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The opportunity has been taken to revise the text to improve readability and correct any errors that had been noted in

the previous editon.Chapt er 13 fAMarketing smart m&thapitrg $He mBimaed o Med
the smartgr i do0 has beensnowfocused dnesmart metating ifeatures for the Smart Grid. In general,

where possible the focus of the Guide has been shifted more fully onto energy saving and sustainability and less on

the dmechanicsd6 of smart met er i togeflectTHames@atitodkeplade apsto Getokero b e e n
2008. These include the introduction of the Batteries and Accumulators Directive, the release of the ZigBee energy
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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:

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

1 enhancing business efficiency and service performance of distribution system operators,
energy retailers, energy service providers and energy final customers

1 avoiding investments in networks and generation

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

1 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

1 The internet promises to provide useful additional feedback through incorporation of
further analysis and advice on a longer term basis

= =4 =4 A

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 dedi cated gateway t
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.

vi
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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 CO,/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 t horough survey of ¢
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.

Vii

Uust ome



European Smart Metering Guide 2009 Q

Energy Efficiency and the Customer

Acknowledgements

The Editors of the Guide would like to acknowledge the valuable contribution of the following
people who have provided comments to the various drafts of the Guide. We are grateful for the
contributions and we have sought to represent the views of the all the contributors. However,
this has not always been possible. Therefore the Guide does not necessarily represent the views
of the contributors and the authors are responsible for the final text.

Invited Reviewers

Dagnisa Blumberga, Riga Technical University, Latvia

Larry Colton, Echelon, USA

Sarah Darby, Oxford University Centre for the Environment, GB

Hilbrand Does, Oxxio Energy, Netherlands

Dr. Wolfgang Irrek, Wuppertal Institute for Climate, Environment, Energy, Germany
René Kamphuis, ECN, Netherlands

Prof. Seppo Karkkéinen, VTT, Finland

Dr. Philip Lewis, VaasaETT, Finland

Frank Merten, Wuppertal Institute for Climate, Environment, Energy, Germany
Olaf van Pruissen, ECN, Netherlands

Jos Rensen, Zest Utilities, The Netherlands

Hanne Saele, SINTEF, Norway

Kani Sipl&, VTT, Finland

Ivars Veidenbergs, Riga Technical University, Latvia

Cor Warmer, ECN, Netherlands

Prof. Bernard Zawada, Warsaw University of Technology, Poland

Dr.Raf ag Gawin, The Energy Regulatory Office, Pol a

Attendees at the Warsaw ESMA Review Workshop (not listed above)
Patrick Caiger-Smith, Green Energy Options, GB
Pavel Cirek, Energy Regulatory Office, Czech Republic
Ryszardj Drynski, NETCITY, Poland

Maciej Kania, Procesy Inwestycyjne, Poland

lan Kilgallon, Board Gais Networks, IE

Andrzej Pawlowski, Atut Centrum, Poland

Prof. Jurek Pyrko, Lund University, SE

Witold Stawiarski, Vattenfall Distribution, Poland

Alex Travell, E.On, GB

Jerzy Tumilowicz, KAPE, Poland

Dr. Robert Zajdler, Institut Sobieskiego, Poland

viii



European Smart Metering Guide 2009 Q

Energy Efficiency and the Customer

Alliance Members
Alan Knight-Scott, EDF Energy; UK
Dries Lemmens, EPSM - Electrical Power Systems and Metrology, Laborelec, Belgium

Project Team

Dariusz Koc, KAPE, Poland

Pekka Koponen, VTT, Finland

Claudio Rochas, Ekodoma, Latvia

Carmelo Rodriguez Moreno, ENDESA Engineering, ES

We would also like to thank a number of people who provided comments anonymously and
apologise to any people we have missed from this list; the contribution of all was appreciated

Finally, a special thanks from the Editors goes to Constant Zomer of ECN and Carole Cooke of
BEAMA for proof reading and formatting the Guide.



