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 Executive Summary 4 

This document analyses the technical framework conditions for implementing demand-side flexibility use cases in 

Germany, France, and the United Kingdom (UK). It provides a comprehensive overview of the smart metering archi-

tectures and their roles in implementing such use cases. 

Summary  

 

The development of the German smart meter started in 2016. The result is a com-

plex system composed of digital meters, a BSI-certified smart meter gateway 

(SMGW), and an optional controllable local system (CLS) device that enables di-

rect control of flexibilities. This package of devices is called the intelligent meter-

ing system (iMSys). It allows secure and standardised data transmission and re-

mote control. Grid- and system-serving use cases include grid monitoring, load 

control, and dynamic pricing. Local use cases involve optimizing the self-con-

sumption of PV electricity and peak shaving. Despite their functionalities, the 

rollout has been slow, with the German rollout quotas lagging behind other Euro-

pean countries.  

 

The rollout of the French smart meter called “Linky” started in 2014 and was 

completed by the French DSO Enedis by 2021, with 90 % of the customers 

equipped. The Linky was developed to simplify metering by combining metering 

and communications units. It enables time-of-use tariffs and limited control of 

household devices. It can also assist in local use cases like self-consumption opti-

mization and scheduling water and space heaters.  

 

In the UK, energy suppliers are responsible for the smart meter rollout, which 

started in 2012. The infrastructure includes electricity and gas meters connected to 

a communications hub, which allows standardised data transmission to author-

ized stakeholders via a national Data Hub provided by the Data and Communica-

tion Company (DCC). Smart meters enable the use of time-of-use or dynamic pric-

ing. Demand-side flexibility can be controlled through the smart meter 

infrastructure or through proprietary systems. 

The differences in smart meter architectures, regulatory frameworks, and rollout quotas lead to various challenges 

and opportunities for implementing demand-side flexibility use cases in the three countries. Generally speaking, 

local use cases (self-consumption optimization and reaction to time-of-use or dynamic tariffs) is relatively easy to 

implement in each country. On the other hand, the technical implementation of grid- and system serving use 

cases differs significantly between countries. Manufacturers and providers of energy management systems, 

electric vehicles, heat pumps, home battery storage systems, and other flexible loads must consider these differ-

ences to enter new European markets successfully. 
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1.1 Smart meter history in Europe 

As the European energy transition progresses, elec-

tricity production becomes increasingly volatile and 

decentralized, often taking place at distribution grid 

level, rather than the centralized production at trans-

mission grid level. This evolution requires investments 

in the monitoring of the grids, in particular at the dis-

tribution level. In contrast to the historical paradigm, 

demand should increasingly follow production, and 

not the other way round. A significantly more ad-

vanced digital infrastructure is required to enable a 

bidirectional communication of measured data and 

control signals between the network and consumers.  

The need for such a digital infrastructure has been 

identified by the European Union as early as 2006, 

in the Directive 2006/32/EC on energy end-use effi-

ciency and energy services. The Directive 2009/72/EC 

concerning common rules for the internal market in 

electricity took the first concrete steps to modernise 

the European grids. Working groups were formed to 

define functionalities and possible architectures of 

smart meters. Additionally, this Directive obliged all 

member states to work on a national implementation 

of smart grids and smart meters.  

The development of requirements and standards for 

European smart meters was conducted jointly by CEN, 

CENELEC and ETSI1 as part of the EU mandate M/441. 

Their recommendations were published in December 

2011 [1]. The obligation for member states to roll out 

smart meters was reiterated by the Directive 

2012/27/EU on energy efficiency, which based its re-

quirements on the recommendations formulated by 

the working group. 

A significant number of EU member states started 

the development of their smart meter around 

2009, as prescribed by Directive 2009/72/EC and re-

fined the design based on the Directive 2012/27/EU. 

The speeds at which the development and the subse-

quent rollout were performed differ significantly be-

tween European countries [2]. By the end of 2023, 15 

 
1 CEN: Comité Européen de Normalisation or European Committee 

for Standardization 

member states had rollout quotas above 80 %, while 

10 had rollout quotas below 10 %. Noticeably, Ger-

many is lagging behind, with only 2 % of consumers 

currently equipped with a smart meter.  

1.2 Smart meter design 
considerations 

Besides the differences in the rollout speed, the smart 

meter infrastructures and the implemented function-

alities differ between European countries. The differ-

ences can, in part, be traced back to different de-

grees of complexity for the smart meter 

infrastructure architectures proposed in the 

CEN/CENELEC/ETSI recommendations. The recom-

mendations were based on use cases that could be 

unlocked by leveraging the smart meter technology. 

Next to a proposition for a common architecture ref-

erence model, the recommendations include require-

ments for cybersecurity and implementation guide-

lines.  

The smart meter working groups focused on the im-

plementation of seven functionalities [1]: 

• Functionality 1: Remote reading of metrological 

register(s) and provision to designated market or-

ganizations 

• Functionality 2: Two-way communication be-

tween the metering system and designated mar-

ket organization(s) 

• Functionality 3: To support advanced tariffing 

and payment systems 

• Functionality 4: To allow remote disablement and 

enablement of power limitation 

• Functionality 5: To provide secure communica-

tion enabling the smart meter to export metrolog-

ical data for display and potential analysis to the 

end consumer or a third party designated by the 

end consumer 

• Functionality 6: To provide information via web 

portal/gateway to an in-home/building display or 

auxiliary equipment 

CENELEC : Comité Européen de Normalisation Électrotechnique or Eu-

ropean Committee for Electrotechnical Standardization 

ETSI : European Telecommunications Standards Institute 

1 Introduction 
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• Bonus functionality: To enable communication 

with devices or gateways within the home or 

building used in the provision of energy efficiency 

and demand-side management services 

Smart meters are a vital component of smart grids. 

Accessing to consumption data with high spatial and 

temporal resolution is an essential step for a more in-

formed, dynamic and efficient grid operation. How-

ever, the CEN/CENELEC/ETSI recommendations do 

not mention this grid-monitoring functionality. 

Some member states chose to use the smart meter to 

measure relevant data regarding the grid, such as 

phase angles, while others focused solely on the me-

tering and on the recommended consumption and 

billing functionalities. 

It is important to note that not all functionalities 

have to be offered by the national smart meter in-

frastructure. The choices made in each country affect 

the complexity of the developed solution and lead to 

the described fact that smart meters tend to be differ-

ent between countries. 

As can be seen from the recommendations from 

CEN/CENELEC/ETSI, the possibility for consumers to 

monitor their consumption to adjust it in real-time 

and change their consumption habits was considered 

a central functionality 15 years ago. However, to har-

ness local demand-side flexibilities and support the 

energy transition, it is now undisputable that smart 

meters must be combined with other devices, such as 

flexible loads or home energy management systems 

(HEMS), to optimise their consumption automatically. 

Those devices, for instance, electric vehicles, are typi-

cally sold and used in more than one country and 

must be able to retrieve relevant consumption data 

from the respective smart meters. Despite the efforts 

made by the EU and the CEN/CENELEC/ETSI working 

group, the differences in smart meter infrastruc-

tures constitute a challenge in terms of interoper-

ability and the standardisation of demand-side flex-

ibility use cases. 

1.3 Motivation for this paper 

This paper details the technical framework conditions 

for implementing demand-side flexibility use cases in 

Germany, France and the UK. For each country, an 

overview of the motivations during the development 

of the smart meter infrastructure is given to develop 

an understanding of the framework conditions lead-

ing to its main functionalities. Additionally, the smart 

meter infrastructure's relevant components, actors 

and functionalities are described in detail.  

Most documentation regarding smart meters exists in 

the country's language, which constitutes an essential 

barrier for actors wanting to enter new markets. This 

overview provides an in-depth and detailed analysis 

of the specifics of the smart meter infrastructure 

in the above-mentioned countries and the resulting 

implications for related products. 

