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Disclaimer

The information and analysis contained within teisnmary documenis developed to inform policy
makers. Whilst part of the information analyzed was supplied by representatives of National
Governmentsa number of assumptions, simplifications and tramsfations have been made in
order to present information in an appropriate form for policy makers, and to enable comparisons
with other countriesTherefore, information should only be used as guidance in general pdlicy
may not be sufficiently detailedr robust for use in setting specific performance requirements.

The views, conclusions and recommendations expressed in this report are thosefafttioesand

do not necessarily reflect the views of 4E or its members. While the authors have takercaiety
accurately report and analyze a range of data used in this report, the authors are not responsible for
the source data, nor for any use or misuse of any data or information provided in this report, nor any
loss arising from the use of this data.

This document and any map included herein are without prejudice to the status of or sovereignty
over any territory, to the delimitation of international frontiers and boundaries and to the name of
any territory, city, or area.
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Executive Summary

SMI/EMS stands famart meteringinfrastructure andenergymonitoring systems. This is the title of
the first Task ofhe Electronic Devices and Networks AnnBONA, which itself is anchored in the
Energy Efficient Endse Equipment (4E) mplementing agreement of the International Energy
Agency IEA. This task is sported by seven governments Australia, Austria, Denmarkhe
Netherlands, Sweden, Switzerland and the United KingdeibNA"s Taskcbvers two differat types
of systems:

1 SMI: This topic covers smart meters and all other componentsf smart metering
infrastructure. Smart metering can be understood as electricity metering enhanced by means
of communication and various auxiliary functions.

In this context, the mart metering infrastructure consists of the smart meter and everything
needed for it to communicate with a distribution system operator. Lasggle smart meter
roll-outs are under way in variow®untries

1 EMS This topic covers standalone productas well as system installations for end
consumers. These products can béhome displays connected to smart meters, siAgbént
measurement devices (smart plugs) connected to a server, or complex systems which are
part of a complex home control system. Theuppose of such systemds to visualize
information on the electric energy consumption in the household. The EMS market is
currently growing veryjuickly.
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Figurel: Simplified graphical depiction of the boundary between SMI| a8 E

Policy makers expechat the provision of energy consumption data in households, as provided by
these systems, will lead tiocreasa energy efficiencyand reductions in consumptioiccording to
several studiesthe averagelongterm consumption reduitons typically lie in the range of few per
cent comparedo households without feedback.

These systems however also consume electricity which magtqfést of the positive effectand the
widespread installation of these systems may have consideiaigacts at a macro scal@he own
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power consumption of these systems is the main topic of this report wikestribes the objectives,
methodology and achievements of Task 1 as of March 20&&chieve a reasonable description and

a realistic understandingf this issue SMI and EMS have been analyzed and classified. Their own
energy consumptions have been measured or determined through research, and modeled on the
basis of appropriate reference units. In the case of SMI a metering peines as a referee unit,

while in the case of EMS the reference unit is one household. The small associated consumption of
these reference units was then extrapolated to the number of entities in a whole region. The results
allow policymakersto make crossomparisons wh other product groups or energy demand
figures.

For SMI, measured consumption datas not available ithe EDNA member countrieSherefore,
reference dataoriginatingfrom the project SMART METERINGnsumption- Own consumption of
electricity meters $Mc) as shown inFigure 2 were used as the basiSMART METERING
consumption was a binationgroject undertaken on behalf of the Swiss FealeOffice of Energy
(SF@®&) andthe Austrian Federal Ministry for Transport, Innovation and Technology (BNPgiin)
2010 to 2012

To derive countnspecific case studies, this data was mapped according to key input parameters
such as the number of 1 or 3 phase metering poiatsg the split into different communication
technologies.

Overall there is a factor four between the best and the worst performing technology, with regard to
the own energy consumption. The communication technology plays a key role, greatly influencing
this own energy consumption.

Annual Energy Consumption (kWh) per Metering Point
According to Technical Scenarios A-D
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Figure2: Comparison of energy consumption figures in kWh per metering point and over the time span of ohe year.
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For A, B and D, different manufacturevere analyzed and for A, C and D, different ratios of metering points per data
concentratorwereadditionallyassumed.

! Preisel, et al. 2012
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For EMS, tgting measurements have been completed and additional consumption figures were
derived from datasheets. Similarly to SMI, thera t®nsiderabldifferencein the energy
consumptiors of systemswhich providecomparable functionality. The own energy congions
can be substantial, especially femergy nanagement systems with a large number of connected
nodes {.e.,smart plugs), adding up to 101.5 kWh of electricity consumption per houselndlgear,
in one of the scenariogs shown ifmablel.

