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ABSTRACT 

The article presents the Italian experience approaching a 

new generation smart metering system with the focus on 

new services made available for low-voltage customers. 

Real-time communications between smart meters and In-

Home Devices (IHDs) are discussed. The article also 

reports a first real application of the new services and the 

corresponding results. 
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INTRODUCTION 

In recent years at global level, many efforts have been 

spent looking for solutions that can enable electricity 

customers to reduce their energy consumption, for both 

economic and environmental reasons. Nowadays, energy 

data can be easily sampled and stored for a long-time 

interval becoming input parameters for Machine-Learning 

technologies, able to supply new efficiency services. 

Simultaneously, the fast evolution of the 

telecommunications standards plays a crucial role in the 

adoption of advanced metering infrastructures. In the 

electricity distribution field, smart meters may act as the 

main feeders for Big-Data systems able to collect low-

voltage customer’s consumption and production data and 

send them to a Head-End Systems (HES) in a secure 

manner in near real time, by means of advanced wired and 

wireless telecommunications technologies. The remote 

acquisition of this set of data can enable new services 

suitable for enhancing awareness and participation to the 

energy value chain, particularly for low-voltage (LV) final 

customers.  

Being fully aware of this opportunity, the European 

Commission has accompanied this Europe-wide extensive 

process with many initiatives. Among them, it is worth 

quoting the Directive 2009/72/EC [1] for the European 

standardization organizations (CEN, CENELEC and 

ETSI) and the Recommendation n. 2012/148/EU [2] on 

minimum functional requirements for European smart 

meters. More in detail, the Directive 2009/72/EC required 

all European-Union Member States to assess costs and 

benefits of introducing smart meters in large scale, leaving 

each Member State the possibility to define the details of 

the rollout strategies autonomously. Where the rollout of 

smart meters is assessed positively, Directive 2009/72/EC 

imposes that at least 80% of the national customers shall 

be equipped with smart metering systems within 2020. 

Mandate M/490 produced several progresses in this field, 

including CEN/CENELEC/ETSI Technical Report 50572 

[3] that contains a first interoperability architecture for 

smart meters, data concentrators and devices able to 

present real-time measurements to the final customer, also 

known as In-Home Devices (IHDs). Recommendation n. 

2012/148/EU lists ten functional requirements for smart 

meters of common interest for all the Member States. One 

of the most remarked requirement of this document 

concerns the need for customers (or any third party 

designated by the customers) to be aware of their 

consumption behavior, as well as production profile for 

“prosumers”, in near real time using standardized 

interfaces. 

According to some studies exploring a similar topic [4], 

real-time metering data and, more generally, energy 

advices can be useful to final customers if: 

 
1.Displayable on different common devices (smartphones, 

tablets, domestic devices, etc.) 

2. Clear and intuitive (smart charts, aggregated results, 

simple comparisons) 

3. IHDs have a good design, are cheap and easy to install 

4. Customizable according to users’ needs 

 

If these requirements are not respected, customers, after a 

first period of strong attraction, could lose the interest for 

the topic (“persistency” issue). 

The first generation of the Italian smart metering system 

had already some basic solutions to allow customers to be 

aware about energy flows: the first one was the small 

display placed on the top of the meter through which both 

energy registers and averaged power were viewable. 

Another way was to catch with an external device the red 

leds located close to the display pulsing every time that a 

watthours was consumed or generated. More evoluted 

solutions have been considered, during the first-generation 

smart metering development only at pilot scale for trial, 

under the regulatory supervision.  
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 The first solution developed was the so-called “smart info 

project” [5], tested under real operating conditions thanks 

to an incentivized pilot project supported by the Italian 

National Regulatory Authority (NRA). Plugged into a 

domestic LV socket and univocally associated to the 

corresponding meter, the “Smart info” device is able to 

show energy consumption/generation data available to the 

final customer using Power-Line technology. Currently 

about 10,000 low-voltage customers are using this device 

in financed projects. Unfortunately, due to the prototypical 

nature of the device, its operation is strictly reserved to the 

DSO since its communication protocols are proprietary 

and are the same used to exchange data from the meters to 

the concentrator. Thus, a real-time data exchange could 

introduce interferences and collisions with the remote-

management system in case of real-time polling and thus 

the choice limited the flexibility of the solution adopted. 

THE SECOND-GENERATION SMART 

METERS 

Working on the definition of the new functional 

requirements for the Italian second-generation smart 

metering, in 2016 the NRA stated that the new system had 

to provide real-time information regarding the LV 

distribution service with standardized technological 

solutions. All the national DSOs must ensure a new logical 

communication channel (named “chain 2”) between the 

smart meter and the final customer, able to forward 

instantaneously sampled measurements to IHDs in order 

to display, store and manage this information in home-

automation appliances. While the logical channel “chain 

1” is dedicated to let the DSO to gather 15-minutes 

metering data, validate them and forward the result to the 

SII (Sistema Informativo Integrato), the Italian national 

data-management hub that makes them available to the 

corresponding retailer for the billing process, every day 

within 24 hours.  