For each country, the smart meter infrastructure's role 

in implementing demand-side flexibility use cases is 

discussed in detail. Alternative mechanisms and infra-

structures which exist simultaneously will be high-

lighted. 

As mentioned in our whitepaper regarding the inte-

gration of V2G [3], demand-side flexibility use cases 

differ between countries. Broadly speaking, demand-

side flexibility use cases can be separated into two 

categories, based on the origin of the command. The 

shift in consumption can be triggered 

• by an external signal, typically sent by the DSO 

(distribution system operator) or TSO (transmis-

sion system operator), or an aggregator; In this 

case, a secure communications channel from third 

parties to the household is required to communi-

cate consumption commands; 

• or locally, when a HEMS optimises the consumer’s 

energy bill; This requires an interface giving the 

HEMS access to relevant consumption measure-

ments, as well as regarding current and future 

electricity prices. 

This paper addresses the role of the smart meter in-

frastructure in the implementation of both types of 

use cases. To help readers navigate the large amount 

of technical documents regulating the implementa-

tion of demand-side flexibility use cases, Tables A-1 to 

A-3 of the appendix offer an overview of the most rel-

evant documents for each country. 

The paper's final chapter is dedicated to comparing 

the three countries and discussing the implications 

resulting from our results. We highlight relevant dif-

ferences and similarities between countries and derive 

recommendations for actors - in particular manu-

facturers of HEMS, heat pumps or electric vehicles -

who want to enter European markets.  
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2.1 Germany 

2.1.1 Framework Conditions and History 

In line with EU regulations, Germany set its regulatory 

framework for developing smart meters in 2016 with 

the Act on the Digitization of the Energy Transition 

(GDEW), even though an economic impact study con-

ducted in 2013 did not recommend a mass rollout 

due to financial disadvantages [4]. The Federal Office 

for Information Security (BSI) was tasked with devel-

oping functional requirements for the German smart 

metering system (§ 19 MSBG).  

The German smart meter consists of a digital meter 

(mME) that replaces the old analogue meters, a BSI-

certified smart meter gateway (SMGW), which ena-

bles the interoperable, secure, and reliable data trans-

mission and adheres to the strict standards outlined 

in the BSI TR-03109, and an optional device which al-

lows the remote control of energy-producing or -con-

suming systems called CLS (Controllable Local Sys-

tem) [5]. This package is called the intelligent 

metering system (iMSys) and results from a decade-

long development cycle. As of April 2025, 14 TR-

03109 certified SMGWs are available, with nine certi-

fied within the last two years (Mai 2024 – April 2025), 

and the first approval issued in December 2021 [6]. 

Notably, the German metering market is organised as 

a competitive environment under § 5 MsbG. Metering 

operators (MSB) are a dedicated market role in Ger-

many. Consumers can choose between the basic me-

tering operator - who must adhere to regulated 

price limits - and competitive providers offering dif-

ferentiated services through individual contracts. This 

dual model seeks to balance price protection with in-

novation incentives, ensuring both consumer afforda-

bility and market-driven development in the metering 

sector. 

In 2023, the federal government released the Act on 

the Restart of the Digitisation of the Energy Transition 

amid its failure to meet its original rollout quotas [7]. 

As of late 2024, the smart meter rollout in Germany 

remains in its early stages, with only a small fraction 

of the total approximately 53 million metering points 

equipped with iMSys. Mandatory installations apply 

to consumers with annual electricity consumptions 

between 6,000 and 100,000 kWh or those operating 

controllable devices as defined under § 14a Energy In-

dustry Act (EnWG). Installations at around 4.6 million 

metering points, or about 9 % of the national total, 

are mandatory [8].  

Despite regulatory efforts, progress has been slow. 

For instance, Westnetz, a major distribution system 

operator and metering operator (part of the E.On 

group, which in total controls about 32 % of the Ger-

man distribution grid [9]), reported a rollout quota of 

just 1.6 % for their mandatory installation cases as of 

December 2024, while smaller actors like EVI Ener-

gieversorgung Hildesheim achieved quotas exceeding 

25 % [10]. The German Metering Point Operation Act 

(MsbG) stipulates that 20 % of mandatory installa-

tions should be completed by the end of 2025, in-

creasing to 90 % by 2032. However, as of December 

2024, 41.9 % of metering operators reported a rollout 

quota of 0.0 %, and half reported quotas below 0.4 %. 

These figures highlight the challenges faced in accel-

erating the deployment of smart metering infrastruc-

ture across the country [10]. 

To address consumer cost concerns while promoting 

nationwide adoption, the German legislator intro-

duced strict pricing regulations for smart metering 

services in an amendment to the MsbG as part of the 

2023 Act on the Restart of the Digitization of the En-

ergy Transition. The law establishes fixed annual price 

caps that depend on the type of installation. For man-

datory installations with a yearly energy consumption 

between 6.000 and 10.000 kWh, the maximum allowa-

ble fee is € 40 gross per year (§ 30 (1) No. 5 lit. b 

MsbG). This price cap for annual costs also applies to 

voluntary installations in low-consumption house-

holds (below 6,000 kWh/year) performed by the basic 

metering operator. Additionally, as of 2025, end users, 

who request a voluntary smart meter installation, are 

charged with a one-time fee of up to € 100 gross 

(§ 35 (1) MsbG).  

2.1.2 Architecture of the German iMSys 

The SMGW offers three interfaces. The local meteoro-

logical network (LMN) communicates with digital me-

ters. It can connect electricity meters as well as natural 

gas, water and thermal meters. The wide area network 

(WAN) offers a secure communication interface to 

third parties. The smart meter public key 

2 Implementation of demand-side flexibility 

use cases in Germany, France and the 

United Kingdom 
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infrastructure (SM-PKI) ensures IT security on this in-

terface. Over the home area network (HAN), the 

SMGW communicates with CLS devices, provides ser-

vice personnel with the necessary device configura-

tion access, and offers end users metering data via its 

HAN-API [5]. Using the setup depicted in Figure 1, 

many metering, local and grid- and system-serving 

use cases are possible and will be outlined in the fol-

lowing section. 

Local Interfaces 

In addition to the SMGWs interfaces, the mME fea-

tures a standardised interface to support secure and 

reliable data transfer within the iMSys. The primary in-

terface is an optical communication port compliant 

with DIN EN 62056-21 (formerly IEC 62056-21, Mode 

C), which enables local readouts by authorised per-

sonnel using handheld devices or readout tools [5].  

Additionally, when an mME is integrated into an intel-

ligent metering system as a measurement compo-

nent, it may be equipped with an RS-485 interface to 

facilitate communication with the SMGWs LMN. This 

interface supports bidirectional data exchange and 

allows the SMGW to retrieve consumption data se-

curely from the mME. These interfaces ensure that 

mMEs can fulfil regulatory requirements while re-

maining interoperable with other components of the 

smart grid infrastructure [5]. 

Interfaces to External Parties 

Using the info report functionality defined in the TR-

03109-1, third parties, if authorised, can receive a va-

riety of measurands. These measurands are combined 

into predefined sets known as tariff application 

cases (TAF) [5]. Grid operators, energy providers, and 

other authorised parties can use those datasets to 

monitor grid load, for billing, or other related services. 

The gateway administrator (GWA) is responsible for 

gatekeeping. He ensures only authorised parties can 

access the iMSys’ data via the SMGWs WAN interface, 

assists with administrating and configuring SMGWs, 

and provides monitoring, error handling, and other 

services [11]. The GWA is one of the roles of the MSB, 

which can be outsourced. 

Structuring of measurands  

Table 1 summarises measurands of relevant German 

TAF. The most basic billing-related TAF1 was de-

signed with privacy in mind and aims for a minimalist 

data transfer. In addition to electrical and thermal en-

ergy meter values, it can also transmit gas and water 

volumes. The transmitted data does not allow ad-

vanced analytics on user behaviour and substitutes 

the manual data transfer to the utility provider's bill-

ing and procurement departments. Multiple metering 

intervals (five-minute, 15-minute, and hourly) and 

transmission intervals can be configured, enabling 

time-of-use tariffs on electrical energy purchased or 

fed into the grid.  

