful tool for 

power management. 

 

3.5. Recommendations 

When designing customer feedback for smart metering schemes, the following observations 

should be fully taken account of: 

 

¶ Consumers need to be able to see instantaneously and continuously what is happening to their 
consumption, without having to switch on an optional in-home feedback device first; 

¶ Direct feedback promises to be more effective than indirect feedback; 

¶ Feedback promises to be more effective when accompanied with goal setting; 

¶ Historic feedback promises to be more effective than comparative or normative feedback; 

¶ Direct displays in combination with better billing promises to be a more preferred way of 
communication for consumers than feedback through an indirect (delayed) personalized web 
page   

¶ Internet promises to provide useful additional feedback through incorporation of further analysis 

and advice on a longer term basis.  

Regulators should ensure that there are no financial, commercial, legal or regulatory barriers to 

customers having access to real time data from utility meters measuring their supply.  
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diagram reproduced courtesy of Landis+Gyr 
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4. Smart metering systems - technical options 
There are numerous technical options facing anyone looking to implement smart metering. This 

Application Guide cannot ignore this issue as it has a strong bearing on the success of any smart 

metering scheme. It would not be appropriate, though, for ESMA to promote any given technology 

over and above others, unless there is good evidence to recommend it. What is appropriate, 

however, is for this Guide to provide an overview of smart metering technology, especially where 

this impacts on how smart metering can better deliver energy saving improvements. Therefore, this 

chapter seeks to: 

 

¶ Set out the broad technical options open to anyone implementing a smart metering scheme. 

¶ Identify the key issues which should influence any choices made. 

¶ Focus especially on the technical options and choices relating to final customer feedback.  

¶ Maintain a neutral stance on the respective claims of competing technologies unless good 

evidence is available to support one over another and only where this relates to energy saving 

benefits. 

 

Smart metering systems comprise a number of interconnected elements as shown in Error! 

Reference source not found..  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Technical options for these elements are described in detail below.  

Figure 4-1 Smart metering system 
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4.1. Meter design options 

Measured quantities 

All utility meters purchased for billing purposes in Europe must comply with the Measuring 

Instruments Directive [MID 2004]. This specifies the minimum requirements for fiscal meters, 

including their accuracies, divided into a number of different classes, appropriate for different 

market applications.  

The MID also specifies the quantities that meters must measure:  

¶ kWh of active energy for electricity; 

¶ kWh for heat meters; 

¶ m3 or kg for gas.  

 

Other quantities that can be measured and recorded are: 

 

Electricity Reactive energy 

 Instantaneous power 

 Power factor 

 Voltage 

 Current 

 Maximum demand 

 Export energy (active and reactive) 

 Selected power quality characteristics 

 Disaggregated consumption data (individual appliance loads) 

  

Gas Energy (if provided with a calorific value for the gas)  

 Instantaneous flow (for ultrasonic and similar gas meters) 

 Maximum demand 

 Smoothed consumption data approximating to the steady heat output 

(where the boiler is modulated through a simple on/off control) 

  

Heat/Cooling  Flow rate 

 Temperatures (supply, return and difference) 

 Maximum demand 

 Instantaneous power 

  

Water Flow rate of cold water 

 Flow rate of hot domestic water 

 

All of these quantities can be used as inputs to a smart metering scheme if specified in the meter 

design. 

 

For the purposes of energy usage feedback it is possible to provide further information based on 

these measured quantities: 

 

Electricity Inferred disaggregated consumption data (individual appliance loads) ï 
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requires access to high frequency data from meter 

 Cost, instantaneous and cumulative  

 Carbon, instantaneous and cumulative 

 Prediction of the next bill  

  

Gas Smoothed consumption data approximating to the steady heat output 

(where a boiler is modulated through a simple on/off control) 

 Cost, instantaneous and cumulative  

 Carbon, instantaneous and cumulative 

 Prediction of the next bill  

  

Heat/Cooling Cost, instantaneous and cumulative  

 Carbon, instantaneous and cumulative 

 Prediction of the next bill  

  

Water Leakage 

 Cost, instantaneous and cumulative  

 Carbon, instantaneous and cumulative 

 Prediction of the next bill  

  

Clearly, adding measured and calculated quantities will tend to increase meter costs, depending on 

the need for additional hardware. This is not always a simple calculation as, in some cases, 

additional functionality can be provided with small changes to the design whilst some additions 

require a step increase in meter memory, processing capacity, or communication bandwidth.  