The chain 2 is directly accessible by final customers with 

no other intermediates in order to have an immediate 

feedback about their consumption or production and react 

faster. The result is an augmented awareness suitable for 

pushing the LV customer to become an active player of the 

electric value chain. It is worth noting that metering data 

received through the chain 2 are raw data, not valid for 

billing, not being verified by the validation process. 

Nevertheless, they can help greatly giving a fast and 

immediate monitoring of the energy exchanges. With the 

authorization of the involved customer, metering data 

coming from the chain 2 can be directly forwarded to third-

party providers in exchange for value-added services as 

dedicated signal pricing, Demand-Response rewards, 

participation to the energy markets, etc. 

Figure 1 shows the introduction of the chain 2 and the role 

of IHDs in the new second-generation smart metering 

architecture. In order to let the IHDs market grow in a 

competitive way, new-generation smart meters must 

ensure full interoperability on the chain 2 with third-party 

devices.  

 

 

Thus, Italian NRA mandated the request for a standard 

communication protocol to the Italian electro-technical 

standardization body (CEI). CEI began a working group 

composed by technical experts of the metering 

community, including telecommunications NRA and all 

the Italian distribution companies, retailers, 

telecommunications Companies, manufacturers and 

industry associations. 

NEW REAL-TIME SERVICES 

In May 2017, thanks to an intensive effort of the 

aforementioned working group, CEI published the first 

document containing a set of use cases concerning services 

made available by the chain 2 [6]. For a better 

understanding, use cases are divided into four categories:   

 

1. Customer Awareness: the purpose is to inform the final 

customer about its energy exchanges with the network 

(both consumption and generation). An unexpected outage 

could be promptly communicated to the IHD and let the 

customers be aware and evaluate possible changes in their 

consumption behavior, reducing or shifting their loads in 

off-peak moments. If the IHD is also able to receive price 

signals (by an external channel), it can also help in 

monitoring energy costs and consumption patterns, in 

order to reduce the monthly electricity bill. 

 

2. Advanced commercial offers: the frequent refresh of 

metering data allows the customer to understand the exact 

time of the energy usage, hence helping in catching the 

benefits induced by new contracts using dynamic Time-of-

Use or, in perspective, Real-Time-Pricing tariff 

mechanisms. Moreover, new prepaid supply services can 

be developed and enabled with a frequent notification 

about residual credit coming from the meter.

 
Figure 1: Second-generation smart metering architecture including: 1. 
Customer, 2. Meter, 3. Data concentrator, 4. DSO Head-end System, 

5. Data-management hub (SII), 6. Retailer, 7. In- Home Devices, 8. 

Service provider, 9. Cloud or IoT system 
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3. Scheduling & control: for those customers living in an 

advanced energy ecosystem with a distributed-generation 

plant (e.g. photovoltaic plant or a micro wind turbine), 

energy storages, electric vehicles or deferrable loads 

connected to an energy management system, it would be 

possible to automatically optimize the energy exchange 

with the network without human interaction. This solution 

can bring to a more environmentally friendly energy 

approach, but also allows the served customer to save 

money withdrawing energy from the network when the 

price is lower, and optimizing the usage of energy storage 

devices with positive impact on network tariffs. 

 

4. Network ancillary services: voltage control 

requirements or emergency situation regarding the power 

system in the future could induce the distribution company 

to ask their customers for a reduction of electric power 

consumption or for an injection of energy produced by 

distributed generation plants, in exchange for some 

reward. The customer, even in aggregate form (each point 

being equipped with an energy management system) could 

receive Demand-Response signals from a Balancing 

Service Provider (BSP), also called “demand aggregator”, 

through a standard communication channel and the meter 

could be used for certifying that the demand-response 

operated effectively. The role of the aggregator is to 

participate to the ancillary service market gathering a 

group of customers in order to supply services to 

Transmission/Distribution System Operator and market 

parties in exchange for a reward shared with the involved 

players. Even the distributed generation and the dedicated 

chain-2 information can be an interesting resource for 

aggregators. 

 

In order to be compliant with CEI EN 62056-7-5 [7], as 

required by the Italian NRA, and to strengthen reliability, 

in the first phase the telecommunications protocol between 

the meter and the IHDs provides a unidirectional 

communication from the meter to the IHDs. The 

unidirectional protocol works using push messages sent by 

smart meters every 15 minutes for active and reactive 

energy and in real time (up to 1 second) for events, 

including the instant active power or the override of the 

nominal contractual power limit (typically 3kW for an 

household) in order to prevent disconnection. Since, 

according to the Directive 2012/27/EU [8], the final 

customer is the only owner of metering data, all the energy 

information sampled and collected by the meter can be 

accessed through the chain 2 free of charge. Nevertheless, 

to maximize the efficiency of the communications 

between the meter and the IHDs, some users could request 

a dedicated profile with progressive level of service in 

order to optimize the data transmission according to each 

use case. 

