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Executive Summary

For a long time considered as technologically neatetectric systems are now facing a period ofdrapi
changes. The advent of smart grids, smart metet®l@etromobility is creating new challenges ndiyan
terms of technological innovation but also in tewhgconomic and technical regulation. This papeu$es
on the latter and, taking Italy as a case studglyars how energy regulation can change to emlanaddo
stimulate innovation in power systems and eledyriziarkets.

Accordingly, we describe the most relevant andmepegulatory decisions on technical innovatiorgfiag

the focus on the regulatory process. Indeed, @@t case is interesting for a number of reastiva, go
beyond its well-known leadership position in theeaarof smart metering and the related mandatory
introduction of Time of Use pricing for a large shaf consumers. Italy is facing a dramatic incesasRES
(Renewable Energy Sources) penetration: severalategy developments were introduced to favour the
integration of intermitted generation and the tfameation of distribution grids in active networlsgpable

of accommodating DG (Dispersed Generation) unitse Ppaper details the regulator's commitment to
provide the right economic incentives for distribatnetwork operators to invest in demonstrationjquts

for smart grids (and, in perspective, for a wid#é-oat of active grids, on the basis of an outpaséd
incentive scheme). Significant steps forward halge &#een made to ensure an efficient development o
Electrical Vehicle recharging infrastructures.

We found that several lessons of experience cairden from this case study and we believe therfulise

for other national regulatory authorities. By loogiat the regulatory process, more than at theifapec

solutions and mechanisms adopted (often relatecbtmtry-specific factors), the main messages age th

following.

» Power system will be profoundly impacted by tecbgadal innovation and regulators should invest in
building a robust and up-to-date technical knowéedger which to ground their proposals;

* Key indicators are necessary to cope with RES ratem: this paper presents two of them (Reverse
Power-flow Time, RPT, andsRyy) that can be used elsewhere;

* In an initial phase, regulators can get valuabferination from demonstration projects, that are an
intermediate step between laboratory tests (antypes) and full deployment of innovative solugpn

* Moving to output-based regulation is the efficiehbice for full deployment of innovative solutions;

* The role of regulation is crucial in ensuring tlvalue for the customers is extracted from innowativ
investments (such as in smart metering);

* Innovation creates new challenges: regulators havédentify the new border between regulated
companies and the competitive market (for instand¢ke case of electromobility)

» Integration of the different innovations (smart grigmart metering, electromobility and storage) is
probably the hardest challenge for regulators énriéaxt future

To make this case study more easy to read, alhiezlhdetails are given separately in six differAnhexes,
each devoted to a specific topic more briefly nammad in the main body of the paper.

* The Executive Office of thAutorita per 'Energia Elettrica e il GagRegulatory Authority for Electricity and Gas),
Milan, Italy. The opinions expressed in this papeg the personal opinions of the author; they dbnacessarily
represent the official positions of the Authoritydado not commit the Authority to any course ofatin the future.

" Department of Energyolitecnico di MilanoMilan, Italy.

* Department of Management, Economics and IndudgnigineeringPolitecnico di Milang Milan, Italy.



1. Introduction

After liberalisation, a second, large wave of claigygoing to sweep European power systems: like
a “perfect storm”, technical innovation is comingeo the electricity sector. For a long time
considered as technologically mature, electricesystare now going through a new, far-reaching
transition, the “smart” revolution [1], [2], [3].

The most well-known aspect of this innovation st@ra smart grids: electric networks, especially
distribution networks, need to move from a “passteean “active” design and operation, under the
high pressure of booming dispersed generation ttjr@onnected to medium and low voltage
networks. The smart revolution, however, does not stopnadrs grids: it goes right to the very
heart of the electricity system. Under the “smarifibrella a number of profound changes are
envisaged for the next years. First of athart meters, i.e. electricity meters that are &bleollect
data on energy consumption, power absorption, locdlage and other electrical parameters
(including power factor, safety checks, etc.) aodsénd them automatically to a remote center,
from which they can also receive instructions femotely-controlled operations. Secondly, smart
customers, i.e. end-users that become new actotiseirmarket by responding to market price
signals and defeat the classic paradigma of tota#liastic demand. This is possible also thanks to
new uses for electricity and, in particular, toctle vehicles that could become a distributed
system for energy storage, capable to contrasinteemittency of wind and solar generation. In
summary, the challenges for future electric netwaie indeed immense: a recent study conducted
on behalf of the Office of the Gas and Electricarkets (OFGEM, the British regulatory
authority) has defined “unprecedented” the degfdarmvation that electricity systems will either
have to face up to in the very next future or thaly are in fact already in part experiencing imeo
countries [4].

Indeed, the assumption that the electricity sewtms technologically mature (and that only residual
space was left for innovation) has pervaded then@wic and technical regulation since
liberalization. The preference accorded to prige ulation is probably the clearest evidence of
this, let us say, traditionalssumption. Twenty year after, it is now evideftt thnovation is a new
challenge not only for electric network operatorgar energy utilities — because of the investment
needs — but also for regulators and for their keolgeé and tools (requirements and incentives). To
cope with the upcoming changes — or, for some cmstwith the ongoing changes — a few
regulators have already started to search for amadnsider new regulatory tools [5]. Among them,
is the Italian regulatory authority (Autorita p&riergia elettrica e il gas, AEEG).

This paper is a case study on Italy: the objectsvéo outline the regulatory changes that the
“innovation storm” has already inspired, togethethwhe regulatory challenges still to come. In
addition, the Italian experience is also the opputy to discuss the lesson learned, under a brpade
European-wide framework. Indeed, the Italian casmteresting for a number of reasons, among
which, the most well-known is its leadership pagitin the area of smart metering. Thanks to the
combined initiative oEnel distribuziongthe largest distribution company, and of the faigu (for

the customers served by all the other distributparators), Italy is the only country in the world
with a full deployment of smart meters at Low Vgka(LV) level (more than 33 millions smart
meters installed and working). This has also cotetlito the largest experiment so far with Time-
of-Use (ToU) electricity prices (mandatory for mah@n 25 millions household customers and for
more than 3 millions small business customers).ridfram smart metering, the Italian incentive
regulation has recently seen other remarkable dpwednts. One was driven by the regulator’s
commitment to provide the right econonmstimula for grid operators to invest in smart grid
demonstration projects; the other is aimed at dgiet) demonstration projects for Electrical

! Generation connected to the grid can be distitguishetween large and medium/small-scale and betR&sS and
Combined Heat and Power (CHP) technologies. Ordyntiedium/small scale-units (<10 MVA) of both RESI &8BHP
are considered as dispersed generation.
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Vehicle (EV) recharging infrastructures —in the &ean Union (EU), this is the first initiative of
this kind initiated by a national regulatory auikhyor

In other words, we believe that ltaly is an intéres case for understanding how regulation
(especially network regulation) can change, sonmegtimapidly and radically, to embrace and to
stimulate technical innovation. At the same time,lvelieve that solutions experimented in Italy are
not to be exported as they are. Numerous couneygip factors have influenced the regulatory
decisions and are to be considered carefully wrearsterring the same ideas in a different system.
Nonetheless, in describing the most relevant anmknte regulatory decisions on technical
innovation, we are convinced that there are udefigdon to be learned from a country-specific case.
In particular, our intent is to focus on the regoig process, which goes from knowledge building
to consultation and then from ruling to implemeistatand enforcing. Indeed, there is more to
learn, about the building blocks of a regulatogniework, from this process than there is from the
specific solutions and mechanisms that were adopted

Accordingly, Section 2 briefly introduces the Itali electricity system, outlines a few regulatory
and technical aspects that are useful to put tase-study in context and delineates the current
focus of regulation in the new scenario. Sectiorte 8 describe the main regulatory initiatives in
the areas of smart grids, smart metering, and EViaming infrastructures, devoting particular
attention to the past three years (2008 — 2011) ainthe same time, delineating what lies ahead.
Finally, from this country-specific experience warigle a number of lessons learned (Section 6). To
keep the focus of the paper on the regulatory mdechnical and regulatory details on these three
areas are collected in six Annexes at the end efpdper. Namely, Annex A deals with the
transmission networks and the influence of RESmmgp system operation and dispatching; Annex
B deals with the DG integration on distributionwetk and the Nodal Hosting Capacity approach;
Annex C deals with the Italian incentive regulatiftor smart grids; Annex D deals with the
demonstration projects for smart grids and the ldgweent of ICT for an innovative protection,
automation and management of distribution netwofsnex E deals with the development of
Smart Metering and mandatory Time-of-Use implem@mntain Italy; and finally Annex F deals
with the Electromobility.

2. The Italian context and the new challenges

In 2010, electricity demand in Italy was above 30h, 86% of which was covered by national
production, while imports accounted for the resit 6f these 300 TWh, 75 TWh were produced by
Renewable Energy Sources (RES), that saw a 9%aiseraith respect to 2009. A remarkable
growth was registered in wind production (+29,1%ipmass /waste (+21,6%) and photovoltaic
(almost 1600 GWh, compared to 677 GWh in 2009).

As regards customers, four years on from the oewiithe electricity market for small consumers,
the cumulative switching rate is around 17% for detit users and 36% for small enterprises. This
means that about 5 million households and 2.7 enilimall businesses have chosen their supplier
in the free market. Final users that have signedrdract with a retailer constitute, in volumes
2010, 67,8% of total demand; the others (mostlyskbold and small business customers, for a
total of about 27 millions LV customers) have eaoimand contractual conditions defined by the
regulatory authority (they have access to a forrfuniversal supply regime”).

As for the distribution sectoinel Distribuzioneis the largest operator, with 86% of the total
volumes, followed byA2A Reti Elettriche(4%), Acea Distribuzione(3,4%) andAem Torino
Distribuzione(1,3%). The other operators (seven of whom arepewatively large) hold marginal
guotas. As regards the transmission network, #ftemational blackout in 2003, the Independent
System Operator (GRTN) that coordinated, contradied monitored the operation of the electrical



power system, was substituted with a fully unbuddleansmission System Operator (TSO, Terna),
that is both the owner and the operator of thestrassion grid.

In terms of network regulation, a price-cap regiwas introduced in the year 2000 (with a four year
tariff period) and modified in 2004 by terms of lafn efficiency factor is now applied to operating
costs, while capital expenditures are passed thréogonsumers with an average lag of eighteen
months. Moreover, the regulatory authority hasoiticed a series of input-based incentives, in the
form of an increase in the Weighted Average CostCapital (WACC), aimed at promoting
strategic investments, in electricity transmisdiiost, then in electricity distribution and finaliy

gas infrastructures as well.

In general terms, with the regulatory policies dasd so far, the Italian regulator was focusing on
extracting most of the benefits from liberalizatiggassing cost savings in operating expenses to
final consumers, ensuring an efficient level ofastments in the networks, stimulating competition
at the wholesale and retail level, as well as asireg the level of service quality. As a result, fo
instance, the ltalian distribution networks presant extremely high level of automation (on
average, three secondary stations out of five ameotely controlled), mainly because of the
incentives provided by service quality regulafiomn this regard, the initiatives of network
operators have also played a prominent role: tbgegtr“Telegestorg boldly conceived of bynel
Distribuzionein the year 2000, has already brought smart meterever 30 millions of LV
customers (to date the only initiative of its kiml such a vast scale in the entire planet).

