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Vision and Mission

In a world of increasing demand for energy, KEMA has a major role
to play in ensuring the availability, reliability, sustainability and
profitability of energy and related products and processes.

To be an independent, leading global authority that adds value to
the business of its customers by offering risk, performance and
guality management in the field of electricity, gas and heat — from
production to use.
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KEMA Services

Policy & Production Trading Transport & Use
Strategy Distribution

One company serving the diverse needs of the energy marketplace
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Major Figures

Incorporated in 1927 '

Headquartered in the Netherlands

Locations and representation in
20 countries

Customers on all continents

More than 1,800 employees

Turnover in 2010: € 245.3 ml. |
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Energy Focus

Policy & Production Trading Transport & Use
Strategy Distribution

Portfolio/risk management, trading and energy balance processes
Allocation & reconciliation (grid co’s, suppliers, shippers, PV'’s)
Process & IT Process redesign, implementation, training and initial execution
Consulting Project management, system procurement support

IT functional design, implementation and integration
IT quality testing

Market design and regulation

Commercial due diligence

Business Energy markets / renewable energy / emission management
Consulting Demand side management / energy efficiency

Change program management

Macro economic demand and supply planning & advisory

Technical analysis and design (engineering)

Technical due diligence

Technical Asset / portfolio optimization modeling (technologic vs financing)
Consulting Risk assessments and quality control and surveillance

Data communication interface testing

Requirements specification
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symbiosis of Business and Technical Consulting

Technical consulting
differentiators

Unique . Senior industry technical

client leaders
Va|ue - Insight born from experience

Operational understanding
of complex component and
system operations
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Introduction / Background

Project background and status

The Third Package, i.e. Annex | of Directives 2009/72/EC and 2009/73/EC includes
stipulations regarding the roll-out of smart metering

With the Energy Community’s (EC) decision from October 6, 2011, the Third Package will
be implemented into the EC’s legal framework

In 2010 the ECRB conducted a review of the state of smart metering in the EC

The Energy Community Secretariat awarded a project to KEMA, to develop best-practice
recommendations for a smart metering roll-out in the EC

In order to develop recommendations for the EC, the specific situation of contracting
parties needs to taken into account as well as recent experiences in the EU

The project was kicked-off end of July, the inception report was submitted in August

The draft final report will be submitted until December 23", based on feedback from EC the
report will then be finalized during January 2012

One of the deliverables is today’s workshop with first results and a focus on the regulatory
aspects and the role of regulatory authorities in successful smart metering deployment
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Introduction / Background

Smart Metering is more than remote meter reading

We prefer to talk about smart metering rather than about smart meters

The smart meter is the appliance installed at a consumer’s house or facility, primarily
metering the consumer’s energy consumption. Smart metering is an actual application of
smart meters on a larger scale, i.e. the application of a general principle instead of an
individual appliance.

Smart Metering is the
— Automatic reading, processing and transmission of metering data
— Possibility of bidirectional data communication in real-time

— Support of additional services and applications, e.g. home automation, remote
disconnection of supply or load limitation

— Remote update of meter firmware to enable new services, communication protocols, etc.

Other terms which are regularly used are Advanced Metering Infrastructure (AMI) and
Intelligent Metering

Smart Metering is mainly perceived as an electricity topic and predominantly treated as
such by us; other energy carriers are referred to where necessary or adequate
KEMAX
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Introduction / Background

Typical functions of smart metering may include

Measurement of energy consumption and injection (e.g. in case of domestic PV facilities)
Remote meter reading and data submission to the back-end system

Submission of tariff data, etc. to the meter

Storage of meter readings and/or a load curve

Remote connection/disconnection and load limitation

Remote firmware upgrades

Submission of diagnosis data on power quality and voltage level

Fraud alarm

Multi-utility compatibility

Prepayment function

Submission of data to an external display within the household
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Smart Metering Infrastructure

Highly dependent on the chosen technological approach
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Smart Metering Infrastructure

Traditional and modern electronic meters
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Multi-Utility approach
Combining different commodities in one infrastructure may increase benefits
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Smart Metering Infrastructure

Communication technologies

Power Line Communication (PLC)
— The meter signal is piggybacked on the electricity network

— Range is limited, the meter signals are collected by data concentrators in a nearby
distribution station and passed on to the back-end using GSM or DSL technology or the
utilities own communication systems

— PLC is a technology used for concentrated roll-outs in urban areas, because of
economies of density

Mobile phone technology (GSM/GPRS)

— The meter data is transmitted using mobile phone technologies for each meter
separately or through a data concentrator

— Characterized by high investment and high operation costs
— For individual meters rather used in rural areas or for a scattered roll-out
Broadband Internet Connections (DSL)

— The meter signal is transmitted using the consumers’ own internet connection

— Limited costs, rather used for a scattered roll-out
KEMAZ
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Feedback Mechanisms

The feedback to consumers is crucial if changes in consumption behaviour
are one of the objectives of smart metering deployment

Two basic feedback mechanisms can be distinguished In-house display

Direct feedback

— Real time (up to daily) provision of
consumption data to the consumer,
e.g. through in-house displays,
web portals, SMS, ...

— Simple access to the data

— Consumers can adjust/control behaviour directly 5’

Indirect feedback

— E.g. monthly invoices based on actual consumption data, providing reference
values, energy saving advices, ...

— Data is processed by the utility / metering provider

— Feedback may include a more thorough analysis
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EU Legal Framework and Requirements

The European Union is setting the pace for smart metering deployment
Energy Services Directive 2006/32/EC

— Still vague: “[...] customers [...] are provided with [...] individual
meters that accurately reflect [...] actual energy consumption

and [...] actual time of use.” ]

Third Package: Directives 2009/72/EC (Electricity) and 2009/73/EC (Gas)

— “Member States shall ensure the implementation of intelligent metering systems that
shall assist the active participation of consumers in the electricity supply market. The
implementation of those metering systems may be subject to an economic assessment
[...]. Such assessment shall take place by 3 September 2012.”

