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ABSTRACT 

This paper is focused on the Italian experience on smart 

metering. Starting from the lessons learned thanks to the 

first massive rollout held between 2001/2006, the main 

new features of the second-generation smart metering 

systems are described making a comparison with the 

previous system. The topics are explained from the 

technical, architectural and regulatory point of view. A 

real case adopting this new technology is presented with 

some preliminary results. 
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INTRODUCTION 

The evolution ruling the fast change in the energy sector is 

rapidly affecting most of the society all around the world. 

Nowadays, thanks to new emerging and disruptive 

technologies in the electrical panorama, lots of processes 

and activities can operate remotely and autonomously 

ensuring high reliability levels. Metering systems, coupled 

with advanced telecommunications technologies, become 

very powerful tools both for the digitalization of the 

information and for the fast management of the sampled 

data.  

Most of the countries are recently switching to smart 

metering solutions to acquire measurements coming from 

the energy sector. Initially, the need that drive the 

migration from traditional metering technologies to 

automatic metering management is related essentially to 

network management (increase the quality of service) and 

metering efficiency (reduction of operative costs). Both 

distribution network operators (DSO) and National 

Regulatory Authorities (NRA) consider on-spot readings 

and on-site operations for contractual management (e.g. 

new supply activation, de-activation, changes in 

contractual power limits etc.) as inefficient. At the same 

time, smart metering systems can be considered as the 

technological platform where it is possible to develop and 

implement smart grids and smart cities solutions needed 

for enabling an improved quality of service and new 

generation functionalities. Moreover, in territories where 

frauds and energy thefts may be very frequent, smart 

metering can be a powerful tool for revenue protection. 

According to the Italian experience, the first-generation 

smart metering rollout led to a reduction of the regulated 

tariff for energy distribution of about 30% assuring, at the 

same time, a relevant increase in the quality of service. 

In addition, smart metering systems are able to associate 

metering data with the corresponding generation 

timestamp, allowing the introduction of new billing 

mechanisms based on Time-of-Use (ToU) tariffs [1] that 

can reflect the variability of the wholesale energy prices in 

a closer manner than flat electricity prices. 

For what concerns commercial offers, retail competition is 

a second reason that pushes towards smart metering 

systems enhancing pro-competitive features: firstly, it 

allows retailers to enrich business offers for the final 

customers, thanks to the association of the time of 

consumption with the consumption itself, making energy 

price variable according to the energy wholesale price. 

Moreover, the customer can vary the load according to 

Demand-Response signals in exchange for a monetary 

compensation/saving. Secondly, smart metering systems 

allows meter operators to collect metering data exactly 

when the final customers switch the contract to a different 

retailer, avoiding estimates or costly on-site spot readings. 

Finally, focusing on the electric network, distributed 

generation, intermittent renewable energy sources, storage 

systems and loads like electric vehicles, are changing the 

management of energy demand-offer curves; energy 

infrastructures have to evolve accordingly. Smart grids, 

able to make loads and generation more flexible, are 

getting crucial for such a scenario but, to be efficient, 

DSOs need to collect accurate measurements regarding 

power exchange and network status (including voltages, 

currents and others electrical parameters that can be 

collected thanks to smart meters). In the future, services 

able to ensure stability of the grid have to involve the 

participation of all the network players, from conventional 

plants to distributed generation plants including demand-

side resources. Small energy generators that can actively 

contribute to the energy dispatching market via 

aggregators represent an interesting example of a new 

level of “crowd” participation, enabled thanks to smart 

metering and smart grids paradigms. 
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The technological innovation is not the only driver for a 

smart metering development: national regulation on data 

management, settlement, balancing, and billing will need 

to evolve in order to convert all the advantages coming 

from the solution adopted to benefits for the final 

customers and the energy market. 

Among all the European countries, Italy has been – 

together with Sweden – the first case of nation-wide rollout 

of smart metering systems in Europe and is still the largest-

scale case in operation: more than 35 million Italian 

customers have their smart meters installed and working. 

