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Introduction

The enacted turnaround in energy policy has accelerated the restructuring of grid-based energy supply in
Germany, especially for electricity and gas. Clear progress is being made in shifting the entire energy sup-
ply system from a centralized to a decentralized system, and the transformation of the energy sector is
taking shape (see Figure 1). While in the past energy flowed in only one direction and information about
energy flows was highly limited, the decentralized energy supply system of the future is characterized by a
two-way flow of information and energy. Significant changes are also taking place on the consumer side:
Inactive consumers are increasingly becoming "Prosumers” who are actively helping to shape the energy
supply system. Overall, these changes are especially increasing the requirements for the measurement
and communication technologies used as well as data processing systems.

Figure 1: The turnaround in energy policy is accelerating the transformation of the energy sector
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One of the biggest challenges facing the decentralized energy supply system of the future is to manage
power flows in such a way that energy supply is secured. In the future, electricity supply could become
more flexible through active feed-in management and an increasing usage of demand-side management
measures. Both could be realized either within the regulated grid business or the competitive retail mar-
ket. Smart metering systems could play an important role here. Depending on their technical features,
they could provide the necessary information about energy consumption to end consumers, network op-
erators and producers. Smart metering systems could also be used as an enabler for modern smart grids
and could help to create incentives for consumers to improve energy efficiency.

However, the introduction and especially the nationwide roll-out of smart meters will also entail substan-
tial costs, technical challenges and risks. Aspects which need special attention are ensuring interoperabil-
ity, data protection and data security requirements. The foundations for this have been laid in Germany
with the BSI Protection Profile and the accompanying Technical Guideline.

Furthermore, a wide variety of roll-out strategies and approaches are possible, as demonstrated by other
EU member states. In this context, the scope of a requlated (mandatory) and a market-driven roll-out is of
major significance. The strategy at hand defines the scope of the installation requirements and the cost
distribution for the roll-out of smart meters.



1.1 Background

The legal basis for the introduction of smart meters is the overhaul of the German Energy Industry Act
(EnWG) in summer 2011, which led to the implementation of the Third Internal Market Package. Part of
the Third Internal Market Package is the EU Directive 2009/72/EC (electricity). Without specifying any
detailed technical distinctions (between intelligent meters and smart metering systems), the directive pro-
vides for the introduction of smart meters to assist the active participation of consumers in the electricity
supply market. It stipulates that 80% of consumers shall be equipped with smart meters by 2020. Howev-
er, member states are also allowed to make the introduction dependent on an overall economic assess-
ment: "The implementation of those metering systems may be subject to an economic assessment of all
the long-term costs and benefits to the market and the individual consumer or which form of intelligent
metering is economically reasonable and cost-effective and which timeframe is feasible for their distribu-
tion."1?

In implementing the EU Directive, the Energy Industry Act stipulatesin § 21i (1), No. 8 EnWG that “subse-
guent to an adequate economic assessment as defined by § 21c (2) that meets the requirements of Di-
rective 2009/72/EC and 2009/73/EC, the installation of smart metering systems as defined by § 21d and
§ 21e and measuring systems as defined by § 21f shall only be provided for under certain conditions and
in certain cases and, in other cases, metering operators shall be obliged to offer such smart metering and
measuring systems, and a timetable and requirements for the roll-out of smart metering systems as de-
fined by § 21d and § 21e shall be provided for.” The German legislator has therefore laid down the proce-
dure for an economic assessment (cost-benefit analysis) as well as a timetable for and details of the roll-
out of smart metering systems and intelligent meters.

In the context of the implementation of the Directive, the Federal Ministry for Economics and Technology
(Bundesministerium fur Wirtschaft und Technologie, BMWi) engaged Ernst & Young GmbH Wirtschafts-
prifungsgesellschaft to evaluate the nationwide introduction of smart meters on an economic basis. Ac-
cordingly, this report examines the nationwide roll-out in accordance with the law in the context of an
economic cost-benefit analysis (CBA). This report has two objectives that result from the requirements of
the EU on one hand, and the legislation enacted by the EnWG on the other:

1. Thereport can serve to consider the requirements of the EU Commission. These requirements
state that the implementation of smart meters can depend on an economic assessment. “Subject
to that assessment, Member States or any competent authority they designate shall prepare a
timetable with a target of up to 10 years for the implementation of intelligent metering systems.
Where roll-out of smart meters is assessed positively, at least 80% of consumers shall be equipped
with intelligent metering systems by 2020."3

2. Thereport can serve to comply with the legal requirements of § 21¢c EnWG, whereby further in-
stallation requirements not included in § 21c are only permitted “... if an economic assessment by
the BMWi examines all long-term, macroeconomic and individual costs and benefits, and orders a
statutory regulation as provided for in § 21i (1), No. 8.4

Furthermore, this report evaluates general parameters to promote the nationwide equipment of house-
holds as well as other end consumers, such as commercial end users, with smart meters. In addition, it
presents measures to improve the cost-benefit ratio. In this context, this report also considers the poten-
tial inclusion of the gas sector in the smart meter roll-out.

1 EU Directive 2009/72/EC of the European Parliament and the Council of 13 July 2009 concerning the common rules for the
internal electricity market and to replace EU Directive 2003/54/EG.

2 The directive 2009/73/EC for gas does not define a specific roll-out target, contrary to the directive for electricity.

3 EU Directive 2009/72/EC and 2009/73/EC of 13 July 2009, Annex |, Point 2, respectively.

4 Refer to § 21c (2) EnWG.



1.2 Smart metering systems and intelligent meters

The different technical characteristics and features of smart metering systems and intelligent meters al-
low efficient and tailored deployment for a variety of user groups. Therefore, the economic assessment of
a roll-out must distinguish between smart metering systems and intelligent meters.>

Smart metering systems

Under & 21c EnWG, all end consumers fulfilling the stated mandatory criteria must be equipped with a
smart metering system in the future.® This implies that only smart metering systems that not only meet
the calibration regulations but also fulfill the requirements of the BSI Protection Profile can be implement-
ed. By combining a meter with a communication unit, the Smart Meter Gateway (SMGW), and with a secu-
rity module, the meter turns into a smart metering system. While the actual measurement still takes place
in the measuring system, the new characteristic is the requirement to integrate the meter into a commu-
nication network. Figure 2 shows the resulting system architecture of such smart metering systems.

Figure 2: System architecture of smart metering systems according to the BSI Protection Profile
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5 These and other important terms are briefly defined in Annex I.

¢ The mandatory installation requirements as provided in & 21c EnWG cover new buildings, renovations and bulk consumers
(electricity consumption of > 6,000 kWh/a).



Protection Profiles for SMGW and the security module were published in combination with the Technical
Guideline in March 2013. The EU Commission received the respective draft Regulation in accordance with
§ 21i(2) No. 8 and 9 EnWG for notification purposes. BSI's focus is on privacy, data security and the
guarantee of interoperability, while the Technical Guidelines substantiate the respective requirements.

It is not possible to establish any specific requirements for the meters themselves, due to European laws.
They only need to satisfy the requirements of the Measurement Instruments Directive (MID)” and to be
safely integrated into a smart metering system that is compliant with the BSI Protection Profile.

Intelligent meters as defined by § 21¢ (5) EnWG

§ 21c (5) EnWG states that, in addition to the mandatory criteria for installations under § 21c (1) EnWG,
intelligent meters can be installed “which reflect actual energy consumption and actual average usage
time, and which can be safely integrated into a metering system which fulfills the requirements of § 21d
and § 21e."8 This implies that those intelligent meters are not initially integrated into the external com-
munication network. However, the meters must have the ability to be upgraded through integration with a
communication network that complies with the BSI Protection Profile.