— For electricity, the roll-out (if the cost-benefit assessment is positive) needs to be
completed within ten years, with 80% market penetration until 2020, for gas, only a
timetable for smart-metering roll-out is required, with no deadline for roll-out completion

Energy Performance of Buildings Directive 2010/31/EC

— “Member States shall encourage the introduction of intelligent metering systems
whenever a building is constructed or undergoes major renovation, [...]"

Additional documents/guidelines, etc. for instance from ERGEG, standardisation institutions
(Mandate M/441) and industry associations (e.g. Open Meter Project) 7}
KEMAZX
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Smart Grids — Power Systems of the Future

Smart metering is a crucial prerequisite for smart grids

A smart grid is a combination of modern information and communication technologies with
state-of-the-art grid assets to enable the power grid to transport energy and information in a
bidirectional way, thus facilitating consumer energy savings, demand response and
subsequently integrating high shares of (mostly intermittent) renewable energy sources and
distributed generation (DG) as well as new kinds of load (heat pumps, electric vehicles).

Smart grids require smart metering, but
extend the approach further by combining
metering and meter data with other
information on network status, generation,
real time price information and active
communication to manage demand and
supply automatically according to the
specific operating conditions
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State of Smart Metering in the EU

So far, very heterogeneous development in the EU

10/11/2011 Source: European Smart Metering Landscape Report 2011
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State of Smart Metering in the EU

Only to countries have completed a full roll-out, Italy and Sweden, several
more countries have taken a firm decision, e.g. France and UK

Various motivation for smart metering roll-out decisions

In the EU in general and in most countries, the aim to achieve energy savings and thus
reduced greenhouse gas emissions is predominant

— In ltaly, the aim to reduce non-technical losses was the main driver, roll-out started in
2000

— In Sweden, the requirement to provide invoices monthly based on actual meter readings
from 2009 onwards provoked DSOs to roll-out smart meters

The motivation for the roll-out and the roll-out strategy clearly influences the chosen
technologies and required functionalities

— Many of the meters rolled-out in Italy and Sweden in early years probably do not fulfill the
requirements of a modern ‘smart’ meter

Some countries have now decided for a mandated roll-out (e.g. France, Spain and Italy),
others — up to now — leave smart metering deployment to individual (voluntary) decisions of
market parties (e.g. Slovenia, Denmark) or require it only for specific consumers (e.qg.
Germany) or are still waiting for a final roll-out decision (e.g. Austria)
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Definition of Costs and Benefits

Roll-out plans for smart metering require a thorough assessment of costs
and benefits

Costs and benefits arise to

the network operator / supplier replacing the old meter with a smart meter
the customer whose old meter is replaced with a smart meter
other market participants (other network operators, generators, suppliers, customers)

the society as a whole

Major costs associated with smart metering are

the purchasing, instalment, operating costs

Investment costs for advanced data collection and data communication tools

Major benefits associated with smart metering are:

10/11/2011

energy savings, due to increased efficiency or sufficiency
load shifting

reduced metering costs

improved security of supply

reduced non-technical losses
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Definition of Costs and Benefits

Factors influencing costs and benefits of smart metering

Actual design of smart metering infrastructure and accompanying framework very much
dependent on objectives pursued

Drivers for implementing a smart metering infrastructure can be quite diverse, e.g.

energy savings / improvement of energy efficiency
(e.g. Sweden, Victoria (Australia), Ontario (Canada))

reduction of energy theft / fraud (commercial losses) (e.g. Italy)
demand response and improved security of supply (e.g. California)
reduction of metering costs

Costs and benefits strongly dependent on

policy objectives

regulatory framework

type of energy consumption and consumption patterns

type and functionalities of smart meters

other complementary applications such as smart grids, demand side management,...
type of market participant

Cost might be borne by one market participant (e.g. the customer), whereas benefits might
be split across market participants (network operators, suppliers, customers,...)

Costs might be short-term, whereas some benefits might occur only long-term

10/11/2011
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Potential Costs

Costs of smart metering arise for several cost categories

A smart metering roll-out results in costs on several levels

Costs of the smart meter
— Capital (investment) costs for smart meters (procurement and installation)
— Operation and management costs of smart meters (reading, service, maintenance)
— Depend on the technical specifications of the smart meter (e.g. one-way or two-way
communication)
Costs of the communication infrastructure required for remote meter reading such as
— Power Line Communication (PLC)
— GPRS/GSM
— DSL

— Depend on the existing communication infrastructure, the size of the network area
and the customer density

Costs for additional applications to utilise the whole benefits of smart meters such as
— In-house displays, web portals, SMS notifications,...

Stranded costs
— Existing meters and metering infrastructure becomes obsolete
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Potential Costs

Indicative costs as seen in other projects

Procurement Costs Smart Meter Electricity (€)
Installation Costs Smart Meter Electricity (€)

Operation Costs Smart Meter Electricity (€/a)
Procurement Costs MUC (€)

Installation Costs MUC (€)

Operation Costs MUC (€/a)

Procurement Costs Smart Meter Gas (€)

Installation Costs Smart Meter Gas (€)

Operation Costs Smart Meter Gas (€/a)

Procurement Costs Inhouse-Display (€)

Installation Costs Inhouse Display (€)

Installation Costs PLC Infrastructure per Smart Meter (€)
Operation Costs PLC Infrastructure per Smart Meter (€/a)
Additional Costs GPRS/GSM per Smart Meter (€)
Operation Costs GPRS/GSM Modem (€/a)

Installation & Additional Costs DSL per Smart Meter (€)
Operational Costs DSL (€/a)

10/11/2011
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Possible Benefits of Smart Metering

Benefits are spread over various stakeholders

Reduced bad debt

Improved invoicing processes

Simplified change of supplier

Better information on consumption

patterns

Cost savings on the procurement side

Compliance with energy savings and

emission reduction targets

Reduced capacity demand

Improved quality of supply

Labour market effect

10/11/2011

Suppliers

.