Tablel: Annual electricity consumption of different energy monitoring and energy management systems

Basic Complex
worst in class 20.6 32.1 kwhly
Monitoring
best in class 8.9 0.1 kWh/y
worst in class 48.3 101.5 kWhly
Management
best in class 14.3 62.7 kWhly

With respect to smart meteringhe task findingsndicatethat the general awareness on the issue of
own energy consumptiorof SMlis still low. There is limited information available in the EDNA
member countries on th&inds of metersthat will be installedor are currently being favored by the
utilities. Relevat and valid data from theSMc project shows that the meter itseltontributes
between 76% and 98% to the systemde average input poweper metering point The meter
propertiesand technical featuresas well as thesystem conditions especially for coranication of
meter dataare themain drivers ifluencing the overall own engy consumption of the SMI. In this
sense, he communication technology talseup a key roleand as such has been used as the main
feature to distinguislbetween systems.

The assesment methodology developed in EDNA Task 1 applied to the conditions of specific
countries, provided information on the possible energy impact from the own power consumption of
the SMI rollouts which are likely toe deployed;or already deployegdin seleted countries.Oncea
specific technology has been rolled out, the technology pathway for the neixt 20 years is set and
may require largeinvestmentsto be changed This pathway will determinenot only the own
consumption of the infrastructure fathe years to comebut also the features, interoperability, and
expansion options available to utilities and énd-consumers.A key finding from the Swiss case
study, is that there are ways to account for tlemtire product life cycle of smart meters (csidering
their raw materias, manufacturing, distribution, installation and etitkir life). This case study shows
that it is possible to integrate theneter exchange process in thegular recalibration processes
which the grid operators are carrying outfor their park of installed meters.
Currently he government policy approaches in most EDNA countfas SMI and EMS are
decoupled i.e., technical specifications are set for smart meters but not for EMS. ItJtlited
Kingdomthough, the decisionpath is parallel for the SMI and EMS rollouts, namely, minimum
technical specifications have heset for both type of systems.

Additional information, such aheé strikingly lowaverage input power (AIRX the battery powered
SM devices and the substantial differences between the AIP of different communication
technologies suggestthat there ispotential for improvemens, which policy makers could further
evaluate for further SMI policy development.

The introduction of smart meters alonewvithout providingappropriate means of feedback to the
end-users will not result in a change of useehavior A variety of research projects and fietdals
from around the world provide information on the successful implementation.

% Preisel, et al. 2012



The assessment methodology developadEDNA Task 1 was also used to assess scenarios and the
possible own energy consumption of EM systems available in the markets of EDNA member
countries. Different approaches are incorporated into the EMS products offered in these nsarket
ranging from thge using arinterface with the electricity meter to transmit the overall consumption

to a hub or directly to a dispja to those usingsingle node measurement poin{smart plugjto
transmit the information to a hubThe investigation in Task 1 of EDMNIsarly showed that
depending on the number and type of devices instalted, ownenergyconsumptionof EMScan be
significant and culd substantially offsethe expected energy efficiency gains at the end user side.
Users might not have appropriate inforti@n to make informed decisions on how many smart plugs
and other devicesre installedand how they will specificallyeed to beusedto manage (and save)
household energylLarge differences in consumptidretween different smart plugs were found,
which siggestghat efficienttechnologiesare available

In this sense,lte EM systemshave to befit for purpose S/stens do not need to record everything

but should provide the user with the necessary informatiorachieve reductions in consumption
EMS manufacturerarould have toconsiderthe datathat really needs tdbe measured, logged and
visualized to fulfilthis energy savindunction.

To visualize the consumpticsome of the investigateM systems had dedicated display@n first

sight these do not seem necessarmonsidering thatthe visualizationfunction can be provided by
other, existingdevices However, the energy efficient technologies availatdday, their low use

times, and the benefit such devicamay bringto specific user groupare worth considering versus
their own energy consumptionespeciallyif smart power managemenoptions areimplemented.

Most devices be it smart plugs, hubs or displaymly require low network availability and the
communication protocol should alloW 2 NJ I agl 1S FTNRY aftSSL¥ O2YYlLy
generally programmed to a time profile once and can then run autonomously. The data only needs to
be available on demand and the system can wake from sleep to transfer data or switch consumption
as requied. These capabilities would go hand in hand withast power management features
whichmayalsooffer great saving potentialg this context

There is a great difference in the own energy consumption between battery and mains poiMred
devices, thouf it is not fully clear if thesdevicesall provide the same functionality. @hgh battery
powered devices often operate very efficiently by using efficient components and smart energy
management settings, avidespread penetration of these devices in tigarket could lead to
considerable increases in battery waste.

To ensure that users can take full advantage of the products, desfargd beshipped with energy
efficiency settings enableay default. Manufacturerswould not onlyneed tointegrate thesesettings

in the devicesput actually ensure that theintended benefis are available to the consumers right
from the start.