European Smart Metering Guide 2009
Energy Efficiency and the Customer

Contents
EXECUTIVEIMM A R Y, oottt te ettt ettt e e ettt e e e et e ee e e abm—eeba s ses s e aaa e e e e e baeeeesabme e s ba s eesessanseesebaneseesbameeannsees v
ACKN OWLED GEMENT Sttt ettt e e et mr e e e e e et e e e ee et s e s s st me s e aaa e s e sebasesssannsessssameserans VIl
PN S S YA VAN I [0\ TR 1
1. NI RS O 0 10 L@ 11 ] N T 3
1.1. SVIART METERINGSCOPE AND CHALLENGES. ... cittuiieiiiieeiee e ttte e et s e e et e e s ata e e et e e eeta e e saan e eataaeeeanaeannaaees 3
1.2, PURPOSE OF THIS GUIDE. ... .ituituuiitntetnttsueesuesstetan ettt etastsassnsstaesa st sssssststansatassenestasersneessserreresnsernres 5
1.3. ABOUT THEUROPEASMARTMETERINBLLIANCEESMA). .. ..o e e e e eeee e 6
2. WHY SIM A R T ME T ERIN G . ettt et ettt e et e e et et e e e et et e e e ee st s e ss et st s b s seeabaseassnanseseees 7
2.1, CONTEXT OF SMART MBS ....uuituuittettneetneetessesteesntssteeetetsneessessstertnettireseesteresnsssnsesessssersnessssersnessneeid
2.2. ADVANTAGES AND COSFSMART METERING. .. .cuuiituittiitnietntetntesnetteetnsssnteesetssesnsssneesaesttsessssrnssanssrnees 8
2.3, PROGRESIWARDSMART METERING. . euuttuttutttntetntttuteeneeetersnesstertestnssneetteeestersesstiereern 12
2.8, RECOMMENDATIONS ..t ettt ttetettt ettt et tstsetaa s st e et eeaa e ea st b seaa e tasaaseanssansssesaassanssansessssstnresnsssrnsrnnssrnres 12
S T o == o L= N[ F =1 T 12
3. SMART METERING ANDSTOMER FEEDBACK ... oottt ettt et e s e s e e e e e e aans 15
3.1, BENEFITS FOR CONSUBIER. ... cuuittuitttiettettatetetteetesst ettt ettt esatsstesaettaseanssteesaestatesnesstaeraneetniessaesrnrees 15
3.2. TYPES OF FEEDBACKIINRSUMERS ....uuitttiitnitttettetttetn ettt estsetassanes st tasaanssan e saseansetnsssassasstseanssenaees 16
3.3. LESSONS LEARNED FERRERIMENTSARIELD TRIALS .. iuutittiittiittiettteaeeteesnessteraessnsessessneraneesnsesnaesreeen 21
3.4. EXAMINATION OF ENERBID PRICING DISPIAEX/ICES....u.iuuieuniieniettettneeneettesnessnsrasssnsesasssnernsesnsesessineees 24
R TR = =(oTo ] Y 1LY 1 =1 Y 0] 27
BT T == = = ] = 27
4, SMART METERING SYSFTETECHNICADPTIONS......ouiiieee et em e e e eaaas 31
o T Y | = = = 3 ] =S (] NI @] = < 10 32
4.2. WIDE AREA DATA COMMUORTIONS. ... tuuittettettn et eestestesstessnessseesn ettt eaneetsestasettranesstersasestersneesiernns 36
4.3, SOFTWARE SYSTEMS BIDA STORES ... ttuitueitntetnetteeasttnteenesstetatssnseraessssetasetnrereeetnrssessnsssesrenesenssd 40
4.4, QUSTOMER FEEDBACK IADIDAL AREA COMMUNIINS ...uuuitutiitneitnetttestsseteranesssessestneesnessteessesstersnessnierens 41
4.5, RECOMMENDATIONS ...ttt ttuettnteen ettt etaesetetaaeetateea sttt eaa s saseasetssanats e tanretneanetnreeasesnssenesstsrsnsennsrenns 45
TR = = = = =] = N =5 TN 45
5. SMART METERING SYSFTEMULTIUTILITY ISSUES ..ottt s e st eaa e 47
LT I | N 200116 [ox 1T N ST 47
5.2. HEAT AND COOLING SMAETERING. ....uuetuutitntieneseteraseterensesnseransetsessesssssnesstnsssnessisernsesnsesnsesnserineeness 48
5.3, GAS SMART METERING. ...tuttuuittnittttteraestetsneesteet et sssessassteeaatsaeeaestaesaessteraettnrestasstersnessnsssnns 52



European Smart Metering Guide 2009
Energy Efficiency and the Customer

5.4.
5.5.
5.6.
5.7.
5.8.