As of today, regulatory policies need to focus ewrproblems, stemming from the need to meet
long-term, European-wide objectives. In order gfauncy:

* Integration of RES, especially as dispersed geioerdDG), in electrical networks: these
intermittent production units are also expectedawtribute not only to the European targets
for RES penetration but also to the security of dkrerall transmission system (today this
contribution is absent or negative) — smart grids;

* Introduction of techniques for load control, thartksintelligence systems located at the
point of conjunction with the customer and its ersgs — smart meters;

* Introduction of opportunities for all customers become active participants in the
electricity market, using electronically conveyeafbrmation related electricity prices (again
smart meters) and adopting new technologies (elecibility).

Before proceeding, it is important to recall tHat enabler of all these changes is ICT (Information
and Communication Technology). Even if only brieftyentioned in the rest of this paper,

communication systems have a crucial role in thigcgss of reform. They also pose additional
challenges to energy regulators, forcing them teract more closely with other public authorities

and technical bodies.

3. Smart grids: towards an output-based incentiveegulation

As a member State of the EU, Italy is subject t® ‘th0-20-20” targets or, in other words, it is
committed to achieve by 2020 a large increaseaatetity generated by RES — up to 20% of total
electricity production, a significant reduction @Green House Gas (GHG) emissions, as well as a
substantially higher efficiency in energy end-use.

2 The reward and penalty scheme for continuity qfpéyi was firstly introduced for the regulatory meti2000-03 for
distribution networks only, and then regularly reme every four years, as well as progressiveharged to the
transmission system [6], [7]. This regulatory sckelnas drawn the attention of many academics andijwaers —
mainly in Europe but also in other regions of therld [8]. Although country-specific factors couldve played an
important role, nonetheless the analysis of thiahaexperience provided important insights to tetars who were
facing similar challenges in different environmej@g
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With regard to the first of these targets, ItaBmsts out, among the EU member States, as one of the
countries most impacted by the increase of distethiand intermittent generation, i.e., electricity
production that is dependent on climatic or othmrditions — and, in particular, by the availability

of wind and sun. In fact, due also to generouseStatentives [10], the share of RES generation is
already beyond the European average.

The impact of RES on electric systems can be etedugt a glance by looking at hourly data. There
are days and areas in ltaly (for instance, daytimgrs of sunny, summer Sundays in the Southern
regions), when RES generation (essentially, wind photovoltaic) can supply more than two
thirds of the total demand.

Wind farms in Italy at the end of 2010 are a fewsl¢han five hundreds, with a gross maximum
capacity equal to 5814 MW, the energy generatemrosind 9 TWh. Most of wind parks have a

maximum capacity greater than 10 MW and are coedetd the transmission network at the HV

level. A few regions host the vast majority of wipdrks: the southern regions and the islands
account for nearly 90% of wind power generationtay. The impact of wind parks connected to

transmission networks is addressed in details ineXrA.

Photovoltaic plants (PV) already amount to morenth@ GW of installed capacity, in a country

with less than 60 GW of peak demand. Further, Pdtaltations are more concentrated in the
Central and Southern regions, where the load isidotvan in the North. The growth rate of

installed capacity is impressively high. Only thrgears ago, at the end of 2008, PV installed
capacity in Italy amounted to 0.4 GW and it is nexypected to reach 11 to 12 GW by the end of
2011 (25 times the initial capacity in three years)

The significant level of energy injected by windnfe has already impacted the Italian system, both
from a technical and from a regulatory standpdwavertheless, the impact on the operation of the
transmission network has been managed properlpdy 0, by means of special requirements in
the national Grid Codewith the support of the regulating authority (femex A). For the sake of
simplicity, it can be stated that the transmissietwork (thanks to a meshed topology, and to the
presence of a complete and state-of-the-art cosyrstiem) has already an active behavior. Large
wind farms may have a significant influence on powgstem operation that are related to
unpredictability and intermittency of the primargusce; this requires that RES output is re-
dispatched according to system needs.

On the other hand, high RES penetration, espedialtiistribution networks (where almost all the
PV plants are connected, more than 99% of the ttadber of units), requires changes on several
fronts of the technical and economic regulationpiider to efficiently integrate this production in
the network. AEEG started addressing the issuavayéars ago (between 2007 and 2008) with a
research project focused on the Nodal Hosting Gapé@¢HC) of Italian distribution networks at
medium voltage (MV) level. This research was commissioned by the regulatotiyosity to the
Politecnico di Milano (Energy Departmenéind was based on a large sample of data on ditnib
network characteristics (detailed per single basated by means of a formal information request
specifically made by AEEG to Italian Distributioryssem Operators (DSO). The project results
were lately published as part of AEEG ResolutionGX&t 25/09 [11] (all details can be found in
Annex B).

The NHC research project was particularly importastt enabled the regulator to identify a key-
indicator of network “activeness”. the percentadeime in year during which power flows from

% According to the most recent IEA outlook, the “CBEEurope” region, with its 5% of intermittent geation in 2010,

is already the area with the highest portion inwheld of electricity generation that has no gugéearto be available
when needed to meet the demand [3]. According éastime outlook, Europe will keep its record posifio the next

decades (IEA estimates for OECD European countn@® than 25% of intermittent generation in 2050).

* It has to be highlighted that the Italian Grid @qsued by TERNA) is subject to the approvahef AEEG.

®In Italy MV is between 1 and 35 kV; ordinary MWigls are 15 and 20 kV.



medium to high voltage (Reverse Power-flow TimeTRH his inversion of flow occurs because of
a surplus in power production, i.e. a larger amafrgower is injected in the distribution network
by DG, compared with the load demand in that foacof time. The RPT indicator was used on a
short time later (in 2010), as one of the main petaers for assessing smart grid demonstration
projects. In other words, in terms of regulatorywelepment, a “knowledge building” phase
provided the basis for and was soon followed bglenfonstration” phase.

The approach to the demonstration phase is desayoethd an input-based incentive scheme, to be
awarded, on the basis of a competitive procedy,tora limited number of projects. According to
AEEG Resolution ARG/elt 39/10, selected smart ginonstration projects can benefit from an
extra remuneration of capital cost (a 2% extra WAG@&ddition to the ordinary return) for a period
of 12 years [12]. The incentive is funded through tetwork tariff and it was awarded to eight
proponents.

The selection of these projects (as of now, alhimg) was conducted, on behalf of the regulatory
authority, by a committee of experts. In particuiarorder to participate in the selection process,
demonstration projects had to meet three main reopgnts, defined by AEEG:
* in the electricity distribution area covered by themonstration project, a reverse power-
flow must occur for at least 1% of the time in aye
» all possible solutions are to be tested on realidWvorks with both end-users and active
users (loads and generators);
« only open and non-proprietary communication prof®care to be used for any
communication applications involving network users.

The first requirement was aimed at selecting ptejétat would address a problem emerged from
the NHC research: inverse flows, in the contexthef existing MV networks, put at stake the
protection system and the voltage regulation schemeently adopted [13]. The second
requirement was introduced to focus on real innowabpportunities for the networks: the MV
level was intentionally chosen because 75% of rebésvplants are currently connected on MV
networks (a second selection process is under stadyt should be enlarged also to LV networks).
The third requirement focuses on a key issue farsgrids: only standard protocols, of an open
and non-proprietary type, allow a free market teali@p and thus minimise the costs as well as the
technological complexities that users of the ingelht network will have to face in exploiting the
benefits of smart grids.

It is well known that a generous remuneration gfiteh expenses exposes the regulator to the risk
of inefficient investment choices made by the ratpd utilities. This is why the selection
requirements were carefully defined. Similarly,cathe selection process was rigorously designed
and the comparative assessment of the differeqogseads employed a key-performance indicator ,
which considered both the benefits and the costheprojects (for all details refer to Annex C).
The quantitative indicator of benefits was partelyl innovative and was callédéma: The first
objective of smart grids should be to remove thevaek constraints so as to accept a larger amount
of DG, through a number of ICT based solutions @&eeex D). The indicatoPsm,t measures the
maximum amount of energy that can be injected th® network from DG, with no network
expansion and in secure conditions both for thalloetwork (voltage, currents) and for the entire
system (frequency thresholds of the Interface Etiote Relays).

After this demonstration phase, what is next inrdgulation of smart grids? Clearly, the next phase
is smart grid “deployment” (where motivated by thigh penetration of DG, especially RES-

based); for reasons of efficiency, the Italian tatpr is eager to move towards an output-based
regulation. Firstly, a selection process of indiatiprojects on a larger scale would be excessively

® In terms of energy injected into the grid.



time consuming; secondly, output regulation is lggme to inefficiency in investments decisions
made by DSOS.

The regulator’s first thoughts on an output-basememtive scheme for full deployment of smart
grids are outlined in a recent AEEG consultationwhoent [14]. These ideas built on the previous
steps and make use of the two key-indicators ayr@aeintioned RPT and Psmar). In addition, a
third indicator is proposed, to penalise DSOs wWR&S supply is curtailed for security reasons
(energy from RES generation that cannot be injectedhe network, due to curtailments in
generation that occur even after the “smartening&stment).

In summary, the recent Italian regulatory developtsidad a strong focus on active grids. This is
consistent with the final objective of enablingwetks to host a higher share of RES: integration of
renewable energy sources into the electricity seistdhe principal benefit expected from smart
grids, at least for the time being. Nonethelessppean goals for 2020 also necessitate the active
involvement of end-users connected to energy né&svorhis leads us to introduce two other
important issues recently addressed by the Itaéigalation: smart meters and electromobility.

4. Smart metering: towards demand response and othepportunities

The Italian smart metering system is currently lHrgest in the world, catering for more than 30
million users [15], [16]. In its present configumat, the remote control system is composed of two
parts: first,each MV/LV transformer station is equipped withancentrator that collects all data
coming from meters, via a power-line carrier (PL@hd it is capable to send instructions to
individual meter$: second, from the concentrator upwards, commumwicas mainly based on the
public TLC network (GSM/GPRS). This means thatphesent configuration does not allow a real
time control of the end-point meters. Indeed, thés not among the objectives that guided Enel’'s
decision to develop a smart metering system. At tinge (around the year 2000) Enel objectives
were four:(i) remote meter reading, both periodical or on regjes remote control of operations
such as connection and disconnection of custonresstting the maximum available capacitiy)
reduction of thefts, thanks to alarms installethi@ end-point meters arfai) energy balance on the
LV network below the concentrator.

As far as smart metering is concerned, the fundéhehallenges for the Italian regulator, were

two: firstly, to provide smart meters to all cusens (Enel serves 85% of the LV customers, but the
rest of the distribution sector is fragmented intore than one hundred large, medium, small and
micro distribution companies); secondly, to takeraadage of the investment made by the first
mover (of the order of 2.1 billion euro, with aneaage cost of around 70 euro per meter all
included) [17].

As for the first objective, at the end of 2006 gulatory provision defined minimum technical
requirements for smart metétsaand defined the timing for full deployment to &V customers
(over 95% of the entire LV customer-base is to dpeipgped with smart meters by the end of 2012).
As a matter of fact, under these mandatory obbgati all distribution companies started their own
substitution projects and most customers (alsoethosated outside Enel’s licensed areas) are now
equipped with smart meters.

" Apart from smart grids projects, the Italian regat does not approve or reject single investmangistribution
networks.

8 Mainly requests of spot or massive reading, bem ather types of instructions, related to customanagement — for
instance, to energise the point of connection aremarely, to solve firmware problems.

° One the one hand, the DSOS’ investments in smarenng is being recuperated by way of an incréaghe tariff
component that corresponds to capital investmaikir(¢ into account also the stranded value of tedidepreciation,
if any, of existing traditional meters). On the @tlnand, the efficiency factor which governs thduation of operating
costs has increased: since 2008, the X factor &ienmg is equal to 5% per year.