It is important that EMS devices, and especially complex systems for the haneejnstalled
correctly. Training and courses ynée required to bring electricians up to speed on these
installations their mainterance and optimization, so thathese systems delivethe maximum
savings potentialAs the frequency of interaction with the EM systems decreases over time, periodic
maintSy I yOSS NBYAYRSNE YR AYUSNI OlAaAz2zya gAGK GKS d
energy savings, and to avoid that the EMS becomes angpheasitic energy load, no longer
delivering the function and benefits they were designed for.

The investigaons presented in this report suggest further work would be needed in the fields of
communication technologies and their interoperability, energy harvesting technologied,
transferring technologies employed lrattery powered devices.



1 EDNA context

1.1 Purpose and motivation for EDNA in-fHEA

After 5 years of successful activities, the e Standby Power Annex formally concluded in May
Hamn GAGK GKS ONBFiGA2Yy 2F GKS | yySE The yiewsst SO0 NR
initiative of the Intey  GA 2yl f 9y SNH& | 3Sy0eQad LYLX SYBsiliAy3d |
Equipment (IEA4E) focuses on network connected devices.

Network connected devices can be controlled, and this offers enormous opportunities for energy
management. At the samente, there is a responsibility to ensure that these devices use a minimal
amount of energy to stay connected. The scope of the Annex is broad, including most types of
electronic equipment and associated networks serving the information technology andedelat
communications needs of consumers, businesses, institutions, and utilities.

The policy discussion and activity to date has b&smsed on limiting the networkelated power
consumption within a product, primarily in low power modes as well as inergdbki time spent in

low power modes. However, the concern should be on more than just power use in low power
modes. Network connectivity can induce considerable extra energy consumption by keeping
products in higher power modes when they would otherwise dble to enter low power modes
6020K GKS LINPRdzOG AGaStFT |yR 20§KSN LaNEGADE EE 2 Y
of having network connectivity. To ensure that we help to shape the efficient low energy networks of

the future, it is impdNIi F vy GKI G 6S Y20S o0Se2yR (KS AaadzsS 27
overall energy impact of networks

In this sense, EDNA seeks to assist policy makers in the development, implementation, and
measurement of policy action of connected devices. TheAfoals are:

To monitor, measure, report and compare the extent of, and changes in, energy consumed by
electronic devices and associated networks within Annex participant countries and other
selected locations; and

To support the alignment of government policies (including voluntary or mandatory
approaches) which permit participating Annex members to minimize excessive energy
consumption by electronic devices and associated networks.

EDNA currently egagesthe following member countries: Australia, Austria, Canada, Denmark,

France, Japan, Republic of Korea, the Netherlands, Sweden, Switzerland, United Kingdom, and the
United States of America. These countries agree to support selected tasks and projects of common
interest.

¢tKSNBE NS Odz2NNBydafe G2 OUAGS (lFala BAGKAY 9beE
9y SNHE az2yAdG2NRy3a { &la xS Y2aE aod{yaSINkERa {90F F-AYCR). Bylrda Ly
addition EDNA is taking an active role in the G20wddted Devices Task Group under the G20

Energy Efficiency Action Plan, launched after the G20 Summit in November 2014

4 http://edna.iea-4e.org

5 Harrington et Nordman, 2014


http://edna.iea-4e.org/

1.2 Oveaview on EDNA members and tasks

This report is presented by the ECODESIGN company GmbH on behalf of the Austrian Federal
Ministry of Transport, Innovation and Technology (BMVIT), as member and lead of EDNA Task 1
G{YFINI aSGSNAY3 LYFNIaAdNHzOGdzNE yR 9y SNHE& az2yAi?2

SMI/EMS is the first Task of EDNA, launched in November of 2014 with the support of 7
governments: Astralia, Austria, Denmark, The Netherlands, Sweden, &tatdd and the United
Kingdom (ee Figure3).

Figure3: Member countriestothtEEACcN 9 95b! Gl a1 &a{YINI YSGSNRy3a I yR 9ySNH& Y2
[Source: ECCEDNA meeting May 2015].

This technical report describes the objectives, methodology and achievements of Task 1 as of March
2016, and provides an outlook of the camgiworkunderthis task.
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2 SMI/EMS: Background of Task 1
EDNA Task 1 eerstwo different sorts of products or systemegspectively:

1 SMistands forsmart metering infrastructure This areds focusing orsmart meters andll
other components which are somehow involvedlie smart metering infrastructureSmart
metering can be understood asectricity metering enhanced by means of communication
and various auxiliary functions.

1 EMSstands forenergy monitoring systems Ths area covers standalone produds system
installations for encconsumers. Thesproductscan be irhome displays to be connected to
smart meters,singlepoint measurement devices (smart plugs) to be connected to a server,
or complex systems which anasi part of a higHevel home control system. The purpose is
in any casgto visualize information about electric energy consumption in the household.