Intelligent meters can offer a cost-efficient option for potential energy savings and an increase in energy
efficiency, for example for end consumers who consume less than 6,000 kWh/a of electricity and there-
fore are not obliged by law to install a smart metering system. The integration of an intelligent meter with
an external (in-house) display makes consumers aware of their electricity consumption and therefore gives
an incentive to save electricity. At the moment § 21c (5) EnWG does not include the requirement for an
external display. However, § 21i EnNWG opens up the possibility of establishing technical equipment re-
guirements as well as roll-out requirements in such a direction.

1.3 Approach
This report follows the recommendations of the EU Commission of 9 March 2012 for preparing for the
introduction of smart metering systems (2012/148/EU). The following main steps have been conducted:
Examination and description of assets and technologies (meters, communication systems, IT-
systems), elements and objectives
Mapping assets into functionalities
Determination of the scenarios to be examined
Mapping functionalities into benefits (impact analysis)
Monetization of the benefits with respect to market players
Identification and quantification of costs

Comparison of costs and benefits

Scenarios under examination

This report examines three basic scenarios and two additional variations for a possible roll-out of smart
metering systems and intelligent meters in Germany (s. Fig. 3). As a first step, the two scenarios are de-
scribed which are required by the EU:

The "EU Scenario,” reflecting the EU requirements to provide smart metering systems for at least
80% of all end consumers by 2020.

"Directive 2004/22/EC of the European Parliament and the European Council of 31 March 2004 about measurement devices.
8 Refer to § 21c(5) EnWG.



The "Continuity Scenario” (“Business-as-usual™) reflects the current legal and reqgulatory situation
assuming no changes in the legal and regulatory situation.®

Additionally, the Continuity Scenario is extended by § 21c (5) EnWG as an additional variation
("Continuity Scenario Plus™)

On this basis, a further scenario was examined:

The "Roll-out Scenario” focuses on the integration of renewable energies, which represents a rec-
ommended roll-out strategy for Germany with respect to cost-benefit aspects, as well as the ex-
tended variation of the Roll-Out Scenario containing & 21c(5) EnWG (“Roll-out Scenario Plus").

For each scenario, a gross approach is applied whereby costs and benefits are determined separately and
compared to a so-called baseline scenario. This baseline scenario does not contain intelligent meters or
smart metering systems. The current legislation is virtually suspended.

The cost-benefit analyses are complemented by sensitivity analyses to (i) demonstrate the robustness of
the results and (i) to identify measures which can help to improve the cost-benefit-ratio of a roll-out (op-
timization possibilities). These sensitivity analyses were also applied to the EU Scenario as well as the Con-
tinuity Scenario in order to support and validate the above mentioned recommendations of the roll-out
scenario.

Figure 3: Procedure and scenarios under examination
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° For optimizing calculations the Continuity Scenario is extended by legal changes later in this analysis in order to examine the pos-
sibility of renewable energy limitations and their impacts.



Scenario quantification

To assess and quantify the scenarios, a range of functionalities of smart metering systems are presented
and analyzed from the perspectives of various market players (end customers, generators, network opera-
tors, meter operators, etc.). Based on the functional requirements of smart metering systems (direct pro-
vision of consumption data, update of the measuring data every 15 minutes, support of progressive tariff
systems, etc.) the essential impacts and consequences for each market role were examined. The analyses
are based on the results and experiences of pilot projects (especially in Germany), international experi-
ence, studies and own studies based on market surveys and an extensive data reconciliation which have
been conducted in the context of this report.©

On the basis of this impact analysis, costs and benefits have been quantified and monetized. The costs

have been determined and evaluated according to the EU recommendations. Additionally, a qualitative

assessment of further external effects such as CO; savings or social consequences which have to be ex-
pected when introducing smart metering systems/intelligent meters was conducted.

Scenario assessment

The roll-out of smart metering systems and intelligent meters pursues several, partly contradicting objec-
tives. The final assessment of the scenarios is aligned to these objectives. The following objectives in par-
ticular need to be weighed with and against each other:

The cost-benefit analysis emphasizes the economic efficiency of a roll-out:

» The economic cost-benefit assessment should be positive overall. The roll-out and the installa-
tion of intelligent meters and smart metering systems should not jeopardize the economic effi-
ciency of energy supply by minimizing the additional costs of the roll-out and the introduction
of smart metering systems. In this context, indirect effects also have to be considered, such as
reducing the expansion of the conventional generation capacity and of the grid. These effects
can influence the economic result of a roll-out of intelligent meters and smart metering sys-
tems significantly. Indirect effects have more complex interdependencies and often not fully
proven in practice.!?

» End consumers must be protected; i.e. the costs of rolling out intelligent meters and smart
metering systems should be sustainable and economically reasonable (differentiated by vari-
ous consumer groups). This implies that the individual end consumer should be able to amor-
tize his/her costs under useful conditions through electricity savings, load-shifting and utilizing
value-added services. Otherwise the CBA is negative for a sector/consumer group, even if the
overall economic cost-benefit analysis paints a different picture.

» The roll-out of smart metering systems and intelligent meters must be economically attractive
for the industries involved (e.g. metering operators and equipment producers) by guarantee-
ing an appropriate amount of investment security and the ability to achieve economies of
scale.

These economic questions are assessed using a variety of criteria:

» The ratio of long-term total costs to total benefits - on the basis of net present value.
» Total investments along with the question of the overall burden to the energy supply system.

» The allocation of costs and benefits to the different market players. Here, the parties that
benefit the most from the roll-out should bear the costs of it (principle of causation).

» The ability to charge costs to end customers - differentiated among different groups (users of
smart metering systems, users of intelligent meters, non-users) and consumption classes in
order to identify a consumer’s resilience (reasonableness).

10 For details compare Annex lll.
1 Indirect effects should only in significant cases be taken into account to avoid that the results of the CBA are too much affect-
ed by these indirect effects.
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» Additionally, cash flows must be discounted over time. Nevertheless, the results must also be
interpreted because cash flow uncertainties increase with the planning horizon. With respect
to a roll-out, short- and medium-term payments (capital expenditures) are regarded as more
secure than planned long-term reductions in operating costs.

However, the other objectives which are not quantified are also of high importance. Environmental
impact and sustainability as well as security of energy supply are vital for the success of the turna-
round in energy policy. Intelligent meters and smart metering systems can contribute to the transition
of energy markets. The following objectives must also be considered:

Environmental impact and sustainability of the energy supply system:

» Reduce energy consumption and more efficient use of available resources: smart metering
systems and intelligent meters should economically contribute to increasing and promoting
energy efficiency.

» Facilitate the integration of renewable energies and decentralized generation into the energy
supply system.

Increased security of energy supply through an improved integration of renewable energies and
load management, more efficient use of existing generation, transport and distribution capacity as
well as through improved grid monitoring. This implies that smart metering systems are used for
grid efficiency purposes, wherever possible, in order to

» Avoid double investments in smart metering systems and in smart grid technologies.

» Avoid double investments in communication technologies.

» Support the integration of renewable energies, if possible.
Finally, it needs to be assessed whether these scenarios can be put into practice. In particular, system
manufacturers, meter operators and other market participants involved in a roll-out should be able to ac-

tually produce the desired quota of smart metering systems and intelligent meters to be rolled out, to
install them and to promptly incorporate the resulting consequences into their processes and IT-systems.

Depending on which objectives are prioritized in the final political decisions, the assessment of these sce-

narios and their results differ. Thus, recommendations within this report always depend on different key
aspects being used for political decisions.

10



2. Main scenario assumptions

The main scenario assumptions are outlined below.

Planning period

The planning periods of the European CBAs have a broad range of between 15 and 50 years. The average
is about 20 years. The EU generally recommends selecting an adequate planning period covering the eco-
nomic useful life of the capital goods concerned and the mid- to long-term effects. For infrastructure pro-
jects, the planning period should be at least 20 years.?