:) DSOs

Society C

@

Consumers

Reduced fraud
Lower costs for meter reading

Faster fault detection and
restoration

Voltage quality monitoring

Improved information on
consumption

Lower energy costs
Innovate tariff schemes

Accurate bills

Improved customer service

Integration of microgeneration
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Benefits to Network Operator

Benefits to network operators relate mainly to improvement in efficiency and
processes
Reduction of commercial losses (detection of fraud and energy theft)

Improved security of supply (at a lower overall cost) by
— faster fault location and power restoration
— Improved monitoring of voltage quality
— (rapid) remote disconnection/reconnection and remote reduction/restoration of power

Reduced operational costs through integration of smart meters in the IT-infrastructure of the
network operator (process optimisation)

Detailed data allows more accurate prediction of electricity flows to be used for improved
network and maintenance planning

Smart meters together with the application of time-of-use tariffs can reduce the demand in
peak times and thereby reduce the need for network investments

More precise / improved data on network losses, reactive power, power consumption, etc.
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Benefits to Meter Operator

Meter operators (can be the network operator) benefit from reduced
metering costs

Depending on the market model the network operator or a separate metering company is
operating the meters and carrying out the meter reading (metering services)

Potential benefits of meter operators (network operators or the metering companies) may
include:

— reduced costs of manual meter reading
— reduced costs through remote disconnection/reconnection

— additional benefits in case of a multi-utility approach,
integrating metering for gas, district heat and/or water
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Benefits to Supplier

Suppliers can profit from using more appropriate tariffs and easier switching
process

Potential benefits of suppliers may include:

10/11/2011

facilitation of changing suppliers due to real-time metering

improved customer information (and satisfaction) by more frequent and detailed
metering and more accurate billing

reduced operational (metering and invoicing) costs through integration of smart
meters in the IT-infrastructure of the supplier (process optimisation)

reduced payment default through remote disconnection

reduced costs for wrongly read meter data leading to faulty invoices
(incl. reduced customer service centre staff)

reduced wholesale purchasing costs through improved load profiling and forecasting

higher customer retention through offering of new tariffs and services
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Benefits to Consumers
Consumers can save money

Smart meters provide improved information and/or price signals, making the costs of energy
consumption more transparent to customers, resulting in reduced consumption and/or
shifting load to periods with lower tariffs

Recent comprehensive studies and also KEMA’s own observations show that electricity
consumption savings between 5% and 10% appear realistic

— Actual levels highly uncertain and heavily dependent on feedback to consumers

— By consuming (overall) less energy customers can benefit from lower electricity bills
or mitigate cost increases

— If time-of-use tariffs are offered, consumers can also save money by shifting
consumption from peak to off-peak hours
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Benefits to Consumers

Consumers can also benefit from more accurate meter reading and invoices

Potential benefits for customers may also include:
— Improved customer information by more frequent, detailed measurement
— More accurate invoices reflecting actual consumption (i.e. of monthly bills)

— Easier procedures for supplier switching and relocations
(through automation and simplification of data exchange)

— Easier settlement of payment obligations when moving from one location to another

— Offering of new services (e.g. load shedding schemes, real-time pricing, multi-tariff
schemes...)

— Reduced metering and operational costs
(through remote meter reading and dis-/reconnection)

— No more home intrusions by meter readers
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Benefits to the Society
Smart metering can have a wider positive impact on the society as a whole

Depending on the type of smart meters, the tariff schemes offered and the market
environment, smart meters can facilitate demand response and direct load control and

thereby

— reduce demand at peak (and off-peak) times, resulting in lower wholesale prices

— reduce the need for investments in generation, transmission and distribution
capacities (avoided costs)

— increase energy efficiency and reduce carbon emissions (consumption reduction and
facilitated integration of distributed generation)

Regulatory authorities can use smart metering to improve quality of supply regulation, in
terms of reliability and voltage quality

A large investment program such as deploying a full-scale smart metering infrastructure will
have a positive impact on economic development and employment
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New Services

Smart metering can open up markets for new services

Smart metering will establish a new communication link to households, which can be used
by energy related services but also by other services

New services enabled by smart metering could be:
— Real-time pricing
— Multi-period price schemes
— Home automation and remote access
— Demand Side Management (direct control of household appliances)
— Web portal and in-home displays for individual consumption patterns and prices
— Electric vehicles as energy storage
— Various alarm messages

Additional new services and applications will most likely arise after the infrastructure is in
place

— May be fostered by ensuring interoperability and compatibility of hard- and software
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Cost Allocation

Who pays for smart metering deployment?

Different stakeholders benefit from a smart metering deployment

Overall benefits could be higher than the overall costs, but for individual stakeholders cost
could be larger than the benefits

Investment cost of smart meters higher than for conventional meters

Who should cover the costs of a smart metering roll-out?
to be decided by regulator

— Network operator (meter operator) ?
smart metering investment to reduce commercial losses and improve system
information and security of supply...
— Supplier ?
payment to smart metering operator (investor) for option to introduce new tariffs
and services that increase customer retention...

— Customer ?
higher metering charges for benefits of increased transparency and accuracy of
bills and consumption, easier switching procedures, new services and tariffs...