6.1.
6.2.
6.3.
6.4.
6.5.
6.6.
6.7.
6.8.

7.

7.1.
7.2.
7.3.
7.4.
7.5.
7.6.

8.1.
8.2.
8.3.
8.4.
8.5.

9.

9.1.
9.2.
9.3.
9.4.
9.5.
9.6.
9.7.
9.8.

10.

WWATER SMART METERING. ... ctuittitttiitteettetteestsetteetaessaes st esaa et saa e st s taa e ta s sassassbn et ssnesstsersnearnsannss 54
MULTHUTILITY SMART METER. ...t uiiettititieeteteeeeteessaaeesetaessaaa s essaaeessaassesasesssansesetasesanssasnsesstassersnnsees 55
EXAMPLES OF MUALTTILITY ENERGY DS ..uuituiituiettiitnettesaestettaeesssstsstnsssssssnssstessstsneesssessneesnsarnnes 55
REGDIMMENDATIONS. ...ttt ee et e e et e et e e e et e et e e e et e e e eba e e eaa e e s et e e e aaeesaaa e s et s eeba s eesaansesasnseeeansesnnnseseran 56
[ = = = T = (o =T 56
SMART METERING ANBETSMART GRID.....oun ittt em e e et e e s e e e e e 59
PROSPECTS FOR RENEBRBND GIN BUROPE......uiiuiiitiieiiiiie ittt e it eetts et e et s s st st s s s st e sanes st s raneasnerans 59
THE INTRODUCTION BEEBVIARTGRID. . .1t ittuiitniiitieetetteeanesttsestsstasessesstessnsesessnesstersnsesntestaestarssnsesnssennd 60
FUNCTIONAL REQUIRENTS OF TEEMARTGRID. ... i eieiiitiieereetiuieeeeeesstaseessestsnnaeeeessssansaeesassennaseessssnnnseeaenes 63
INTEGRATING THE SMIMETERING SYSTEM ARBSVMARTGRID?. .. .cuiiiiiiiiiiieieeseeeesise e st s s et s s eanesanes 63
HOW TO PREPARE A SMMETERINSYSTEM FOR TBHEARTGRID? ....cvvviivniiiiieiieiieeieeresiieeanessneesnesnnsesnsssnnesd 65
THE COMMUNICATION ERRY...uuivuiitneetntsttestnettnsesaesssessesssessestseanestatestessteesnesstiertasetnetseestiersaresniernnns 66
RE C OMMENDATIONS .1ttt et ettt ettt e et e st s et e saaeasa e st s e sa s e st s s e e s s s e s s aa s sa e san e sa e saeesa s sanseansssbsstnsssnsennssenss 67
REFERENCES. .. ctuittiit ettt ettt et e et e et e et e ea e et e s aa e e st e et e e aa e s b e e s e et e e aa e st e saa e e st e s asanerbnsernanrans 67
SMART METERING SEFES8 FOR DEMAND RBESPE.........oiiiiiiieeeie et me e 69
PRINCIPLES OF DEMANIBPONSE. .. .tuutttuitttiettettteanettarestessteesnetstesasrsers sttt esteeeesstnerseesiern 69
SUPPORT FOR MULTIPYEES OF DEMAND RIBSFE .......ccuniirniieniiteienrensersneesnsernnsessesnesssssesssesnssssesssessneesnsaid O
HOUSEHOLDS SEGMENIFS IFEMAND RESPONSE. ....uuittiiitiiittiieiiettettteetettneestestneestssneesseesteesessneessnesannes 73
ESTIMATING THE BENEL. ... ieuuieuniteueeuettnteanettatesaessaseenessseeansesesansessesanetasesassasea et ssenessnsrensesnernns 73
RECOMMENDATIONS ...ttt ettteettt et e et e tae et e sea e et esateesaeebaseanestnsesnesstsesnsssssersnssssersnessssersnsesnsesseessneesneesneid &
[ = =T N (o = 74
SMART METERING SEFB8 FOR SMART HOMES ..ottt 77
THELINK BETWEEN SMARTTHEING AND SMART HEBVL....utiitniitniieteeteseneetsssanessesansetnsesnessnssssesssnessnessnserens 77
MEETING THE NEEDSHRBRT HOMES WITH SMAVIETERS SYSTEMS. ...uuituiiiteiiniiiiietneseteeetessneessessneesessnnees 79
EXAMPLES OF SMART HESMUINKED TO SMARETEIRING ... cevuitttettneetneenesnsssssensenssneransesnsesnsesnsssnnsesnesenns 81
RE C OMMENDATIONS . .11t ettettt ettt eeet e sae et esaa e st e st e e ta e aa s sase s s st sas s st e san s saesaeessessnsetnssbsstnessnesansssnns 82
L == =1 N T 82
THE UTILITY AND SMARETERING. ... .ottt e e et e b s e e e e e s e s s et e e e s s bmeeabaa s 83
IMPACTS OF SMART MENE ON ENERGY DIBURION AND RETALL. c.uivuiieiireieeieeeteeeaeeterenessnereneesnsersesnseees 83
NEW MARKET OPPORTUBBTFORESS ... ..ou ittt e e e e et e e e b e e e e b e abaas 84
IMPACTS OF SMART MENE ONESCO AND MARKET OPERRSIQ....uivvniieiieetieieeetseeneetiietieetnsssnesstessnsennesenns 87
UTILITY FINANCIAL ANSIS FOR SMART NRENE ... ccuutitnittettettneestssstessessneesnssseesnessntesnesstserenessnreraesrneees 88
FUTURE DEVELOPMENT S, .t tttttnttuettetetaeassasenestansaneaes et eaeaas st earasansenseasesressetssnsensrnssssssnsensersensens 88
(@ 0] N[ @1 IS (0] N 88
[ 101 1Y 1Y 1 =T 0Ny 1 0] N 89
[ = = T = N =TT 89
DETERMINING ENERGAVINGGAINSUSING FIELD TRIALS ... 91