In this report, the planning period covers the period until a pre-defined roll-out quota is reached and all
affected end consumers are provided with their first intelligent meter or smart metering system and the
economic useful life of the equipment has expired.

The starting point for the CBA is 2012 because, at the beginning of our engagement, data for many im-
portant parameters was only available up to 2011.

One key purpose of this CBA is the fulfillment and review of the EU requirements and therefore the
achievement of an 80% roll-out target after 10 years. The 80% roll-out target must therefore be reached
by 2022, after which the economic useful life of the intelligent meters/smart metering systems expires.
Based on a depreciation period of 8 to 13 years, an average depreciation period of 10 years starting from
the achievement of the 80% roll-out target in 2022 is assumed, so that this report takes into account a
period until 2032.

The limitation of the planning period to 2032 should ensure that robust and reliable forecasts for the pa-
rameters can be provided up to the end of the planning period, and that the results of the CBA are not
exclusively dominated by long-term and therefore uncertain effects.

Mandatory installations in accordance with § 21c (1) EnWG

§ 21c EnWG states that it is mandatory in some cases to install smart metering systems as soon as it is
technically possible. Those mandatory installations as defined in § 21c¢ (1) EnWG affect the following:

End consumers having an electricity consumption greater than 6,000 kWh/a.

All new, i.e. PV systems put into operation after 4 August 20113 under the EEG (Renewable En-
ergy Act), as well as all CHP systems installed after 4 August 2011 under the KWKG (Combined
Heat and Power Act)**, which have a connection power of more than 7 kW.

All new buildings and apartments which have been comprehensively renovated.

Installation variations
For mandatory installations, there are two variations to consider:

Generally, smart metering systems as defined by & 21d and § 21e EnWG must be installed in all
mandatory cases set out in § 21c (1) by 2022. This especially means that the installed intelligent
meter must be integrated directly into a communication network through a SMGW.

12 See recommendation of the EU Directorates-General Regional Policy, and Urban and Rural Development, Guide to Cost Bene-
fit Analysis of Investment Projects, July 2008, p. 36f.

13 Amended EnWG came into force.

14 New systems have been installed after the law entered into force at 4 August 2011. In the context of the CBA, the valuation
date was 1 January 2012 due to modeling reasons as the valuation was carried out on an annual basis. There is no substan-
tial effect on the results of the CBA as the new systems which were therefore less considered are a not significant in number
and lie within the fuzziness of a model.

11



§ 21e (5) EnWG allows, under certain circumstances'®, that “meters which do not fulfill the re-
quirements of (2) and (4), ... can be installed by 31 December 2014 and used for up to eight
years...". These meters - which are not BSI Protection Profile-compliant - will be installed in up to
50% of the examined scenarios in 2014. In all other cases, smart metering systems that meet the
requirements of § 21e (2) and (4) EnWG will be installed.

Mandatory installations in the scenarios

Some of the scenarios differ in terms of their definition of mandatory cases (see Table 1). Old mandatory
cases must be equipped with smart metering systems by 2018. Thereafter, only newly installed facilities
and new customers fulfilling the criteria of mandatory cases will be equipped with a smart metering sys-
tem.

15 ... 1. the usage is not connected to disproportionate risks and 2. as long as the written consent of the connection user for the
installation or usage of a meter system exists. The connection user must grant the written consent in the knowledge that the
meter system is not in accordance with (2) and (4). The connection user can revoke his/her consent. As long as the require-
ments of sentence 1 are fulfilled, the obligations according to § 21c¢ (1) and (5) do not exist. Further details can be determined
by the regulation as provided for in § 21i (1) No. 11.

12



Table 1: Mandatory installations by scenario

Type of EU Scenario Continuity Continuity Roll-out Roll-out
facility?! Scenario Scenario Scenario Scenario
Plus Plus
New buildings and ) Mandatory
renovations installation Yes? Yes? Yes? Yes?
for all house-
> 6,000 kWh - holds, re-
1
?ar;:ir:ess oi i IM# after IM# after
<=6,000 kWh - urthercrite No replace- No replace-
ria ment> ment>
1
A 0/ 2 2
EEG > 7 kW and New’ of ?ﬁgifso ' ves ves
CHP > 7 kW, old tomers in
EEG <=7 kW and > 3
0.25 kW as well as New covered by
CHP <= 7 kWerand the roll-out =
> 0,25 kWel old however,
only for con- :
sumption IM* after
EEG <= 0.25 kW metering (not No replace- |M4 after
and - feed-in me- ment® No replace-
CHP <=0.25 kW, tering) ment®
1
Controllable ener-
gy applications 5 5
according to § 14a ves ves
EnWG

Source: Ernst & Young

! Type of facility refers to EEG and CHP facilities; differentiated according to the year of initial operation.

2 All existing mandatory installations must be equipped with a smart metering system by 2018. After 2018, new mandatory installa-
tions must be equipped with a smart metering system.

3|nstalled after EnWG entered into force at 4 August 2011. In our model and calculations the meters installed after 1 January 2012
are defined as new.

4IM = intelligent meters = § 21c (5) EnWG - meter including in-house communication system with an external display.

5The replacement of meters which are older than 16 years in 2014 should be allowed to take place within a transitional period - for
example by 2022 - to avoid a “bow wave" of replacements and to allow the meter operator to optimize the replacement process.
Thereby, the minimum of 1/16 of meters - older than 16 years - must be changed to obtain a minimum exchange rate. Further de-
tails on opportunities for recalibration, for example of digital meters, must be defined.

The impact of smart metering systems and intelligent meters

Smart metering systems contain a variety of functions which can directly result in benefits depending on
the different market players. The following essential functions and impacts are considered and examined
within this cost-benefit analysis (see table 2):
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Table 2: Overview about functions and impacts of smart metering systems

Group of
functions

Functions

Monitoring

Examples of impacts and
conseguences

Improvement of grid monitoring

Case of application BSI Protec-
tion Profile (examples)

Transmission of data to external cus-
tomers

Monitoring

Transfer of price information as incen-
tive for energy savings and peak load
shifting

Provision of data for the end consumer

Provision
of information

Data services

Better forecasts of energy consump-
tions and feed-in

Transmission of data to external cus-
tomers

Load management

Improvement of load forecasts

Request of actual feed-in of the power
generation units

Tariffs

Transfer of price information as incen-
tive for energy savings and peak load
shifting

Provision of data for the end consumer

Grid management*

Improved grid operation, increased
supply security

Regular grid operating data delivery

Condition
monitoring

Administration

Improved meter management

Administration and configuration,
alerting and notification of SMGW ad-
ministrator

Meter reading

Improvement of reading rotation

Regular delivery of tariffed measured
values

Remote reading

Meter reading

Improvement of special payrolls (e.g.
change of supplier)

Receipt of measured values, spontane-
ous meter reading

Feed-in management
(regulation of
Generation facilities)*

Regulation of renewable energy and
CHP facilities

Communication between external mar-
ket players and CLS

(Remote) control

Load management*

Shut down of energy generation facili-
ties or energy consumers

Communication between external mar-
ket players and CLS

Load management*

Reducing power consumption

Time-, load-, or event-driven tariffs

Activation and deacti-
vation of customers

Lock out/ -in of customers

Communication

Value added services

Source: Ernst & Young

* Functions with increased requirements regarding remote communication infrastructure

Use of gateways as communication
channel for value added services, for
example security services

Communication between external mar-
ket players and CLS

The various potential impacts have very different actual economic effects. Substantial impacts are based

on:

Grid benefits and

The potential for electricity savings and load shifting (energy efficiency).