— Government ?
subsidies to smart metering investors to improve energy efficiency, reduce carbon
emissions and improve security of supply
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3) Barriers of Smart Metering Deployment
a) Consumer Resistance
b) Legal/Regulatory Issues

Cc) Economic and Technical Barriers

Source: http://commons.wikimedia.org/wiki/File:Hurdle_(PSF).png
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Consumer Resistance

Public consent is often crucial for successful roll-out

If energy savings are primary target, i.e. a change of consumption behaviour, a smart
metering deployment against consumers’ resistance will endanger success

Consumers may have many concerns with regards to smart metering deployment and have
hindered/delayed a roll-out already in some countries

Consumer resistance is mostly driven by two reasons
— Security and privacy of data

Highly relevant

Collected data allows very detailed conclusions about households’ behaviour

Data transmission and established communication links create vulnerability
— High costs burdened on consumers

Consumer benefits may be unclear compared to costs

Consumers may fear to end up with costs with vague prospects of benefits
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Data Privacy and Security

Lacking public consent will hinder or delay roll-out

Data privacy and protection standards as well as access rights to data are discussed in
many countries

Legal framework and standards taking care of potential concerns needs to be in place
before roll-out starts

— PLC technology is potentially the most vulnerable and needs highest standards

— Data privacy protection should already be in place, nature of data gathered by smart
metering may require adapted legal framework, though

If not, consumer resistance may delay roll-out or success of roll-out will be endangered

— In the Netherlands, in 2009 a first attempt on a mandatory smart metering roll-out was
disproved by the Dutch Senate after fierce resistance from consumer advocacy groups

— Arevised legal framework from 2010 stipulated only a voluntary roll-out with various
options for consumers to protect their data

Keeping a traditional meter
Having a smart meter but having no data transmitted automatically

Limiting automatic data transmission to supplier changes, relocation, annual billing
and bi-monthly reading
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Fair Distribution of Costs and Benefits

Lacking public consent will hinder or delay roll-out

With a mandatory roll-out, network operators if charged with smart metering deployment,
will (try to) pass on costs to consumers

Passing on net costs (by DSOSs) is economically justified

— Needs regulatory decision

— Should take into account benefits for the DSO

— Costs may be passed on also to suppliers, if they benefit

Costs for consumers are thus clear, benefits are not

— Consumers’ main benefits are energy savings

— Highly dependent on consumption behaviour and tariff system

— Cost increases may be a politically and socially sensitive topic in many EC countries

— Important to assure consumers of fair cost distribution and to provide the chance to earn
a net benefit if consumption behaviour is changed
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Legal and Regulatory Barriers

The legal and regulatory framework needs to foster smart metering
deployment for a successful roll-out

Legal and regulatory barriers to successful smart metering deployment
— Necessary legal framework is not in place
— Existing framework is insufficiently adjusted to smart metering
Deployment may be hindered or delayed
Costs may be increased and/or benefits decreased
Legal and regulatory framework must be typically adjusted to encompass
— Regulation for revenueltariff setting to include smart metering costs
— New tariff models (i.e. dynamic and time-of-use pricing)
— Scheduling and balancing mechanisms fit for smart metering consumers
— New regulations for data handling and access (e.g. role-based access, purge date, etc.)

— Technical regulations fit for smart metering (e.g. communication standards, procedures,
calibration, etc.)
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Smart Metering in Revenue Regulation

Metering is typically part of the regulated network business

Assuming that smart metering is deployed by a regulated entity, i.e. the DSO

— The first hurdle of unclear responsibilities would be already overcome

DSOs revenue is typically determined rate-of-return or revenue-cap regulation
Regulated revenue needs to accommodate costs of smart metering deployment
— Does the allowed revenue efficiently reflect underlying costs?

Cost-reflectivity may end when socially acceptable network tariffs are designed, where
smart metering may lead to high price increases for small customers

In case end-user prices are also regulated, cost-reflective prices are required to incentivise
efficient consumption behaviour

Social aspects may be taken into account
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Tariff Systems

Realizing full benefits may require new tariff models
Innovative tariff systems for benefits from energy saving and demand shifting to fully unfold
may be required
— Time-of-use pricing with multiple tariff zones
— Dynamic pricing taking into account system state or spot market prices
Innovative tariff schemes provide incentives for consumers to behave efficiently

Normally, given the necessary framework, competing energy suppliers will offer such tariff
schemes

Within EC regulated tariffs are still frequently applied (for captive consumers )

Regulation needs to promote and to foster
development of innovative tariff schemes
by market players and regulated entities alike

Source: Hydro One
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Further Legal/Regulatory Requirements
Organization and industry procedures need to be in line with smart metering

New load profiling approach required

— In open markets, standard load profiles are typically used for energy suppliers to
schedule their energy purchases and deliveries

— Due to lack of real-time metering, standard load profiles are used for imbalance
settlement, missing volumes are compensated only after (annual) meter reading

— Using innovative tariff schemes will require an adjusted approach
Clear rules on communication, data formats, security, handling and access required
— Due to privacy and security reasons
Encryption, data access, purge date
— Due to compatibility, e.g. in case of supplier changes
Data format, communication protocols, interfaces
Could also be achieved by voluntary industry agreement (c.f. Open Meter Project)
Other regulations may need to be adjusted to new technology

— E.g. legal framework for metering and measurement
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Economic Barriers

Economic barriers for smart metering deployment are manifold

Danger of biased cost benefit assessment against smart metering roll-out

— Costs can be assessed vey clearly

— Benefits (in particular from energy savings) remain uncertain

— Caution dictates to rather overestimate costs and underestimate benefits

Benefits may be unevenly distributed between the stakeholders

— Costs may be mainly on industry side, benefits on the consumers’ side (c.f. regulation)