Xi



European Smart Metering Guide 2009
Energy Efficiency and the Customer

O T O 11 =@ 7Y I I = N =T 91
J0.2.  FEEDBACK SYSTEMS. uuuiiiittiiietueetttteett e tetaeerat e eeaa et eaareta e eaaaetesaeteta e eranetetanreretaseeernessrnnsasranss 91
J0.3. KNOWN FIELD TEST S, ituitutittntitniietetutesteetnetsaesnsssstsnssnsesnssteeasstnesasstaeansststesnesstsesnessnserasesnsenes 92
10.4. WHICH INFORMATIN TO INCLUBE. .....uuiiiitieiie e ee e e et e et e e s e e e e e e s s e s et e e saba e s saaeesaaaserenessannesenns 95
O T Ve Te] =y A0 N0 =l 0 1 T 95
JO.6.  STATISTICAL METHQODS .. tetuuietttnteeeenereaneetetaeesesstesssareetateetaseeaateretaeeesseeessssetsreretnseerrnsessrnesrnnss 95
O A @ 1 T =1 = 3 V| = TSR 96
10.8. RECOMMENDATIONS. . tuittiit ettt e e st e et e s et e et e et e st e st e st esba e st e st e stassaaasaasebssanssansesntersnrernsannens 97
IO TS TR 3= =3 (o] =F T 97
11. METERING AND REGUICAN ..ottt e et e e sttt e e s e et me e st s e s e eaba e e s s aaassesesbamessbaneeserarasanes 99
11.1. BJROPEAN REGULATOBNTEXT AND THE ROEENATIONAL REGUDATL......uuiivniiitieiieiiiieeeeiieerieerneeenessnnnnd 99
11.2.  TYPES OF REGULATIOREEIROPE . .cuuiivuiittiiteettitttetttssteetesateestesteetsesnresatestaeetttsteestersnssanesanns 100
11.3.  ORGANISATION OF THERKET AND SMART MBI ....uuivutiitniitnteteitnraneesnessseraettntesnesstsrassetersnessnserans 104
11,4, RECOMMENDATIONS. it uttttttetti ittt e teeeteeetees e st eeaestt e s s st esan st seatsstssansatasssnessteransessseranestnsrnnns 106
I T = =01 = N 106
12. SMART METERING SY@FE STANDARDISATIQN ......uciiiiiiiiiiiiiiiime e e e eerrme e e e e e eeeenaaaen 109
12.1 LIS ] 516 L3 1 [ N 109
12.2. LEGISLATIVE ENVIRONWIE .....ctuuiituittittnetttetneesnesstesanestssesssstasessstaessnasstersetsntessesssiersneetteeeeestneeen 110
12.3. SVIART METERING NETMER . .eutiiuuituieteetntteaeetnseteetnetsnsesaesanseanstansesnsetseanstsnsssanssrnstansssnserasssrnrees 111
12.4. SCOPE FOR SMART MEVEFRSTANDARDISATION. .. .uuuiitutitititeeetettetaestteesteetteesnesstsessessteesnessneerserrneees 112
12.5. STANDARDISATION AFPLTO SMART METERING . .ctutttiittteitnietitesniestesteetntsansetsresetsseneesaserareseerns 113