The grid benefits of smart metering systems are defined by the functions of grid management, load man-
agement, feed-in management as well as grid aspects of the monitoring function. Functions with time-
sensitive applications result in higher requirements for the TC infrastructure.

The discussion regarding the benefits of intelligent meters and smart metering systems is often focussed

on to electricity saving and load shifting by end consumers. The overall potential of consumption savings
and load shifting has been already examined in various studies which have shown huge differences with

respect to the approach and assumptions. The possible consumption savings ranged from 0% to 15% of
total consumption.®

16 See for example Intelliekon report p. 24ff.
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Table 3: Potential electricity savings and electricity cost savings through smart metering systems

Cost savings in € p.a. and meter

Potential sav- Potential load (rounded values)

Consumption ings in % shifting in %
classes

< 2,000 kWh/a -0.5 0.25-5 2.50 4.50

Average Maximum

2,000 - 3,000 kWh/a |E¥0] 0.50-10 10 17

3,000 - 4,000 kWh/a |¥s 0.75-15 20 35

4,000 - 6,000 kWh/a |ErKe] 1-20 39 66

> 6,000 kWh/a -2.5 1.25-25 75 130

Source: Ernst & Young based on the pilot projects, experiences of other countries and studies

TC infrastructure

The main requirement for time-sensitive applications is the integration of smart metering systems into the
communication infrastructure which is able to send and receive cyclic control signals within a maximum of
15 minutes.”

The cost-benefit analysis assumes a mixture of different communication technologies which should repre-
sent a typical mixture for Germany. Such a mixture focusing on GPRS/UMTS/LTE should be technically
realizable for every meter operator. It is hardly feasible and realizable to present a solution which concen-
trates solely on one single communication technology, due to the heterogeneity and large number of me-
ter operators.'® Additionally, alternative TC infrastructures were examined in sensitivity analyses.

All communication technologies offer different capacities for time-sensitive applications (see Table 4).
PLC/BPL is assumed to have less capacity for time-sensitive applications. However, although BPL does
provide enough capacity, it is rarely used at the moment. For narrowband PLC, new technological devel-
opments are currently being tested, but still have to prove themselves with respect to their stability and
capacity when in service.

Table 4: Assumptions about mixture and availability of communication infrastructures

Capacity for time-sensitive
Communication technology Shares in % applications
in%

Source: Ernst & Young

In total, it is assumed that the communication coverage is 110%. On the one hand, alternative communica-
tion technologies can be used in the event that one technology defaults. On the other hand, some of the
smart metering systems can be expected to be connected via two communication channels in order to
create a separate channel for the network operator’s time-sensitive applications.

17 See technical directive 03109-1 of BSI. In order for the requirement to become mandatory, this recommendation would need
to be legally established within the MessZV (Metering Access Regulation).

18 This also became clear during company interviews which were conducted in the context of this study, resulting in a heteroge-
neous picture about facts, opinions and plans regarding the communication infrastructure of smart metering systems.
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Limiting renewable energy plants

A potential benefit of smart metering systems is the support or implementation of active feed-in manage-
ment, i.e. the limitation of decentralized electricity generation facilities - especially of renewable energies.
The current regulatory framework obliges grid operators to prioritize electricity feed-in from renewable
energies and even to extend their grid in the event that congestion could arise when new renewable ener-
gy plants (EEG plants®) are connected to the grid. The grid operator is only permitted to limit electricity
feed-in from EEG plants during congestion in special cases.

If the feed-in of EEG plants is reduced, the compensation is requlated according to § 12 EEG. Electricity
providers must be compensated for 95% of lost sales plus additional expenses minus saved expenses. If
their lost sales exceed 1% of that year's sales, they must be compensated for 100% of the amount that
exceeds 1%.

The CLS port (Controllable Local Systems) of the SMGW can be used to reduce the feed-in capacity by
remote control. The optimal roll-out scenario assumes that a maximum of 5% of the yearly amount of en-
ergy from renewable energy plants in the low voltage grid (for each plant) can be controlled via the infra-
structure of smart metering systems in order to stabilize the grid and to reduce the investment needs for
new grids. In order to increase these benefits, the EEG would need to be amended accordingly.

The compensation mechanism remains in place, while a sensitivity analysis examines the impact on the
economic efficiency of potentially halving the compensation.

Procurement of system components

All scenarios assume a procurement organization that is able to realize economies of scale in the pro-
curement of components for smart metering systems (meters, gateways, communication modules and
facilities). If the amount of orders doubles, the investment costs decrease by between 10 and 15% with
increasing purchase order quantities - depending on the respective product. This can be achieved by co-
operations if an individual meter operator does not have the required purchasing power. Each company is
able to realize the respective economies of scale by combining the demand for products. This can be done
via purchasing co-operations or by engaging a service provider that organizes the procurement for a large
number of meter operators.

This assumption is essential for the result of the CBA (see also chapter 3.6). The expected costs as well as
the (requlated) fees will not be achievable without realizing these economies of scale. Therefore, the roll-
out and the economic result would be at risk.

19 plants producing electricity based on renewable energies, especially wind, photovoltaic and biomass, that are subsidized by
the Renewable Energy Act (“Erneuerbaren Energien Gesetz" = EEG).
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3. Results

The following section describes and evaluates the results as well as specific assumptions of each scenario.
Table 5 features a summary of all scenarios.

The quantitative assessment of the scenarios is based on the following criteria:

Net present value: discounted cash flows 2% incurred from the roll-out of intelligent meters and the
smart metering systems for the period from 2012 to 2032; specifically the investment (CAPEX)
and operating costs (OPEX) of intelligent meters and smart metering systems:

» Capital expenditure related to the roll-out of intelligent meters and the smart metering sys-
tems expected to be incurred during the period from 2012 to 2032 is discounted. This in-
cludes meters, SMGW, communication facilities, in-house displays and IT-systems.

» OPEX s discounted for the period from 2012 to 2032 assuming that the costs incurred are
payable in the same year. OPEX includes electricity consumption of the meters, communica-
tion costs, costs for meter reading and billing, calibration costs, maintenance and repairs, re-
placement of damaged meters, sunk costs for previously installed conventional meters and IT
maintenance. OPEX is calculated in two ways: one including and one excluding cost savings
that would be achieved by the use of smart metering systems as opposed to the use of con-
ventional meters (e.qg., meter reading).

Costs of the smart metering system/intelligent meter: this amount represents the yearly costs for
a consumer using an intelligent meter or smart metering system starting in the year of installa-
tion. CAPEX is distributed over 13 years starting from the initial calibration and includes a one-off
recalibration term of five years. OPEX includes all items mentioned above, such as electricity con-
sumption of the meters and billing. Cost savings on the use of conventional meters are not includ-
ed. Consequently, all costs incurred by building up a new metering infrastructure are accounted
for in this item, including the cost for the continuation of conventional metering operations.

General system charge: the general system charge includes all costs incurred for building up a new
metering system infrastructure as well as for operating the new infrastructure from 2014 on-
wards. This fee will be invoiced as a separate component of the general fee for meter operation,
meter reading and billing (domestic and commercial consumers with standard load profile).2! To
this end, a system charge of €22 per year to be paid in addition to the current fee for meter oper-
ations, meter reading and billing is calculated during the period from 2014 to 2022. The system
charge includes cost savings from the use of smart metering systems as opposed to the use of
conventional meters.

The roll-out can be financed either by charging only the users of smart metering systems and intelli-
gent meters or by charging all end consumers. Table 5 shows both extremes: either users of smart
metering systems and intelligent meters (costs per smart metering system/intelligent meter) have to
bear all costs or the costs are spread over all end consumers in the form of a general system charge.
The derivation of a financing model for the recommended Roll-out Scenario Plus in section 4.4 in-
cludes financing alternatives with partial cost allocation to both smart metering users and all end con-
sumers. The general system charge borne by all end consumers equipped with a smart metering sys-
tem or an intelligent meter is included in the fees for the smart metering system/intelligent meter.