Figure4 showsa schematicarrangement of devices for SMI and EMS, the boundary in between and
the overlapping area wherthe internet provides online reporting.

SMI /"'] EMS
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Figure4: Simplified graphical depiction of the boundary between SMI and EMS

Smart meter rolouts are under way in various world regions and end users are increasingly installing
energy monitoring systems to better understand and manage the energy consumptiomplEreges

in their homes. In this context, the smart metering infrastructure consists of the smart meter (SM)
and everything needed for the SM to communicate wittisribution systemoperator (DSO).

The EMS on the other hand is a system used to visutiliz energy consumptidrin a household to

the consumer. This information has to be accessible to the user in almostimealand/or on
demand, and should include the current consumption as well as logged data.

Policy makers expect that, in the shortrie these measures will increase the energy efficiency of
households, by providing the user with relevant information to make more informed decisions. The
hypothesis that improved feedback will have both immediate (motivational) and leteger

6 Energy consumption in a household might cover heat, gas, and electricity flows. Task 1 focuses on electrical energy and the
corresponding monitoring systems in thesidential sector.
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(learning)effects on energy use is supported by a large number of studies. On average, the effect is
typically of the order of a few per cent compared with househetithout the feedback.

Policy development carried out so far has beenintya
focused on the critical role the new generation mete
play in the operation of national electricity market
and on competitiveness, as well as on access 4
management of consumer information. The potenti
impact of the own energy use of SMI/EM
technologies themselves has not been thorough
investigated. These energy impacts need to
considered against the potential benefits of th
deployments, programs, and behavior changes th
will improve energy efficiency over the long tern
EDNA dask 1 ¢Snart metering infrastructure and
SYSNH& Y2yAG2NAyYy3a aeaids
impacts of the SMI/EMS infrastructure, focusing i
research on the following issues:

1 The energy consumption ranges of th
different smart metering and energy
monitoring systems, as well as its influencin
parameters; both at the components level, an
systems as a whole.

1 The type of functionality of the SMI/EMS 4§
basis for possible comparisons.

1 The impact on the overall energy consumptig
of the systems by means of eapolating
YSIadz2NBR RI-#Zdzi A¥F08y I
different countries, to identify the scope o
potential improvements.

1 The potential for policy interventions by
governments within the SMI/EMS market, t
encourage the adoption of efficient

technologies and solutions.

The European Commission expec
consumers to benefit from smart
meters through the following possible
ways [EC 2014 b.

Energy savings:

smart meters demonstrably helj
consumers reduce #ir consumption
and save energy.n@art meters help
consumers master their consumptio
and therefore increase their energ
efficiency

Innovative services for consumers:
smart meters open the door to smat
home solutions and innovative hom
automation services

/| 2y adzYSNEQ SYLRgS
smart meters will improve competition
in retail markets

Environment protection:

less energy consumioin and higher
energy efficiency help protecting th
environment

Distribution system efficiency:
management of distribution system
becomes cheaper and more effectiv
leading to lower distribution costs

2.1 Goal, scope, and objectives
The key actions in Task 1 SMI/EMS®are

w»
Q¢

1 Researching SMI/EMS technologies and systems present in the market: to classify the
systems and their functionality (such as provision of-tway communications, controhnd
the end user functionality for home monitoring devices such as handheltmne display,
or web portals) to enable the comparisons of their power use.

1 Measuring and reporting the energy use of different SMI/EMS technologies, so that

comparisons candmade of the different implementations of these systems.

7 Harrington et Nordman, 2014

8 Preisel et al., 2015
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1 Developing a flexible and broadly applicable assessment methodology, combining the
research results with the measurement data, to extrapolate plausible scenarios and their
energy consumption impli¢ens.

1 Engaging with stakeholders, including manufacturers, standardization organizations, energy
agencies, energy utilities, and other groups dealing with smart metering and energy
monitoring systems.

1 Identifying market trends on future energy monitoritechnologies and their functionalities
at an early stage so as to enhance global collaboration at the scientific and policy level.

9 Identifying focus areas and scope for policy development (e.g., energy consumption relevant
features and functions).

In dhapter 2 of this report the status of SMI/EMS is presented according to the information available
from EDNA member countries. Chaptegives an overview of the approach followed in this task,
particularly concerning the methodology, data sources and measurements completed in the course
of this Task. In chapterthe results from chapteB are assembled in case studies with scenarios for
SMI/EMS irnthe EDNA member countries. These case studies show the possible ranges of energy
consumption associated with the SMI/EMS systems and their probablienmeptation. Chapteb
includesa discussion of the key fiars that influence the resultssummarizes key lessons learned in

this task, and in relation tpossible future work.

2.2 Introduction to SMI/EMS and status in EDNA countries

Smart metering is rapidly gaininggpmentum across the world. In all EDNA Task 1 member countries
there are plans for rolbuts, as shown iFigureb.