Time interval 

Measured quantities can be recorded over different lengths of time. For conventional metering 

systems there are two options; interval metering, where the consumption is recorded over time 

periods from 5 minutes up to 60 minutes. Alternatively, a single consumption value can be taken 

over longer time periods, related to the frequency of the meter read visit. Non-interval readings can 

vary between monthly to annual, (with actual meter read frequency depending on access to the 

meter). 

 

Electronic meters can, in fact, provide much higher data rates (down to intervals of a second) but 

such short time intervals are not used for billing because this provides no benefit to the billing 

process and greatly increases the cost and quantity of data transmitted. With smart metering it is 

an option to stream short interval data directly to a local device without feeding it into the billing 

data network.  

 

In general, for final customer feedback, shorter periods are more informative [Elburg 2007], 

although there is no consensus at present on the precise data rate for positive final customer 

response. The data rate needed depends on two things; the time constants of the load dynamics 

being viewed and the value of energy that can be used in one interval. Short time intervals of a few 

seconds duration represent negligible amounts of money (1 kWs = 1 kWh/3600) but where 

feedback is being used to identify the loads of specific appliances, the refresh rate should be fast 
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enough to link the change seen on the display with the operation of the appliance; from which it 

follows that intervals should be in the order of seconds. For example, the Electrisave device [2save 

energy] has a refresh rate of either 1 second or 6 seconds. Where meters or displays rely on 

battery power, there will be a trade off between higher frequency and lower power consumption. 

This may have a major impact on the choice of refresh interval for these devices. Some loads may 

also be harder to interpret when viewed over short time periods; an example would be gas boilers 

with simple on/off modulation where the load is either full on or zero.   

Disaggregated Data 

A number of developers, including Sentec and Oxford University, are producing devices that can 

calculate the energy usage of individual loads based on the total consumption data recorded at the 

meter. To make these 

calculations, the meter data 

must be analysed at high 

frequency as the different loads 

are distinguished by their effect 

on the power signal. It can be 

implied from this that the 

disaggregated data must be 

sourced from the meter or a 

separate sampling processor. A 

normal meter will not provide a 

sufficient data resolution to 

carry out this analysis remotely; 

such devices must be built into 

the meter.  

  

Switch/Valve 

Meters can be fitted with a switch or valve to interrupt the supply. There are a number of reasons 

for fitting such a switch. Firstly a switch can be used to limit the maximum demand of a given final 

customer - remote load limiting. This can be useful where there is limited supply capacity or where 

peak loads are growing faster than the network can be reinforced. This is a growing issue where 

residential final customers are purchasing air conditioning units. Such schemes do not depend on 

smart metering as they are in widespread use already, but smart metering can be used to manage 

such schemes and perhaps enable variable loads to be imposed.  

 

Another reason is to enable prepayment options. The combination of a switch or valve in the meter 

with an appropriate payment method defines a prepayment meter. The UK is the European country 

with the greatest use of prepayment (3.5 million electricity meters and 2.5 million gas meters) but it 

is not the only country where they are used and smart metering systems would ideally 

accommodate prepayment. Incorporation of prepayment functionality into smart metering would 

also overcome a major objection to prepayment, which is that the higher costs of the meters and 

payment process results in prepayment customers facing higher tariffs. If all final customers had 

meters that could be remotely switched between prepayment and credit mode, then all final 

Figure 4-2 Sentec Coracle 
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customers would have the same meter costs. The main addition to a meter (in cost terms) to 

provide prepayment functionality is a power switch. It can be argued that fitting a switch to every 

meter to do this when prepayment represents only a small proportion of the meter is an 

unnecessary expense. However, the switch can also be used to allow the supply to any site to be 

turned off, a function that may go towards justifying the cost of the switch.  