20 Cash flows of commercial stakeholders are discounted at 5.0% p.a., cash flows of end consumers and of the company are dis-
counted at 3.1% p.a. - according to the EU General Directorate Regional Policy, Guide to Cost Benefit Analysis of Investment
Projects, July 2008.

21 The roll-out of smart metering system is assumed to begin 2014 in all scenarios.
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Table 5: Summary of scenarios

NPV? NPV with NPV with CAPEX /OPEX  Cost per General
current renewables renewables until 2022 intelligent system
law limitation limitation (incl. cost meter / charge
[€b] [€b] and halving savings) smart [€ p.a.]?
of EEG com- [€b]? metering until 2022
pensation system
payments until 2022
[€b] [€p.a.l
) ) ) 8.5/
0.1 12.3 (5.9) 89 29
) 3.7/
0.6 0.9 1.1 5.2 (3.1) 109 14
) 6.8/ 5
1.0 0.5 0.7 6.3 (3.3) 57 18
3.9/
1.1 1.6 2.0 5.5 (3.3) 107 15
) 7.0/ 5
1.5 1.9 6.7 (3.3) 58 21

Source: Ernst & Young

NPV = net present value.

2The scenarios account for an initial installation of households in cases of mandatory installation until 2022. Investments after 2022
relate to either intelligent meters, new investments with smart metering systems or reinvestments. Values in parentheses include
OPEX savings due to the use of smart metering systems/intelligent meters as opposed to conventional meters until 2022, which are
accounted for in the derivation of the additional general expense loading

3 Costs per smart metering system/intelligent meter effective from installation for each customer. Costs are distributed over 13
years (8+5). All costs incurred from the buildup of a new metering infrastructure are accounted for in this item, including the cost
for the continuation of conventional metering operations

4This fee is payable by each end consumer from 2014 onwards as an additional charge to the current fee of €22 p.a. The fees in-
clude cost savings due to the use of smart metering systems/intelligent meters as opposed to conventional meters.

5 Mixed calculation of intelligent meters and smart metering systems.

Roll-out quotas

The different scenarios result in considerably different roll-out quotas during the period under assess-
ment. While the Continuity Scenario results in a roll-out quota of only 23% by 2022 the Roll-out Scenario
yields a 25% share by 2022. The application of § 21c (5) EnWG lifts the roll-out quota to 68%; however,
43% of these are intelligent meters. The roll-out quota for smart metering systems is identical to that of
the Roll-out Scenario.

The strong initial increase of roll-out quotas in the Continuity and Roll-out Scenarios as well as in their
respective variations applying § 21c (5) EnWG until 2018 is a result of the completion of past mandatory
installations.
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Figure 4: Roll-out 2013 - 2032

Timeline of roll-out
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3.1 EU Scenario

The EU Scenario assumes that at least 80% of all metering points must be equipped with a smart metering
system within a period of 10 years.

Further assumptions

The EU Scenario assumes an area-wide roll-out of smart metering systems. Supplemental requlatory and
legal provisions are required to achieve the target roll-out quota of 80% by 2022. The scenario assumes
an installation obligation for every end consumer as the target roll-out quota of 80% by 2022 will not be
realized without an installation obligation. This installation obligation generally applies to all end consum-
ers - regardless of power consumption or other criteria - and requires mandatory installation of smart
metering systems as defined by § 21d and §21e EnWG.

The installation of smart metering systems is carried out proportionally over the roll-out term. Approxi-
mately 9% of all existing meters are replaced each year. The EU Scenario assumes - similarly to the Conti-
nuity and Roll-out Scenarios - that, from January 2015 onwards, only smart metering systems including a
SMGW and necessary communication systems will be installed. In 2014, 50% of the metering systems be-
ing installed in accordance with & 21e will still not conform with the BSI Protection Profile.

After 2022, only smart metering systems will be replaced after 13 years (8 years calibration period plus 5
years recalibration) and additional smart metering systems will be installed at 80% of the new metering
points (e.qg., in new buildings). Therefore, the roll-out quota will constantly remain at 80% during the time
period from 2022 to 2032.

As the EU Scenario envisages the measurement of consumption and possibly feed-in information only, the
regulation of renewable energy plants is not included.

Results and assessment

The EU Scenario provides a negative net present value of €-0.1b for the period from 2012 to 2032 (see
Table 5). Installing 38.5 million smart metering systems by 2022 requires a total CAPEX of €8.5b in the
period from 2014 to 2022.
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To cover the total costs (CAPEX + OPEX) of €20.8b (€8.5b CAPEX and €12.3b OPEX) during the period
from 2014 to 2022 each end consumer equipped with a smart metering system would have to pay €89
annually. As the average yearly cost savings for residential consumers with low annual consumption will
be significantly lower, this cost share of €89 for the mandatory installation seems unreasonably high (see
table 3). The roll-out volume would require the installation of approximately 4.3 million smart metering
systems per year, which equals 20,000 installations a day. This scenario creates economies of scale but
bears significant risks at the same time:

1. Itis not certain that the manufacturers of system components have sufficient capacities.

2. Significant personnel shortages at installation companies and meter operators due to the fact
that the installation of smart metering systems is more time consuming than the installation of a
meter - although smart metering systems are standardized to the fullest extent possible. Fur-
thermore the installation requires specialized and trained personnel.

3. The setup of IT systems and adaption of business processes requires preliminary lead time before
the data of smart metering systems can be processed reliably in large amounts.

Financing via a system charge

The introduction of a system charge should be considered as an alternative way of financing. This charge
is paid in addition to the general fees for meter reading, meter operation, and billing (currently €22 p.a.).
Beginning with the roll-out of smart metering systems in 2014, the system charge must be paid by all con-
sumers, even if they do not use smart metering systems.

The system charge is comparable to tariffs of basic suppliers (Grundversorger). The situation of basic me-
ter operators is comparable that of basic suppliers who incur higher costs in the case of basic supply than
a competitive electricity supplier. The responsible meter operator cannot evade the obligation to install
the smart metering systems and must set up IT systems, business processes, etc. to be able to:

equip 100% of the customers in his area with smart metering systems and carry out the related
metering point operations,

sustain the operation of legacy systems for conventional meters as long as not all customers have
switched to smart metering systems.

Therefore, the meter operators incur additional costs that it will not recover directly after the beginning of
the roll-out. Only the (large-scale) discontinuation of conventional meter operation will result in efficiency
gains for the meter operators.

In addition, smart metering systems generate benefits for all end consumers by making a significant con-
tribution to the optimization of the energy supply system. This includes lowering CO, emissions, a reduced
need for expansion of generation capacity and grids as well as increasing the security of supply. These
effects provide a benefit for the whole system and all parties involved, e.qg., even end customers that do
not use smart metering systems.2?

Due to the two reasons stated above, it is worthwhile to consider a system charge as an alternative way of
financing the roll-out.

Taking into account the cost reduction for meter operators occasioned by the roll-out of smart meters
(e.g., metering, management and maintenance of meters/metering systems), the charge decreases to
€29 p.a. This charge would have to be paid by all customers in addition to the current fees for meter read-
ing, operation and billing (approximately €22).

Customers with low energy consumption will not be able to offset the total charge (€29 + €22 = €51 p.a.)
by using smart metering systems, regardless of any energy saving efforts or load shifting. Additionally, as
the majority of customers will only be equipped with smart metering systems several years from now, a

22 For a detailed explanation, refer to chapter 4.4.
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large number of customers would pay the higher charge for a couple of years without being able to realize
appropriate energy savings.

Moreover, the high capital expenditures of € 8.5b by 2022 present a significant financing risk.