For most of the countries where a smart metering system 

has already been installed or is going to be, the 

benchmarking report published by the European 

Commission in 2014 [2] shows that smart metering 

requirements fulfil a common set of functionalities such 

as:  

 fine granularity of metering data enough to use 

energy saving schemes 

 remote reading and management with bi-

directional communication for distributors  

 pricing schemes like Time-Of-Use (ToU) tariffs 

 frequent readings for networking planning 

 remote ON/OFF control supply and/or flow or 

power limitation 

 provide import/export and reactive metering 

(oriented to distributed generation) 

 data-encryption algorithms to ensure privacy  

 tamper-proof solutions 

 real-time readings directly to the user or any 

authorized third party 

THE ITALIAN EXPERIENCE 

 Italy has been the first country in the world in 2001 to 

launch the large-scale rollout plan of smart meters in the 

electricity field. The initial decision was taken by the 

major incumbent e-distribuzione (the distribution 

company of the Enel group, also in charge of metering 

activities) primarily to enhance operative costs efficiency 

and improve the quality of service. E-distribuzione started 

the replacement of traditional electromechanical meters 

mainly to avoid the need to send qualified personnel for 

metering-data reading and management on site, and to 

detect frauds and tampering, and to improve efficiency in 

many internal processes. Thanks to remote reading, e-

distribuzione was able to collect metering data for billing 

and diagnostics information from the smart meters in a 

very timely manner, with no in-field intervention. In 

addition, quality of service has been increased, due to fast 

activation of the supply service when the contract starts; 

also “minimum vital services” (known as “social available 

power”) were possible to allow vulnerable customers to 

have a minimum power for essential electricity usages, 

limited for a certain period before proceeding with 

stronger interventions. 

The Italian experience of smart metering raised a lot of 

interest in scholars and seminal studies [3]. The new smart 

metering system was so successful that, in 2006, the Italian 

National Regulatory Authority (NRA) issued a decision 

(Resolution 292/2006) that made it compulsory for all the 

electricity distributors in Italy to adopt smart metering 

systems within 2011. According to its institutional tasks, 

the main efforts of the Italian NRA were focused on tariff 

impact, service quality and effectiveness of customer 

services. 

The number of collected measurements allowed new 

services for customers such as ToU tariffs, remote contract 

management, and network management (e.g., loss 

monitoring in order to identify critical LV networks where 

is necessary to focus on to get a commercial loss 

reduction).  

LESSONS LEARNED FROM THE FIRST 

GENERATION 

The Italian first-generation smart metering system had a 

strong and fast success. The payback time was reached 

within four years while the technology guaranteed for 15 

years. The experience proved a high level of reliability in 

terms of metrology performances and durability. Thanks 

to the new devices, the Italian DSOs managed more than 

97% of the served customers remotely, with a consequent 

strong reduction of the operational costs and implying the 

intervention of in-field personnel only for the remaining 

3%. 

The first-generation architecture was based on a two-step 

data acquisition process: firstly, data stored in the meters 

were gathered locally thanks to an intermediate device 

called concentrator. Generally, the concentrator acts as the 

master node for all the smart meters of the served LV 

network and is the interface for the communication with 

the Head-End System (HES) of the DSO. The 

telecommunications technology used by all the Italian 

DSOs between meters and concentrators was the Power 

Line Communications (PLC). Secondly, the concentrator 

forwarded the gathered data to the HES of the DSO using 

cellular solutions. Such architecture has provided very 

good results in terms of efficiency (data concentrators 

represent a distributed intelligence that can optimize 

management processes) and effectiveness (data is stored 

by the in-field devices and transferred when the 

communication channel is available). Nevertheless, 

improvements to the communication technologies have 

been considered due to minor problems rose both from the 

cellular coverage but also from the interferences revealed 

on the PLC carrier. The origin of these interferences was 

due to appliances built with electronic switches e.g. 

inverters, devices’ chargers, led bulbs, etc. Based on this, 

the opportunity for a backup communication channel has 

been considered for the new generation systems currently 

under deployment in Italy. 

Despite all the reached successes, the gained 15-years’ 

experience revealed some drawbacks. The most relevant 

was the lack of a standard interface and a dedicated 
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communication channel to inform promptly the customer 

about near real-time electricity consumption and 

production, as required by Recommendation n. 

2012/148/EU. According to settlement regulation in Italy, 

energy registers were collected on a monthly basis by 

DSOs, validated and forwarded to retailers for the billing 

process. Generally, considering the time needed for the 

invoicing process, the customer received the total 

calculation of the energy consumed and the corresponding 

bill after some weeks in an aggregated manner.  

From the market point of view, retailers and 3rd party 

service providers could develop new services and offers 

thanks to a more granular information availability that 

would enable new offers in a scenario where distributed 

generation, demand-response and electric vehicles 

represent the next generation actors of the energy market. 