 

iMSys

HEMS

PV Production

Authorized

Third Party

Energy 

Supplier
MSB/GWA

Flexibilities

Household

SMGW Digital 

Meter

DSO

  N

CLS

Meter Values

Control Command

Tariff/Billing Information 

or other Command

Connectee and 

Service Personell

 
 
N

  N

Authorized

Personell 

or Services

Figure 1: German iMSys architecture, status quo. Note the fact that the iMSys describes several devices. 
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TAF2-data is available in the house via the SMGWs 

HAN interface. TAF7 provides a 15- or 60-minute 

time series of metering data to enable more ad-

vanced use cases. In addition to the feed-in electrical 

energy, all TAF1's available meter values are sup-

ported. This data is also available at the HAN inter-

face. TAF6 allows ad-hoc requests of meter values. 

TAF8 returns a time series with a calculated power 

maximum from registering power meters (RLM), while 

TAF15 processes data provided by RLM meters [5].  

In addition to the billing-related functionalities de-

scribed above, TAF9, TAF10, and TAF14 provide fur-

ther metering services. With TAF9, iMSys can pro-

vide instantaneous power values to authorised third 

parties and local users. At the same time, TAF10 da-

tasets contain meter readings describing the current 

grid status, available to the grid operator and at the 

local interface. To allow for value-added services, 

TAF14 provides high-resolution meter values to all 

users granted access to the data by the connectee [5]. 

The associated OBIS codes explicitly define the rele-

vant measurement values for each TAF. For example, 

TAF2 primarily uses energy metering values and 

measurands for tariff-based energy readings, whereas 

TAF9 and TAF10 rely on instantaneous values like ac-

tive power, voltage, current, frequency, and phase an-

gles. TAF14 includes both energy and instantaneous 

values. According to TR-03109-1, the use of addi-

tional OBIS codes beyond those specified is generally 

not permitted. An explicit exception is TAF7, where 

the use of additional OBIS codes is allowed if these 

are clearly communicated through market communi-

cation [5]. A comprehensive list of the different me-

ters OBIS codes can be found in the Open Metering 

System Specification [12]. 

External control of local devices 

The CLS interface is a secured, logically separated 

communication channel within iMSys that facilitates 

the exchange of control commands between au-

thorised external market participants (EMT) and 

energy-consuming or -producing devices at the cus-

tomer’s site. According to the BSI specification, com-

munication is routed through the SMGW, ensuring 

both EMT authentication and integrity of transmitted 

messages. Access to the CLS channel is restricted and 

requires prior authorisation by the SMGW, which vali-

dates each connection attempt before enabling data 

exchange. Furthermore, the CLS proxy – connected 

via the SMGW’s Home Area Network (HAN) interface 

– serves as an intermediary to transmit control signals 

securely to downstream devices [13]. 

To address the increasing load on the electricity grid 

caused by the rising number of electric vehicles (EVs) 

and heat pumps, § 14a EnWG was introduced. This 

regulation enables distribution system operators to 

reduce specific flexible loads during critical grid situa-

tions. Through the iMSys infrastructure, DSOs can ac-

cess these flexible devices and transmit power lim-

itation commands using CLS communication 

channels, employing standards such as CLS.EEDI or 

IEC 61850, and forwarding instructions to the target 

devices via local protocols like EEBus.  

Table 1: Measurands for German TAF, excluding TAF8 and 15 relying on RLM data.  

Measurand TAF1 TAF2 TAF7 TAF9 TAF10 TAF14 

Active energy import/ex-

port 
✓ ✓ ✓   ✓ 

Tariff-based energy read-

ings 
 ✓ ✓    

Total active power    ✓ ✓ ✓ 

Active power per phase    ✓ ✓ ✓ 

Current per phase     ✓  

Frequency     ✓  

Phase angles     ✓  

Voltage per phase     ✓  

Reactive energy      ✓ 
 



 

 Technical Framework Conditions for Demand-Side Flexibility 11 

To initiate this process, the DSO requests the gateway 

administrator (GWA) to establish a secure channel to 

the SMGW. Once access is granted, the DSO can 

transmit commands directly through the secured 

communication link. The confidentiality of the pay-

load is maintained, as the GWA cannot inspect or in-

terpret the transmitted data contents [13].  

SMGW architecture in practice  

The unIT-e² project, particularly the Harmon-E system 

architecture, is a detailed technical demonstration of 

how the iMSys infrastructure can be implemented and 

operated2. The SMGW acted as a central communica-

tions unit, interfacing with external market actors via 

WAN and with local energy devices via LMN and HAN 

interfaces. The architecture utilised the SMGW’s ability 

to process and forward time-stamped measurement 

data, execute TAFs, and support secure remote pa-

rameterisation and control. Consumption control 

commands were transmitted via the CLS interface to 

local flexibilities such as EV charging infrastructure, 

enabling targeted load management. These technical 

components illustrate the iMSys's capability for pre-

cise data handling, cryptographic security, and in-

teroperability within a distributed smart grid environ-

ment [14]. 

2.1.3 Implementation of Demand-Side 

Flexibility Use Cases in Germany 

The iMSys supports a range of services critical to grid 

operation, such as monitoring, load control, integra-

tion of distributed resources, congestion manage-

ment, and tariff-based incentives. Grid monitoring 

and state estimation benefit significantly from the 

deployment of SMGWs. Through the acquisition of 

high-resolution measurement data, including voltage 

levels, load profiles, and frequency deviations, DSOs 

gain visibility into the distribution grid. This capability 

 
2 An interactive representation of this system architecture is availa-

ble online (https://sysarc.ffe.de/harmon-e), providing visual insight 

not only supports fault detection and preventive 

maintenance but also contributes to improved fore-

casting accuracy and more efficient grid planning, 

particularly in areas with high penetration of distrib-

uted energy resources [15]. 

External-signal use cases 

The capability of SMGWs to support congestion and 

voltage management in distribution grids is especially 

relevant for grid operators facing increasing variability 

in demand and supply. The iMSys contributes to these 

tasks by delivering real-time or near-real-time con-

sumption and generation data, which can be used 

to identify emerging grid bottlenecks and trigger 

control actions through flexible resources. This re-

duces the need for extensive grid reinforcement and 

improves the efficiency of existing infrastructure. 

In the domain of demand-side management (DSM) 

or demand response (DR), the iMSys facilitates re-

mote control of flexible loads via the CLS interface. 

This includes residential and commercial devices such 

as EV chargers, heat pumps, and storage units, which 

can be temporarily controlled under the strict regula-

tion of § 14a EnWG. As flexible consumption becomes 

more critical to balancing intermittent renewable en-

ergy generation, DSM enabled through the iMSys 

represents a cornerstone of future load management 

strategies [15]. 

Figure 2 depicts the architecture used for the 

§ 14a EnWG direct control of flexibilities. The DSO re-

ceives metering data from the digital meter via the 

SMGW and sends control commands via the SMGW’s 

secure communications channel to the CLS, which for-

wards the command to the flexibility. The energy sup-

plier receives billing data. An authorised third party or 

a HEMS is not required in this case. However, if 

into the detailed structure and data flows of the iMSys implementa-

tion in unIT-e². 

       

Authors’ reflections on the implementation of cloud-to-cloud demand side management solutions 

 s mentioned, Germany chose to make the use of the smart meter infrastructure mandatory for all grid-serving demand-

side flexibility use cases. Some actors even argue that all demand-side flexibility use cases should be implemented via the 

secure smart meter infrastructure.  

 hile the concern for the security of the energy system is valid, it should be noted that the control of assets, such as heat 

pumps, via the cloud can realistically not be forbidden, as it also is an important part of - already widely spread - smart 

home solutions. Based on this observation, we believe that more effort should be put into assuring the security of cloud-to-

cloud communications, while offering more flexibility in the possibility to control flexible assets for grid-serving use pur-

poses. Countries such as France and the UK explicitly allow cloud-to-cloud communication for the implementation of such 

use cases.  

  less stringent regulatory framework would likely facilitate the market entry of numerous Europeans actors in the German 

market, increasing the competition and accelerating the uptake of demand-side flexibility solutions, which would ultimately 

benefit both the customers and the energy system. 