With regard to Germany, EU Scenario is not economically viable, not compliant with the turnaround in
energy policy and not realizable

For Germany the EU Scenario - i.e., a mandatory roll-out where at least 80% of metering points are
equipped with smart metering systems by 2022 - is:

not beneficial for the economy due to a negative net present value,
results in disproportionally high costs for the majority of customers,

presents the meter operators with a considerable challenge due to the high roll-out quota envi-
sioned by 2022 with new and hardly tested metering systems,

presents a significant financing risk because of the high level of investment required,

represents a non-sustainable approach for smart energy supply systems, as it focuses on measur-
ing consumption only and excludes primary benefits, like the integration of renewable energy
plants. As a result, small consumer groups are charged on a level that exceeds any individual ben-
efits they may have from using smart metering systems.

3.2 Continuity Scenario

In the second step of the scenario calculations, we analyze the Continuity Scenario. The Continuity Sce-
nario assesses the legislative approach with the current mandatory installation in accordance with
§21c (1) EnWG.

Results

The scenario results in a net present value of €-0.6b for the period from 2012 to 2032. A total of 10.9
million smart metering systems are rolled out by 2022, resulting in a roll-out quota of 23%.

The Continuity Scenario requires investments of €3.7b by 2022, which is only 40% of the investments
envisaged in the EU Scenario. Ongoing operating costs result in additional costs of €5.2b compared to
conventional meters. Taking into account efficiency gains, the additional costs are reduced to €3.1b. The
total costs could be financed by an annual fee of €109 to be paid by every user of smart metering sys-
tems. Alternatively, an additional system charge of €14 could be levied if one reckons in the costs savings
achieved in comparison to conventional meters.

Compared to the EU Scenario, implementing the Continuity Scenario until 2022 is more beneficial (€+2.5b
net present value).

Assessment

By 2022, the Continuity Scenario would be notably more beneficial compared to the EU Scenario. Addi-
tionally, the financing risks are significantly lower and it is a more suitable approach that aims to imple-
ment a smart energy supply system based on renewable energies (energy policy change).

For customers with an annual consumption of more than 6,000 kWh and operators of EEG plants with a
connecting power of more than 7kW, the annual charge of €109 is economically viable. The former group
can realize savings of between €75 and €130 p.a. The latter group benefits from guaranteed feed-in tar-
iffs and - due to the fluctuating feed-in of electricity - also makes a disproportionally large contribution to
the adaptation needs of the energy supply system and the resulting costs.

For new and renovated buildings, the economic burden comes to bear differently. As smaller houses and
apartments are also covered by the mandatory installation, customers with low energy consumption levels
are also affected by higher costs. For these customer groups, the total charge of €109 p.a. cannot be
offset, regardless of energy saving measures and load shifting.
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As in the EU Scenario, a system charge imposed on all consumers under consideration. This system
charge would result in costs of €14 p.a. in addition to the current fees for meter reading, meter operation
and billing if cost savings compared to conventional meters are included. The total charge resulting from
the current fees for meter reading, meter operation and billing and the additional system charge therefore
amounts to €36 p.a. per metering point. From the small consumer’s standpoint, the system charge of €14
ought to be rejected, as the general public would then be financing the installation of smart metering sys-
tems for a small group of people.

Continuity Scenario is realizable but the potentials are not fully exploited

For Germany, the Continuity Scenario, where 23% of metering points will be equipped with smart metering
systems by 2022 under the current regulatory framework:

is economically unfavorable in the current situation due to the negative net present value,
is beneficial compared to the EU Scenario envisaged by 2022,
is unfavorable compared to the EU Scenario in the long term under the assumptions made,

results in costs that are economically viable for mandatory installations but renders the installa-
tion of smart metering systems inefficient for some cases involving new and renovated buildings,

can be implemented relatively easily due to moderate roll-out quotas.

To identify possibilities to improve the macroeconomic efficiency, the following chapter examines a varia-
tion of the Continuity Scenario with the application of § 21¢ (5) EnWG.

3.3 Continuity Scenario Plus

Paragraph 21c (5) EnWG combined with Paragraph 21i no. 8 EnWG enabled requlatory authorities to roll
out forward-looking intelligent meters in addition to mandatory installations of smart metering systems.
These intelligent meters must offer the possibility of integration into a BSI Protection Profile-compliant
communication system. The application of paragraph 21c (5) EnWG will be discussed in the Continuity
Scenario Plus.

Further Assumptions

The installation of intelligent meters - instead of or in addition to the installation of smart metering sys-
tems - is a further option for all metering points if mandatory installations according to paragraph 21c (1)
EnWG are not required. The installation of intelligent meters would be done when a mandatory meter ex-
change at the replacement interval takes place. The exchange is assumed to be performed at regular in-
tervals and no later than one calibration period without re-calibration (16 years for Ferraris meters). How-
ever, at present, a large portion of the installed conventional meters is already older than 16 years. To
prevent a huge demand for exchange of meters at the beginning of the roll-out in 2014, an extension of
the exchange period to 2022 is recommended. This would enable the meter operator to optimize the costs
of the roll-out. On the other hand however, to achieve the planned scale effects and energy savings, the
conventional meters should not all be replaced at the end of the roll-out period. Therefore, it is also rec-
ommended that at least 1/16 of all existing meters installed before 1999 should be equipped with intelli-
gent meters each year.

In addition to the legal minimum requirements, the underlying intelligent meters would be equipped with
an in-house communication system with an external display in the apartment of the end-user.23 This fea-
ture allows the end-user to analyze energy consumption, identify devices with high electricity consump-
tion and thus optimize consumer behavior and realize energy efficiency potential.

The potential to save energy by means of an intelligent meter is not at par with smart metering systems
due to the lack of real-time information about the load and time-of-use tariffs.

23 To use such intelligent meters, special requirements have to be fulfilled. Please refer to chapter 4.2.
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The subsequent upgrade of intelligent meters to smart metering systems, i.e., the integration into a com-
munication system, has not been discussed in this study.

Findings

At €-1.0b for the period from 2012 to 2032, the scenario’s net present value is €0.4b lower than that of
the Continuity Scenario. Overall, almost 32 million smart metering systems and intelligent meters will be
rolled out by 2022. Of these, 10.9 million will be smart metering systems and 20.7 million intelligent me-
ters. This equals a roll-out quota of 66%.

The Continuity Scenario with intelligent meters requires investments of €6.8b by 2022. This is €3.1b
more than the Continuity Scenario. Ongoing operating costs amount to €6.3b. When cost savings are in-
cluded in comparison to the baseline scenario, costs are reduced to €3.3b. Total costs can be covered by
an annual fee of €57 paid by every end user of a smart metering system or intelligent meter. A system
charge would have to cover €20 p.a. if cost savings in comparison to the conventional meter operation are
taken into consideration. The system charge must be paid by every end-consumer in addition to the
charge for meter operation, metering and billing starting in 2014, the beginning of the roll-out.

Evaluation of installing intelligent meters according to paragraph 21c (5) EnWG

The installation of intelligent meters according to paragraph 21c (5) EnWG is an inexpensive alternative,
which can be considered as an entry-level model for the smart metering systems of the future. The under-
lying alternative properly informs end consumers on an external display within their apartments about the
actual electricity consumption and costs frequently enough to enable them to regulate their own electrici-
ty consumption. Such a metering alternative allows providers to access customer groups for an installa-
tion, for which the relatively expensive integration into a communication system is initially not worthwhile.

An external display unit in the apartment of the end consumer is a comfortable prerequisite for realizing
energy savings and load shifting. This sensitizes the end-users to their electricity consumption and elec-
tricity bill. As customers are provided with all the information about their consumer behavior through an
in-house display, electricity savings and load shifting are possible. However, intelligent meters cannot
provide load-specific incentives for tariffs or real time information about the grid load.