%1n doing this, Italy was a frontrunner among Ew@ap regulatory authorities [18] .



Achieving the first of the two objectives, has aléd the regulator to focus on the second. First of
all, AEEG has introduced a number of requiremeatsdXSOs to implement specific smart meter
functionalities. For instance, smart meters aregased to leave a minimal, vis#drvice to the end
user even in the event of non-payments (0.5 kWafaregular household customer, normally
supplied with 3 kW) [19]. Moreover, smart meters & be employed to remotely reconnect the
customer as soon as he/she has completed the payswnnection must be carried out in a very
short time (less than one day in all cases), oa@iomatic compensation is to be paid to the
customer. These examples show that the statenmamid fin some international reports, that the
focus of the Italian smart metering system is &fficy only [17] is not adherent to truth. Thanks to
the regulatory intervention, service quality anfibetiveness in customer service are also playing a
crucial role.

Nonetheless, in terms of exploiting the value @& #mart metering system, the most courageous
regulatory decision was undoubtly the mandatorgothiction of a Time-of-Use (ToU) electricity
price for all LV customers (in fact, to those whe aerved in the “universal supply regime”, i.e.,
household and small business customers who hawehsetitched to a different retailer; for details
see Annex E). This requirement has been in placsiuly, 1st 2010, will by fully phased-in by
end-2011, and probably represents the largest iex@et in the world of time-of-use pricing [20].
The aim of the initiative is for small users todgosed to cost-reflective prices, as to providerth
with information on the economic value of the clesichey make about electricity use. Clearly, the
initiative is expected to indirectly influence als@nufacturers of electrical appliances, in paldicu
those producing high-consumption goods.

With these regulatory decisions, Italy is agaimgm@id with European Commission objectives. The
European Directive 2009/72/EC for the internal neaiik electricity [21] (a component of the so-
called Third Energy Package) indicates smart megeds a necessary measure to extend the
benefits of retail liberalisation to all userSlonethelessthe vigorous encouragement that the
European Commission is giving to smart meterindesys goes beyond the norms contained in the
Third Energy Package. For instance, Mandate M/422] [to the European standardisation
organisms (CEN, CENELEC and ETSI) has recently gked an important change in the direction
of opening the communications protocols. In thispeet, the establishment of the consortium
“Meters and More” has enabled the disclosure ofatmunication protocols used in all major
European initiatives in the area of the remote r@rf LV meters [23]. Indeed, the availability of
this protocol in a non-proprietary form constituegundamental step towards the possibility of
home and building automation: as the most effed®mand response initiatives have shown, home
and building automation lie at the very basis oérgy saving in the residential use of electricity
[24].

After providing the necessary means for cost regowéthe investment in smart meters, indicating
a deadline for full deployment, introducing a humbé& mandatory customer services, as well as
mandatory ToU pricing, what lies ahead in the ratguly agenda? As a matter of fact, a smart
metering system designed today would probably lgoike different from the one designed more
than ten years ago in Italy. A connection betwéenedectronic meter and the Internet, for example,
would open the possibility to offer real-time sees [25]. It is quite legitimate, then, to laud the
foresightedness of Enel managers who, at the etasbtentury, approved and carried out such a
large project: in retrospective, their choice hasrbmore than compensated. It is no less legitimate
however, to start working on the second generatiometers, identifying new services that might
benefit users and, from these, derive the techoltalacteristics that the new meters shall redtire.

The next steps in regulation will thus continuddous on demand response and customer services;
a recent consultation envisages further demonsiratrojects for standard interfaces on the smart

™ The useful technical-economic life of electronietars, set by the regulatory authority, is fifteears: we are by
now well into the second half of this period.
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meter, open to all retail suppliers wishing to offenovative solution to their customers, equipped
with visual displays or load management device§'f1Moreover, regulators need to explore the
possible forms of interaction between the two srhamispheres: smart meters in LV networks and
smart grids in MV networks. Particular attentionsinbe given to their integration over the medium
term. In the foreseen architecture of a smart pasystem, having the possibility to involve the

network user in the management of the network appé@adeed, crucial. This leads us to examine
the most radical perspective change in consumeialr that is expected to derive from new uses
of electricity: electromobility.

5. Electromobility: the advent of the mobile electicity consumer

The electrification of individual transport is exjped to change radically the logic of energy
consumption. Current studies in nanotechnologyleading to the development of systems for the
accumulation of energy, capable to provoke a cotapibange in the composition of the stock of
road-bound vehicles in the course of only a fewades. Two factors will determine the speed of
the electromobility revolution: first, the incredseapacity of on-board vehicle batteries — together
with high performance and limited size; second,rdaction of recharging times, such as to allow
electric cars to stop briefly at a service stafimstead of having to go through long stop-overs to
recharge the battery). Plug-in Electric VehicleE®, including both full Electric Vehicles (EVS)
and extended-range Plug-in Hybrid Electric Vehi¢leEIEV), will then appear as new loads for the
electricity network'?

Although at the moment the amount of power that b absorbed by those vehicles remains
extremely difficult to predict, the advent of mabiklectricity consumerposes a number of
challenges to the design and functioning of powstesns and electricity markets as wélThe
new, mobile consumers will be entitled with theeflem to chose their own supplier, just like the
more traditional electricity consumers; moreovieeytwill uncover a new electricity need: access to
recharging facilities, not only in private locat®(the garages of homes and companies) but also in
public places or, at least, in places open to th#ip.

Current expectations are that 80% of the rechargutiyity will take place at hom®.This means
that PEV-related load, if left uncontrolled, wibbiocide with the typical increase in domestic load,
when families come home from work. If this is tlese, the system will be under even more stress
than in case of recharges at service stations dnew) public recharging infrastructures. In
addition, it could also result in over-investmeimtsow-power, public recharging infrastructur8s.
Nonetheless, the development of public rechargmigastructures is one of the main issues
currently debated by public authorities in sevaralintries, together with the role of DSOs in
electromobility.

It is a shared view among national regulatory atities in Europe that a competitive market should
develop for PEV recharge. This might also allow @atrvendor approach, where PEV-consumers
choose their electricity supplier at the rechargitagion, provided that the recharging infrastreetu

2 The Enel project “Smartinfo” is a good examplehi$ workstream [24], [26].

13 Their contribution to total demand for energy aié, in any case, fairly limited and moreover exieéy efficient in
terms of the overall quantity of primary energydiger individual mobility — compared with traditiahvehicles with
internal combustion engines.

14 World-wide market researches show a lot of intesssong citizens (especially those living in urtemeas) for
electric vehicles, but also a lot of doubts as waelbdeep-rooted perceptions and believes thatfficeili to change.

15 Out of a total sample of 7.000 interviewees indeeloped countries, “two-thirds of respondentsuldgrefer to
charge at home; other charging locations get staaller percentage of primary preferences, althoulgen asking
consumers to list their top three choices, chargingasoline/diesel stations shows up well” [27].

% The latter also face the potential competitiomextt-generation, fast-charging stations with stergilities (similar
to the gasoline or compressed natural gas statiomently offering roadside service areas).
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ensures open access to electricity suppliers, ¢fronon-proprietary protocols. The Italian
regulatory authority went further and took an a#ficposition that developing PEV public
recharging infrastructure is not part of a DSOttice [28]. This has two consequences. Firstly,
DSOs should not have an exclusive role in develppecharging infrastructures, apart for the
connection (the infrastructure is simply anothetwoek user). Secondly, the costs of building the
infrastructure should not be included in the Reguia Asset Base (RAB). This approach
acknowledges the need to balance competition irP¥ recharging activity and competition in
the electricity retail market, as well as the néadpreliminary tests to analyse and understand the
behaviour of mobile electricity consumers.

Coming after a long consultation process, AEEGsieniARG/elt 242/10 [29] is probably the first
regulatory action taken on electromobility devel@gommnin Europe. Essentially, AEEG launched a
call for demonstration projects which, differenfitgm the call for smart grid, is open to both DSOs
and other operators. In fact, the call is for Chaggservice Providers (CSPs), who are expected to
build and operate an EV public recharge system. £8&nh undertake this task but under an
unbundling constraint: this activity must remaipaeated from regulated activities.

The demonstration projects can take different forinat result from combining the CPS type and
the number of retailers competing at the rechargifrgstructure:

1. DSO (multivendor): the DSO is the operator & BEV recharging infrastructure, but the latter
allows the presence of several electricity retailGamong which the mobile consumer can
choose) at the same recharging point;

2. CSP with an exclusive license in a geographea geither multivendoor monovendor): this is
the case of a CPS selected through a public telngea local administrative authority (the
municipality, the province, etc.);

3. CSP in competition in the same area (typicalbnovendor); the PEV recharging infrastructure
sees the presence of one electricity retailer amg the mobile consumean choose from
different recharging infrastructures (as it is nlmwordinary gas service stations).

As of today, the Italian regulator has selectegle flemonstration projects that include all three
different approaches [30]; details on selectioteda of demonstration projects are given in Annex
F. These projects are bound to share with the aggyl authority all their operational data, in arde
for AEEG to evaluate the next regulatory stepsthiis regard, the effect of electromobility on
electricity systems is potentially enormous andntyalies in the integration of smart grids (i.e.
RESSs) with PEV recharging infrastructures [31].

The role of the energy regulators in electromopikt in a sense, different from their role in star
grids and smart meters. As for smart grids the raators in the innovation process are DSOs, and
distribution is clearly a regulated activity. Asrfonetering and the development of demand
response, the issues are closer to the boundameéetregulated activities and the competitive
retail market. The issue of electromobility (and E&¢harging in particular) is almost outside the
boundary of the regulated distribution businessraoeer, its future development is very much
interwound with policy decisions that are made iolgtshe area of electricity regulation. Regulation
must be at the front line of this wave of changetle one hand, by keeping all options open to the
market solution that will meet the preferenceshaf hew mobile electricity consumers and on the
other hand, by being ready to extract the mostevélam the interaction of electromobility with
smart grids and smart meters.

6. Lesson learned from the Italian case

Power systems are undergoing a profound changensifiiasion networks are connecting
increasing amounts of intermittent (mostly windngetion. Larger shares of DG are forcing
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distribution networks to become active and at tlanes time create new opportunities for
participation of active users to system security agliability. Final consumers are expected to
become more responsive to price changes and tateRpdifferent services offered by technology
innovations, including electro-mobility, to creadficiency in the use of energy. The enabling
factor of this smart revolution is, of course, |G illustrated in Figure 1, the “smart revolutios”

a complex process: without a “smart regulation”][32will hardly express all its potential benefit
or, worst, it can lead to detrimental outcomes.
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Figure 1. A smart power system (authors’ elaboratio from [33])

This paper presented a case study on Italy, fogusmthe regulatory reforms that were recently
adopted to embrace and promote innovation in theepsystem, describing both the ongoing
projects and the challenges to come. From thisrexqpee we can distill a few lessons learned, on
the role of energy regulation when embracing amdudating innovation in the electricity system.

First, the introduction of new functionalities intp traditionally static environment requires a
preliminary understanding of the technical groumder which those innovations are going to
develop. A sound regulatory approach to the RE&gnation in the grid begins with building a

robust technical knowledge of the current systedhitspotential hosting capacity for DG. To this

end, regulators need to cooperate with experts treemacademia (or from the industry) as well as
with other technical (standardization) bodies. Aseaample, the first action taken with respect to
smart grids, was launching the NHC research project

Second, technical understanding is functional te tevelopment of correct metrics of the
phenomena under scrutiny. The identification offuiskey-indicators is the basis for monitoring
the impact of the changes occurring on the netwoiltes is important when selecting and
evaluating demonstration projects; moreover, thrdcators will be crucial when moving to an
output-based regulation (see below). Two examptesegnted in the paper are tR&P and Psmart
indicators developed for smart grids.