 

https://sysarc.ffe.de/harmon-e
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multiple flexibilities are installed on-site, a HEMS can 

enable local use cases while simultaneously following 

DSO commands.  

Additionally, SMGWs facilitate the implementation of 

dynamic pricing models. Timestamping energy con-

sumption and generation data enables energy suppli-

ers to offer variable tariffs based on time-of-use or 

real-time market prices. This incentivises consumers 

to shift their demand to off-peak periods and en-

hances grid stability by aligning consumption with 

generation [16]. 

Real-world experiences 

These use cases are not merely theoretical but have 

been evaluated in real-world pilot projects and re-

search initiatives. One of the first examples is the 

C/sells project, conducted as part of the SINTEG pro-

gram. The SMGW was used to implement real-time 

control and data exchange with these entities, ena-

bling active participation in energy markets and local 

grid stabilisation [17]. Another relevant initiative is the 

WARAN project, which demonstrated the grid-serving 

operation of heat supply systems. By controlling heat 

pumps and other thermal devices through the SMGW 

infrastructure, the project contributed to the coupling 

of the electricity and heating sectors in a way that 

supports overall grid flexibility [18]. However, one 

large initiative developing, implementing and testing 

use cases for the German smart meter infrastructure, 

the unIT-e² project, was conducted recently. Multiple 

different system architectures for various needs have 

been thoroughly tested in comprehensive field trials. 

The studies conducted confirm the technical feasibil-

ity and robustness of SMGWs as a unified interface 

between grid operators and flexible consumers or 

producer assets [16]. 

Local use cases 

Besides the above-mentioned mostly grid and system 

serving use cases, the iMSys architecture unlocks lo-

cal use cases. The most prominent one is self-con-

sumption optimisation, where metering data, pro-

vided by the iMSys, is used by a HEMS to schedule 

the energy consumption of local flexibilities, such as 

EVs or heat pumps, based on the current energy pro-

duction of on-site PV systems. The goal is to minimise 

the energy drawn from and feed into the grid from 

local production while maximising the use of locally 

produced energy.  

Figure 3 shows an example where the HEMS is used 

to generate control commands and sends them di-

rectly to the flexibilities. In this case the SMGW’s WAN 

interface is used to send consumption data for billing 

to the energy supplier. The DSO or other authorised 

third parties are not involved in this setup. The same 

setup can also be used to implement peak-shaving 

or other “behind-the-meter” - i.e. local - use cases. 
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Figure 2: iMSys architecture for § 14a EnWG direct controlled flexibilities. 
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2.2 France 

2.2.1 Framework Conditions and History 

In France, the DSO Enedis is responsible for more 

than 95% of customers, for which it also handles me-

tering, regardless of the type of metering infrastruc-

ture. As a result, implementing the European law 

regarding smart meters was relatively straightfor-

ward for the French government and the French 

Energy Regulatory Commission (CRE, Commission 

de Régulation de l’Énergie). Enedis was mandated to 

develop and deploy a smart meter infrastructure for 

its customers.  

The so-called “Linky” was developed and tested from 

2009 to 2012, with the actual rollout occurring be-

tween 2014 and 2021. Enedis was assisted in the de-

velopment of the Linky by a consortium composed of 

hardware manufacturers Landis+Gyr, Itron, and 

Ikraemeco, as well as software developer Trialog. The 

over 100 other French DSOs - which all have negligi-

ble market shares - are still in the process of rolling 

out smart meters for their customers. Generally, this 

roll-out started in 2021 and is supposed to be com-

pleted by 2027. All DSOs use the Linky, developed by 

Enedis [19]. 

The Linky is a single device that combines a metering 

and communication unit, replacing the previous ana-

logue meters. Enedis completed the rollout of the 

Linky in 2021, with approximately 90 % of the 

37 million French customers equipped with a 

smart meter. The complete development and rollout 

of the Linky cost around € 4 billion (or approx. € 120 

per meter), paid for by all consumers via an adjust-

ment of the grid fees. The Linky was developed pri-

marily to reduce costs associated with metering oper-

ations [20] – mainly the workforce to manually read 

the meters, and fraud through meter-tampering and 

technical disfunctions. As of 2025, it is considered that 

Enedis saves around € 350 million annually, leading to 

reduced grid fees for end consumers. Starting in Au-

gust 2025, the few customers who refused to be 

equipped with a Linky will be charged an extra fee for 

the metering operation of € 63 per year [20]. 

Additionally, the Linky offers functionalities that are 

tailored to the needs of the French energy system 

and the priorities of its actors. The historical preva-

lence of nuclear power in particular has led to time-

of-use tariffs being common, as are electric space 

heaters and electric water heaters. Even before the 

Linky rollout, it was common to have two analogue 

meters and a relay-activated electric water heater, to 

benefit from abundant nuclear electricity during the 

night. 

2.2.2 Architecture of the French Linky 

Metering functionalities 

The Linky has been developed with these framework 

conditions in mind and is meant to offer more flexibil-

ity to design time-of-use tariffs and to be able to 
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Figure 3: iMSys architecture for locally controlled flexibilities. 
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automatically activate hot-water production. More 

precisely, Linky is a modern metering device, that can 

measure electricity in up to ten virtual meters, based 

on the time of consumption. Additionally, the infor-

mation about which tariff is currently active is accessi-

ble in the household, both via a relay (contact sec) and 

via a digital interface, called the TIC-interface.  

The timeslots corresponding to the “virtual meters” 

are part of the customers electricity contract and can 

be adjusted remotely on the Linky by the DSO. Addi-

tionally, all residential consumers in France have a 

maximal connection power as part of their electricity 

contract. The price they pay for their grid connection 

is dependent on their energy consumption and their 

connection power. Historically, this connection power 

was enforced via a fuse at the connection point. The 

Linky was developed to act as a “virtual fuse”: if 

the maximal power is reached, the whole household is 

disconnected from the grid. To reconnect it, pressing 

a button on the Linky is required. The network con-

nection power can be adjusted instantly and remotely 

on the Linky by the DSO. 

At predetermined dates, outlined in the energy con-

tract, Linky sends measurement data to the DSO, who 

then transmits it to the electricity supplier, which sub-

sequently sends the corresponding invoice to the cus-

tomer. The transmission of information occurs via 

power line communication (PLC) to the nearest trans-

former, where data from several smart meters is ag-

gregated and sent to the DSO via LTE, as illustrated in 

Figure 4 and Figure 5. 

Depending on the size of the household and the an-

ticipated connection power, two types of Linky me-

ters have been installed. For small households with a 

capacity below 12 kW, single-phase Linkys are 

installed ( inky monophasé), while larger households, 

or households with a roof-photovoltaic panel, are 

equipped with three-phases Linkys ( inky triphasé), 

fit for capacities up to 36 kW. The Linky triphasé 

makes it possible to measure the power of all three 

phases, allowing a distinction to be made between 

consumption and PV generation, as photovoltaic pan-

els are always installed on a separate phase than the 

rest of the household. All other functionalities are 

identical between both types of Linkys.  

Based on the hour, the power is integrated into en-

ergy readings in each “virtual meter”. By default, Linky 

sends the consumption per tariff level only once a 

month to the DSO (which transmits it to the energy 

supplier). Alternatively, the Linky can send its load 

profile aggregated into hourly energy consump-

tions on a daily basis. This enables the implementa-

tion of dynamic tariffs. Additionally, customers can 

give their consent for the data to be transmitted to 

third parties by the DSO. A concrete use case for this 

could be a battery provider, who can use this infor-

mation to properly dimension the customer’s battery. 