Austria and Switzerland have completed small spdt# roll-outs. Austria has a target of 80% roll
out until 2020, and Switzerland plans an 80%aali by 2025.

Denmark has rolled out around 50% of all smart meters (1.63 million smart meters), and the
remaining 50% is mandated by law by 2020. The N&thds has also completed a partial rolit
replacing 7% of metering points, and the plan foresees 100% coverage (7.6 million smart meters) by
2020. Sweden has completed a full vwlit with 5.2 million smart meters installed.

The current roHout statusin the United kingdom is 1 million smart meters, with plans for 97%
coverage by the end of 2020 (32.94 million smart meters) with the remaining 3% until 2030.

In Victoria (Australia) a full redlut of 2.8 million smart meters is complete. This cover& 2 the
Australian population. Other regions are launching smart meterout, such as New South Wales,
Queensland, Western Australia, and South Australia. Australia is preparing legislation to facilitate the
further national roltout based on customeshoice of smart meters.

13
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Figureb: Electricity smart meters retiut timelines in EDNA Task 1 countries (considering 80% cov%rage)

In Europe the European Services Directive (2006), the Third Energy Package (2009) and the Energy
Efficiency Directive (2012) are the main regulatory drivers promoting the deployment of smart
meters in the Member States. The Energy Services Directive laid the foundation for a European
legislation for smart metering, by requiring individual energy metnd standards for frequent and
understandable energy bills. The Third Energy Package accelerated the penetration of smart
electricity metering in the EU, by setting the target of at least 80% of all households having a smart
meter by 2020 (given positivcostbenefit assessments). The Energy Efficiency Directive connects the
smart meters directly to dynamic pricing and improved feedback programs, and empowers smart
meter and consumer feedback regulatithh

With respect to energy monitoring systems, théseeno mandatory rolbut as such in any of the
countries participating in EDNAa3k 1. In the UK all smart meter consumers are offered an in home
energy display (IHD) as well as web access and apps. Energy monitoring systems are mostly left to the
market. There are instances however in which minimum technical requirements of smart meters
define a capability of the complete smart metering system to visualize the recorded data online
using a visualization tool.

Regulations addressing efficiency of SMI/EMS

In the EU, the regulatory framework that deals with the energy in use is the EU Ecodesign of Energy
Related Products Directive 2009/125/EC. Under this framework, the Regulation (EC) No 801/2013
covers standby, off 2 RS | YR ySig2N)] SR T&IiyrRoée NB23da S alidh 21y
this case, since networked connectivity is a feature of a large range of products, including products
that will appear in the future.

A networked standby condition maintaining a certain level of network connectivitydeattivating

main functions could decrease overall energy consumption. Products that are able to be reactivated
over a network would typically be IT and consumer electronics equipment, such as personal
computers, displays, networked storage, and networkedipment.

9 Adapted from EC, 2014 b. p.13

10Van Elburg, 2015
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According to this EU regulation, this equipment must be designed to provide power management
and meet specific levels for power consumption in networked standby (introduced in two stages):

1 From 1 January 2015: 12 Watt for products with Highwdek Availability (HINA) and 6
Watts for equipment without High Network Availability.

1 From 1 January 2017: 8 Watt for products with High Network Availability (HINA) and 3 Watts
for products without High Network Availability [5].

Under the Ecodesign Diree#i there is also the ongoing preparatory study on smart appliances and
meters,which started last October 2014 This preparatory study examines all technical, economic,
environmental, market and societal aspects that are relevant for a broad markeiduction of

smart appliances. Some aspects of smart meters will be considered, but the study is focused almost
exclusively on smart appliances, such as large household appliances (e.g., washing and drying
machines), domestic lighting, battery storagepace heating, air conditioning, ventilation, and
humidity control; and low power chargers. This study will follow in principle a horizontal approach,
and focus on functionalities such as energy saving and deswresebnse features.

In the USA a large numbef networked products are covered by ENERGY STABqirements.

The objective is to minimézoverall energy budget for a product in use. US EPA sees a clear trend of
network connectivity being integrated in more and more consumer products. For exa8@ite of

TVs on the US market are shipped with network connectivity. Increasingly demand respadge
appliances and networked climate control is being deployed. The key objective for ENERGY STAR® is
to promote the delivery of network connection with thewest power possibleENERGY STAR®
focuses on total energy consumption and network standby is viewed in this cdfitext.

Technical specifications and energy consumption of SMI/EMS

In the context of EDNA Task 1 it is important to understand the (Minimaohnical requirements

that governments are adopting for smart metering follts and for energy monitoring systems. This
information was gathered primarily from the EDNA member countries and from own research. A
summary is presented in this section. Thattees Austrian smart meters need to comply with are
RSTAYSR Ay G(KS daiAgfaiderurigst 3 SIF R v d2$6CE20 A B Wikttli cdme into
force in 2011. Guidelines to accompany the preparation of technical specifications for smart meters
are avdable in Switzerland. For the Netherlands, the UK and Australia detailed technical
specifications are available (s&able2).