In August 2017 CEI completed the protocol with the 

publication of the Technical Specifications concerning the 

data model and both the application and physical layers of 

the first technologies. Due to the choice of e-distribuzione 

(the first Italian DSO that started the second-generation 

meters rollout) to use PLC for the chain 2, CEI realized a 

new standard for the physical layer of the protocol 

including this technology. The data model identified 

during the definition of the use cases was realized using 

the suite of standards IEC 62056 about DLMS/COSEM.  

The new standard protocol has been conceived to avoid 

technological constraints, in order to allow the choice to 

select the transmission technology and the data model of 

the protocol independently.  

The standard requires the use of the CENELEC “C band” 

[9] (frequencies between 125 kHz – 140 kHz) and the 

adoption of the SMITP protocol [10] using D-BPSK 

modulation at 9600 baud rate. To access to the medium, 

the CENELEC standard imposes the use of CSMA 

protocol. Simultaneously, radiofrequency 169 MHz 

represents an alternative promising choice and a possible 

physical protocol to support this technology. 

As discussed above, IHDs can range from a simple 

external display to more sophisticated home-automation 

appliances (e.g. connected devices, Smart TVs, Internet 

routers, etc.). They can provide information to the 

customer either locally (in the proximity of the meter) or 

remotely (e.g., through smartphone applications). 

Authorized third parties can provide value-added services 

to customers using the chain-2 information. Such services 

can simply provide the measurements to the final 

customers with a more user-friendly interface or 

monitoring the behavior of customers’ appliances in order 

to manage energy consumption in a better way. In general, 

the authorized third parties will communicate to 

customer’s devices through a private channel. During the 

identification of the use cases for the chain 2, four possible 

architectures have been identified, with different 

complexity and degree of involvement of the consumer in 

the deployment of the services [10]: 

 

1. Direct connection: the meter sends the data to the IHDs, 

which use them locally without forwarding to any other 

device or entity. 

2. Local connection: the meter makes the data available to 

the devices connected to the customer’s Home Area 

Network (HAN). 

3. Third-party connection: the meter sends the data to an 

authorized third party before being forwarded to the final 

customer. 

4. Gateway connection: the meter sends the data to an IHD 

acting as a gateway (IHD-GW), which then makes the data 

available for local connected devices and any authorized 

remote third party. 

FIRST IN-FIELD RESULTS 

As mentioned above, e-distribuzione (the Italian DSO of 

the Enel Group) was the first company starting with the 

massive rollout of second-generation smart metering in 

Italy. The uncertainties concerning the technology and the 

need to evaluate its performances led the company to run 

some preliminary tests about the telecommunications 

using PLC over the CENELEC “C” band. 
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These tests took place in the so-called “simulated field 

trial” i.e. a lab able to replicate an entire LV network, 

including some simulated customers’ houses having 

different appliances. The modulation used for PLC was D-

BPSK coded at 132.5 kHz with a maximum bitrate equal 

to 4800 bps. Three simulated customers’ houses with 

typical daily behavior were considered for this test, using 

two configurations: the first is called “Light Profile” and 

includes a set of basic appliances generally used in a 

normal family e.g. refrigerator, LED TV, LED lamps, 

cellphone charger, etc. The second configuration is the 

“Heavy Profile” using more appliances at the same time 

with respect to the previous profile e.g. desktop PC with 

monitor, microwave, TV decoders, etc. The results are 

reported in Table 1. The “Length” parameter represents the 

distance between the smart meter (possibly placed in the 

basement or directly inside the house) and the IHD inside 

each simulated house. Three different cable lengths have 

been considered: short (7-12 m), medium (22-27 m), and 

long (53-58 m). For each simulated house, signal levels, 

noise levels and signal-to-noise ratio (SNR) were 

calculated. The signal level selected by the transceiver of 

the smart meter is around 120 dBµV, according with the 

in-force standards. The telecommunications tests 

consisted in the exchange of 2,000 PLC messages from the 

meter to the IHD, considering the different electrical 

environment. For each test, the size of the PLC frames 

varied from 60 bytes to 120 bytes. Tests results are 

reported in Table 1. It is worth noting that the selected 

appliances were chosen knowing their strong interfering 

behavior on the PLC medium, hence considering critical 

cases. Moreover, the aim of the tests was to create a first 

evaluation to study the features and performances of the 

new technology in a close-to-real environment.  