Cost-benefit analysis may be biased depending on who is conducting the analysis or is
taking the roll-out decision

— A party may assess smart metering as negative from the individual perspective

Customer groups where positive net benefit could be achieved may be not visible in cost-
benefit analysis due to lack of granularity

With high investment costs market parties are often hesitant to invest

If network operator’s revenue increases with amount of energy transported, incentives to
promote energy savings are missing
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Technical Barriers

Main technical barrier is lack of standardization

Commercially available smart metering components often lack interoperability due to
proprietary solutions. Open hardware and communication standards are still under
discussion/development (e.g. Open Meter Project)

— Established and open standards will enable modular set-up of compatible devices

Successful full-scale smart metering deployment will need

Hardware standardization
Software standardization
Communication protocols standardization

Data format standardization

Standardization may be achieved by industry agreement, by authorities or by close
cooperation of both; the latter seems most promising

Currently available metering devices are either expensive or support only limited
functionalities

10/11/2011
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4) Market Models and Roll -out Strategies

a) Market Models for Metering

b) Roll-out Strategies
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Metering Market Models

Who is responsible for (smart) metering?

Meter assets and services can be provided by the distribution network operator, a
designated metering asset and service provider (MSP) or by the supplier

Traditionally, the DSO (resp. the vertically integrated utility) is responsible for metering

Two metering market models

— Liberalised: Metering sector is open for competition resulting in new market entry, for
Instance by specialized metering asset and service providers, suppliers, telecom

companies, etc.

— Monopolised: Metering belongs to the regulated activities of the DSO or to a separate
dedicated regulated national/regional metering asset and service provider

Supply Supply Supply Supply

| Vertical Integration DSO Model MSP Model Supplier Model

Metering

DSO
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Metering Market Models

The provision and operation of (smart) metering consists of several tasks
that can be carried out by different market participants

Provision of meters
Installation of meters
Ownership of meters

Maintenance of meters

Reading of meters

Handling of customer
complaints regarding meter
reading

Invoicing of customers
Handling of customer
complaints regarding billing

Installation and operation of
smart meter communication
infrastructure

Data collector and distributor
of (smart) meter data
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Metering Market Models

Deployment of smart metering depends on market model

Monopolised metering market
— does not require an unbundling of network operation and metering services

— DSO or national/regional metering asset and service provider selects type of smart
meter (limits customer choice and innovation)

— promotes roll-out to all customers

Competitive (liberalised) metering market
— requires an unbundling of network operation and metering services
— enables customers to select type of smart meter

— promotes selective deployment
(smart meters are deployed to customers with largest benefits first)
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Roll-Out Strategies
Level of market penetration aimed at determines the deployment strategy

Two basic deployment strategies (intertwined with market model)

— Mandatory roll-out: All meters are to be replaced by smart meters in a given
timeframe, resulting in 100% market penetration

— Voluntary roll-out: Customers in a liberalised market can decide for themselves which
kind of meter to use, market penetration uncertain

— Hybrid approaches are possible

Mandatory roll-out only for consumers over a certain annual consumption, or for
newly build houses, etc.

Cooperation and interaction between stakeholders is crucial to ensure successful
cooperation during deployment of smart metering

— Depending on the market model, objectives and deployment approach, numerous
stakeholders are involved

— Open / common metering and technology standards for different smart metering
applications facilitate the deployment of smart metering

— Competitive metering operators deploying different types of smart meters with
different metering and technology standards would hinder the deployment of smart
metering
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Roll-Out Strategies

If smart metering roll-out is voluntary all customers should be eligible

Eligibility of customers (ERGEG GGP)

— all customers should be eligible to obtain a smart meter
(in case of a voluntary roll-out)

— all customers should be treated equally (no discrimination)
(customers served by other suppliers and own customers, customers served under
regulated prices and customers on competitive market)

Smart metering deployment is strongly linked to chosen market model, depending on the
degree of liberalisation and market opening as well as on the roll-out strategy

Deployment strategy affects costs and benefits
— necessity to operate old and new systems in parallel
— peaking demand for hardware and personnel

— stranded investment
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Role of Regulation
Regulation’s primary task is to ensure efficient smart metering roll-out

In liberalized metering environments, regulators role in promoting smart metering may be
limited, if metering is not liberalized, regulatory authorities have direct control

— Liberalized metering markets are quite uncommon in the EU and less likely in the EC
Regulators may be naturally in the position to set up national deployment plan

— Accompanying pilot projects

— Assessing costs and benefits

— Decision on type of deployment, technology, etc.

— Time schedule for roll-out

In any case, regulators will work closely together with other government authorities to
ensure efficient smart metering roll-out

Regulators responsibility may stretch further
— Protecting consumers from undue price increases
— Protecting consumers privacy

— Consulting with stakeholders
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Cost- Benefit Assessment

Regulator can conduct or commission cost-benefit study

Regulators’ role is to ensure that cost-benefit assessment is neither biased in favour nor
against smart metering roll-out

Cost-benefit study in EU legal framework is not mandatory but roll-out decision without
cost-benefit assessment could easily lead to resistance

Cost-benefit study, in particular if negative result is used to avoid full-scale roll-out, should
fulfil standards set by EU, e.g. ERGEG Guidelines

— Extensive value chain
— Costs and benefits for different market players

Cost-benefit study should provide granular distinction of consumer groups to enable a tailor
made roll-out in customer segments with highest net benefit

— European Commission made clear in interpretative notes on Directive 2009/72/EC that
the 80% target is meant only for consumer groups where net benefits were assessed as

positive
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Roll-Out Decision
Roll-out decision will follow from positive cost-benefit assessment; roll-out
project management should be accompanied by regulator

Roll-out decision needs to fulfill requirements of Directives 2009/72/EC and 2009/73/EC and
should be in line with ERGEG guidelines and EU practice