Table2: Summary of technical specification documents for SMI availakBkdécted EDNA task 1 countries.

Level of  Guideline  Preparatory Detailed Detailed Detailed
technical guideline guideline guideline guideline
specifications
Reference IMA-VO, CH BFE NETBEHEEF UK DECC, NMI, 2012
2011 UVEK, 2014 NEDERLANLC 2014 a&b.
2014

11 http://www.eco-smartappliances.eu

12 The US Environmental Protection Agency 8&F\) and the Department of Energy (US DOE) operate this voluntary endorsement
labelling program. Their focus is primarily national, however many specifications for consumer electronics and IT equipmeed a
internationally. ENERGY STAR® has considetesrk connectivity in its specifications since 1992, covering personal computers and
monitors. Further specifications include those of Small network equipment since 2013.
[http://www.energystar.gov/products/office_equipment/small_network_equipment/kgyoduct_criteria].

13 https://www.iea.org/media/workshops/2013/networkedstandby/130404workshopreportNetworkStandbyToronto201303.pdf
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Within these specifications, the research went deeper into identifying details regarding energy
consumption, additional features, and specifications relatedismalization and commmication, as
discussed below:

C

([@%

Energy consumption in Austria and Switzerland a threshold for the own energy
consumption of smart meters has not yet been defined, however, the minimum technical
requirementsdemand fora systemthat is designed and operated as efficiently as possilole

the Netherlands, the maximum allowed average power consumption without and during
communication is limited for single phase (2W and 4W, respectively) and foippabe
meters (4W and 8 W, respectivelyh the UK, the average energy consumption thresholds
are set at 4W for single phase and 7W for golfyase meters.

Detailed measurement data on the own energy consumption of smart meters is not available
in the majority of the member countries.

Additional features the proposed smart meter features in AT, CH, NL and UK largely follow
the European Commission Recommendatie@ 2012/148/EWwf 9 March 2012 on the
preparations for the rolbut of smart metering systenié

In the Netherlands a breaker or valis not allowed in the meter. In DK and SE the features
partly follow the EU recommendations EC 2012/148/EU. In Australia, the features and
technical specification®llow largely IEC standards described in the NMI M-B Electricity
Meters Part 1: Metlogical and Technical Requirements

Table3: Country specific minimum functional requirements of smart meters adapted from TableCBmmission Staff
Working Document SWD 188.

Member States rolling SM SM SM SM SM SM SM SM SM SM
out Smart Meters [MinFun-|{ Min Fun- [MinFun -|MinFun -|{MinFun -|MinFun-|MinFun -|MinFun -|MinFun -|MinFun -

(SM) (a) (b) (c) (d) (e) (f) (g) (h) (i) (i)

Austria YES YES YES YES YES YES YES YES YES YES

Denmark YES Partly YES YES YES YES YES YES YES YES

Netherlands YES YES YES YES YES YES YES YES YES YES

Sweden YES Partly YES YES YES YES Partly Partly YES YES

United Kingdom - GB YES YES YES YES YES YES YES YES YES YES

Descrigion of minimum requirements (aapted)from EC 2012/148/EU

For the customer:

a) Provide readigs directly to the customequipped with a standardised interface which provides visuali
individual consumption data to the consumer dr)dJpdate these readings frequently (e.g., every 15
minutes)

For the metering operator:

c) Allow remote reading of metetsy the operator.

d) Provide tweway communication andontrol of the metering system.
e)Allow readingsa be taken frequently enougb be used for network planning
For commercial agrts of energy supply:

f) Support advanced tariff systems
g) Allow remote on/off control of the supply and/or flow or power limitation
For security and data protection:

h) Provide secure data communication.
i) Provide faud prevention and detection
For distributed generation:

j) Provide import/export and reactive metering

14EC 2012/148/EU, 2012

15NMI, 2012

16EC, 2014 b. p.16
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C Visualiation: The mode of visualation for the smart meter data has not been explicitly
defined in Austria. IriBwitzerland the mode of visualization is left to the market, i.e., to the
operators of the smart metering systems. The minimum requirements only demand the
technical possibility to visualize the data on a platform if the customer demands it. The
specificaion of the platform includes options such as a smart phone application, a web
platform but also ishome displays. In Denmark, the Netherlands, and Sweden frequent
readouts are sent to the customers. In Sweden efforts are underway to provide hourly
readingsto the customers. In the Netherlands-mome displays are caidered most useful
for visualiation, and the functionality is mandated, but the installation is not mandated. In
the UK all customers are offered-iome displays, as well as web access apgs. In
Australia the smart meter has to be capable of communicating with the home area network
(HAN) and this would suggest the possibility to integrate gémime display.