Another limitation was the slow reconfiguration process  

 required to update the devices’ firmware, due to 

traditional architecture of the HES that was not able to 

assure high level of parallelization for update activities.  

For what concerns quality of service, the information 

available in terms of voltage (interruptions and variations) 

was not fully exploitable due to a small buffer for events 

(limited statics).  

THE SECOND-GENERATION SMART 

METERING SYSTEM 

Taking into account the European requirements and being 

close to the first-generation technical end-of-life, the 

Italian NRA started a public consultation process with 

reference to functional requirements of second-generation 

smart meters. Following feedbacks of DSOs, energy 

retailers, service providers and players from the 

telecommunications world some months later, the NRA 

issued the decision 87/2016/R/eel concerning the new 

minimal requirements for the second-generation smart 

metering systems. In the consultation document 

468/2016/R/eel the NRA identified all the estimated 

benefits coming from the new smart meter generation and, 

with the decision 646/2016/R/eel, defined the 

methodology for cost recognition for the rollout. The 

traditional methodology of management of capital costs 

(CAPEX) and operational costs (OPEX) was substituted 

by a total-expenditure approach (TOTEX) that was leaving 

the preferred technical implementation choice to the DSOs 

while assuring the minimum functional requirements. 

The infrastructure of the second-generation smart metering 

system encompasses now two logical communications 

channels, or “chains”.  

The first chain, also called “chain 1”, represents an 

evolution of the first-generation channel for remote 

management both to convey metering data to the HES of 

the DSO for billing and to send commands to the meter for 

contract management or maintenance. On the other hand, 

the new “chain 2” was conceived to provide non-validated 

metering data (i.e. not valid for billing purposes) in near 

real time directly to the customer in order to enable 

services in favour of awareness and home automation. The 

main advantage of this new chain is the short time needed 

to make customers conscious about their consumptions 

and production. Figure 1 shows the architecture of the new 

system. 

The revised chain 1 of the second-generation smart 

metering system allows a greater granularity of collected 

data. Under the first-generation technology, LV metering 

data were collected only once per month and with an 

aggregated Time-Of-Use approach producing three energy 

totalizers referred to three predefined time bands. Thus, 

retailers were only able to offer contracts based on the 

same fixed time bands (or aggregation of these bands). 

Further, the use of only one telecommunications 

technology limited the success rate for remote readings to 

97 %, forcing the DSOs to send personnel on site for local 

reading.  

Thanks to the new requirements set by the NRA for 

second-generation smart metering systems, the metering 

data sampled on a quarter-hour basis are collected by 

DSOs every day and made available to the SII (Sistema 

Informativo integrato, the national data hub, that provides 

them to  retailers) within 24 hours. Table 1 reports all the 

metering data acquired by the smart metering system. For 

what concerns the chain 1, Italian NRA prescribed the 

adoption of two different telecommunications 

technologies, chosen by the DSO, to maximize remote data 

collection. Thanks to the large amount of acquired 

measurements, retailers will be able to provide more 

flexible tariffs based on dynamic ToU strategy, up to the 

most advanced Real-Time-Pricing regime (where energy 

retail price follows the energy cost of the wholesale 

market) [4]. In addition, with the new system, retailers 

might offer Demand-Response services, providing 

rewards for customer’s flexibility according to system-

balancing needs and market prices for ancillary services, 

such as load shifting to flatten the consumption curve and 

hence to adapt it to the daily production of renewable 

energy sources.On the other hand, the chain 2, which 

represents the major novelty in the second-generation 

smart metering solution, has been conceived to supply raw 

metering data directly to the customer in near real time. 

 
Figure 1: Architecture of the second-generation smart metering 

system: 1.Generation Plants; 2.Transmission Network; 3.Distribution 

Network; 4.Smart Meter (SM); 5.User appliances;6.Head-End 

System (HES); 7. Data Concentrator; 8.Electricity Spot Market; 

9.Retailers/aggregators; 10.Customer; 11. Internet; 12. Data 
Management Hub (SII) 
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Available metering data readable on the chain 2 are instant 

active power, quarter-hour energy samples (both active 

and reactive), alerts, events and contractual information. 

The acquisition frequency for instantaneous data can be 

chosen accordingly to the customer needs and the capacity 

of the communications channel.  