Third, real-life demonstration projects are a neaeg step between laboratory tests (and
prototypes) and full deployment. The costs of th@egects can be high (with respect to the unitary
costs of large-scale deployment) and therefore r@fula selection process is necessary, to
incentivise only those expected to bring quantlBabenefits. Of course, cost coverage is also
necessary and can be included in the RAB (expemditan innovative projects on the part of the
regulated utility can be considered as an investriwgrthe future). Two examples were mentioned
in the paper, concerning smart grids and electralitob
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Fourth, moving to output-based regulation is tHecieht choice for full deployment of innovative
solutions. This approach simplifies the administetburden and lowers the risk of inefficient
investment choices. Of course, it builds on thecessful outcome and on the experience gained in
steps one to three. As for ltaly, this phase of phecess was recently launched and the first
regulatory thoughts on smart grids deployment aresatly under consultation.

Fifth, innovation can bring regulation to move @o$ the competitive sectors. This is certainky th
case of smart metering. Deployment of smart meteisaly was initiated by a company decision
but regulation embraced the challenge and hashiegbath to full deployment. This does not rule
out the (potentially more efficient) possibility liberalize the metering activity and let the marke
guide the change. The role of regulation is, howeweucial in ensuring that value for the
customers is extracted from this innovative invesim In this paper two examples were given:
mandatory, new customer services and mandatorypraihg. As for the future, keeping the focus
on what is valuable for the consumers and for ttstesn at large, regulatory provisions can ensure
the openness of the communication protocols as \asll provide indications for further
functionalities to be developed in smart metering.

Sixth, together with demand response, electronmgliilings regulation to areas that are even closer
to the competitive sectors. In this case, it isdlumental to identify the role of regulated compsanie
among other actors, as well as the role of enexgylation among other policy-making bodies (and
of course find an efficient way to interact). Theample presented in this paper regards the
demonstration projects for EV recharging infrasinues.

Finally, looking even further into the future, & clear that most benefits will derive from the
integration of smart meters in LV networks with strgrids in MV networks, as well as from the
integration of smart grids (i.e. RES) with storaggabilities (i.e. EV recharging infrastructures).
The role of regulation in enabling this additiopalssage will certainly be challenging as much as
interesting.
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Annex A - Transmission networks: the influence of ES on power system
operation and dispatching

Usually, transmission networks are already activeynaged and do not require substantial changes
in order to face the RES production increase: thiese designed since the beginning to ensure the
synchronous operation of conventional generatorandmission networks, at least in Italy, are
highly meshed: in case of a fault on a feeder segcthis section is isolated without any outage for
customers (all substations remain fed and usersiembed to these networks may experience
voltage dips but no disconnection).

Nevertheless, the connection of a large amountE$ Rower plants to HV networks (typically,
large wind farms) has to be properly managed, baim a technical and from a regulatory
standpoint.

Furthermore, some attention has to be devotedtalte consequences of a large presence of DG
units connected to the distribution networks ondineamic behaviour of the transmission system.

As for technical issues, in the past the percentdgeind power penetration was extremely small
compared to total power production: this is whyermbnnection requirements for wind farms were
originally not included in the grid codes of TS@sthe recent years power production from wind
farms has increased considerably and may now hasgraficant influence on power system
operation. For this reason, in ltaly, the TSO hefsnéd special requirements for the connection of
wind farm (ltalian Grid Code - Annex Al7 [1]). labk to be mentioned that the Italian Grid Code
(issued by Terna) is subject to the approval ofAREG. These requirements are mainly based on
existing grid code rules, written for conventioeghchronous generators.

The most important requirements are listed below.

* Limitation of active power injected into the grillhe amount of power injected in and
absorbed by the grid has to be instantaneouslyalanbe. Changes in power supply or
demand can lead to a temporary unbalance of thersyand affect operating conditions of
power plants as well as consumers. Under particaktwork conditions (related to
temporary limitations to the transit on the transsion network/feeder underlying the wind
farms) in order to avoid long-term unbalanced ctods the TSO is allowed to
modulate/limit the active power injected by eachnhdvifarm or to control its forced
shedding. Such requirements (active power contrdlre frequency stability in the system,
prevent overloading of transmission feeders, ensbe¢ power quality standards are
fulfilled, avoid large voltage variations and inhusurrents at start-up and shut down of
wind farms.

* Regulation of active poweFrequency in the power system is an indicatothefbalance
between production and consumption. For the norapdration of power systems the
frequency should be stable and close to its nonviakale (50 Hz). To this end, wind farms
shall be able to avoid the reduction of active podiging underfrequency conditions, and
to reduce, quickly and automatically, the activevpo during overfrequency conditions,
without disconnecting from the network, as showfigure A.1.
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Figure A.1. Frequency range and control for wind fams connected to transmission network

* Reactive power compensatiddtility and customers equipment is designed terafe at a
given voltage rating. Voltage regulators and cdnifaeactive power at the generators (and
consumers) connection point are used to keep thiageowithin the required limits and to
avoid voltage stability problems. Wind farms shalo contribute, as far as technically
feasible, to the voltage regulation of the systdra;requirements concern a certain reactive
power compensation that should be provided: eactergéor shall be able to adjust the
power factor between 0.95 leading and 0.95 lagdinggeneral, during normal operating
condition, the power factor at the Point on Comr@aupling (PCC) shall be equal to 1.

» Protection and Low Voltage Fault Ride Through (LMFRurve When a fault (e.g., a short
circuit) occurs in the HV network, an improper ftinoing of protection relays would lead
to the immediate disconnection of large wind farmi$is event, in turn, would put
additional stress on the already perturbed trarsamssystem. As a rule wind farms are
required to keep connected in such cases, unles® gwedefined voltage limits are
exceeded, as depicted in Figure A.2. The valuesrtep in the figure (time durations;
residual voltage) are typical of the Italian systeam they are related to the HV distance
protection operation, which may differ from countoycountry. Similar requirements (even
if with different values) can be found in the Gr@bdes of all countries where wind
penetration is significant.
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Figure A.2. LVFRT for wind farms connected to trangmission network
Once technical requirements are enforced, thetbeisneed for a suitable regulatory framework
regarding dispatching actions that can be takethbyTSO. In some particular zones of Italy the
expected level of wind penetration, as well as dbecentration of wind plants in areas (e.g., in
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Sardinia or in Sicily, with low load density) whettee grid was not designed to accommodate that
level of generation, may require that wind outpsitre-dispatched when system security and
reliability are threatened. In particular, duringetreal time control phase, the lItalian TSO
dispatching system can modify the production ofivac{and reactive) power of wind plants:
Regulatory order ARG/elt 5/10 [2] defines the comgaions due to wind plants for the loss of
production when dispatching orders (reduction difvagower) are issued by the TSO to ensure the
safety of the electrical system. During year 20#®Ibss wind production is equal to 470 GWh, that
represents the 5,6% of wind energy on the Italfansgmission system: this percentage is halved
compared with its level in 2009 (10,7%). The motalg that could appear small at national level,
is needed especially in some specific areas ohsowitregions, with a high concentration of wind
parks and a low load density.

Furthermore, in order to enhance the integratiomxa$ting wind plants and to limit as much as
possible re-dispatching orders by the TSO, the ABBS& promoted the integration of a centralized
wind forecasting system into the TSO day-aheadraatitime market software, in order to better
predict the output of wind plants in the TSO’s systdispatch (according to Regulatory order n.
351/07 [3], the TSO is rewarded or penalized onbidmsgs of the accuracy of the wind forecast).
Finally, an accurate wind forecast, along with tispatching of other resources located in
proximity of wind power plants, may be, howeversufficient to manage the expected levels of
incoming wind generation. Further long-term solofomay include the need for additional
transmission feeders to move wind power, and neeratjpnal rules to enhance system security.
For instance, the Italian industry Ministry hasemwity allowed Terna to install energy storage
devices to absorb excess power in off-peak hoarsrder to avoid loss of production from wind
plants [4]. As reported in an ad-hoc document byna€5], these innovative systems will be
installed along some HV feeders in the South dy ltahere, as stated before, the problem of loss
of production from wind plants is highly concengémt

Apart from issues due to large wind parks, RES gadiom connected to MV networks (i.e., DG)
creates a problem also for transmission networksatipn. In particular, a large presence of DG
units connected to the distribution networks cardér the dynamic behaviour of the transmission
system. In fact, DG units connected to MV and LMwuweks are protected by means of the
Interface Protection Relay (IPR). The IPR is aina¢davoiding islanded operation and trips DG
units on the basis of on local informatféivoltage magnitude; voltage frequency).

The desired operation of IPR can have significamrtsequences at a system level (transmission
network). In fact, narrow settings of IPR (49.7 Hz50.3 Hz) lead to unwanted trips because
frequency values very close to 50 Hz are possilsie & no loss-of-mains appears. These events
(frequency transients on the transmission netwamnlescapably followed by a massive loss of DG
units), have already happened in recent caseso$rrission accidents (Septembef 2803 [6];
November 4 2006 [7]).

Lately the level of risk has increased dramaticalhe significant growth in PV systems in recent
years, especially in Germany and ltaly, has redutiea PV installed capacity close to 25000 MW.
About 15000 MW of that capacity disconnect whenether European system frequency departs
even by some hundreds millihertz from the nomirzlig. This instantaneous generation loss would
exceed by far in 3000 MW, which is the generatiosstride-through design limit for the entire
European systeth If this scenario is projected in the future, thassive penetration of DG makes
it essential to overcome the limits of current I€&ign and operation.

" With negative consequences also for distributigsiesn operation (this problem is discussed in ArBlx

18 |n this context, the European Photovoltaic Indugtssociation (EPIA) and the Bundesverband Solasefraft e.V.
support ENTSO-E’s call encouraging national regulatauthorities to address the inadequacy of ctirnational
standards for PV inverters [8].
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As a matter of fact, AEEG has already taken agtiothis direction by means of an intervention
on the technical rules for the connection of DGtautd MV and LV grids [9], [10]. As already
mentioned, the problem is discussed in Annex Bthagroposed solution is the focus of Annex D.
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¥ That overcomes these issues both at a local atemsyevel.
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Annex B - Integrating DG in distribution networks: local and system constraints

Traditionally, distribution networks (MV-LV) are epated radially, (i.e., the energy flows mainly
from the primary substation to the lower voltageels) and without an on-line control of voltages
and currents in each DG’s Point of Common Coup{iPGC). Such architecture was chosen when
DG was very rare, but can lead to several problednen injections of DG become significant.
This is the case of Italy: DG units (in particuRY and wind systems) are currently increasing in
number, as a consequence of the incentive scheamplsae; other benefits such as a simplified
access to the grid and priority in dispatchingfieice this trend.

As of today, DG mainly affects the Italian MV distition system (75% of energy produced by DG
is placed on MV networks [1]).

This Annex describes the first actions taken by GSE®ith respect to DG connected to MV
networks: the regulator commissioned an assessofetite so called Nodal Hosting Capacity.
Simplifying, we can say that the results of thisdstindicate that from a local point of view, th€H

of MV distribution network is rather good. Howevas discussed here, some further problems need
to be addressed, mainly related to the operatiomtefface Protection Relays. Addressing this
problem is necessary, not only from a local poihtview, but also for the entire system (as
mentioned at the end of Annex A, IPR operation cffealso the dynamic behavior of the
transmission network).