 

If prepayment is enabled in a smart metering system, then the system will have to be able to 

handle payments. This can be done by either using a process local to the meter or by carrying out 

the processing remotely on the utility system. Again there are possibilities for reducing the current 

cost of prepayment systems by utilising the greater functionality of the smart meter system. A 

prepayment system will have its own detailed technical requirement, but these have not been dealt 

with in this chapter as it only relates to a small market sector across Europe. 

 

Finally, a switch or valve fitted to the meter can be used for remote meter management and allow 

the utility to disable supplies to properties that have ended their supply contracts without entering 

into a new contract with an alternative retailer (energy retailers). Such properties with conventional 

meters can be difficult to access. The use of remotely operated switches raises issues around how 

they can be safely re-enabled. It is normal practice with prepayment meters to provide a local 

switch on the meter, as it is not possible remotely to check the safety of the installation before re-

enabling the supply. There is also concern that the meter switch and valve should not be used for 

long term isolation of supply, as the switch/valve provided is not intended for isolation. It is very 

important that those specifying smart meters should be clear about the requirements for any 

switches; are they required to interrupt the supply or isolate it. These are different functions.  

Multiple and dynamic tariffs 

Currently residential tariffs are normally limited to one or two tariff rates. This is a result of the 

difficulty of accurately collecting multiple register data from manual reads. Smart meters with 

automated data collection can overcome this difficulty and allow multi-rate tariffs to be offered, 

where the meter records the consumption to different registers at different times of day. Up to eight 

registers are being considered in the UK smart metering specification [SMOF]. With the ability to 

communicate with the meter it is also possible to remotely reset the tariff rates, say for example, if 

there was a high system demand foreseen. In principle, the tariffs could even be dynamic, varying 

daily, or even more frequently, to reflect higher or lower availability of renewable energy resources 

such as wind or wave power. This topic is dealt with in much greater depth in Chapter 7ò Smart 

metering services for demand responseò. For the purposes of this Chapter it is sufficient to note 

that the number of registers must be considered during the design of the smart metering system as 

well as the ability to securely change tariffs for each register and to ensure that the registers are 

correctly read.  

Meter configuration options 

Smart metering depends on frequent access to the data in the meter, with the data being 

transferred to a wide area network or to other devices inside the final customerôs property. This 

data can be acquired in a number of ways and the various options are set out in Appendix 1. 

Basically, the data can be provided by fully functional smart meters that also provide all the other 

features of smart metering (which can be configured in a number of different ways), by add-on 
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devices that gather data from the meters in various ways and, finally, by devices that are entirely 

separate from the meter.  

 

The main open issue at present is whether final customers will respond positively to feedback data 

alone or whether they also need the additional smart meter functionality, such as demand 

management and communication with the energy retailer, before they make a reduction in their 

consumption.  

4.2. Wide area data communications 

For smart metering, it is necessary to be able to communicate remotely with the meter. This is 

enabled by a Wide Area Network (WAN). There are a plethora of options for WAN communications 

for utility meters and the choice of WAN is complicated by the fact that the options are 

interdependent, so that there are not a number of independent options, but rather a complex matrix 

of options. WAN area communication equipment tends to be the largest individual source of costs, 

limitations and risks over the lifetime of a properly functioning smart metering system. Thus a 

detailed comparison of communication alternatives is important. 