The communications on the chain 2 take place between the 

smart meter and the so-called In-Home Devices or IHDs 

(Dispositivo Utente, for the Italian network configuration 

defined by the NRA). These devices are designed to 

receive metering data and made them readable and usable 

for the customers themselves or a delegated third party. 

They can be dedicated devices or integrated in smart 

appliances or home-automation systems managing data 

locally or remotely e.g. through a cloud service. Market 

operators (retailers, energy service providers, etc.) can 

supply innovative services using this information if 

authorized by the customer. Examples of IHDs can be 

either external user-friendly displays used by customers 

having their meters in the basement, smartphone apps, 

evolved dashboards showing near real-time contractual 

information and daily energy curves of the past days, or 

smart appliances (e.g., connected washing machines, air 

conditioning, electrical heating systems like heat pumps, 

recharging points for electric vehicles) or even energy 

management systems. Moreover, dashboards and 

automated systems can receive information coming from 

third-party channels (e.g., energy market, service 

providers of weather forecast through the internet) and 

couple them with metering data in a sophisticated system, 

aiming to furtherly increase customer awareness and 

inducing their proactive consumption behaviour of the 

customers (e.g., with Active Demand programs). As 

requested by the Italian NRA, the Italian electro-technical 

standardization body (CEI) already published some 

standards protocols unified at national level for the main 

technologies used for the chain 2. According to the 

European standard IEC 62056-7-5, the protocol data 

model will use DLMS/COSEM objects. Nevertheless, 

different technologies will be available using the same data 

model. The first technologies taken into account for the 

standardization are PLC over CENELEC “C” band (a 

range of frequency different from the ones dedicated to the 

DSOs) and radiofrequency at 169 MHz (unlicensed). CEI 

is also working on a new protocol for the standardization 

of the NB-IoT telecommunications technology. 

Another important innovation of the new generation is the 

possibility to support prepayment services. Customers 

could request for a different form of contract paying the 

service just when needed. This new service could be 

interesting for those customers having holiday properties, 

or even for landlords renting apartments for short periods. 

The management consists in a totalizer for the residual 

amount of watt-hours and a threshold to notify the 

customer once close to the end of the available energy. 

When the customer needs to recharge its credit, the 

residual energy totalizers is increased accordingly using 

mainly the chain 1. Thus, the residual energy totalizer is 

decremented according to the energy withdrawn by the 

network. When the residual energy totalizer overcomes the 

energy threshold used for the prepayment system, an alert 

notification can be seen on the meter display followed by 

a real-time message on the chain 2. For the time being, this 

is only available for flat-tariff contracts (fixed price per 

kilowatt-hour) because the available credit is directly 

converted in equivalent energy stored in the residual 

energy totalizer. 

As required by the European Directive 2012/27/EU, 

technological performances and privacy requirements for 

the new architecture have been specified by the Italian 

NRA: it is stated that both the chain 1 and the chain 2 must 

ensure confidentiality, authenticity and integrity with the 

support of strong encryption techniques for each channel. 

In terms of quality of service, the new generation system 

allows to store voltage interruptions and variations statics 

for a long period making this information available to the 

DSO and to the NRA. 

About HES, the second generation smart metering system 

implements a cloud-based solution leveraging “Platform 

as a Service” paradigms in order to assure high level of 

reliability, availability and scalability. The new system  is 

able to manage and publish more than 7.000 billions of 

data (e.g. load profiles, daily consumptions, ToU data, etc) 

every year allowing to upgrade the in-field devices in some 

weeks. 

FIRST ROLL-OUT RESULTS 

According to the in-force Italian law on Metrological 

controls transposing the European Measurements 

Instruments Directive, the MID-compliant low voltage 

Metering data 1G Smart Metering 2G Smart Metering 

 Active energy withdrawn 3 values per month (according to time bands) 1 value every 15 min 

Active energy Injected  3 value per month (according to time bands) 1 value every 15 min 

Reactive energy withdrawn 3 values per month (above 10 kW) 1 value every 15 min 
Reactive energy Injected  3 values per month 1 value every 15 min 

Active power withdrawn Peak value integrated in 15 min (peak) Peak value integrated in 15 min 

Instantaneous Active power withdrawn No On chain 2 up to 1 s 

Active power Injected No 15 min (avg) 

Min/max voltage Occasionally and not compliant with EN 50160 Max and min values per week 