Further actions, i.e. supporting a novel strategggerate IPR, was a second regulatory step and it
is described in Annex D.

B.1 Nodal Hosting Capacity

In order to cope with the recent dramatic incraadeG, the lItalian energy regulator committed an
assessment of the capability of Italian MV disttibn networks to accommodate DG power
injections. This analysis was carried out by therdgg Department oPolitecnico di Milang the
relevant results were published as Annex Il to Reguy decision ARG/elt 25/09 [2].

In this study, according to the Nodal Hosting Catya(NHC) approach [3], a new DG unit is
simulated in a specific bus of a MV distributionidyrbranch currents and bus voltages are
computed by load flow calculations and comparedh wie operating limits; then the power injected
by the dispersed generator is increased until amabipg limit is violated. The maximum power
injection which does not determine a violationsswamed to be the capability of the selected bus to
accept DG power injections.

This study exploited a large data sample (Exteria Set, EDS), consisting of about 100000 MV
busses, belonging to the MV feeders fed by aboQtRifdmary Substations (hereinafter, PS, i.e. MV
busbars directly connected to a HV/MV transform@sg.the overall MV Italian system consists of
about 4000 PS, EDS covers 10% of the number aaftallV networks (Figure B.1) [4]. The PS
belonging to the EDS are those equipped with thaitoong system QUEEN, promoted by the
AEEG [5]. Additional data were collected from tlaeder Italian DNOs.
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Figure B.3. 400 PS with monitoring units installecbn MV busbars of HV/MV substations

In fact, for the aim of this study, a Reduced Da&t (RDS) was employed: it is composed of 260
MV networks (that cover the 8% of the Italian HV/Mkansformation capacity?.For each bus, the
database gives the nominal voltage, the contraptmaér (for MV customers) or the rated power of
MV/LV transformers (for Secondary Substations, S8). addition, the database gives the
parameters of each branch: length, line resistandereactance for each line; short-circuit voltage,
copper losses and rated power for each transforier.structure of the information contained in
the database is shown in Figure B.2.

HV
busbar

I :ZC MYV feeder

HV/MV

MV feeder

MV feeder "
Equivalent LV network

Figure B.4. Structure of the network distribution system under analysis.

In addition, for the purpose of this analysis, §early load profile of the grids was suitably
modeled in order to calculate the NHC in the womstdition: the proposed yearly load profiles are
characterised by means of 60 values (value #1 ak p@ad, value #60 is minimum load), the
relevant procedure is detailed in [6].

Once the MV networks were modelled over a yearpafration, the study consisted in defining the
capability of each MV bus to accommodate powercinpes from DG with no modification in
network structures and no deterioration in Qualityservice (QoS). In order to calculate the NHC
of the RDS buses, the procedure entails increabimgower injected by the generator by 10 kW at
the time until a limit is violated" Only one new generator is assumed to be connézt@dpecific
bus along a MV feeder. For each grid, three kirfdsrots are taken into account by the procedure:

The magnitude and composition of RDS were chosendar to reach a suitable statistical significance
ZThe new generator is simulated by means of anasang power injection in a specific bus, with poviastor equal to
1, complying with technical standard 11-20 by CiEl{an Electrotechnical Committee) [7].
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* line thermal limits (LTL), i.e. current limit of ea branch;

» supply voltage variations (SVV) for each bus;

» rapid voltage changes (RVC) associated to suddeatims (e.g. trip) of DG power output.
Current and voltage limits are evaluated by a l8ad calculation with the new generator in
operation. As discussed in [8], RVCs strongly depem the short circuit power in the PCC.
Therefore, according to the definition given in,[BVCs are calculated by the comparison of two
load flow calculations, as differences between Wwoitages obtained with the new generation in
operation and bus voltages without the generatdfferdent load profiles are used for MV/LV
substations and for loads directly connected to Mkich have a lower range of variation between
peak and minimum demaR8MV/LV substations are modelled by means of aneajant load.
Voltage profile is controlled by means of a fixealtage set-point in the MV busbar of the HV/MV
transformer, where an On Load Tap Changer (OLTQ)trob is installed. The set-point is
determined in the condition of maximum load andgameration, as the minimum value which
allows to fulfil lower voltage limits in all bussed the MV feeders belonging to the network.

As for LTL, a 250 A limit is assumed for all bramshtaking into account common ratings of MV
overhead lines and cables (e.g. a 185%nmauminium) and the settings of overcurrent line
protections in Italian MV grids.

As for SVV, according to technical standard EN 3D160], nodal voltages are allowed to range
between 0.96 p.u. and 1.10 p.u., where the chditieedower voltage limit takes into account the
possible voltage drops (till 0.90 p.u.) in LV gridsnnected to MV/LV transformers. RVC up to 6%
are accepted according to technical standard EN6GO&lthough this limit cannot really be
considered as a hard constraint.

A 10 MW maximum exploration limit is consideredrépresents the nodal limit for the connection
of DG to Italian MV networks (standard CEI 0-16)[%ven if the analysis is based on the presence
of one generator at a time, the use of a very bajling for the “equivalent” generator (10 MW)
allows exploration of the network limits in case negeal generators are connected. Figure B.3
displays the maximum injection compliant with adldal constraints (LTL; SVV; RVC).

H The joint set of the threelimits i Supply voltage variations
H Rapid voltage changes M Thermal limits
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QOHHNNMMQQU\M@@I‘MF‘\MWO\G\G

Maximum injection [MW]
Figure B.5. Aggregation of busses (% of the samplégased on maximum injection [MW] due to all limits
Thermal limits affect the busses close to the pnyniausbars, whereas RVC linfitsare stringent
for busses far from primary busbars. Apparentlg 8VV limit is less impacting than the other
ones; its actual influence on NHC is indeed “maskadthe limits related to RVC.
Simulation results highlighted that, when considgiihe assumptions adopted in this study, Italian
MV grids have a remarkable NHC: 85% of the buseebe sample can host at least 3 MW. Apart
from RVC (that according to EN 50160 cannot be mered as a hard constraint), SVV limits can
be overcome by a proper voltage regulation strateyplving an active participation of DG units;

% busses
1%y
o
&

2 pads are assumed to have a power factor 0.9, vidittte lowest power factor without reactive peiralin Italy.
% RVC limits however cannot be considered as an bangtraint, according to technical standard EN6B01
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on the contrary, LTL constraints really represét network structural limits and are related to the
cross sections of MV overhead lines and cablesh Streictural limits cannot be overcome unless
significant investments are put in place (tradiéibnetwork expansion).

Moving from a nodal approach (each bus consideeparately) to a circuit approach (set of MV
busses considered jointly) or to a Primary Stasipproach (set of MV circuits considered jointly),
or even to a system approach, the HC of Italian n¥vorks is only partially confirmed. Further
constraints appear that have to be consideredy@ssibly removed.

B.2 The issue of Interface Protection Relays
The presence of a large amount of DG impacts theratipn of Interface Protection Reldys
(hereinafter, IPR), leading to

a) local issues for the DNO, related to QoS (islag@f DG; failures in automation systems);

b) global issues for the TSO, related to transmissystem stability and security (unwanted
massive DG tripping in the presence of frequenagdients on the transmission system, as
discussed in Annex A).

These problems, together with voltage regulaticsues, have to be addressed to allow full
exploitation of the distribution networks up to the called System Hosting Capacity (SHC). This
represents the maximum DG that it is possible tonect according to the thermal limits of the
network (i.e., the rating of single branches comsd together with the rating of the HV/MV
transformers) with no traditional network expansion

Focusing on local issues, we note that use of IBRsommon to almost all EU networks;
guidelines vary from country to country but reqments normally include the following:

1. DG shall be disconnected in case of abnormsilitiesoltage or frequency;

2. in case of interruptions, all DG units shallrbpidly disconnected;

3. if auto-reclosing is applied, dispersed genesashall disconnect before reclosing, to allow
enough time for the fault arc to extinguish, andvoid damages to DG units.

IPRs in Italy have very narrow settings (in ternizatage/frequency permitted operation) and trip
very fast (to allow for fast reclosure of MV lirf8s these characteristics aim at ensuring high &vel
of continuity of supply, as prescribed by the ralevregulation.

In practice, IPR operation will lead to local issder the DNO, when DG injections are comparable
to the load withdrawal. In case of a loss of maikjgh probability of local balance (DG produced
power equal to load absorbed power), brings volteegpiency values very close to the nominal
values, causing unwanted islanding operation (dretefore jeopardizes QoS and operational
safety). Moreover, during the reclosing sequenea diene, the dispersed generators could drift out
of synchronism with the grid; an out-of-synchronisgononnection may damage the generators.
Nonetheless, it is well documented in the literatilmat the alternative ways of managing unwanted
islanding, using only local information (active goaissive methods), cannot solve this problem.

Only a novel strategy for IPR operation can overedmoth local QoS issues as well as global
issues. Indeed, a suitable communication systenbeatesigned, capable of protecting distribution
networks and DG units from islanded operation, with the need of dangerous
overfrequency/underfrequency settings. The prdctiogplementation of this new protection
strategy, along with other innovative solutions thoe active management of distribution networks,
is described in Annex D. Here we recall only thabking for a possible gradual implementation of

#These relays are installed at the DG premisesasndesigned to disconnect DG from the grid inipaler network
conditions (basically, in case of loss of mains ttua fault).

% EN 50438 “Requirements for the connection of migemerators in parallel with public low-voltagetdisution
networks”; IP characteristics given in the standaecommon to DG units connected at MV level.

% Fast reclosure (few hundred milliseconds), exterigiused in Italy, is aimed at ensuring higheelewf power
quality (in case of non-permanent faults, onlyaasient interruption is perceived by customers).
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new operation/control/protection strategies on M$fribution networks, both local IPR issues and
possible voltage regulation issues can be idedtibg means of the Reverse Power-flow Time
(RPT) indicator, i.e. the percentage of yearly timevhich energy flows from MV to HV in a given
PS. In fact, when the energy produced by DG is drighan the energy consumed by end users
connected to the same MV distribution network, tieéwork protection, automation, and voltage
regulation techniques are at stake. This is whyRPRE indicator gives valuable information to
identify the level of network activity.
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Annex C - Demonstration projects for smart grids: talian incentive regulation

Demonstration projects for active grids are amdrgfew classes of investments worth of extra-
WACC according to the Tariff Regulatory code foripd 2008-2011. In 2010, the Italian energy
regulator has launched a selection process fortgndrdemonstration projects, focused on “active
MV networks”. The selection process was initiatgdtive Regulatory decision ARG/elt 39/10 [1]
that contains also the main criteria for cost/benatsessment of the projects proposed by
distribution companies. The selected projects aamtgd an extra-WACC of +2% (on top of the
“ordinary” WACC equal to 7% for distribution netwoimvestments) for a period of 12 years. The
AEEG decision of incentivising demonstration prigefor active distribution grids represents the
second step of the Italian energy regulator towamsirt grids, after the assessment of Nodal
Hosting Capacity described in Annex B.

According to the Italian energy regulator, the pesg in the direction of smart grids can only begin
through field initiatives that involveeal networks with both active and passive users (generators
and loads), where it is possible to test the smhstinvestigated in theory or experimented in the
laboratories. Such incentives for demonstratiorgate are today the exception rather than the rule;
as a matter of fact, according to a recent surféli@European energy regulators’ association [2],
so far only in Italy and in UK regulators have taken up this challenge.