Major design considerations for WANs 

All Wide Area Networks must address the following requirements: 

 

Universality 

 

Smart metering systems must be able to meet the needs of the vast 

majority of installations as costs escalate if there are numerous different 

implantations. This is not to say that there cannot be different WANs 

located in different geographical areas; for instance different regions could 

have their own variety of PLC or wireless mesh network. It must be 

remembered that when remote meter reading eliminates routine house 

calls, any remaining manual meter read visits will become more expensive 

as the cost of any given trip will no longer be shared between so many 

visits. Thus it is essential that there are very few properties that cannot be 

included in the smart metering scheme. A common approach also implies 

that there will be technical limitations to the number of different energy 

saving measures that can be supported with a common meter 

specification.  

 

It should also be borne in mind that in many countries meter installation 

practice will have varied widely over many years. An important activity 

prior to any smart meter implementation will be to survey the meter stock 

around the target area and assess the variations in meter installations. 

Meter manufacturers should be advised of specific instances where a 

meter design variation might be needed to overcome a specific challenge. 

This will also allow the project managers to understand the time and cost 

required to install the meters and the expected number of sites that will be 

excluded from the system.  

Reliability, A major advantage of smart metering is the avoidance of visits to meters. 
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availability and 

transfer time of 

WAN 

communication 

 

Any increase in unreliability will have a serious impact on this benefit if it 

makes visits necessary. This must be considered in the cost benefit 

analysis and this in itself is difficult, as the long term reliability of new 

hardware and systems is currently unproven. 

 

Most modern meters store metered values for several weeks or months 

(depending on how much memory is specified) thus reducing the risk of 

losing billing measurements due to WAN reliability problems. Some other 

services (such as dynamic tariffs) require much higher availability and 

faster transfer times than settlement and billing. Meeting their availability 

and long maximum transfer times can be difficult or expensive with some 

popular WAN solutions used for remote meter reading. 

Security Smart meter systems are vulnerable to hacking attempts as they are 

widely accessible for extended periods and control large financial values. 

Any WAN must be designed to detect and prevent unauthorised access 

attempts. As the computing power of home computers can be expected to 

rise considerably over the lifetime of the smart metering system, the 

meters should be able to remotely accept improved security algorithms 

during their service lives. It should be anticipated that this may require the 

provision of spare memory and processor capacity. At the same time the 

security must be provided in an efficient way as static meters do not have 

extensive memory or processing power, even more so for relatively dumb 

devices communicating with the meter.  

Support Whatever system is installed there will be a need to maintain it. There will 

be considerable pressure from the meter operators to avoid a proliferation 

of protocols and hardware options. This will be a financial and practical 

consideration related to the number of components that must be kept in 

stock and carried by technicians in the field. It is also possible that a 

change in the functionality of meters will result in different calls from final 

customers; perhaps needing support in the energy saving functions of the 

meters. Appropriate training for call centre staff and technicians would be 

needed to deal with these questions.  

Data accuracy 

and consistency 

Utilities have a legal duty to provide accurate billing data to their final 

customers. Non-fiscal data that is only intended for energy usage advice 

does not have to be accurate from a legal view point but it is likely that, if 

conflicting data is provided by the utility via displays and bills, then the final 

customer may be confused. This may cause a lack of trust in the data or 

calls by the final customer to the utility call centre. Hence, it is important 

that final customers receive consistent data, even when it is provided from 

different sources or via different routes. One challenge for designers of 

display devices is how to represent the instantaneous cost of energy when 

the contract is based on multiple rates, thus the final cost/kWh cannot be 
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fixed until the end of the billing period.  

Bandwidth A fundamental question for any communications network is how much 

data is required to be transmitted in each direction. For simple monthly 

billing of final customers data rates would be typically low in both 

directions. For example, a monthly upload of 4 registers should not require 

more than 1kB of data per month. All current communications networks 

can meet such data rates. This should be compared with the requirements 

of broadband internet communications streaming multimedia, where the 

requirement is for > 1 Mbps. When designing the smart metering system it 

will also be important to avoid future bottlenecks by allowing sufficient 

headroom or upgradability in the data bandwidth to cope with growing data 

communications volumes. This would be especially the case if, in the 

future, energy retailers developed new offerings for final customers that 

involved more frequent or longer messages. 