No real-time information can be transmitted to 

external parties via the Linky’s PLC/LTE interface.  

The Linky measures neither the frequency nor the 

phase difference, which could be relevant for grid 

monitoring purposes. Enedis made the choice to 

monitor these at transformer level and accordingly 

digitalized all its transformers [21].  

Transmission of consumption commands via Linky 

The communication from outside parties to the Linky 

is limited. More precisely, the DSO can send configu-

ration information to the Linky via the same connec-

tion (LTE and PLC). This information includes software 

updates and details regarding the customer's contract 
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Figure 4: Architecture of flexibility use cases in France, based on the Linky smart meter. 
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(e.g., the times corresponding to the different tariff 

levels). Depending on the customer’s contract, expen-

sive timeslots can be announced and configured by 

the energy supplier (via the DSO) as close as 30 

minutes in advance. Furthermore, the DSO can, tech-

nically speaking, directly control the relay contact via 

the Linky. However, this is not allowed by default. In 

rare occurrences, Enedis has been authorized by the 

French government to use this functionality to reduce 

the stress on the network [22]. 

Furthermore, the Linky theoretically offers the possi-

bility to control seven “virtual relays”. Here too, 

the DSO can in theory control the activation of assets 

connected to these virtual relays if the network de-

mands it. This is, however, also not implemented in 

the French law, despite it being a functionality of the 

Linky. The state of these virtual relays is accessible via 

the TIC-Interface. Flexible assets connected to the 

Linky via the TIC-Interface could thus access this in-

formation and react to demands of the DSO [23], [24]. 

The control of each relay is purely binary. Limiting 

the consumption of assets or the household to a 

specific amount for a certain period is not possible 

via the Linky, nor is it possible to dynamically com-

municate spot-market price information to the cus-

tomer. 

All exchanges taking place between the DSO and the 

Linky are encrypted and fulfil the cybersecurity re-

quirements set by the EU and CEN/CENELEC/ETSI [1]. 

2.2.3 Implementation of Demand-Side 

Flexibility Use Cases in France 

Enedis considers that the strict implementation of 

time-of-use tariffs and maximum connection power 

sets sufficient incentives for a grid-serving or at least 

grid-compatible consumption [25]. Moreover, the 

Linky allows energy suppliers to set expensive time 

slots with one day’s notice, to set spot-market 

oriented incentives to shift consumption (contrats à 

pointe mobile ou à engagement d’effacement). 

As mentioned, the Linky could, in theory, be used to 

switch flexible assets on and off, based not only on 

tariffs, but also on commands of the DSO (and by ex-

tension of other actors of the energy sector, via the 

DSO). This is, however, not used in practice, except as 

mentioned for the boilers on specific occasions, with 

the authorization of the CRE. 

The TSO RTE typically publishes calls for tenders for 

the participation in capacity mechanisms or bal-

ancing services [26]. These calls are in particular 

open to aggregators, which must demonstrate that 

they offer sufficient precision in the control and the 

metering of their assets. Voltalis (heating) and DREEV 

(bidirectional-charging) are examples of aggregators 

participating in primary frequency response. 

This process takes place bilaterally, under the discre-

tion of RTE and does not require the use of Linky. 

Concretely, the command can be triggered locally, via 

a dedicated frequency measurement system, or trans-

mitted via the cloud from the aggregator to the flexi-

ble load, depending on the requirements of RTE. The 

proof of activation can then be derived from a dedi-

cated measuring device or directly from meters inte-

grated in the asset and are, again, transmitted to RTE 

independently of the Linky. Data from the Linky can 

be used ex-post to verify the measurements. The cen-

tral point is here, again, that the requirements are set 

by the buyer of the flexibility (RTE or Enedis) rather 

than by the regulator.  

Enedis does currently work preferentially with indus-

trial flexibilities or large battery storage systems. The 

direct control of assets, or the collaboration with ag-

gregators to use consumers' flexible loads in grid-

serving use cases, are both theoretically possible. 

     

 Authors’ reflections on consumption management via Linky 

In the current system, the 1+7 relays of the  inky are thought of as on/off switches for up to 8 (individual) appliances.  

In practice, the physical relay is used for water boilers, while the 7 virtual relays are not used.  e see two ways, how the ex-

isting  inky infrastructure could be used differently in the future, if the need is identified: 

First, Enedis and asset manufacturers could agree on the fact that the signal sent via the virtual relays should trigger a re-

duction of consumption to a predetermined value (analogue to § 14a En G in Germany), rather than a complete switch-off. 

Second, one could, in theory, use the 8 bits corresponding to the 7 virtual relays and the physical relay, to encode somewhat 

more complex information, that could be read directly by flexible assets or a  E S.  

Critically, one should keep in mind that these solutions currently don’t seem to be needed in France and are thus not dis-

cussed.  
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Alternatively, the TIC-interface can be used to feed in-

formation to intelligent assets, such as heat pumps, 

wallboxes or HEMS. The TIC-Interface communicates 

with the EURIDIS Protocol, based on ZigBee. A list of 

the exact communication and protocols is available in 

[23]. A recent whitepaper [27] published by Enedis 

and the EEBUS Initiative explores the possibility to 

map information of the TIC-Interface directly into 

the EEBUS-protocol and its standardised demand-

side management use cases [28]. Such a product 

would offer a significant step towards European in-

teroperability. 

The TIC-interfaces exports measurands of the Linky 

continuously, with approximately one measurement 

every 2 seconds. It also exports the information re-

garding the current and upcoming tariffs, such that a 

local optimisation of the consumption can be im-

plemented.  

The Linky can also be used to implement self-con-

sumption optimisation use cases, as it can measure 

the PV-production separately from the network con-

sumption. The information about the current produc-

tion, as well as all other relevant measurands, is ac-

cessible via the digital interface TIC. Adapters exist to 

connect water-boilers to the TIC-interface, such that 

they are activated preferentially during time of PV-

production, or alternatively during cheap timeslots. 

The use of a HEMS is currently not very common in 

France, but it is likely that it will become more rele-

vant, both in combination with PV-self-production 

and with EV, to make sure that the maximal network 

connection power is not exceeded. 

2.3 United Kingdom 

2.3.1 Framework Conditions and History 

The government first announced its intention to roll 

out gas and electricity smart meters to all households 

in 2008. The primary strategic goal for rolling out 

smart meters in the UK was to create a clean, reliable, 

and affordable energy system. By enabling bi-direc-

tional communication between smart meters and en-

ergy suppliers, the objective was to automate the 

transmission of consumption data and establish a 

foundation for a smart energy system. Making an in-

home display available to customers aimed at en-

hancing consumer awareness regarding their electric-

ity bills, to stimulate competition among energy sup-

pliers and encourage customers to reduce their 

energy usage [29].  

It was decided that a centralized Data and Commu-

nication Company (DCC) would provide the data and 

communication services, but its license was awarded 

only in 2013, after the rollout had already begun.  

The rollout plan was initially divided into two phases. 

The first phase involved deploying meters with mini-

mum requirements and basic functions (SMETS1 [30]), 

while the second phase focused on the main rollout of 

the more advanced smart meter generation (SMETS2 

[31]). The SMETS1 generation was considered a transi-

tional technology and the rollout speed was prioritized 

over standardisation. During the SMETS1 rollout, which 

coincided with the development of the DCC communi-

cation infrastructure, energy suppliers relied on their 

own proprietary communication systems. This lack of 

interoperability meant that a smart meter could lose its 

communication capability when switching suppliers.  
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Figure 5: Focus on the interfaces of the Linky. 
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Beginning at the end of 2017, SMETS2 meters were 

rolled out, which are fully interoperable thanks to 

standardised requirements and technical specifications, 

along with their connection to the DCC infrastructure. 

Additionally, SMETS1 meters can typically be upgraded 

to meet SMETS2 standards. 