Specific motivation and policy objectives of a country and local specifics should be taken
Into account as far as possible

Roll-out decision needs to include provisions for important aspects

— Roll-out strategy

— Minimum functionalities and standardization

— Procurement and cost treatment

— Data protection and handling

— Time planning

Strategy may aim at harvesting low hanging fruits first

— For instance mandatory roll-out at the beginning only for large consumers

Overall efficiency must be ensured
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Smart Metering under Revenue Control

Primary mechanism to promote smart metering is to accommodate
Investment costs in revenue regulation

As discussed, insufficient possibilities for network operators or metering providers to pass
on additional costs for smart metering will hinder deployment

Regulatory practice so far is quite diverse

In many EU member states regulators are hesitant to allow for higher revenues for smart
metering roll-out

— Some countries, e.g. Austria so far did not acknowledge higher costs for smart metering
— Others, e.qg. Italy and Spain allow for a certain metering fee

— In other cases, costs are acknowledged if deemed just and reasonable

Approach highly dependent from roll-out strategy

Normative regulatory principles would require full acknowledgement of efficient costs

Social and political constraints to deviate from full cost pass-through or socialize costs are
understandable and justifiable

In any case, only net costs should be passed on

Potential to pass on costs also to other parties which benefit from smart metering should be
assessed
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Additional Aspects of Regulation

Efficiency of regulation can be improved by smart metering

As discussed, regulation needs to enable/foster innovative tariff schemes in order to realize
full benefits of smart metering

Innovative tariff schemes may be extended to network charges (if unbundled)

— Network tariff regulation leading to higher profits for the DSO if more energy is
transported lead to disincentives for deploying energy efficiency tools like smart metering

Regulator can benefit from data provided by smart metering

— Smart metering may provide timely and accurate information on voltage and power
guality and interruptions

— If a quality-of-supply scheme is applied, performance can be improved

Regulator may take up a key role in consumer education and increasing/fostering consumer
awareness

The importance of regulatory authorities can be stressed by taking over responsibility for
topics like smart metering and smart grids, if deployment is successful
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Basic Set Up for Cost- Benefit Analysis

Cost-benefit analysis for a smart metering roll-out requirement of Directive
2009/72/EC

The decision for a nationwide roll-out of smart-metering should be based on a sound

economic analysis of all (long-term) costs and benefits to the market and individual
customers (Annex | of Directive 2009/72/EC)

A cost-benefit analysis (CBA) is a technique to systematically compare the benefits and
costs over the life span of a project

It could be applied to assess the costs and benefits to the

— investor, i.e. only the meter operator investing in smart metering
(financial analysis )

— society as a whole, i.e. all market participants (network operators, generators, suppliers,
customers) as well as all other stakeholders directly or indirectly affected by a smart
meter roll-out (economic analysis )

— Natural responsibility for conducting a cost-benefit analysis lies with the regulator
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Basic Set Up for Cost- Benefit Analysis

Financial and economic analysis

Financial analysis

— studies the project from the perspective of the investor

— does include taxes and subsidies

— does not include external effects and wider economic benefits incurred by other parties

— uses forecasts of project cash flow to calculate suitable net return indicators,
applying investment appraisal techniques such as Net Present Value (NPV), Internal
Rate of Return (IRR)

— Is based on (market) prices paid by investors

Economic analysis

— studies the project from a wider economic and social perspective

— does not include taxes and subsidies (these are only transfers)

— does include external effects and wider economic benefits incurred by other parties
— assesses the net benefit of a project by calculating the (economic) Net Present Value

— Is based on shadow prices (adjusted prices for individual “social” costs and benefits)
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Basic Set Up for Cost- Benefit Analysis

Steps of a cost-benefit analysis

A cost-benefit analysis (CBA) is made up of several parts:

Selection and definition of input data and model parameters

Assumptions on future development of input data and definition of expected minimum,
maximum and base (average) values

Definition of alternative (smart metering roll-out) scenarios
(e.g. regarding the deployment strategies and type(s) of smart meters)

Assessment of the financial effects of a smart metering roll-out for the investor
(financial analysis)

Definition of costs and benefits to other stakeholders (external effects)

Assessment of the monetary effects (financial and monetised indirect (external) effects)
of a smart metering roll-out to other stakeholders (economic analysis)

Assessment of (further) macroeconomic effects (e.g. on employment, GDP,...)

Calculation of the total net benefit for different scenarios discounting future costs and
benefits with an appropriate rate

Sensitivity analysis of the results in order to determine critical input variables
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Basic Set Up for Cost- Benefit Analysis

Possible model set-up for a cost-benefit analysis

Through a cost-benefit analysis the discounted costs and benefits of a smart metering roll-

out and the impact of specific parameters can be calculated

Graphic Display

Diagram of sensitivity

analysis

Graphic Display

?

NPV per category
NPV per stakeholder type

Parameters

i

Definition of important model

parameters for the sensitivity
analysis

Matrix

Matrix with NPV per cost /
benefit category and type of
stakeholder

Scenarios

Cost / Benefit Categories

Reflecting different

- deployment strategies
- functionalities of smart meters

NPV per stakeholder

Time Series

Description of costs / benefits

Additional parameters

€
£X

Calculation

!
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Time series of individual cost
benefit calculations (allows to
show discontinuities)

Graphic Display

Annual development of:

- Installations of smart meters
- Stock of smart meters
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Basic Set Up for Cost- Benefit Analysis

Cost-benefit analysis requires to assess the impact of different costs and
benefits on different stakeholders, definition of parameters and scenarios