Intelligent meters can be transformed into smart metering systems in conformity with the BSI Protection
Profile by means of a secure connection with a Smart Meter Gateway. Upgrading an intelligent meter via a
SMGW provides a platform on which other meter operators and service providers can participate with their
products and services. This is guaranteed by the standards of the BSI Protection Profile and the Technical
Guidelines.

Grid efficiency and the majority of process improvements in meter reading and billing cannot be realized
when using this metering alternative. Consequently, they were not included in the benefit assessment of
the cost-benefit-analysis.

Operation of intelligent meters is subject to particular requirements: Intelligent meters are an upgradeable
measuring system in accordance with  § 21c (5) EnWG. Combined with a Smart Meter Gateway, they can
be securely integrated into any communication system. In this report, intelligent meters are able to visual-
ize the actual energy consumption and the actual use-of-time on an external display within the apartment
of the end consumer. As long as the meter has not been upgraded with a SMGW to a smart metering sys-
tem, the MID does not allow the specification of any particular data protection and privacy requirements
for the transmission of data by the measuring system. Therefore, no obligation to install an external dis-
play should be implemented. Instead, introducing an obligation to install a display should be driven by the
market. However, in this case general data security and privacy requirements such as the encrypted trans-
fer of data must be fulfilled. Additionally, in accordance with § 21e (5) EnWG, installation of a display
should require "written approval of the end consumer to install and to utilize a metering system, being
aware of the fact that the system does not fulfill the requirements of section 2 and 4."%4

24§ 21e (5) EnWG.
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Benefits for the financing of the roll-out

The Continuity Scenario Plus assumes that the possibilities arising under § 21i (1) no.8 EnWG are used
and that § 21c (5) EnWG enters into force. This will result in an installation of intelligent meters or smart
metering systems at 66% of all metering points by 2022. For this scenario it should be noted that:

in overall economic terms, this alternative is currently not favorable given the circumstances as
well as the current legal and reqgulatory framework,

by means of price differentiation for intelligent meters and smart metering systems, a pricing
based on costs actually incurred could be introduced, which would reflect the different costs and
benefits of the two systems,

the scenario would lead to costs that are economically bearable for the majority of the end-users
concerned but on the other hand still includes cases in which the installation of smart metering
systems is not worthwhile, as is the case for construction activities or renovations,

it can be practically implemented with the given roll-out quotas, as the installation of intelligent
meters is significantly easier than the roll-out of smart metering systems.

As the scenarios analyzed up to this point are not favorable in overall economic terms, additional alterna-
tive scenarios in line with the EU recommendation were examined.

3.4 Roll-out Scenario

The current legal framework gives rise to an obligation to install smart metering systems only for new EEG
and CHP plants, i.e., facilities that were commissioned after the commencement of the EnWG on 4 August
2011 and that have a connection power of at least 7 kW. Since both older and/or smaller facilities in prin-
ciple have the same effect on the power supply system as newer facilities, the Roll-out Scenario provides
for mandatory installations for old EEG/CHP plants as well as those with a power input lower than 7 kW
down to a negligibility limit of 250 Watt.

The Roll-out Scenario was first assessed within the current legal framework. In a subsequent step, the
effects of an amendment of the EEG were considered and quantified.

Further assumptions

The integration of renewable energy poses a considerable challenge for the power supply system in Ger-
many. The increasing amount of fluctuating power from wind and solar energy sources that is fed into the
system significantly increases the need for an extension of both the electric transmission and distribution
networks. However, if demand and supply of electricity were better balanced, this extension need could be
reduced. Smart metering systems can help reduce the need for an extension, because they:

allow for load management schemes that contribute to a better reconciliation of demand and sup-
ply of electric power,
allow for a remotely controlled feed-in of power from renewable energy facilities via the CLS inter-

face.

In order to allow for a large-scale limitation of renewable energy facilities, the current legal framework
must change. It is assumed that the current regulations of the EEG concerning compensation payments
for reduced feed-in capacity will be maintained.
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Additional mandatory installations

In the Roll-out Scenario, the mandatory installations in accordance with § 21c EnWG are supplemented
with further applications. These comprise EEG and CHP facilities that were commissioned before 4 August
2011 and facilities with a connection power of more than 0.25 kW.2>

On the one hand, the expansion of mandatory installations can be ascribed to potential grid loads of the
aforementioned generating and consuming facilities. On the other hand, it can be ascribed to the possibil-
ity to control and use these facilities, taking into consideration the expansion and use of the grids. The
expansion of mandatory installations focuses on the majority of EEG/CHP facilities connected to the low-
tension grid. Therefore, the roll-out mainly relates to metering points that can easily be equipped with
smart metering systems with minimal additional costs and maximum benefit.

Generally, old facilities have the same effects on energy and grid efficiency as new facilities and should
therefore be equipped with smart metering systems as well. However, additional installation costs may
occur, e.g., when inverters are replaced. Given the favorable income situation of the operators of the gen-
eration facilities, this appears reasonable.

The expansion of mandatory installations on facilities with capacities of less than 7 kW is based on the
number of these facilities, which, when aggregated, can have a significant impact on energy and grid effi-
ciency.

For very small facilities - defined as facilities with a maximum connection power below 250 Watt - excep-
tions from this obligation could be made, due to the disproportionate costs that integration into a smart
metering system would bring with it.

Findings - additional mandatory installations in the current legal framework

The result of the Roll-out Scenario under the current legal framework is negative with a net present value
of €-1.1b. Overall, investments of €3.9bn would be necessary by 2022 to realize a roll-out quota of 25%
and installation of 12 million smart metering systems.

Under the current legal framework, the potential of smart metering systems to the steer and requlate EEG
facilities cannot be realized.

The remaining applications of smart metering systems and the resulting benefits thereof are not enough
to achieve an overall economic advantage for the roll-out of smart metering systems.

Neither the EU Scenario with a general and non-specific mandatory installation, nor the Continuity Scenar-
io or the Roll-out Scenario with their focus on applications with the highest benefits, lead to a positive net
present value.

Therefore we examined how a change of the EEG would affect the scenario outcomes.

Consideration of a 5% limitation of EEG plants to avoid a grid expansion

Limiting each EEG plant by up to 5% of their annual energy output during times of grid congestions or
voltage fluctuations would lead to a significant increase in the net present value by €2.7b to €1.6b. Only
through active feed-in management, the scenario considered here would result in a significantly positive
net present value. This highlights the importance of a grid-efficient roll-out and emphasizes that the high
potential of smart metering systems depends not only on consumption measurement but also on the intel-
ligent use as an important element of smart grid. This is already partially integrated in the current legal
framework of the EnWG 2011.

The significant benefit is a result of the reduction of the grid expansion - particularly within the distribu-
tion grid. Reference projects in (rural) distribution grids show that up to 100% more capacity from renew-
able energy facilities can be connected if it is possible to limit up to 5% of the annual energy capacity by
the feed-in of EEG plants as needed.?® In this context, the scenario analysis was based on the less optimis-
tic assumption and a reduction of no more than 50% of the development needs of the distribution grid.

Using the grid efficiency of smart metering systems offers further significant advantages. The almost
complete coverage of grid relevant metering points quickly leads to a minimum penetration of 15% with

25 The legislator still has to define the final negligibility limit.
26 Source: Data reconciliation and market survey underlying this report; see Appendix Ill.
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smart metering systems, especially in grid critical areas, which is necessary for a meaningful measure-
ment of grid condition data.

The costs per smart metering system are about €107 p.a. from the time of the initial installation, so that
considerable effort is needed on the consumers’ side to make such an investment beneficial. A system
charge per consumer of €15 plus the average charge for measurement, meter operation and billing of €22
p.a. (including cost savings) result in costs that are too high for the majority of end consumers.