Some months later, the Italian NRA imposed a preliminary 

in-field monitoring phase to oversee the implementation of 

the chosen technology in real conditions. E-distribuzione 

cooperated with retailers offering support to configure the 

smart meters and with manufacturers supplying 

prototypical IHDs based on PLC technology. Once the 

messages of the meter reached the installed IHD in the 

customer’s flat, a subset of chain-2 information were 

forwarded to a cloud platform through other connected 

technologies (e.g. Wi-Fi, cellular service) in order to 

analyze the communications performances. The Italian 

Electrical Research Agency RSE, on behalf of the NRA, 

conducted the analysis. The monitoring started in 

December 2017 and involved 135 low-voltage residential 

customers, 4 retailers with 4 different prototypes of IHDs, 

and 9 asset providers. Five manufacturers installed their 

models of IHDs, which successfully passed the validation 

of the communication channel lead by e-distribuzione into 

its labs. In a few months, the test field revealed a high 

success rate for the implemented use cases: 98.8% of 

metering data exchanged by using the new standard 

protocol satisfied the requirements for the accomplishment 

of the given services, in line with the results of the test 

conducted in the simulated field trial. PLC technology, 

already used by all DSOs in the CENELEC “A” band just 

to gather metering data for billing purposes, revealed an 

excellent noise resistance in the “C” band. The limit was 

related to the prototypal phase of IHDs and to the influence 

of faulty appliances injecting strong electrical noise on the 

same carrier of telecommunications, exceeding the limits 

imposed by the standards in force. This concern affected 

less than 1% of the case studied. 

Thanks to the excellent results coming from the 

monitoring of communications along the chain 2, the need 

to implement a back-up channel seems not urgent. 

Nevertheless, backup solutions are under study with the 

premise of being adaptive to the second-generation 

metering system already in place.  The most interesting 

solution for a hypothetical back-up channel is the 

possibility to use the radiofrequency at 169 MHz, already 

adopted with the second-generation smart meters as a 

backup technology for the chain 1. Another solution could 

be the exploitation of the optical port, currently used for 

local operations on the meters including installation, 

verification and maintenance. An IHD clamped on the 

shell of the meter could read locally and forward the 

information. The former solution already has an available 

protocol provided by CEI, while the latter can reach higher 

performances due to a point-to-point communication with 

a clamped device. Surely, this device should be able to act 

as a translator from optical-port to other technologies as 

Wi-Fi or SIM-based solutions. However, the choice about 

the technology should lay in the rights of the DSO as the 

NRA is following a technologically neutral approach.

 Customer A Customer B Customer C 

Length short medium long 

Load Profile heavy light light 

Noise Level [dBμV] 69 80 69 

Attenuation [dB] 4 15 34 

SNR [dB] 36 28 20 

Success Rate for: 

60-byte/frame 96% 96% 93% 

80-byte/frame 98% 95% 92% 

100-byte/frame 96% 93% 93% 

120 byte/frame 96% 97% 92% 

 

 

Table 1: Success rate testing the performances of telecommunications between a second-generation smart meter and a set of IHDs using PLC over 

CENELEC “C” Band (132.5 kHz) in different simulated domestic conditions. Each test consisted in the sending of 2,000 frames in critical conditions 
(high interferences on the medium) using D-BPSK modulation at maximum bitrate equal to 4800 bps. 
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CONCLUSIONS AND FUTURE 

DEVELOPMENTS 

Thanks to the huge amount of metering data, their 

granularity and the different architectures made available 

by the chain 2, many new services are ready to come. 

Smart appliances or local energy management systems 

could receive chain-2 data and react according to the 

energy status of the network. For instance, if in a given 

moment the available power offered by the retailer 

contract is overcome, a smart washing machine could 

freeze the washing program, waiting for a reduction of 

power absorption from the other appliances before starting 

again, hence avoiding the interruption of the service. If 

both the appliances and the IHDs were connected to the 

Internet, considering the IHD as a node of an Internet-of-

Things (IoT) network, it would be technically possible to 

forward all the real-time metering data directly to a cloud 

system for storage, aggregation, cross-references, data 

analytics, and return actions useful for the customers. 

Under the hypothesis of a dynamic Time-of-Use or Real-

Time-Pricing regime, the IoT platform could cross 

metering data and energy price for that specific hour and 

automatically start the dish washer when the price is lower. 

Using a connected device like a smartphone, the customer 

could set up a time window of flexibility for each 

appliance and leave the optimization and control to the IoT 

service. By reading metering data in the cloud, BSPs could 

manage the flexibility given by their customers to reshape 

the overall consumption curve and to maximize the use of 

renewable energy sources in exchange for money savings 

or rewards. 

In the future, chain-2 data could enable the development 

of new blockchain-based services improving cyber 

security for the metering data and for network 

management. The use of digital signature could be 

considered valid to prove the ownership of an energy 

transaction, ensuring authenticity, non-repudiation and 

integrity of the collected data.
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