12.6.  QUSTOMER FEEDBACKIRIATION. . .uittuieutetettneetteeseessersneetnestesstereneesnstsneestersneesntersneetaseraeesnnrens 116
12,7, RECOMMENDATIONS. . et ittt ittt ettt ettt e et e e e e e et e ea e e et s e s e ta e sa e e aaseeae s st s s ansean s an s st esansesneransstnsrnnss 120
I S T o =1 =1 o =1 o] =E= TR 120
13. MARKETING SMART MIERTIEG SERVICES ...... oottt e et r e 121
13.1. PREPARATION FOR SMMETERING IMPLEMENTIN . .....ccuuittuettettneesnesttesnesstersnessntessaesteesnesseesneesnneeens 121
13.2. MARKETING STRATEGY [FRRNCH OF SMART MEINES.....uiituieneetseranetsnernesseeteetnssenesssersseseraneesrerns 125
13.3.  INSTALLATION REDUTE POSTINSTALLATION SUPPORT ....uituiittiiteitiieeteettiestestneesneesterseesersneesniernnns 126
G2 S 0T @ Y 1Y 1= N Y 1. 127
G T T o =11 o =1 o] =E= TR 127
APPENDIX 1. SMART METERING DESIBPTIONS. .. .ottt ettt et e et s em s e s s s e eaneee 129
AL IMETER CONFIGURATIGNIONS. .. cetuitttitneittesttetasetsessneessesaessaeesssasssasesntsstessaetsneestssrssertaesstresaesrnnees 129
Al.2 N T2 (0] =10 @ /A 131
F AN R T VA N A\ (@] = T = T 132
AL 4 WWIRELESS COMMUNICAITIO. ... ittuituetuneetnttensesaeessseanssenseeastsaessssnsesa st teenesstereneernssenesstsereneesnrernns 134
APPENDIX 2. STANDARDISATION PRESG ... oottt em e e s s e s e e aa e s e e 137

Xii



European Smart Metering Guide 2009 Q

Energy Efficiency and the Customer

APPENDIX 3. OPTIONS FOR/ANDARDISATION......cuttiiiiriiiiiee ittt smrre e 139

Xiii



European Smart Metering Guide 2009
Energy Efficiency and the Customer

European Smart
Metering Alliance

Abbreviations

Abbreviation Whole term

AMI Advanced Metering Infrastructure

AMM Advanced Metering Management

AMR Automatic Meter Reading

ANSI American National Standards Institute

CEE Central and East European countries

CENELEC Comité Européen de Normalisation Electrotechnique (European Committee for
Electrotechnical Standardization)

CHP Combined Heat and Power plants

DER Distributed Energy Resource

DG Dispersed Generation

DH District Heating

DR Demand Response

DSO Distribution System Operator

EE Energy Efficiency

EEC Energy Efficiency Credit (Energy Efficiency Commitment UK)