Voltage in limits Occasionally and not compliant with EN 50160 Yes, compliant with EN 50160 
Outages Available but not used, due to memory restriction On event occurrence 

 

 
Table 1: comparison between metering data and collecting frequencies between first and second generation smart metering systems in Italy 
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electric smart meters with more than 15 years need to 

undergo a metrological check to verify the maintaining of 

the metrological parameters. In 2016, E-distribuzione’s 

smart meters were approaching the 15 years useful life and 

needed to be checked. E-distribuzione, following a scale-

economy evaluation, preferred to start with a massive 

substitution of the first generation smart meters with a 5-

years plan, aiming to install almost 30 million new devices 

for a total investment of 4 billion euros (the investment is 

referred to a full period of 15 years and 41 millions meters 

replaced in terms of new replacements and maintenance). 

The rollout plan went under public consultation and after 

the NRA approval, in the first quarter of 2017 e-

distribuzione began the substitution.  The company 

worked adopting a design-to-cost strategy aiming to 

increase the functionality of the whole system maintaining 

the cost for the customer fixed without increasing the 

metering tariff. Thanks to this choice, the NRA approval 

phase was faster and simpler.  

The installation of the new devices requires some minutes 

since the design has been realized to minimize the 

personnel operations using the same clamping system of 

the old meter. Even the external case has been designed in 

order to fit the previous installations, hence maintaining a 

similar size. The in-field operation includes the download 

of the previous energy totalizers, the consequent storage at 

system level to guarantee the preservation of the past 

sampled data, and the substitution with the new meter. 

For the time being, after the first year of the rollout phase, 

more than 7 million second-generation smart meters  have 

been installed and connected. Amongst all the different 

telecommunications technologies suitable for the new 

system [5],  the two chosen by e-distribuzione for the chain 

1 between meters and the data concentrators were Power 

Line Communication (PLC) as main carrier and 

Radiofrequency (RF) at 169 MHz as a complete back-up 

channel able to manage the same operations as the main 

one. While the PLC over CENELEC “A band” was a 

consolidated and well-known technology for the company, 

the adoption of RF 169 MHz added a set of new services. 

The topology of the PLC telecommunications network is 

very different from the RF one. This means that if a meter 

cannot communicate with the concentrator of the same LV 

network due to interferences on the medium, that meter 

can be reached thanks to the RF network by the same 

concentrator or even others. All the concentrators 

surrounding a meter can receive and store metering data 

coming from the same meter, enhancing the redundancy 

factor and hence the overall communications success rate. 

The HES of the DSO then performs data unification to 

avoid repetitions. The new smart meter is able to send 

metering data using RF messages autonomously if not 

reached by the concentrator within 24 hours via PLC. This 

feature is crucial for the increase of daily data acquisition. 

Finally, if a meter is de-energized due to LV outages or 

fraud attempts, it is able to alert the surroundings 

concentrators using RF (last gasp) thanks to 

supercapacitors able to let it alive for almost one minute. 

Through the use of the double technology and the new Big-

Data system, the first results are promising: as requested 

by the NRA decision, 95% of the new meters are read 

remotely collecting every day energy curves of 96 samples 

(one every 15 minutes) and 97% in a four day period. The 

overall estimated data stored and processed by the HES is 

close to 7.000 billion per year with more than 10 million 

commercial operations. 

For what concerns the chain 2, e-distribuzione selected the 

standard protocol published by CEI using PLC over 

CENELEC “C band” for the communication with IHDs. 

Due to some uncertainties related to the interferences on 

the electric medium, the NRA requested a monitoring 

phase to evaluate the performance of the PLC solution. A 

group of final customers involved in the rollout of the 

second-generation smart meters was included in a 

dedicated test bench with the purpose of verifying the 

performances of the new chain-2 environment using PLC.     

After four months of collected data, the chosen solution 

revealed almost 99% of success rate for the reading of 

chain 2 metering data. 

 

CONCLUSIONS 
 

Second-generation smart metering systems enable new 

services for different players of the electricity value chain. 

Distribution-cost efficiency, new commercial offers with 

innovative tariff mechanisms, frauds avoidance, energy 

awareness and market participations are the main benefits 

coming from the technological and regulatory change. 

New back-up solutions strengthen the reliability of the 

smart metering systems and, consequently, increase the 

remotely collected metering data. New In-Home Devices 

allow low-voltage customers to be aware about their 

energy footprint and become active players in the 

electricity market.   
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