Speed of 

response 

If data is simply required for billing then there is no need for rapid 

response, so long as the data is received within the billing window. 

However, where the smart metering system is to be used for demand 

response, there could be a need for a rapid response in order to deal with 

an imminent peak demand. In such cases, how the meters are addressed 

is significant, as this can be done on a one-to-one basis or on a group 

basis. If a large number of meters are to be sent the same message, a 

slower communications protocol with multicasting that addresses the 

meters as one block can be more effective than a faster network that 

requires all the meters to be addressed individually. A minimum speed of 

response is also required by low priority alarms that are needed by some 

possible services based on smart meters. 

Public/Private 

communications 

networks 

The WAN design must identify a path for the data from the home to the 

data centres. There are two fundamental options; a private network, such 

as Power Line Carrier (PLC) or Wireless Mesh where the meters are 

connected to a communications network installed by the meter operator or 

other agent. Alternatively they can use a public communications network, 

such as GSM mobile phone network. The economics of each choice are 

quite different; there is a relatively high investment for the private network 

but operating costs are lower. For the public network capital costs are 

lower as these are funded by the service provider. These costs though, 

are recovered by the network operator in their usage charges, either 

through a flat annual fee or on a message length basis.  

 

For private networks it is normal to connect a number of meters to a local 

data concentrator that provides access to the WAN. The capital costs are 

affected by the number of meters connected to each data concentrator, as 

the concentrator represents a fixed cost. Ratios as high as 800 meters to a 
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single concentrator can be achieved in city centres, falling to below 50 in 

rural areas. This means that the economics of private networks are better 

where there are high densities of meters, such as city centres, whereas, in 

rural areas, public networks can become more attractive. In locations 

where local ownership of meters is mixed, such as the UK, the difficulty of 

agreeing a common approach amongst energy retailers can act as a 

barrier to private networks unless the different parties can devise a way to 

combine their meter populations. 

 

An issue for utilities seeking to promote final customer communication will 

be the relative cost performance of the two choices as communications 

increase. For the public network, the network operator will provide the 

additional capacity but the costs of call charges can be expected to rise. 

For private networks the reinforcement of the communications network will 

have to be paid for by the network owner.  

Interoperability It is attractive to meter owners to be able to buy meters from different 

vendors in the knowledge that they can work on the same WAN and LAN 

networks. Also, where energy retailers are competing for final customers, it 

is important for them that, if they win or lose a final customer to a rival 

energy retailer, the smart meter fitted at the property can be adopted by 

the new energy retailer and connected seamlessly with the new energy 

retailerôs billing systems. This will avoid costly visits to replace meters 

when final customers switch. This introduces the topic of interoperability. 

This is more an issue of standards than technology as meter vendors can 

offer meters manufactured to standards or to their own protocols. But the 

standards must exist if manufacturers are to work to them. There is also a 

major question on which level interoperability should prevail. Meters can 

be made identical, thus ensuring interoperability at every level but also 

limiting options for innovation. Alternatively, the communications software 

can allow the connection of different meters and provide interoperability at 

a higher application level. These issues are dealt with in Chapter 12 

ñSmart metering systems ï standardisationò.   

Multi-utility 

  

Much of the focus of smart metering is on electricity metering. This is 

largely because electronic electricity meters are now widespread and 

because all electricity meters have a convenient power supply provided to 

them, unlike gas and water meters. However, smart gas, heat and water 

meters are available and the benefits of smart metering can be assumed 

to apply equally to all of the utilities. Implementation of non-electricity 

smart metering can be done in parallel with electricity meters using their 

own WAN networks or accessing the same networks as the electricity 

meters. Their functionality is greatly restricted by the lack of a power 

supply and an alternative approach is to use the electricity meter as a local 

hub and use low power radio communication to link the other utility meters 
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to the electricity meter and hence to the WAN, LAN, utility and house 

applications. Multi utilities are dealt with in Chapter ñSmart metering 

systems ï multi-utility issuesò. From a technical aspect the main issues 

relating to multi utility smart metering relate to the access to the WAN and 

LAN networks (dealt with below) and the extension of the systems 

software to allow other utility data entities (such as gas volume) and for 

them to be transferred to an appropriate agent; i.e. if energy retailers 

provide different utilities to a single final customer, the billing data for each 

utility must only be received by the appropriate energy retailer.  