Matrix of stakeholders Sensitivity analysis
+ +
Cost / + +
Benefit + + ]+
categories +
+
GR4 Parameters Scenarios Time Series
CB’) 2011 2012 2013
(@ %=
CB4 s
40%
80%

100%
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Parameters to be Considered

Selection and definition of input data and assumptions on their future
development
Future costs and benefits of smart metering depend on several input factors

Model requires assumptions on future development of input parameters

Assumptions on future development of input data should include definition of maximum,
minimum and base (average) levels of parameters

Input data often used in cost-benefit analysis for smart metering roll-out includes:

10/11/2011

cost degression of procurement costs for smart meters and smart metering infrastructure
future number of households, buildings and metering points
future development of network tariffs

future development of average, peak- and base-load end-user tariffs for households and small
commercial customers and of wholesale prices

future average electricity consumption of households and small commercial customers
expected future customer switching

future average metering charges

future development of taxes on electricity end-user tariffs (VAT, energy taxes,...)
future average carbon emissions per household and per small commercial customer

future development of CO, prices
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Parameters to be Considered
Modelling period

Some costs and benefits may have immediate effects, whereas other costs and benefits
may partly or only arise in the long-term

Some projects may require a fairly long period of time to repay their initial investment in
order to first start seeing benefits

Modelling period should be long enough to encompass all major benefits and costs during
the asset life

All additional costs and benefits beyond a certain time horizon could be approximated by a
fixed value
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Parameters to be Considered

Discounting factors

Purpose of using a discount rate is to convert future benefits / revenues and costs into their
value today (their present value), so that they can be meaningfully used for
comparison/evaluation purposes

Selection of the appropriate discount rate

— Different discount rates produce different results

— The higher the discount rate, the higher the demand to the profitability of the investment
— Discount rate represents the minimum net benefit / return that the project must earn
Financial discount rate

— applies to financial analysis (private investor's point of view)

— considers actual cost of borrowing and actual returns on alternative investments in the
market

Social discount rate

— applies to economic analysis (society point of view)

— could be derived from the predicted long-term growth in the economy, considering the
preference for benefits over time, taking into account the expectation of increased
Income, or consumption, or public expenditure (social time preference approach)
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Parameters to be Considered
Social discount rate

Social discount rates reflect the social view on how net future benefits should be valued
against present ones

Source: European Commission, Directorate General Regional Policy: Guide to Cost Benefit Analysis of Investment Projects
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Parameters to be Considered
Definition of (smart metering roll-out) scenarios
A sound cost-benefit analysis (CBA) should compare different scenarios regarding their total

net benefits

CBA should always include the option of a continuation of the status quo
(i.e. not carrying out a smart metering roll-out)

CBA should include several (technically and legally) feasible alternative options
(including alternative options for achieving (some) of the benefits of a smart metering roll-
out without rolling-out smart metering)

Scenarios should include at least a realistic base case, an optimistic best case and a
pessimistic worst case

Scenarios typically defined regarding the

— start date of the roll-out for smart metering

— envisioned end date of the roll-out for smart metering

— smart metering penetration rate aimed at (e.g. 100%, 80% etc.)

— type of the smart meter(s) rolled-out
(in particular regarding the ability to support additional services and the purchase costs)

— deployment strategy (mandatory, voluntary roll-out)
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Parameters to be Considered
Selection of costs and benefits to be assessed in the cost-benefit analysis
A cost-benefit analysis should (ideally) assess all possible costs and benefits of a smart

metering roll-out

However only significant costs and benefits should be considered and calculated
(including only significant spillovers and multiplier effects)

Up to which time frame should costs and benefits be considered ?

Potential costs typically considered

— procurement, investment and operational costs of smart meters

— Investment and operational costs of communication infrastructure

— costs of collection and distribution of smart meter data

— costs of additional customer information tools (in-house displays, web portals,...)

— metering costs, including efficiency / process optimisation
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Parameters to be Considered
Selection of costs and benefits to be assessed in the cost-benefit analysis

Potential benefits typically considered
— energy savings, due to increased efficiency or sufficiency
— reduced metering costs
— improved security of supply
— reduced commercial losses (of fraud and energy theft)

— Iimproved customer information (and satisfaction) by more frequent and detailed
metering and more accurate billing

— new tariff models and services
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Parameters to be Considered

Quantification and monetisation of external costs and benefits can be difficult

External costs and benefits (positive and negative) generated by a project may be easy to
identify — BUT are often difficult to quantify and monetise

Quantification of all social and environmental impacts of a project to a stakeholder in
physical terms

Attributing a monetary value to the quantified benefit
— should be based on competitive market prices (where possible)

— where no market price (or no competitive market price) is given, monetisation of social
costs and benefits may be based on

the willingness of a stakeholder to pay for or to accept a good (e.g. noise pollution),
determined by observing consumers’ behaviour in a similar market or a questionnaire

environmental impact assessments (e.g. of carbon emissions)
(based on estimation of cost of potential damage or cost of preventive measures)

Monetisation of costs and benefits or price adjustment for market distortions
(e.g. monopoly) results in shadow prices reflecting the real value of a resource to society

All costs and benefits to be included in the CBA need to be monetised
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Calculation of net benefits

A roll-out of smart metering would be beneficial for the investor if the cost-
benefit-analysis provides a positive net benefit for the investor

Investment appraisal techniqgues commonly used in the financial analysis of an investment
project include

— Net Present Value (NPV)

takes all cash flows associated with a project and reduces (discounts) them to a
common denominator (present value) by using an appropriate interest rate
(sometimes called the cost of capital or the cost of finance)

takes into account the time value of money

assessment of an investment project positive if the NPV is positive (NPV > 0), i.e.
has a return which is greater than the interest rate (cost of capital) applied