Energy suppliers in the UK are responsible for the 

rollout of smart meters, which they are required to 

offer to all households by the end of 2025 [32]. Cus-

tomers can, however, refuse this service. As of the end 

of 2024, the installation of smart meters in domestic 

properties had reached 60 % [33]. The non-profit or-

ganization Smart Energy GB is tasked with promoting 

consumer engagement regarding smart meters, work-

ing independently of the government and energy sup-

pliers by providing information on the benefits and 

functionality of these devices [34].  

The installation and use of smart meters does not 

incur any additional costs for consumers. Instead, 

any associated costs are distributed among all con-

sumers through a levy, similar to previous practices 

with traditional meters. 

A cross-sectoral digitalised energy system is consid-

ered essential for achieving a cost-efficient transition 

to a renewable clean energy-driven power system in 

the UK [35]. The government has commissioned an 

energy system digitalization task force to develop a 

transformation plan. One of the key components of 

this work is the design of a common data-sharing 

infrastructure (DSI). This infrastructure aims to facili-

tate secure and efficient data communication be-

tween various entities in the energy sector, enabling 

better utilization of flexibility.  

Significant efforts are being made to leverage de-

mand-side flexibility, allowing small-scale flexibility to 

be traded on energy markets, including from house-

hold customers. The Demand Flexibility Service pro-

vided by the independent system planner NESO al-

lows households to receive payment when they 

reduce or postpone their energy consumption in re-

sponse to a signal from a demand flexibility operator. 

To participate, households must have a smart meter 

that sends consumption data every half hour, which is 

necessary to verify successful participation in a De-

mand Flexibility Service event [36].  

Typically, a service provider manages the aggregation 

of this small-scale flexibility and handles trading on 

the energy markets. Load control can be imple-

mented both via the smart meter infrastructure and 

without the involvement of the smart meter. The utili-

sation of a large part of time-of-use tariffs requires 

measurement data recording and automatic commu-

nication to the electricity supplier via a smart meter 

[37]. 

2.3.2 UK's Smart Meter Architecture and 

role of the DCC  

The smart meter infrastructure in the UK consists of 

an electricity meter and optionally a gas meter, both 

connected to a communications hub. This hub man-

ages communication with external parties through a 

Wide Area Network (WAN) and facilitates communi-

cation within the household via a Home Area Network 

(HAN), as illustrated in Figure 6. 

The technical requirements and functional capabilities 

of physical smart meter devices can be found in the 

Smart Metering Equipment Technical Specifications 

(SMETS2 [38]), except for the communications hub 

specification [39]. The standardized communication 

pathways are defined in the Great Britain Companion 

Specification (GBCS [40]). The rights and obligations 

of parties wishing to operate within the smart meter 

system are specified in the Smart Energy Code (SEC). 

This code requires Data Communications Companies 

(DCCs), DSOs, energy suppliers, and any other entities 

that wish to use the smart meter infrastructure to be-

come contractual partners of the SEC. As such, they 

must adhere to its regulations [40]. 

Wide Area Network (WAN)  

The company DCC is responsible for transmitting data 

from smart meters to external parties and providing 

the necessary infrastructure for this process. To facili-

tate data communication, DCC supplies the commu-

nication hubs installed alongside the smart me-

ters. They transmit encrypted data packets to DCC 

servers via a Wide Area Network (WAN) and subse-

quently forward them to third parties, such as energy 

suppliers, DSOs or Service Providers. DCC’s service 

can be categorized as a data hub, as it only forwards 

the data packets to their intended recipients without 

reading, processing or storing them.  

DCC cooperates with various communications service 

providers in the north and south regions, utilising dif-

ferent communication technologies. In Scotland and 

the north of England, data is transmitted through Ar-

quiva's Long-Range Radio Communication (LRR) net-

work. Meanwhile, in the rest of England and Wales, 

the existing cellular radio communications network, 

enhanced by mesh technology in areas with poor 

connectivity, is provided by Virgin Media O2 [41]. 
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Home Area Network (HAN)  

Within a household, the components of the smart 

meter infrastructure communicate with the Communi-

cations Hub via the Home Area Network (HAN) and 

the Zigbee protocol. This infrastructure includes not 

only the gas and electricity meters but also the in-

home display offered to every customer.  

Loads can be managed through an Auxiliary Load 

Control Switch (ALCS), which can turn a circuit on or 

off. This switch is installed in the meter to control an 

additional circuit but can also function as a Home 

Area Network Connected Auxiliary Load Control 

Switch (HCALCS) to specifically manage power con-

sumption of an asset.  

Alternatively, load management can be achieved with 

an Auxiliary Proportional Controller (APC), which 

modulates loads and manages them proportionally to 

their power usage, still ensuring power supply [42]. A 

Home Energy Management System (HEMS) can be 

connected to the interface for consumer access de-

vices (CAD) to optimize the consumer's energy usage 

[43]. 

Measurement data 

The SMETS2 specification categorizes smart meter 

equipment into three types: Single Element, Twin Ele-

ment, and Polyphase Element Electricity Metering 

Equipment. Since the majority of households in the 

UK are connected to a single phase, Single Element 

Metering Equipment is typically installed in these 

homes. If a household requires separate 

measurements for two different electricity circuits, 

Twin Element Metering Equipment is used. Polyphase 

Metering Equipment is necessary for households with 

a multi-phase electrical connection. 

Every smart metering equipment for electricity 

measures and records the total active and reactive 

electricity imported and exported at the grid connec-

tion point every 30-minute period. This measurement 

data is sufficient for the compensation of electricity 

produced under the Smart Export Guarantee. How-

ever, the smart meter cannot track the electricity gen-

erated within the household that is not fed back into 

the grid due to self-consumption. The SMETS record 

in the ‘operational data’ sections which measured val-

ues are collected for each type of smart meter equip-

ment. 

DSOs may process aggregated smart meter con-

sumption data from metering points within their net-

work area in order to optimise their expansion plans, 

among other aspects. Without authorisation by the 

customer and without a licence, only data that reflects 

cumulative consumption over at least one month may 

be used  [44]. In order to use more granular data, cus-

tomer consent must be obtained, and a procedure 

must be implemented to anonymise data from cus-

tomers which concern a period of less than one 

month [45]. To do this, the network operator must 

submit a data privacy plan which must be approved 

by Ofgem [46]. 
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2.3.3 Implementation of Demand-Side 

Flexibility Use Cases in the UK 

In the UK, there are two main communication chan-

nels for activating household demand-side flexibility. 

Market participants can either access this flexibility 

through the regulated infrastructure of smart me-

ters or use proprietary systems that do not involve 

smart meters, such as cloud-based applications. 

The British Standards Institution (BSI) has teamed up 

with the government and industry stakeholders to de-

velop Publicly Available Specifications (PAS). These 

specifications focus on the architecture and activation 

of demand-side flexibility of energy smart appliances. 

They establish open market standards for manufac-

turers and flexibility service providers who operate 

outside the smart meter system [46].  

Demand-Side Flexibility Operation: PAS Standard 

for energy smart appliances 

The term Energy Smart Appliance" (ESA) refers to a 

system within a consumer's premises that can com-

municate and automatically adjust its electricity con-

sumption in response to signals. [42]. An entity that 

seeks to retrieve flexibility from ESAs on behalf of a 

regulated market participant is known as a Demand-

Side Response Service Provider (DSRSP).  

A Customer Energy Manager (CEM) serves as an in-

termediary between an ESA, the consumer, and the 

service provider. In this role, the CEM creates a stand-

ardized interface for the service provider and refor-

mats or transcodes messages from the ESA before 

forwarding them. A CEM can connect to multiple ESAs 

within a property, aggregating their information flows 

to send to the service provider. However, a CEM 

should only be connected to one service provider at a 

time. The CEM can take various forms, such as being 

integrated into the ESA, through a physical device, as 

a cloud-based software, or as part of the smart meter 

system [41].  