In more detail, the Italian selection for Smartd3projects is based on tariff incentive regulation.
Theoretically, a good regulation is concentratecotputs, i.e. on the effects of a given activity o
service, instead of trying to influence internabgesses of the regulated company. Regulation of
outputs can be done by direct regulation (i.e.,imirm requirements for some given parameters),
and/or by an output-based regulation, providingaftees and rewards related to certain criteria and
targets in performance. Although Italy has a goxpleeence in output-based incentive regulation,
in particular for Quality of Service [6] [5], dewgding an output based regulation of smart grids has
proven difficult so far. In fact, performance measnent requires clear and fair indicators, well
consolidated, strictly related to the pursued dbjes and cleansed of external effects outside the
control of network operators. Because of thesedadifies, the existing regulatory frameworks (both
in UK and in ltaly) are so far input-bas&tin the meaning that incentive is applied to inedrr
project costs (input) rather than to the actualeadf the project for the whole system or for the
customer (output). A move toward output-based itigcerns currently under consultation in Italy.

The Italian smart regulation takes into accouneé¢éhcomplementary dimensions: grid technology
innovation, new grid services, and grid user pgrétton. The admission procedure for
demonstration projectdis based on a set of minimum requirements listddvi
» the demonstration project has to affect a realtiegdVV network with passive users (end
customers) and active users (dispersed generat@al) grid;
» the selected MV network has to show, in the exgstianditions, a RPT (energy flows from
MV level to HV level) of at least for 1% on a yealdase active grid;
» the selected MV network has to be equipped withtneee control systems able to record all
data needed for the evaluation of the projeztitomatically controlled grid;
* non-proprietary communication protocols are reqliice communication with active users
(dispersed generators; storage systems), in ocod®irtimize customer costs at the network
interface -open communication

’OFGEM has implemented the Low-Carbon Networks (L&My to support RD&D projects on networks in thig U
with a budget of 500M£E [3].

At is also of paramount importance that no regujastheme or requirement represents an (uninterigedgr for
necessary development in technology and appliedisok in the grid.

29 Evaluation cost on the shoulders of applicants.
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In addition to minimum requirements, the demongirafprojects can implement further smart
functionalities: providing bidirectional communiaat with final customers in order to develop
demand response strategies (including rechargifrgstnuctures for electric vehicles), or other
storage solutions, in order to guarantee activegopamodulation at TSO/DSO interface.
The selection of the projects was based on a catiparassessment of different proposals to be
presented by DSOs (by November 2010), accordiragkey-performance indicators scheme which
considers both the benefits and the costs of thegs.
In order to develop the most fruitful Indicatortbe Benefits (IB), the proposed IB is a combination
of quantitative and qualitative indicators. The mfitative indicator Psmar) iS defined as the
increase in DG power that can be connected to tlikvgthout network refurbishment in safe
conditions of voltage, current and frequency thatokdhe “smart investments” in the network. The
qualitative indicatorXA)) is a technical score attributed by experts orbmgs of their engineering
judgement about the technical solutions proposeldamproject application.
In practice, Psmart represents the main benefit to be achieved with floject: as previously
discussed, the first objective of smart investmshtsuld be to remove the network constraints that
prevent from accepting a larger amount of DG. Hus reason, the projects will allow a full
exploitation of the SHC of the relevant netwoRgmarepresents the maximum generation that is
possible to connect above the minimum load threstvith no network expansion, and is calculated
as follows:
P _ Elpost_Elpre
smart — 8760

where:

» Elyostis the yearly electricity by DG that can be inggtin the network in suitable technical

conditions after the “smartening” project [MWh];
* Elye is the yearly electricity by DG that can be inggttin the network before the
“smartening” project, i.e. without any risk relatedreverse power-flow [MWh].

It has to be highlighted that boi,.s:andElyeare calculated with respect to the network stregtur
according to the Hosting Capacity approach, regasdbf the DG units actually connected to the
network before and after the project. In fact, edesng the DG quantity really connected to a
network before and after the project (as done i) yéould expose the DNO to some risky
assumptions, being the new DG initiatives outsitde control. By contrast, with this specific
definition of Psmars it IS possible to obtain an indicator relatedyawl the characteristics of the asset
managed by the DNO, and not biased by the behawvicather parties.

In more detail, the indicatdPsmart (€Xpressed in MW) gives a conventional measuréhefDG
generation power that can be connected to theillison network in analysis after the
“smartening” project in suitable technical condiso(voltage, currents and frequency), in excess of
Pmin_load that instead represents, conventionally, the masinamount of generation that can be
connected to the network with no risks relatedeteerse power flowHyin_ioad= Elpre/ 8760).

According to the different functionalities of themiartening” investmenBsmart can reach different
levels, as indicated in Figure C.1. The first leeEPsmari represents the DG power that is possible to
connect without violating the supply voltage vaaatlimit; such limit is overcome by the voltage
control introduced, based on a communication wittitéd requirements (latency of some seconds,
till 20 s). On top of this, the second level Bfnart represents the DG power that is possible to
connect without violating the limits (both at a #and system level) given by the IPR design and
operation: in fact, a novel strategy for IPR operais achievable, that overcomes both local and
global issues, by means of a suitable communicatystem with challenging requirements (latency
of some hundreds milliseconds). This novel techaiigucapable of protecting distribution networks
and DG units from islanded operation, without theeech of dangerous
overfrequency/underfrequency settings. Finally, lde level ofPsmar represents the DG that is
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possible to connect with the use of storage systbatsabsorb the excess power in off-peak hours
and inject power in peak hours with a further iasein DG connection.

As detailed in Annex D, the full exploitation ofetftnosting capacity is allowed by ICT (Information
and Communication Technology), that will make polesior DG to provide a real contribution to
the security and reliability of the whole power teys.

HV% RPT 1% of time PDG
X i @ 1 [ smart network - latency 200 ms:
S . i + storage
@ Z E Smart network — latency 200 ms
= CO—» 1| [remote intertrip (no islanding)*
MV: : l.i? MV LV :
A ‘| | Smart network — latency 10-20 s
““ '| | remote voltage regulation
MinLoad Y —— ——— — — ——— ———
~ Passive network:
NO flow from MV to HV
Pys= 0 =

* Vary critical in ltaly che to fast recloaure (400ms)
Figure C.6.Pgsyat SHC at network level.

As regards the technical score, it is divided fotar sections.

* A Size considers the number of active users involved,dize of the area involved in the
pilot and the effects of the project on increagngduction from DG.

* A, Degree of innovatianconsiders the degree of innovation that the poaiject will
introduce in the distribution system, with refererio the ability of aggregating of DG, of
regulating voltage and of managing the productiolagm, by making use of
communication systems, for a better control andagament of distribution networks.

* As. Feasibility considers the timing of the project and the intpac quality of supply. A
project that could lead to a decrease in the lesketontinuity is considered not feasible or
poorly viable.

* Ay Replicability on a large scaleconsiders the requirement of reproducibility otaae
scale of the technical solutions proposed in tha project.

The maximum score for each section is shown ind &4l
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Table C.1. Benefit score (A))

N. generation plants/storage 6
w Increase of electricity production injected inte trid 12
< N Increase of ratio "electricity production / elecity consumption" 8
n - . . - -
N. primary substations involved in the project 4
Max Al 30
= Participation of disperse generation to voltageilaipn 6
) Presence of control system (SCADA) 6
~ '5: Bidirectional communication and demand response 5
< 8 Presence of storage systems and active power nimaula 12
zZ Participation of DSO to ancillary service market 1(
= Max A2| 40
Q Project schedule 4
o 0= —
< E Quality improvements 6
< R
T Max A3 10
62 % of costs on not regulated subjects (DG and s&)rag 2
< 5 E Standard protocols 8
< & EI Consistency between investment costs and expeetegfits of the project 10
@ Max A4 20
Max Project| 100

The key-Performance Indicator (P1) is calculatefodlews:

4
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where C is the cost of each project.
The selected projects, rank-ordered on the bagtseoélevant PI, are shown in Table C.2.

Table C.2. Selected smart grid projects

Position Pr_imary Su_bstatior_1 (PS) Psmart Project Benefit C k€] P
rank involved in the pilot [MW] (A)

1 A2A [1 PS Lambrate 53170.69 65 733 4715
2 ASM Terni 16176.47 68 800 1375
3 A2A - PS Gavardo 7701.00 65 755 663
4 ACEA Distribuzione 44934.25 73 4.970 660
5 ASSM Tolentino 6211.44 66 689 595
6 ENEL Distribuzione - PS Carpinor]e 36996.8% 96 4B.2 569
7 Deval - PS Villeneuve 12951.76 68 1.616 545
8 A.S.SE.M. San Severino Marche 3661.4] 64 642 365

The eight selected projects have common charaitsriginnovative IPR, voltage control in
presence of reverse flow, standard protocols), spetific features with respect to the type of
environment (urban, rural), the size of the prgjanod the technological solutions developed.

As regards the size of the project (Table C.3),s@mojects include a few MV feeders related to a
single HV/MV transformer, other projects considérMV feeders underlying a Primary Station
(PS); one project considers two PS with the paddsiloif network reconfiguration.
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Table C.3. Impact on MV grids (size of the projects

TOT P1 P2 P3 P4 P5 P6 P7 P8
DG plants/storage 49 7 4 5 5 8 8 6 6
Thermoelectric 1 - 1 - - - -
Cogeneration 4 3 - - - 1 - - -
Biogas 2 - - - 1 - 1 - -
Biomass 2 - - - 1 1 - - -
Photovoltaic 15 2 - 2 3 1 - 3
Hydroelectric 23 - 1 5 - 3 5 6 3
Storage system 2 - - - 1 - 1 - -
Number of PS 9 1 1 1 2 1 1 1 1
Number of MV feeders 80 32 7 4 4 12 5 11 5
Total investment [M€] 16.5 0.8 0.8 0.8 5.0 0.7 6.2 1.6 0.6

Table C.4 shows the technologies included in thieréint projects: all projects make use of a
bidirectional communication system; almost evernyjgxt considers the future participation of the
DNO to the ancillary service market; some few prtgadevelop a storage system and a recharging
infrastructure for electric vehicles; one projestyoincludes demand response strategies.

Table C.4. Technical solutions of selected projects

Innovation P1 P2 P3 P4 P5 P6 P7 P8
Bidirectional communication YES VYE$ YES YES YHBS VYHSYES | YES
Participation of DSO to ancillary service market SE YES| YES| NO| YES| YES VYES VYE$
Presence of Storage systems NO NO NO YES NO YES |N®OIO
Infrastructure for electrical mobility NO| YE$ NG ¥ NO | YES| YES| NO
Demand response NG NC NO NO NO YES NO NO

An important condition for the selection of demaagon projects was the publicity of the results;
for this reason all results will be made publicotigh the website of the AEEG, in order to allow
the dissemination of experiences and a more rigadigaluation of the real outcomes of the projects
in the perspective of full scale smart grid depleym
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Annex D - Demonstration projects for smart grids: ICT for an innovative
protection, automation and management of distributon networks

As discussed in the paper, the enabling key towsmust grids is given by ICT (Information and
Communication Technology). Indeed, ICT will enald& to provide a real contribution to the
security and reliability of the whole power systestile allowing a full exploitation of the hosting
capacity. Furthermore, ICT will introduce more flaikty in the connection and access services,
and facilitate the participation of DG in the afay service and energy markets.