Only changes to the EEG ensure economic advantages

Focusing on those metering points at which the largest benefit with smart metering systems can be gained
leads to a positive economic impact on the net present value of €1.6b in the period from 2012 to 2032.
However, this requires a change in the legal framework of the EEG enabling the above mentioned active
feed-in management (5% limitation).

With the extension of mandatory installations to the generation- and consumer facility, the integration of
renewable energies in the energy supply system will be facilitated and the financial impact can be limited,
thereby increasing the value of the energy policy reform.

A roll-out quota of 25% leads to relatively high costs per smart metering system for many consumers
compared to the full roll-out. In this alternative, a system fee is not recommended as the majority of end
consumers cannot benefit directly from the installation of smart metering systems and the installation
would be co-financed by a small group of consumers.

3.5 Roll-out Scenario Plus

The application of § 21¢ (5) EnWG is one possibility to reduce the costs of smart metering systems for
users in the course of the roll-out. The increase in the total roll-out quota together with intelligent meters
would result in further economies of scale and would allow for mixed calculations.

Findings and assessment

In the Roll-out Scenario, the application of § 21c (5) EnWG would result in a slight reduction in the net
present value by €0.1b to €1.5b. However, this alternative provides several advantages.

For the end consumers, the Roll-out Scenario Plus allows for tailored solutions with regard to the installa-
tion of smart meters:

Smart metering systems would be mandatory for metering points that can contribute to grid effi-
ciency.

Metering points that only contribute marginally to energy efficiency when viewed in isolation
would gradually be equipped with cheaper intelligent meters. These could be upgraded easily to
smart metering systems at a later point in time. Customers who do not attach importance to ex-
ternal communication links could be offered the installation of an intelligent meter as a cheaper al-
ternative.

With approximately 4 million meters annually, the number of intelligent meters or smart metering systems
to be installed by 2018 is as high as in the EU scenario. However, compared to the EU scenario, intelligent
meters would account for more than half of the total smart meters to be installed. Therefore, installation
and integration processes are easier than in the EU scenario, where only smart metering systems are
rolled out. Intelligent meters do not require external communication links. The respective processes are
also frequently used and tested.

The Roll-out Scenario Plus would result in a modernization of the entire metering infrastructure in Germa-
ny. By 2029, a complete roll-out with smart metering systems and intelligent meters could be achieved.
This would contribute significantly to the energy policy reform (especially with regard to the integration of
renewable energies and the improvement of energy efficiency).

The financing of the roll-out would be another advantage, with costs per smart meter reduced to €58 p.a.
The parallel roll-out of smart metering systems and intelligent meters would result in a mixed price that
would be profitable for a much larger number of customers.
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Considering the cost reduction in comparison to the use of conventional meters, the system charge would
amount to €21 p.a. If § 21c (5) EnWG were to apply, the system charge would have to be evaluated differ-
ently from the mandatory installation of smart metering systems. In the end, all end consumers would
benefit from the application of § 21c (5) EnWG due to the installation of intelligent meters in the course of
regular replacement intervals. Also, macroeconomic benefits would be higher than in the basic Roll-out
Scenario, as the need to expand generation capacity and grids is further reduced.

By combining the three benefit parameters of smart metering systems, intelligent meters and macroeco-
nomic benefits, a financing model can be derived that results in a fair allocation of roll-out cost (refer to
chapter 4.4).

Roll-out Scenario Plus is recommended

From an economic point of view, Roll-out Scenario Plus is recommended. It also provides a number of ad-
ditional advantages:

A positive net present value of €1.5b in the period from 2012 to 2032.

By using a mixed calculation which includes intelligent meters, smart metering systems and a sys-
tem charge, a sustainable financing model that justly allocates roll-out cost can be achieved. In
this way, fees can be tailored to the customers’ needs and willingness to pay (for details, refer to
chapter 4.4).

Tailor-made solutions could be implemented for each application.

No group of people gains an unfair advantage as all end consumers benefit directly from the roll-
out.

The accelerated roll-out increases economies of scale and provides market participants (device
manufacturers, meter operators, etc.) with higher planning reliability while reducing investment
risks.

Intelligent meters create a platform for the subsequent usage of SMGWs in every building. This
platform can then be used by metering operators or other service providers to sell services and
products.

With an average of 4 million smart metering systems and intelligent meters p.a. by 2018, the roll-
out is ambitious. However, it is still achievable as more than half of the smart meters are intelli-
gent meters.

Below, we assess the robustness of the recommendation and possible improvements using a sensitivity
analysis and discuss selected question related to the roll-out.

3.6 Sensitivity analysis and discussion of selected question

Several further questions regarding the roll-out of smart meters were examined within the report. In addi-
tion, sensitivity analyses were performed for each input parameter in order to examine the robustness of
the results and recommendations. Table 6 summarizes the main impacts. A separate examination of the
impacts was carried out. The roll-out plus scenario was based on the continuation of the EEG compensa-
tion payments. In order to achieve a better evaluation of sensitivities, the EU, Continuity, and Roll-out
Scenarios were included in some places in the sensitivity analyses.

27



Table 6: Summary of the sensitivity analyses

Additional net present value -

Assumption X
Roll-out Scenario Plus [€b]

Doubling of actual energy savings at an average of 3.6% p.a. +5.7

No energy savings SENT

Increase in real energy prices by 1% p.a. instead of constant prices in +1.2
real terms :
Tariff spread: 20% reduction in the off-peak energy rate vs. peak energy +2.0
rate instead of 10% :

Optimization of grid efficiency +2.9
Shortfall of grid efficiency 22

Halving the EEG compensation payment while reducing the feed in of

EEG plants PO
Extension of mandatory installations according to Paragraph 14a EnWG 0.0
including heat pumps, electric vehicles !
Extension of the deadline to complete existing mandatory installations 0.7
to 2022 instead of 2018 :
Periodic replacement after 24 years (16 years calibration period plus 0.6

recalibration) instead of after 16 years

Shortfall of economies of scale in procurement -2.2

Focus of the MSB role and the function of the Smart Meter Gateway

o . +0.7
Administrator up to max. 70 corporations
Focus of MSB role and the function of the Smart Meter Gateway Admin-
istrator up to max. 10 corporations

Source: Ernst & Young

+1.2

Below, the implications are examined in detail.

Energy savings

The amount of the actual energy savings impacts the results of the scenario calculations considerably (see

Table 7).

Apart from the direct effects - particularly the reduction of energy costs for end costumers - indirect ef-
fects and interdependencies arise i.e., grid extension costs. Increasing energy savings in areas with an

elevated input of renewable energies can give rise to additional grid extension costs under certain circum-
stances. The (renewable) power generated must be distributed and transmitted instead of using it locally.
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Table 7: Sensitivities energy savings

Net present value 2012 to 2032 Mint Average? Max3

[€b] (0%) (1.8%) (3.6%)
-5.9 -0.1 6.1
-3.2 0.9 5.0
-2.6 1.6 5.9
-4.2 1.5 7.2

Source: Ernst & Young

1 0% energy savings in all consumption classes.

20.5% at < 2,000 kWh/a; 1% at 2,000 - 3,000 kWh/a; 1.5% at 3,000 - 4,000 kWh/a; 2% at 4,000 - 6,000 kWh/a; 2.5% at > 6,000
kWh/a; average of 1.8%.

31% at < 2,000 kWh/a; 2% at 2,000 - 3,000 kWh/a; 3% at 3,000 - 4,000 kWh/a; 4% at 4,000 - 6,000 kWh/a;
5% at > 6,000 kWh/a; average of 3.6%.

4 Without reducing EEG-plants.

® The energy savings potential within the 