The ESA communicates its flexibility potential to 

the DSRSP via the CEM., as illustrated in Figure 7. 

The DSRSP uses this information to maintain an up-

to-date portfolio of flexibility options. When a market 

player requests a flexibility service, the DSRSP acti-

vates the corresponding offers from the ESAs in its 

portfolio. The ESA then implements the requested 

service change and reports its service utilization dur-

ing the specified period. This enables the DSRSP to 

provide the market player with aggregated flexibility 

verification [47].  

Demand-Side Flexibility Operation via Smart 

Meter Infrastructure 

It is not necessary to involve the smart metering sys-

tem to retrieve flexibility from ESAs, but the process is 

designed to be fully interoperable with it.  

When the smart meter infrastructure is used, infor-

mation is not communicated directly between the 

CEM and the DSRSP but is sent from the CEM to the 

service provider via the smart meter and the DCC 

service, as illustrated in Figure 8. This requires the 

smart meter for electricity to be connected to an 

Auxiliary Proportional Controller (APC), which is 

used to modulate the consumption of the asset.  
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This functionality can be integrated either as part of 

the smart metering equipment itself or as a 

standalone device known as a Standalone Auxiliary 

Proportional Controller (SAPC). Alternatively, the APC 

can be included in a Consumer Energy Manager 

(CEM) if it is designed as a physical device within the 

household.  

However, in this case, the CEM must be approved and 

certified by the Data Communication Company (DCC), 

which presents a significant hurdle. In any case, the 

prerequisite for modulated control of power con-

sumption is that the ESA has an APC interface, mean-

ing a Zigbee SE interface [42]. 

Furthermore, the Electricity Smart Meter Equipment 

features an Auxiliary Load Control Switch interface, 

which can be used to turn the power consumption of 

a system on or off but isn't able to modulate the con-

sumption. 

In-Home Smart Meter Display  

The In-Home Display (IHD) enables users to monitor 

their energy consumption in nearly real-time, with a 

delay of just 10 seconds. It also features a prepay-

ment option that allows users to pay for their energy 

usage. Energy suppliers provide various models of 

IHDs. However, all devices must display essential in-

formation, including current energy consumption (in 

kWh), current tariff costs, and cumulative costs for the 

current day, week, and month. Additionally, they 

should show historical energy consumption data for 

the previous day, week, month, and year. 

Energy suppliers can send notifications to their cus-

tomers through the device if they have a SMETS2 me-

ter. The data displayed is transmitted from market 

players to the communications hub via the DCC infra-

structure. Within the household information is com-

municated through the Home Area Network (HAN) 

using the Zigbee protocol and is visualized on the 

display. The technical and functional specifications for 

in-home displays are defined in the SMETS specifica-

tions. 

Home Energy Management System (HEMS) 

Typical use cases for HEMS in residential settings in-

clude generating data analyses for users and manag-

ing electricity consumption to optimize self-con-

sumption or to align consumption with time-of-

use tariffs. In these scenarios, a HEMS can gain read 

access to consumption data or tariff information 

through the smart meter's Consumer Access Device 

(CAD) interface.  

Additionally, HEMS can facilitate load control for de-

mand-side flexibility. When using the PAS standard 

for load control without involving the smart meter, 

the Control Energy Management (CEM) can be easily 

integrated as a component of the HEMS. For load 

control that utilizes the smart meter infrastructure, the 

HEMS could technically serve as an Advanced Power 

Controller (APC). However, this would require the nec-

essary DCC certification and approval. 
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Figure 8: Load control via smart meter infrastructure (APC-Interface). 
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Our in-depth analysis of the smart meter infra-

structure of Germany, France and the UK shows 

both vast differences and remarkable similari-

ties, which are summarised in the following 

sections. 

3.1 Significantly different approaches 
to the role of the metering 
operator 

The way actors in the energy system interact with the 

smart meter infrastructure - and with each other - to 

implement grid- and system-serving use cases differs 

between countries. A striking difference concerns 

the responsibility of the metering infrastructure:  

• In Germany, metering operation is a dedicated 

market role (MSB), open for competition  

• In France, the DSO is responsible for metering 

• In the UK, metering is the responsibility of the en-

ergy supplier 

France, in particular, took advantage of this organisa-

tion and of the quasi-monopolistic situation of Ene-

dis: the Linky was developed and deployed rapidly, 

with large economies of scale. On the other end of 

the spectrum, Germany currently faces major difficul-

ties to synchronise the more than 800 MSBs.  

In France, Enedis effectively acts as a data hub for all 

actors in the energy sector. The UK rapidly came to 

the conclusion that such a data hub was necessary to 

simplify the interaction between actors of the energy 

system and introduced the DCC, which enables a 

standardized access to metering data for every au-

thorized third party. In Germany, it was decided that 

the metering data are standardized products (TAF), 

but each actor of the energy system has to order 

those from each of the more than 800 MSBs.  

3.2 Differences in approaches to 
cybersecurity and in solutions for 
demand-side management 

While all three smart meter architectures are compli-

ant with the recommendations of CEN/CENELEC/ETSI 

in terms of cybersecurity, German actors consider 

that smart meters and flexible assets are a matter of 

national security and have placed cybersecurity as 

their highest priority. If a large number of flexible 

loads are switched on or off simultaneously by hack-

ers, this could lead to a collapse of the energy system. 

To avoid this, §§ 19 and 34 MsbG dictate that all con-

sumption commands originating from the DSO have 

to be sent via the Smart Meter Gateway.  

According to § 14a EnWG, all flexible loads have to be 

able to respond to demand-side management signals 

from the DSO sent via the SMGW. Furthermore, the 

demand-side management performed by the DSO is 

a dimming of the flexible load to a target power. This 

means that a digital interface between SMGW and 

flexible loads had to be developed and standardized 

before the smart meter rollout could begin. 

This contrasts with the path chosen by France and 

the UK, where metering functions and remote read-

ing were the main motivation for the rollout. In partic-

ular, no standardized, digital interface for demand-

side management via the smart meter was developed 

and, most importantly, flexible assets can be con-

trolled by third parties via the cloud, regardless of the 

origin of the command. 

3.3 Similar Metering functionalities 
but different communication 
interfaces 

In terms of metering, the three smart meters are quite 

similar, and differences mostly occur in the access to 

the data. Inside the household, all three smart me-

ters provide nearly real-time datapoints, which are 

sufficient to implement the relevant demand-side 

flexibility use cases peak-shaving, consumption-opti-

misation within known dynamic or time-of-use tariffs 

and self-consumption optimization. All smart meters 

can feed the relevant data-points to flexible assets 

or HEMS via a local interface in almost real-time.  

The role of the smart meters for grid-monitoring 

purposes differs: in Germany, the iMSys will play a 

significant role in the (real-time) monitoring of load 

and frequency in distribution grids, whereas this is not 

really possible in France and the UK.  

Another important difference between the smart me-

ters concerns their rate of communication. The 

3 Conclusion 



 

 Technical Framework Conditions for Demand-Side Flexibility 22 

German SMGW functions with LTE, which allows im-

portant data exchanges. On the other hand, France 

(PLC) faces important limitations in the number of 

data points that can be communicated by the smart 

meter to the energy system. This also has a conse-

quence on the nature of dynamic tariffs which can be 

implemented with them. In France, dynamic tariffs can 

be offered on a 1-hour basis, in the UK, every 30-

minutes. In Germany, dynamic tariffs are offered on a 

15-minute basis, but the smart meter infrastructure 

would support significantly shorter time intervals (for 

instance one minute).  

While this is not identified as a short time perspective 

by the national actors, it should be noted that the 

German iMSys is the only system which could support 

a near real-time pricing of electricity. 

3.4 Recommendations for actors of 
the energy sector 

Relevance of a functioning data-hub 

Our first recommendation is aimed at the German en-

ergy system and its actors. An easy access to smart 

meter data is a prerequisite to unlock the poten-

tial of this (expensive) infrastructure. Currently, a 

large number of MSB has to adapt their IT- and busi-

ness processes to be able to transmit smart meter 

data to other actors. This constitutes a bottleneck for 

the German smart meter rollout. 