Wide area communications network options 

The detailed design of a smart metering communications system needs to consider a number of 

key choices, notably the topology of the network and the communications path to the central 

servers. Many of these choices do not directly affect the final customer and so are not described in 

detail in the main text. However, to provide a full understanding of these topics amongst readers 

who are not familiar with smart metering then Appendix 1contains a full description of the various 

options for communications networks. 

4.3. Software systems and data stores 

Large scale implementations of smart metering will produce vast amounts of data, especially if 

utilities shift from quarterly or monthly meter reading to interval reading. A UK implementation of 

electricity smart metering with 30 minute resolution would produce annually 438,000,000,000 

register readings. The success of this will depend crucially on the software systems that are used 

to collect and process the data, store the data and make it available to the appropriate users. 

Some software vendors would claim that smart metering is more about a total revision of the 

enterprise software than about remote meter reading. One issue that arises from this is that, if the 

data collection software is to be made interoperable with regard to data input from the meter, then 

the enterprise software must also be interoperable for data receipt. Work has been started on this 

with examples such as the Smart Energy Alliance with membership including Capgemini, Cisco, 

GE Energy, Intel, HP and Oracle [SEA] and the SAP AMI Lighthouse grouping including SAP and 

seven major utilities [SAP AMI Lighthouse]. Both of these groups are working to integrate AMI and 

enterprise software. 

 

Another key issue is how to store the meter data and to make it available to approved users. For a 

vertically integrated and monopoly utility then this is less of an issue, although even here the 

customers and their representatives may have concerns over how the data is used. However, for 

metering in a competitive market, providing data to the correct parties is a challenge. For instance, 

if competing utilities are using the same system to collect multi utility data then it will be crucial that 

there is no leakage of data between the energy retailers.  

 

One solution to this challenge is that adopted in Ontario where a data warehouse has been set up 

in a partnership between e-meter and IBM. Once established, this data store will be transferred to 

an agency that will be responsible for giving appropriate access to the data to current energy 

retailers, energy retailers taking over a customer contract and the DSO. Additionally, anonymised 
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data can be made available to energy agencies so that overall energy trends can be analysed. 

Control of access to the data and its use will be a significant issue with customers and can be dealt 

with, as in this case, through the design and regulation of the system.  

4.4. Customer feedback and local area communications 

Customer feedback route options 

If smart metering is to increase energy saving then it is assumed that there will be a need to 

feedback meaningful consumption data to the final customer. This can be achieved in a number of 

ways: 

 

Via the bill or presented on the energy retailer web site - this approach largely depends on current 

systems and processes and is not covered further in this chapter. 

 

Fed back to the final customer after it has been recovered to the central data servers ï this can be 

done, for example, via SMS text message or the internet. Again, this is based on current 

technologies and is not covered further here. 

 

Data can be streamed from the meters to local displays or devices ï this is a relatively new 

approach and will require the implementation of new technologies (albeit, possibly already in use in 

other applications) and is considered further in this Chapter. The meter can be, and often is at 

present, used as the display but it is generally agreed that in many cases the meter location is 

poorly suited to this purpose.  