All smart grid demonstration projects selected hg AEEG in the framework of the smart
regulation present innovative functions that arselblaon the superposition of a suitable ICT layer
on the electricity distribution network; differemommunication techniques will be exploited,
according to local opportunities/constraints. la thajority of cases, available public networks will
be used: Wi-Max, the existing Internet (both wiesdl wireless, with possible Wi-Max extensions);
in particular circumstances, private connectionslva put in place (by means of fiber optics, radio
systems, wi-fi links). In general, the communicatoare based on a broadband, "always on"
infrastructure used to connect MV producers, passiystomers, main secondary substations and
HV/MV substations in order to realize the concept‘extended substatioi>. Communication
among all the devices is mainly based on IEC 61880dard [1]. As for cyber security, Virtual
Private Networks (VPN) will be implemented when [wbconnections are used. A typical
architecture is reported in Figure D.1.

| PRIMARY SUBSTATION ._’ =| x|
| REMOTE BUSBAR | \ ! /
/'/ Py

I
| LEVEL2: | | SECONDARY SUBSTATION| QQQ
A\/A\

)
7\
\\/\O

| LEVEL3: | |INTERFACE USERIDSO | O
m
ACTIVE MV USERS /f Wl
[ LEVEL4: | LPASSIVE MV USERS
| PASSIVE LV USERS . ] rl=~{ |

Smart Smart
Meter Info
. PROTECTION/MONITORING/CONTROL DEVICE

Figure D:7. ICT architecture for the most complex glected project

The demonstration projects will foster the integratbetween energy networks and information
networks, to exploit the possible synergies, toimire costs, but also to avoid duplication of
infrastructures, with negative impacts on the teryi By this new approach, the power grid and the
information network would be rather complementabath in their functions, and in their

% The extended substation is an extension of the@aand protection system (a concept which isaalyeapplied

according to IEC 61850 philosophy, only to the mignsubstation) to all busses (active and passees)i of the MV
distribution network.

29



development. In contexts already highly developgthgn environment), the information network
can be employed as a support function for the rb#tgt network; in less densely populated areas
(rural environment), new developments in the eleityrnetwork are the support for the information
network deployment.
The two main features to be guaranteed by ICT systre:

» extremely short latency (some hundred milliseconds)

* high availability and reliability, even when theeelric system faces critical situations

(incidents on the transmission system; local famttshe MV distribution system).

A first evolution, made possible by ICT, is relatednnovative Loss of Mains (LoM) protections
for DG. The main goal of this function is to exchannformation between MASTER relay (feeder
protection, located in the Primary Station, PS) 8hAVE relay (Interface Protection Relay, IPR,
located at the DG premises) in order to overcomeeptiesent poor operation of IPR based on local
information (voltage magnitude and frequency). Tdretective relays and the communication
system implement the following messages:
« “transfer trip”, that master reldy (Figure D.2) transmits to slave relays in order to
disconnect DG when LoM occurs;
» “keep alive”, cyclically exchanged between masted sslaves relays to monitor the
communication channel.

MASTER [p
RELAY g

o COMMUNICATION

(EXTENDED SUBSTATION)

Lol
310,310
27,59
59N

PRIMARY
SUBSTATION (PS)  passiye PASSIVE  ACTIVE
USER USER USER G

DISPERSED
GENERATION (DG)

Figure D.2. Transfer trip message in active distriltion networks.

SLAVE
RELAY

Transfer tripping is intended as primary LoM prai@c and it can disconnect DG also if balance
between load and generation exist on the faultedde (i.e., when a non-detection zone would
appear if only local information is available). Theoposed architecture operates in a fail-safe
mode: in the presence of the communication systBR, has wider settings. On the other hand,
should the communication fail (a keep alive tegpesformed f.i. every 5 s), the DG relays come
back to the “local” operation (the same of today).

This innovative feature allows a suitable IPR perfance also for the cases of active distribution
networks, with a significant RPT. A time limit 00@ ms is admitted between the transmission and
reception of transfer trip messages; this allows &g surely disconnected before the first cycle
of automatic reclosing (about 400/600 ms on thdiataMV distribution network). When
communication is active (“keep alive” received) awl sensitivity setting profile of
voltage/frequency protections is enabled in IPR 4f7,5-51,5 Hz), together with transfer tripping,
in order to disconnect DG only if LoM occurs. Byopting this protective strategy, also nuisance
tripping for faults on MV adjacent feeders is awadthus, all local issues of IPR are overcome.

3 Loss of Mains happens at the opening of the feeideuit breaker in the Primary Station.

%2 The master relay may be in PS (case b) or in 8&(a). When a fault occurs in a section of thedieén the first
case the circuit breaker at PS transmits the teatisp message to IPR, in the second one, th€th®l is located in SS)
nearest to the fault sends a transfer trip messatie IPR of downstream producers, through thevesit network
sections; the IPR does no longer need local measumes of voltage/frequency
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Moreover, we stress on the fact that such settatigsv overcoming the transmission system risk,
related to the massive disconnection of DG in cabesevere frequency transients on the
interconnected European system.

Since the significant power of DG units alreadytalied DG systems has a dramatic influence on
network stability in the European electricity gridsere is an urgent need to introduce immediately
a regulation of retrofitting to all DG systems, motly those related to the demonstration projects.
Among all European countries, Germany and Italyeaegnt pioneering experiences in this field, as
a consequence of the important share of RES alreadgected (especially to low voltage and
medium voltage networks). As a matter of fact, AEE45 already taken action in this direction by
means of an intervention on the technical rulegterconnection of DG units to MV and LV grids
[9], [10].

A second evolution made possible by the presena @dmmunication system that reaches DG
units is related to voltage control. According wltage quality standards, the steady-state voltage
limits in the MV distribution system are +10% ofetimated voltage (EN 50189. In a passive
network the voltage profile decreases along theldee On the contrary, DG can lead to
overvoltages that could affect also other customlarsrder to overcome this strong limitation and
to increase the hosting capacity of the networkth@ demonstration projects implement novel
voltage regulation strategies based on DG reastipport.

In a first stage, asimplified control strategy[4] is adopted: each generator operates without
coordination with other generators or network desi¢local voltage control). In order to mitigate
overvoltages given by DG units, when a particulattage threshold in the Point of Common
Coupling of DG is reached (such as 1.08 Vn), theegator is controlled to absorb reactive power
with a fixed power factor (such as 0,95).

In a further stage, that will be made possiblel®ygresence of a suitable ICT network, the control
actions of each DG unit will be coordinated at atdized level (PS level).

A third evolution is related to DG active power talment operated by the DSO. Under particular
network conditions, linked to temporary limitatiotzsthe transit on the distribution network/feeder
underlying the DG, the DNO is enabled to modulateflthe active power injected by each DG
unit and, eventually, to control its forced sheddiSuch a remote control on DG active injections
can be useful also in case of fast remedial actregsired by the TSO (Transmission System
Operator) in emergency situations on the transomssystem (need to limit/shed DG contribution
in particular network conditions). Obviously, thendonstration projects will enable for this
innovative function but its practical use in reakes will be possible only in a revised (and il
come) regulatory framework, where also DG will hibjected to control actions by the network
operators.

The possibility to communicate with DG for the posps described above enables the acquisition
of some interesting parameters of the DG too. Is ey it is possible to collect “real time”
information on the load and on the power generdtedG along of the MV network (and,
eventually, LV). The amount of generation aggregjdig each feeder, transformer, and substation,
as well as separated according to generation témigwma(solar, wind, biomass, etc) will be
available. Through this system, network operatatisbe able to effectively manage networks with
high DG presence, in the perspective of a locgbadeh to be carried out by the DSO. It will be
possible to act in real time on the generatorssso @nsure a proper management of the distribution
system, also including services useful for thednaission system operator. In fact, the system will
also serve an interface with the TSO in order tovigie data useful for transmission network
control.

In summary, the technologies proposed in the ptejarn at removing the network constraints so
as to accept a larger amount of DG: distributiotwoneks will be operated dynamically, i.e.
verifying constraints and security criteria in réale. In this way, differences between operatibn o

% The last edition of EN 50160 allows a deviatiorta 15% for 1% of time on MV networks.
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distribution and transmission network will be sgbnreduced. Further benefits can be summarized
as follows: reduction in the total capacity needethin networks; reduction in peak provision by
upstream network; reduction in power system lodsigsier efficiency in energy delivery; reduction
in the large-scale centralized generating capacity.

The overall objectives of demonstration projeatspiider to be shifted from field testing to a real
extended deployment, need a further evolution (alsth respect to [9] and [10]) of the
standardization framework (a technical evolutionjthwboth national and international
consequences) and of the regulatory framework (miimly national consequences).
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Annex E — Smart Metering and mandatory Time-of-Usepricing: the
implementation in Italy

E1l. Smart metering

In 2001 Enel Distribuzione, the largest Italian D3&unched a project, named Telegestore, aimed
at building a comprehensive Automated Meteringdstiructure (AMI) for its entire customer base
(over 30 millions LV customers). Telegestore is nawsystem made of 32 millions electronic
meters, more than 350,000 data concentrators @dcat secondary substations) and some
thousands of meters in selected secondary subwsatifully dedicated to energy service
applications. As of today, Telegestore is still fin@entrunner smart metering application in the
international context [1].

The smart meters, installed on each point of delieé¢ the LV network, are controlled by the AMI
system through internal procedures (that necessdata on network topology, i.e. connections
between smart meters and data concentrators) andearotely managed. Smart meters provide
consumption data, load profiles of the customerd aoltage quality data. In particular, smart
meters can detect violations of the supply voltegeation (SVV) limits given in the standard EN
5016G*. Enel uses Power Line Carrier (PLC) for the comitation between smart meters and the
relevant data concentrator, and the public telecomeations network for transmitting the data
further to a central data system. PLC communicatisend signals over power lines between
secondary substations and meters; therefore, the didtribution network is used as a
communication medium.

The Telegestore system is the result of a volurdagtegic choice of Enel Distribuzione, based on
a business case in which different productivity afficiency aspects were considered (including
the recovery of lost revenues for energy theftgheDItalian distribution companies started their
own smart metering projects after Enel Distribueiofor instance DSOs operating in the capital
Rome (Acea) and in some cities in Northern Itaiss{fASM Brescia, then AEM Milano and AEM
Torino).

In regulating smart metering, the Italian regulgtauthority (AEEG) was pursuing four different
objectives:(i) enable competition in electricity supply for LVstamersi(ii) exploit the value for
customers of the smart metering investme(its; give customers a price signal that was aligned
with the cost of the electricity; ar(d/) gather information for load profiling within thesgatching
service [16][3] .

After an extensive public consultation, and a thigig open dialogue with distribution companies
and meter manufacturers as well, AEEG issued aidecat end of 2006 that introduced mandatory
roll-out of smart meters for all DSOs. The moserasting aspects of this regulatory resolution are
described below [3] [5].