Table4: Summary of visualizion modes in the EDNA Taskdlintries.

Physical biling| x| x| X | every 2 months| every month | ? | X
Online access | | ox | ? | ? | |
Provision for

in-home ? X ? X ? X x)
displays ‘ ‘ ‘ ‘ ‘ ‘
in-home

displays ‘ ® ’ ’ X ‘ ®

Legend: x- provisionis mandatory; (x) available but not mandatory; 2unclear

C Communication This refers to the technology used to transfer the data from the smart
meter, namely, to the other components of the network, such as thia doncentrator
(DCO)InSwitzerlandor example, a distribution of abom0%power line communication
(PLGand30%general package radio servif@PRBs expected for the configuration of the
roll-outs. The smart meter data is planned to be read out dailywillinot be transferred to
the dstribution systemsoperator (DSO) in real time. In The Netherlands, the transfer from
the smart meter to the supplier is ofim. The data transfer for 80% of smart meters will be
carried out via PLC and for 20% via GPRS. In Sweden the data t@attsddCGOs
distributed, with a mix of GPRS, PLC and/or Radio; PLC only; Radio only; and GPRS. From the
DCQo the distribution management system (DSM), the technologies used are GPRS, IP
(fiber, etc), Radio, PLC and others.

In the UK, the HAN communicari is based oZigBee. Wide area network (WAN)
communications are based on cellular or radio transmission. In Victoria (Australia) HAN
communication is also based on ZigBee anust of the smart meter data transfer employs
radio transmission. More informitn on specifications regarding communicatiosh®wn in
Table5 below.
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Table5: Communication technologies and additional information on SMoud of EDNA Task 1 countfies

Communication Measurement | Readout Comm.
technologies interval interval synergies
across utility
meters
Austria (AT) SM to DC: 70% PLC a 15 mins. Daily Not planned
30% GPRS readout
DC to DMS: 100% Fép
optics
Switzerland 70% PLC and 30% GPR! 15 mins. Daily Planned
(CH) expected. readout or
upon
request
Denmark PLC+GSM/GPRS and 15 mins. Unknown Unknown
(DK) wireless radio frequency. For some SM
previous to
2011; 1hour.
Netherlands 80%PLC an@0% GPRS. 10 secs. 15 mins. Yes
(NL) GPRS chosen for sm:

scale roHouts.

Sweden (SE} SM to DO: 46% 1 hour Unknown Unknown
GPRS+PLC+RF; 37% PL!(
17% RF & 1% GPRS.
D@to DMS: 86% GPRS;
33% IP; 9% RF; 8% PLC,;
17% other.

United SM todata andcomm. 10 sec. updates 30 mins Yes
Kingdom company (DCC): 65% to consumer readouts
(UK) cellular (GPRS and 3G); (HAN). (WAN).

33% long range radio; anc
remaining, mesh radio.

Australia HAN communication 30 mins. Daily unknown
(AU) based on ZigBee. readout

Most of the SM data

transfer with DC and mest

system.

To assesSMI and EMS in detail, the EDNAsk 1members agreed to the preparation of case
studies, looking atheir country characteristics in relation to the extent of the deployment of SMI

and EMS. Information on demographics as well as average energy use in the residential sector, as
shown below inFigure6, form the basis for thee case studies, and provitiee starting point foran

17 Based on information and documents provided by member country delegates.
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in depthinvestigation ofselected systemsionsideringhe extent oftheir adoptionand the esulting
own energy consumption needed for their operation. The apprdachhis assessmeris described
in the following chapter dealing with the methodologwd the results.

" 4.4 mio households

27.6 mic househoids Q
<>
A, 7,809 kWh electricity per household
wayr /

410‘9 kWh electr city per household A
iy I [ ) f

2.3 mohausefmlds
- O *-
']
,ﬁ % 4¢UﬁkWhelec1r:c'nr per housshold

7.5 mio households

o
i |

X
4
y/%

("\] e 4,753 kWh electricity per household
) & =
3,329 kWh electricity per housshold ) Fmﬁn £

8.7 mio households
5,843 kWh electricity per hot.lserwb ‘

3.7 mio households|

Firkly

3.5 mio households

@

5,177 KWh electricity per household

Figure6: Information on demographics and average energy use in the residential sector for EDNA Task 1 members.
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3 Overall descriptio of the approach in Task 1

Starting with a pre-selection of devices and/or systems a prioritizatitakes place to further
investigate the products or product groups which are representafowea region (e.g., devices
available and likely to be installed in significant numhers)

Most smart metering infrastructureM) and energy monitoring system&£MS productsprovide a
number of secondary or auxiliary functions. Further, they typically trigger energy consumptions not
only at their ownsite but also atone or more nodes in thaetwork. Hence, the functionalés to be
analyzedhave to beclearly defined. In the SMART METERING consumpti¢8Mc) project the
analysis concentrated on the core functiotiak of smart metering systems, nametapturing
logging and transmitting data

Theapproachin Task 1 considers the followingderlying criteria:

1 CompletenessA spatial system boundary has to be defined évery poduct or system to
be analyzedThis is necessafgr the correct allocation of the (own) energy consumption of
devices or processennsideredn the analysis.