 

There is some evidence suggesting that real time feedback is more effective at restraining final 

customer consumption [Van Elburg 2007]. This suggests the need for a LAN (Local Area Network) 

to support this feedback where the meter location is not suitable for final customer feedback. This 

LAN can provide a number of other functions as well as streaming data to a display; it can: 

 

¶ Link other utility meters thus providing access to the WAN for these meters 

¶ Provide a link to smart home devices (further discussed in Chapter ñSmart metering services in 

smart homesò) 

¶ Provide a link to generation meters for on-site embedded generators  

 

There are a number of technical options for transferring data around a property. These include 

wireless systems (such as Z-Wave or ZigBee) wired (such as twisted pair cables), or PLC, using 

the mains cabling of the property. These are discussed in more detail in Appendix 1. The 

remainder of this Chapter examines the key issues for the LAN and effective final customer 

feedback.  

LAN and final customer feedback design considerations  

Whatever local area network is used, it must end up providing the final customer with a view of 

their energy usage data. How this should be done to best effect is very much open to debate at 

present and a large number of groups are working to develop suitable displays. 
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It is important that the feedback is available not only to final customer displays but for energy 

automation of buildings, control of embedded generators and controllable loads, smart home 

systems, pcôs for energy analysis etc. It should be left open for competition and the final customer's 

preference as to which systems they use the feedback information with. Thus a standard open (but 

secure) communication interface from the meter to HAN is necessary for giving the feedback 

information. But only the possible tools for using, analysing and displaying the data to smart 

metering should be provided, not the whole application. This supports the views stated in [NERA 

2008A].  

 

Security Access to final customer profile data can be useful for criminals in 

identifying when final customers are away from home or asleep and 

HANs must be secure and private. Access to the meter data must only 

be provided for approved agents or devices. Security protocols are now 

being made available, an example of this is the Certicom device 

authentication service that has been released for the ZigBee smart 

energy profile [Certicom, 2008].  

Multi-utility and 

smart homes  

LANs should be designed to allow access to other utility meters including 

gas, water and on-site generation meters, where appropriate. This link 

should provide an access point to the WAN for onward communications 

to energy retailers and other agents. The link should also allow data from 

other meters to flow to local displays, applications and smart homes 

communications networks. 

Demand response 

and embedded 

generation  

The network can be used for connecting other utility meters, linking to 

embedded generators, controllable loads and energy automation. 

Appropriate data entities should be provided to support these functions 

and routes provided to the appropriate devices. Displays should 

recognise on site generation and provide appropriate feedback such as 

total generator output, instantaneous generation. 

Data transfer rate For data feedback that is first communicated to the energy retailer and 

then back to the final customer, the quantity of data will have a direct 

impact on the cost of operating the system. It follows that the least data 

compatible with achieving the desired response from the final customer 

should be transmitted. 

Installation cost  If the display is to be installed at the cost of the energy retailer, the 

installation cost cannot be high, as might be the case with extensive 

twisted pair cabling. Use of wireless communications can avoid cabling 

costs but may incur high costs if aerials need to be placed away from the 

meter for good signal strength.  

Meter battery life 

and disposal 

Where the smart metering system is for multiple utilities, the power 

consumption of those meters with no mains supply will be a critical 

factor. Typically, gas meters can only transmit data once every 30 

minutes over a low power wireless link if their batteries are to have a life 
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over 10 years. Any batteries fitted to meters will be subject to the 

Batteries and Accumulators Directive [BAD, 2008] that governs the 

placing onto the market of batteries and their disposal. This came into 

force in September 2008. Meter displays that fall within the scope of the 

WEEE will also fall under the BAD and must allow for easy removal of 

the battery at the end of the displays life. The batteries should be under 

the control of the meter operator and disposed of in appropriate routes. 

Disposal of discharged batteries will have a cost implication that needs 

to be considered. Permanently fitted rechargeable batteries with a power 

cradle will take up a mains socket and will have a higher power demand 

unless a high quality recharger is supplied. A mains supply would have 

the lowest energy consumption but will again take up a mains socket 

(unless fitted with its own connection, a high cost option) and will dictate 

the location of the meter, which wonôt be free to move about. 