EEI Energy Efficiency Improvement

ER Energy Retailer

ERGEG European Regul at drictyéndGasoup for EI ec

ES Energy Saving

ESCO Energy service company

ESD EU Energy Services Directive

ESC Energy Savings Certificate

ESMA European Smart Metering Alliance

ETSO Association of European Transmission System Operators

EU European Union

EUMF End Use Monitoring and Feedback

HAN Home Area Network

ICT Information and Communication Technology

ISO International Organization for Standardization

LAN Local Area Network

MAP Meter Asset Provider




European Smart Metering Guide 2009
Energy Efficiency and the Customer

European Smart
Metering Alliance

MID Metering Instruments Directive
MO(P) Meter Operator

MRT Multi-rate tariffs

NAP National Action Plan

PLC Power Line Communications
PPM Pre-payment metering

RES Renewable Energy Source

SO System Operator

TSO Transmission System Operator

WAN

Wide Area Network




European Smart Metering Guide 2009 Q

Energy Efficiency and the Customer

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 O0smart meteringé and it is t
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 i 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
6smart met eropongn®00i]s used [ K

Smart metering has the following features:

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

1 Automatic management of meters

1 Two-way data communication with meters

1 Provides meaningful and timely consumption information to the relevant parties and their
systems, including the energy consumer

1 Supports services that improve the energy efficiency of the energy consumption and the
energy system (generation, transmission, distribution and especially end-use)

6Smart gmetheas nreceived more and more attent.i
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 i nformati on f or agemciessousimgar bodies,anclgdangn
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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1 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.

I 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.

1 Article 13 of the ESD offers a wide range of interpretations, where some of the key parameters
(especially fAestimated pot ent idgémerdsaareinat gvailabje
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

need
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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. .

Themain target audience for the Guide ar e Euops.
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.

1.3. 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
Uniondés I ntelligent Energy for Europe progr a

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 U 500 P MembeasnohthemAlliance 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

! 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.

mme .
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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.

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.

1 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.

9 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
0 S =
3 ¢ g8
£ > d c 35 x4
9 D = o g @ &
7] a3 O > d o q
S c g 0 O M < g
(@) wo 0 O F W d

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.

Meter and billing operations

Remote collection of meter data should reduce the cost of data | V \ V
collection, eliminate estimated bills and provide accurate data
for usage information on bills.

Linkage of different utility meters (such as electricity, gas, heat V
and water) further reducing the costs. See Chapter 5 A S ma
metering systems 1 multi-utility issues.

Smart metering can reduce theft and increase revenues for | V \% \%
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.

Remote management of meters will allow meter operators to Vv \Y,
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Benefit

Beneficiaries

Customers

Energy

Retailers
DSO

Governmen
t/Reaulator

Energy

anencies

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
AiSmart metering services for

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 A The cust omer
meter. ngo

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 iSmart metering and the
Smart Grido.

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 iSmart metering and the
Smart Grido

Smart meter components and infrastructure can be linked to
other energy savings schemes such as White Certificates. See

Chapter9n The wutility and smart m
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Benefit

Beneficiaries

Customers

Energy

Retailers
DSO

Governmen
t/Reaulator

Energy

anencies

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 Chapter9fi The wuti |l ity and sn

<

Market operation

Smart meters may provide improved and faster processes for
final customer switching between Energy Retailers. This would
support market liberalisation.

Smart metering can enable demand response that is necessary
for efficient and secure operation of the electricity markets and
other energy markets.

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.

Smart metering can support pre-payment contract options
making pre-payment more attractive and less costly for final
customers. See Chapter 4 i Smar t met er i ng
technical. optionso

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 nAFi nRasans 2008A].TVEhatl c&nibe
said is that the implementation of smart metering, because of

10
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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].

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.

11
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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].

T

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).

2.5.
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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:

1 The end of estimated bills. The benefit of more frequent bills based on real consumption and
without waiting for a meter reader, wilc er t ai nl'y appeal to most
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.

1 The provision of historical data on bills to show how energy consumption compares with the
same billing period of the previous year.

1 The possibility to become more aware of household energy consumption and the ability to
better manage energy consumption, resulting in savings on energy bills.