1 Reliability: the qualityof the single input data used in the modelisigall beassessed. In the
best case e.g., whetiata from realpower measurementss usedconfidence intervals shall
be determined as far as possible.

91 Flexibility: The methodologyis to be built from single contributiongo the system gotal
energy consumption.Different combinations of thesingle contributions allow the
representation and modeling of diverssystems and/or applications, andallow the
compaison betweernexamplesand case studies

1 ComprehensivenessThe results Isall be presented in a generaasily understandable way
that provides least possible room for nmiterpretations

18 SMART METERING consumption was a project assessing the own energy consumption aspect of smart metering infrastredture, carri
out as a binational study commissioned by the Swiss federal ministry of energy and the Austrian ministry for transpeartipmnrernd
technology (see Preisel, et al. 2012)
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Data structure

The graphidn Figure7 showsthe datastructure usedin the modeling processorted in different
odata levels.

These data levels dnot represent the chronological sequence of stdpsbe performed during
modeling, but simply indicate the structure of the data, going from the smallest unit of information
to the highlevel end result. The actual step by step procedures for modeling the SMI and EMS case
studies are described separatelly subsections3.1.2 and 3.2.2, as tley are different for these
different systems. SMI and EMS are brought into tharket differently, thereforedifferent
reference units are used to keep the logic in alignment to the common thinking in the corresponding
industry.

@ Reference units )

Consumption per reference unit )

.%% Assignment of units to total number )

Extrapolation )

Figure7: Datalevelsfor the modeling o6MI and EMS

For better orientation the corresponding text passaga identified withthe followingsymbols:

SMI EMS
Smart Metering Infrastructure Energy Monitoring Systems

=) I T

The followingfour pagesof this sectionrdescribethe quality andtype of data, both for SMI and EMS,
according to the foudata leveldn Figure?.
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Referenceunits

Areferenceunit shouldbe defined whichconsides areasonablesystemboundaryfor the objects to
be analyzed The system boundaryor the reference unicanbe set arounde.g.,one haisehold, one
metering point, orevena subregion.By this setup, iwill represent a smalliilding block thatan be
usedto performan extrapolation later on.

To perform extrapolations which combirgfferent technical solutions or product groupsultiple
reference units are neededrolloning thislogic, everysingle reference unitepresents a category of
atechnical solution or product grougdike theexemplary entries X, Y, and ZHigure8.
Certainproperties of theavailalle producs in the market diffesignificanty. However differences in
the own energy consumption and individushtistical marketlata must be given to allow for such a
categorization andmextrapolatiort®.

Reference units )

Differences in: Example:

Smartmeters are
_ _ Target us either connected to
\iarketing Technical solution g ers 1-phase ofto 3-phase
metering points.

h/industr tionalities

Branch/ y ; Func 1-phase meters

o congstently show
WOIeNErgylconsumption) at lower own energy

consumption than
3-phasemeters
Further, the numbers
of metering pointdor
Relevant criteria for separation the rollout region are
into different reference units commonlylisted
separately for Iphase
and 3phasemetering
points. Therefore, it
makes sense, to
differentiate between
these twotypes of

separate reference

units.

Figure8: Data level'Referenceunits’

191f the own energy consumption for all analyzed systems were equal, it would not make sense to split them-zategobes. Similarly,
if the statistical market data does not allow for separate extrapolations according to the chosemateglories, it wuld also not make
sense to split them into subategories. Therefore, these two characterizations are never negligible.
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Gonsumption perreferenceunit

To gather data on energy consumptipa reasonable compromiseeeds to be reachethetween
keeping the necessatgvel of accuracyon the one handand limiing the time burdenon the other
hand. As suchtiis necessary to identiffhe components and/or process whichcontribute to the
own energy consumptionand which are part of a chosen reference unitFurther, different
operational statesnight needto be identified for thesecomponents. In that case, either average
valueor detailed informatioron the different states and duty cyclesrequired

Figure9: Data levelConsumption pereferencedzy A (i é
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Example:

Afictitious energy
monitoring system of
a household consists
of 3 smart plugs amh
one base unit. The
base unit alternates
between different
operating states. The
actual mix (realistic
duty cycle) is a
conseguence of how
it is usedc it makes
sense to perform
measuements on a
real installation with a
realistic use scenario.












































































































































































