— Internal Rate of Return (IRR)

rate of interest (discount rate) at which expected future cash flows must be
discounted to equate them with the initial project cost, i.e. to produce a net present
value (NPV) of zero

interest rate at which the project will exactly break even

assessment of an investment project positive if the opportunity cost of capital (also
known as hurdle rate) is less than the internal rate of return
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Calculation of net benefits

A roll-out of smart metering would be beneficial to the society as a whole if
the cost-benefit-analysis provides a positive net benefit (i.e. a positive NPV)

Costs and benefits of a project for the society (such as a smart metering roll-out) are
assessed in the economic analysis by the Net Present Value (NPV)

Calculation of the Net Present Value (NPV) of all social costs and benefits includes

— the monetary costs and benefits of the (smart metering) investor (financial analysis),
however corrected for transfer payments (e.g. taxes and subsidies) and market
distortions (e.g. monopoly or oligopoly prices and externalities)

— (external) social costs and benefits to other stakeholders (network operators,
generators, suppliers, customers) and the society as a whole affected by a smart
metering roll-out

— discounting all social costs and benefits with an appropriate social discount rate
(Economic) NPV is the difference between the discounted total social benefits and costs
Economic assessment of a project positive if the NPV is positive (NPV > 0)

Financial feasibility (positive financial NPV) is an essential condition for viability of a project

Calculation of the NPV does only include monetised costs and benefits, if other positive or
negative impacts are identified, which can not be monetised an additional qualitative
assessment might be made
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Calculation of net benefits

The results of cost-benefit analysis should be validated by a sensitivity
analysis

When selecting and defining cost and benefit categories realistic minimum and
maximum values should be defined

In the sensitivity analysis NPVs are (re-)calculated assigning minimum and maximum

values for individual input parameters of the model
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Important Determinants of a Cost -Benefit
Analysis
A cost-benefit-analysis should be carefully designed

Ideally all direct and indirect costs and benefits should be monetized

A roll-out of smart meters causes different costs and benefits for different market
participants (particularly if made mandatory)

Besides the overall net benefits of a smart metering roll-out, also the distributional effects of
a smart metering roll-out should be considered

net benefit results for different market participants (e.g. customers, network operators,
suppliers be calculated separately

Data protection could be a sensible issue for customers
Support for smart meters by customers is a key requirement for a successful roll-out
Effects on competition on the energy market should be carefully analyzed

For a project to be economically viable, it must be financially sustainable, as well as
economically efficient. If a project is not financially sustainable, economic benefits will not
be realized.

— Both financial and economic analysis are conducted in monetary terms, the major
difference is in the definition of costs and benefits and the discount factor
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Important Determinants of a Cost -Benefit
Analysis
The results of a cost benefit analysis strongly depend on the country specifics
The specifics of the existing electricity system and metering infrastructure in a country have

a strong impact on the costs and benefits of smart metering roll-out

Possible country specifics that could result in a positive or negative outcome of a cost-
benefit analysis for a smart metering roll-out could be:

— condition (obsolescence) of the existing meters

— replacement / recalibration programs for the existing meters

— accessibility of technology options

— national energy strategies

— customer satisfaction with the existing metering and billing system
— security of supply during peak load hours

— level of commercial losses (energy theft / fraud)

Result of the cost-benefit analysis can also be negative (as was indeed the case in Belgium
(Flanders), Denmark, Norway (first CBA), Sweden)
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European Experience with Cost -Benefit-Analysis

Status of cost-benefit-analysis on a roll-out of smart meters in Europe

Status as of 1 st of January 2011

Status quo in CEER 1 ..
: Electricity
member countries

Number of countries having
conducted a cost-benefit 11 6
analysis

Number of countries with a
positive result of the cost- 7 5
benefit analysis

Number of countries
planning to conduct a
cost-benefit analysis
(incl. 2nd time)

Number of countries not
planning to conduct a cost- 2 5
benefit analysis

12 14

Number of countries with no
cost-benefit analysis , but

already a (yes/no) decision
on a smart metering roll-out

1 Council of European Energy Regulators (CEER) = 27 EU Member States, Norway and Iceland
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European Experience with Cost -Benefit-Analysis

International Experience

Netherlands (for Ministry of Economic Affairs)

— cost benefit analysis in 2005

— estimated costs of € 1.6 billion

— estimated benefits of € 2.5 billion

— net present value of € 1.3 billion

Austria (for E-Control)

— cost benefit analysis in 2010

— estimated costs between € 3.3 billion and € 4.4 billion

— estimated benefits between € 3.6 billion and € 4.9 billion

— Estimated net net present value between € 291 million and € 556 million
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Summary

Key messages

Smart metering is a fact all over Europe
Smart metering is a key prerequisite for establishing smart grids

EU legal framework sets clear standards, now also binding for the Energy Community with
decision from October 6, 2011

Regulatory authorities can take over an elemental role in promoting and realizing the
deployment of a smart metering infrastructure

Potential barriers need to taken care of
— In particular consumers’ concerns should be taken seriously

Those regulatory provisions which prove as an obstacle for successful smart metering
deployment need to be adjusted

Roll-out decision should be based on a sound cost-benefit assessment

Roll-out decision needs to include decision on the metering market model and the type of
smart metering roll-out
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Summary

Responsibilities of the regulator

The regulator is in the natural position to promote and foster smart metering deployment
and to contribute to the achievement of EU/EC goals for smart metering installations

The major tasks of the regulator could be

— Consumer education and increasing of public awareness with regards to smart metering
in particular and energy efficiency in general

— Implementing/Promoting the legal framework for smart metering deployment
— Conducting/Commissioning the cost-benefit analysis
— Setting up the deployment schedule

Regulators are responsible to protect consumers from undue price increases and to ensure
a fair, transparent, efficient and non-discriminatory smart metering deployment
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