1 The ability to switch the supply contract between debit and credit without requiring manual
intervention or the installation of prepayment meters.

1 The ability to switch more easily between energy suppliers.

1 The ability to adapt energy consumption patterns to take advantage of time of use tariffs and
hence lower costs.

1 The ability to install micro generation measures without new metering arrangements.

15
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1 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:

1 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.

9 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:
1 ease, immediate and continuous information dissemination;
1 type, quality and quantity of data presentation;

9 interaction and control by the energy user.

The basic types of feedback that can be distinguished are:

16
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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.

= =4 =4 =4 =4

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.

= =4 =4 =4 =4

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 CO, 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 fSmart metering systems -t e c hni ¢ a |to aospahdalan@ s 0 )
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
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 1
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

18



European Smart Metering Guide 2009 Q

Energy Efficiency and the Customer S

Metering Alliance

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

Ol der prepay metesmattetdd bechbesédsetméey | ack a
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:

1 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;

9 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:

1 The commodity prices is based on market transactions and should ideally correspond to the
electricity generation costs;

1 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.

20



European Smart Metering Guide 2009 Q

Energy Efficiency and the Customer

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.

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.

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 fDetermining

energy saving gainsusingfield tr i al so0 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..
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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;

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.

H

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 | Information on | More Personalized web | Telephone
market research screen / direct | detailed page(s) services
display bills
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 T although 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:

9 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);

9 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 fundament al devel epmanutni dat i agdésht biva
6communicating displaysé6.

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 (HANSs). 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

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

ONZO

The ONZO is a stylish, modern designed portable consumer unit from the UK that monitors energy
consumption, sometimes referred to as the
fidashboard for your ho
battery-free innovative energy display works
with a smart meter in order to provide real-
time feedback on energy use by interactive

Wokomero sharing information with a computer to allow
ONZO 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

Figure 3- -1 ONZO energy display (source: ONZO) 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

ONZO
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and track their energy use. Once the ONZO is hooked up to a computer, it will take the customer
straightto a website with information for compa@ror
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:

I 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
9 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.

= =4 =4 =4
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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.

= =4 =4 =4

Smart metering systems comprise a number of interconnected elements as shown in Error!
Reference source not found..

Appliances

Generation

diagram reproduced courtesy of Landis+Gyr

Figure 4-1 Smart metering system

Technical options for these elements are described in detail below.
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4.1. Meter design options

Measured guantities

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:

1 kWh of active energy for electricity;

1 kWh for heat meters;

T m?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) i
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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 hill

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

T WAS ON YESTERDAY? frequency as the different loads
l 2 78 are distinguished by their effect
m on the power signal. It can be
KWH 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

ENERGY COST:
sufficient data resolution to
carry out this analysis remotely;

£1.05
such devices must be built into

Figure 4-2 Sentec Coracle 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
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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. Thi s topic is dealt with i nSnmatich

metering services for demand resp o n s Fothe 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

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

Security

Support

Data accuracy
and consistency

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.

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.

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.

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.

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.

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.

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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Interoperability

Multi-utility

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.

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
retail er 6s DbThik Wil avgid cesylysvisies s 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
ASmart meteriism@ansgdystdemati ono.

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. Mu | t i utilities are dealt't
systems T multi-ut i | i t yFrom s teaha@isabaspect 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 lcontains 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 i 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 i 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:

1 Link other utility meters thus providing access to the WAN for these meters

T Provide a |link to smart home devices (further d
smart homeso)

9 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, pcbés for ener gy an adtompetitien amdthe final tustomerlso u | d
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 LANSs should be designed to allow access to other utility meters including

smart homes 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  The network can be used for connecting other utility meters, linking to

and embedded embedded generators, controllable loads and energy automation.

generation 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 Where the smart metering system is for multiple utilities, the power
and disposal 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 | ocation of the meter, whi ch

Meter and display This is considered in ESMA Deliverable 2 [Parsons 2008] but, clearly,

energy usage 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 if e e d b a ¢ K@ comidesetl. 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 i 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

1 Smart meters should contain an interface to enable the data contained in them to be
communicated to other devices and systems within the home.

1 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.

1 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.

1 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.

I 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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