Meter and display 

energy usage  

This is considered in ESMA Deliverable 2 [Parsons 2008] but, clearly, 

the smart metering system should use less power than it is expected to 

save. Smart metering system designers should report on the anticipated 

energy consumption of their systems. Those manufacturers responsible 

for the energy consuming components should consider where possible 

the use of low energy designs. Where batteries are used the comparison 

of energy use is more complicated than for mains power supplies as the 

energy costs of recycling used batteries should be allowed for. A useful 

report on the environmental and energy costs of batteries is given in 

[ERM 2006]. 

 

Issues which must be considered are: 

Feedback and display to final customer considerations  

It is important when selecting display technologies to consider the following points. Firstly, the MID 

requires that final customers have access to the data on which the bill is based. Also, the needs 

and types of feedback discussed in Chapter 3 ñfeedbackò must be considered. There is currently 

no definitive view on how complex the display should be. Higher quality displays, with either more 

colours or more pixels, are more expensive but final customers are not expected to respond 

adequately to poor displays. Utilities will want to supply the cheapest display that achieves their 

objectives with regard to the final customer, especially for mass roll outs of displays. Some final 

customers may choose to pay more for a higher quality display, either from the utility or from an 

alternative vendor.  

 

A further major consideration is the power supply to any in-house display, which will be an 

important consideration. There are three main options; replaceable batteries, rechargeable or 

single use; permanently fitted rechargeable batteries with a power cradle or a mains supply. Each 

of these options has some negative implications; for example, separate batteries will depend on 

final customers changing or recharging them with a risk of batteries being disposed of outside of 

approved recycling channels. 
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The main technical options for implementing final customer feedback include a display on a meter, 

a separate display device, PC, TV and a mobile phone.  

 

It is clear that several of the issues related to effective final customer feedback involve a balance of 

cost and quality and that at present there is no firm understanding of where this balance should be 

set. It is clearly important that, until this knowledge has been developed, those designing smart 

metering systems should consult the literature for examples of good practice as well as carrying 

out consumer tests of any proposed system. Also, as knowledge is developed, it should be 

disseminated as soon as possible. ESMA has been established to provide this dissemination route 

and will provide an annual update on best practice. This leads to the following recommendations. 

Examples of feedback devices 

Below are shown a couple of examples of displays in addition to those already shown.  

  

 GEO ï The Home energy hub is a device 

that uses a split current transformer to 

measure the current passing through the 

supply to the whole property. The current 

sensor passes its data to the display using 

wireless communications. In addition, this 

model can accept signals from gas and 

water meters with pulse outputs and also 

from plug sensors that capture the power 

going to individual appliances. 

 

Figure 4-3 GEO Home energy hub 

 

 

 

 The PRI Home Energy Controller connects 

multiple utilities and the heating system. 

The controller uses ZigBee communications 

and the controller is certified against the 

ZigBee Smart Energy profile. 

Figure 4-4 PRI Home Energy Controller 
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4.5. Recommendations 

¶ Smart meters should contain an interface to enable the data contained in them to be 

communicated to other devices and systems within the home.  

 

¶ This communication should be supported by the adoption of open interface and data 

communications protocols. The smart metering industry across Europe should agree a 

common approach to local data exchange with utility meters. 

  

¶ The design of the WAN should allow for future growth in communication performance 

requirements (such as data rates, availability and speed of response) arising from the 

introduction of new product offerings. For some services communication availability and 

response time are much more critical than high data rates and the impact of these on the 

final customer experience should be considered at the design stage. 

 

¶ As much of the cost and risk of a smart metering over its lifetime are related to WAN 

communication. It is recommended to pay special attention to this when designing smart 

metering; again considering the impact of future growth in communications.  

 

¶ The security of the system must be managed appropriately to ensure that only approved 

parties can access the meter data and that final customers and others cannot access data 

within the meter that they are not approved to view. 
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