First, the regulatory authority has specified miammfunctional requirements for smart metering
systems, at meter level as well as at central systgel. This “technical” decision was motivated
by two concerns. The first one was to ensure thabasumers in Italy could benefit from the same
opportunities, whether they remained under theornst protection scheme or switched to a new
free-market retaile?> The second was to ensure interoperability, esliygdiacase of a change in
the operator of a given distribution network. hetfaninimum functional requirements are intended
to be independent from AMI architectures, in ortteravoid any hindering of the technological

34 Smart meters count the number of voltage samplsduring each week, are within the tolerancgegivn-10%;
Vn+10%) [6].

% Even DSOs with a small customer base are obligéastall electronic meters: customers served ballsBSO0s
should have access to the free market with the sgupertunities as customers served by large ones.
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innovation as for architectures different from thasirrently used but which may be just as efficient
as well. In summary, the key functional requirerseetate to:

* ToU pricing: up to four bands, up to five intervalsr day (1 totalizer + 4 band registers);
* Interval metering (min. 1 hour, depth: 36 days);

 Remote transactions: consumption reading (registéeid intervals), supply activation and
deactivation, change of the contracted maximum poaleange of the ToU tariff, maximum
allowed power level reduction;

» Security of data (inside the meters, during thexgmaission to the control centre, prompt
transmission to the control centre in case of nfeitire);

* Freezing of withdrawal data (billing, contractuabages, switching);

» Breaker on board of meters for controlling contatcpower limit;

* Registration of the peak power per ToU band;

» Meter display (current totalizer and activated Tduhd registers, last freezing);
* Recording of supply voltage variations (accordindeN 50160);

* Upgrade of the software: for instance, upgradest mpreserve the withdrawal totalizers and
registers that have been recorded up to that tisnevedl as the meter's existing contractual
settings (price scheme, contractual power, etaijind upgrades, the meter must be able to
measure and record in the appropriate registersetiergy withdrawn and keep up the
clock/calendar.

Second, as shown in Table E.1, the regulatory aityhdnas defined an installation and
commissioning timetable, in four phases and for B80Os, based on the percentage of LV
customers with smart meter installed (independefityn their contractual power or their
consumption).

Table E.1 — Installation timetable for smart meters

Phase % of LV customers with smart meter installed Deadline for
installation
1 25% of LV customers < 55 kW and 100% of customesskW |31 December 2008
2 65% of LV customers < 55 kW 31 December 2009
3 90% of LV customers < 55 kW 31 December 2010
4 959% of LV customers < 55 kW 31 December 2011

Note — commissioning deadline: 6 months later tinatallation

Third, the regulatory authority has defined rules the metering tariff, differentiating allowed
revenues according to the type and quantity of reedetually installed and envisaging to reduce
the allowed metering revenues for DSOs who fakcoomplish installation and/or commissioning
deadlines.

Fourth, the authority has introduced an incentme DSOs that use their smart meters to record
interruptions at single customer level (on topha éxisting requirements for monitoring continuity
of supply by means of remote control and SCADA ayston MV networks and by means of
manual recording for interruptions related to fawlh LV networks).

The introduction of smart metering on a large seades certainly satisfactory for all interested
parties. For instance, thanks to smart meter chjesi non-payant customer have now the right to
be served with a vital minimum power equal to 0/ Kor 10 days before being totally

disconnected; as for the market, smart meters aflodaw-cost spot reading in case of supplier
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switching; finally, distribution companies can noeantrol better the performance of the network as
for losses and voltage quality [6].

E2. Mandatory Time-of-Use pricing

Since July 2010, even smart meters for househatbmers must be able to record consumptions
on the basis of three price bands: peak, mid-lenel off-peak, defined by AEEG as illustrated in
Figure E.1 [7]. This provision applies now to aletars with available power lower than 55 kW
(around 99% of all meters). Above this thresholdasurement at hourly intervals is mandatory.

M T w T F S S
0.00

off-peak

8.00

19.00

23.00
24.00

Figure E.1 — Time bands in Italy

In fact, this provision has opened the door toriest important change made possible by smart
meters: mandatory deployment of Time-of-Use (Tolékcticity pricing, for all LV customeré,
More precisely, the Italian regulator has introdloceandatory ToU pricing for all small business
and household consumers in the so called “regulatadersal supply” (around 25.5 millions
customers who did not choose a free market offérsbll rely upon regulated electricity price);
only the energy component of the final price isfedéntiated according ToU, not the network
charges, but the energy component accounts for ni@ne % of the total bill for an average
household customer (typical profile: rated powerk\&, average yearly consumption 2.700
kWh/year) .

The ToU mandatory regime involves three time-bdndsmall business customers. For household,
two different energy prices apply:

» one price for the peak band;
* one price for the mid-level and off-peak bands.

These ToU prices have been implemented graduaky.aAirst issue, a direct communication
campaign was organised; each household customeiveecfor three times, enfolded in its own
electricity bill (issued every two months) a wmitalert on the change of the pricing system. The
regulatory authority imposed Universal Supply Regjiprovider to wait 6 months from the smart
meter reparametrization before applying the Tolégwi In this way, each household consumer
could verify in the alert its own electricity comsption metered in the new time bands before the
starting of new ToU pricing. As a second issue,rdgailatory authority decided that for the first 18
months (from July 2010 until December 2011) théedénce between the two prices is limited to
10%; from January 2012 the full difference betwgmyak and off-peak prices given by the
electricity market will apply. This is probably tleorld largest experiment with ToU energy prices
for LV customers, household included [8],[9].

% The decision, as usual, was the result of broadutation process that involved all interestedipsi(customer
associations, network companies, regulated univetgmpliers, free market suppliers, etc.).
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Further regulatory developments in this area caiveafrom the recent disclosure of the PLC
communication protocol. This has been recentlyldssd to be tested as an open standard (within
the European project “OpenMeter”). The no-profis@sation “Meters and More” [10] was
constituted purposely to promote this open prottitatl could be used for domotic applications.
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Annex F — Selection of demonstration projects for ¥ recharging infrastructure

On November 2, 2010 the Italian regulatory autgo{REEG) published on its website a
consultation document on regulatory issues relaiedcharging infrastructures for Plug-in Electric
Vehicles, PEVs [1]. This was the first piece of tiegulatory proceedings initiated by AEEG to
promote and support the diffusion of clean and gnefficient vehicles.

The development of electromobility and related gresehnologies is considered highly beneficial
for many reasons: it promotes energy conservatimnks to savings in primary energy achievable
with the electrification of transport; it stimulatéhe dissemination of innovative technologies with
low environmental impact; it reduces the dependemcdossil fuels; and, most importantly, it is
one of the most effective tools for reducing patintin urban centers.

Considered a critical factor for the developmenelgictromobility, recharging infrastructures can
rely on different technological and organizatiosalutions. The idea was that only in-field testing
would provide the necessary expertise for desigminggulatory framework that would support
electromobility while, at the same time, promotenpetition in the electricity retail market. Thus,
the consultation document focused on two issigsthe infrastructure design, building and
operation, andii) the different business models that can be appdiesh EV recharging station.

Taking a neutral approach to different combinatiohtechnologies and organizational solutions for
recharging services, AEEG proposed to test, fomadd time-span, several pilot projects, based on
three different configurations:

4. a business model based on Distribution Netwqgpkr@tors (DSO): the DSO is the operator of
the PEV recharging infrastructure, but a “multiverid approach is mandatory, i.e. the
infrastructure offers the choice of several eletiyiretailers, at the same recharging point;

5. a business model based on licensed Chargingc8d?voviders (CSP): a licensed CSP, selected
through a public tender by a local administratiuéharity, in a given territory (the municipality,
the province, etc.), builds and operates the PEYamging infrastructure; this model is open to
both a multivendoror a monovendor approach (depending upon the licgnsender
conditions);

6. a business model based on competition among @Sthe same area; this case, that requires
high standardisation, envisages several CSPs comgpet the same territory; the mobile
electricity consumecan choose from different (monovendor) rechargigastructures, exactly
as it is now for diesel/gasoline service stations.

The authority received comments and contributiorfs ao large number of stakeholders:
environmental organizations, equipment manufactureharging management systems, energy
suppliers, distribution companies, consulting amnugimeering firms. The outcome of the
consultation process was the definition of theecat to be adopted in the selection of the
demonstration projects. These were published iegalatory resolution issued in December 2010
[29] and are listed in Table F.1. Differently fraitme case of smart grids, the tendering procedure
was to be open not only to DSOs but also to oih&grested parties. It was even more important in
this case, to ensure a non-discriminatory accesthdoincentive scheme and, thus, a fair and
transparent selection process.

As of March 31, 2011 the Authority had receivedlaapions for ten projects and in May 2011, the
project evaluation phase was complete. The seteatias conducted by a technical committee
composed by staff of the regulatory authority ali e by a number of experts from RSE (Ricerca
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Sistema Energeti¢d. To ensure transparency, the evaluation formaohesingle project was made
public [30]. Incentives were awarded to five prageand include a financial contribution for each
charging point, to be paid until the year 2015. Tégulation envisages also a protection scheme
directed at electric drivers: in addition to theagticity cost, they will pay only a network tariffet

by the Authority and inclusive of the costs of ttezharging infrastructure. Finally, every six
months all relevant information about selected gutg must be reported to the regulatory authority.
In this way AEEG will enable to disseminate the maiitcomes of the project. Lack or inadequacy
of the information provided can lead to a reductdthe incentives.

Table F.1 Evaluation criteria for EV recharging infrastructure demo projects

Weight
Area A
Technological interest and completeness of the prajt 50
Al | Size and territorial scope 21
A2 | Diversification and innovation level of the paged technical and organizational solutions 14
A3 | Reliability and feasibility of the project 8
A4 | Scalability/replicability of the project 7
Area B
Economical burden posed on the electrical system 14
B1 | Rebate with respect to the standard incenti28 € charging-point/year) 14
Area C
Relevance of the infomation made available to thdextrical system 20
C1 | Infomation collected through monitoring 10
C2 | Monitoring system and data publication 3
C3 | Period of observability 7
Area D
Transaction costs in contractual relationships 16
D1 | Efficacy and efficiency of the system the marsate information flow 8
D2 | Adequacy of the contract between Service prowdecal DSO 8
TOTAL 100

Selected projects include the following.

* one “DSO-based” project, presented by Enel Dishitme, together with a local company,
Hera (serving Modena and Imola); the project, etgubdo be fully operational by 2013,
consists of 310 LV charging points in Pisa, Ba®nGa, Perugia, several municipalities of the
Emilia Romagna region, and the hinterland of Milan;

» two “licensed CSP” projects, the first one propobgdA2A (52 columns with two charging
sockets, in Milan and 23 columns in Brescia, tdllly operational in the first half of 2013)
and the second one presented by the Municipalitifarima (200 charging points with two
independent sockets, operational by the end of yesad);

* two “CSPs in competition” projects, one presentgdabretailer, Enel Energia (26 charging
points in the suburbs of Milan and in downtown Roteebe operational by the second half of
2013), and one proposed by a no-profit organizati@iass Onlus (150 columns, 43 in the
province of Monza Brianza and 107 in the parkingsome supermarkets in Rome, Milan,
Naples, Bari, Catania, Genoa, Bologna and Vargserational by the second half of 2014);
within these two projects a fast charging technglegll be tested, capable of recharging
electric vehicles in less than 30 minutes withghlpower direct current (over 50 kW).

3" RSE’s mission is to conduct research projectsopicts of public and general interest, regardingdterall Italian
energy system. RSE is funded with a small levyeotéid through the electricity tariff.
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In addition, thanks to another intervention by AEHE®&charging electric cars directly in private
garages at home or in companies’ parking is nowgiptes In April 2011, AEEG removed the legal
constraint that prevented electric drivers to "@if" their electric cars in the household. In fact,
according to an old law, domestic electricity cansus were not allowed to have a dual power
supply in the same housing unit and this strongiytéd the availability of recharging points. As of
today, one or more supply points, each with its aneter and specifically dedicated to power
electric vehicles, can be installed in private lesusr in common areas of a housing building. This
measure also applies to parking spaces for vefled¢s and thus extends the possibility to create
charging points to business users. These rechapgimgs will pay the same network tariff that is
already in use for non domestic customers, regssdidé whether the final user is a family or a
business company. As for the cost of electricityg price will depend on the contract stipulated
with the retailer, chosen in the competitive mar&etl not necessarily the same selected for the
home supply.
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