We believe that a centralised data-hub for smart 

meter data could reduce the workload for the MSB 

as well as for users of the data, accelerating both the 

smart meter rollout and the uptake of flexibility solu-

tions requiring smart meter data. 

The role of smart meters for sector coupling 

The French Linky combines a metering and a commu-

nication unit. While this reduced the complexity dur-

ing the rollout, the solution used in the UK and in 

Germany, with a communication unit that can be 

connected to several meters, offers advantages.  

In particular, the sector coupling between electricity 

and district heat will become increasingly important. 

The strategic use of district heat in times of low avail-

able electricity (and conversely) could be a powerful 

solution to further flexibilise electricity consumption. 

The German smart meter infrastructure is modular 

and can be used for such applications, as currently 

demonstrated, for instance, in the research project 

WARAN [18]. 

German actors should keep in mind, that other 

countries have paved other paths 

The German § 14a EnWG puts manufacturers of flexi-

ble assets (heatpumps, wallboxes, etc.) in the  

 

     

 Authors’ reflections on the smart meter as an example for different approaches to innovation 

The smart meter rollout was handled very differently in all three countries.  

Noticeably, Germany spent many years developing an all-encompassing solution.  hile this solution might indeed have 

the advantage of enabling all possible use cases regarding demand-side flexibility, this method offers the drawback that sev-

eral low-hanging fruits in terms of demand-side flexibility, such as time-of-use or dynamic tariffs, can currently not be lever-

aged because of the insufficient number of smart meters.  

France took the approach to develop a smart meter offering immediate benefits. The  inky infrastructure pays for itself 

through the reduced costs associated to meter readings. This increased the acceptance and enabled a rapid rollout. 

The path followed by the UK is interesting and quite opposed to the German one.   few strategic targets were defined by 

the government, but technical standards were implemented only after the rollout began, based on first real-world experi-

ences. This approach has the advantage that things move rapidly, as demonstrated by the fact that the UK was at the Euro-

pean forefront in terms of smart meter deployment in the early 2010s and is now, again, a leading market for demand-side 

flexibility solutions.  

 owever, it also comes at the cost of possibly needing to replace existing but unsatisfactory solutions. This is exemplified by 

the necessity to replace S ETS1 smart meters by S ETS2 meters after only a few years, or by the fact that communication 

hubs, which currently function using 2G/3G cellular and mesh technology or long-range radio are to be replaced by 4G hubs 

in the summer 2025. Fortunately, the British smart meter offers a good modularity, facilitating such regular evolutions. The 

evolution from S ETS1 to S ETS2 was for instance, in most cases, a mere software update. 

 e believe that a middle ground between the German foresight, the British speed and agility of implementation and the 

French focus on a certain short-term return on investment is the sweet spot for rapid, yet futureproof innovation.  
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obligation of developing systems that are interop-

erable with the SMGW and able to process consump-

tion commands. Other countries tend to allow a wider 

variety of solutions and in particular cloud-to-cloud 

solutions. There is a risk that the existing German reg-

ulation will reduce the willingness of foreign manu-

facturers to enter the German market and increase 

the price of German products on foreign markets, as 

they might be technically more complex than their 

competitors. 

Local use cases should be easy to standardise: 

manufacturers should take the leap to European 

markets 

The data for the implementation of local flexibility use 

cases is available in all countries via the local interface 

of the smart meter. In particular, we believe that man-

ufacturers of HEMS have a chance to expand their 

markets relatively easily. While the interfaces are not 

the same between countries, they are all thoroughly 

described in the relevant documents.  

We believe that the additional development re-

quired to enter new markets is comparatively 

small. The joint effort of Enedis and the EEBUS initia-

tive to map the Linky’s TIC-protocol to the EEBUS-

protocol [23] is a recent very positive development 

regarding international interoperability and should be 

replicated in other member states. 
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mittee for Electrotechnical Standardization 

CRE Commission de Régulation de l’Énergie (French Energy Regulatory Com-

mission) 

DCC Data and Communication Company 

DSO Distribution System Operator 

DR Demand Response 

DSRSP Demand-Side Response Service Provider 

EC European Commission 

EnWG Energiewirtschaftsgesetz (German Energy Industry Act) 

ESA Energy Smart Appliance 

ETSI European Telecommunications Standards Institute 

EU European Union 

EV Electric Vehicle 

FfE Forschungsstelle für Energiewirtschaft e.V. 

GBCS Great Britain Companion Specification 

GWA Gateway Administrator 

HAN Home Area Network 

HEMS Home Energy Management System 

IHD In-Home Display 

iMSys Intelligentes Messsystem (Intelligent Metering System) 

LMN Local Metrological Network 

LTE Long-Term Evolution (mobile communication standard) 

mME Moderne Messeinrichtung (Modern Metering Device) 

MSB Messstellenbetreiber (Metering Service Provider) 

MsbG Messstellenbetriebsgesetz (Metering Point Operation Act) 

Abbreviations 
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OBIS Object Identification System 

PAS Publicly Available Specification 

PLC Power Line Communication 

PV Photovoltaic 

RLM Registering Load Meter 

SAPC Standalone Auxiliary Proportional Controller 

SEC Smart Energy Code 

SMETS Smart Metering Equipment Technical Specifications 

SMGW Smart Meter Gateway 

SM-PKI Smart Meter Public Key Infrastructure 

TAF Tariff Application Function 

TIC Télé-Information Client (Customer Tele-information Interface) 

ToU Time of Use 

TR Technische Richtlinie (Technical Guideline) 

TSO Transmission System Operator 

WAN Wide Area Network 
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To assist in getting started with the national regulation’s implementation for the German, 

French and United Kingdom’s smart meters, the following tables contain a list of important 

documents and key takeaways.  

Important note: 

The tables shown below do not claim to be exhaustive. They are intended solely to present the 

most relevant sources to provide interested readers with an introduction to the smart meter-

ing landscape of the respective countries. 

Table A-1: Getting started with Germany's smart meter architecture. 

Document Key Takeaways  

BSI-CC-PP-0073 – Protection Profile 

for Smart Meter Gateways 

Defines the security requirements for SMGWs, including interactions 

with LMN, HAN, and WAN. Serves as a foundation for Common Criteria 

certification. 

 

BSI TR-03109-1 – Smart Meter Ga-

teway 

Outlines the core functional architecture of the SMGW, including data 

flow, roles of LMN, HAN, WAN, and system behaviour. 

 

BSI TR-03109-2 – Security Module 

Requirements 

Describes detailed functionality, interoperability, and tamper resistance 

expectations for the SMGW security module. 

 

BSI TR-03109-3 – Cryptographic 

Specifications 

Provides a complete overview of encryption, signature, and key ex-

change requirements for smart metering systems. 

 

BSI TR-03109-4 – Smart Metering 

PKI 

Defines the public key infrastructure for secure communication between 

SMGWs and external market participants over the WAN. 

 

BSI TR-03109-5 – Communication 

Adapters 

Establishes minimum requirements for communication adapters within 

the HAN to interface securely with SMGWs. 

 

BSI TR-03109-6 – Smart Meter Gate-

way Administration 

Details requirements for the secure and standardized administration of 

SMGWs, including update procedures. 

 

DIN VDE V 0418-63-8:2023-08 – 

Data Models for SMGW WAN 

Specifies standardized data models and protocol requirements for WAN 

communication with SMGWs. (purchase required) 

 

 

Table A-2: Getting started with the French smart meter architecture. 

Document  Key Takeaways  

Documentation Technique de Réfé-

rence – Comptage –  

Enedis-NMO-CPT_002E 

All the information related to the measures made by the Linky, the cor-

recting coefficients applied to account for the Linkys own consumption 

and further information are presented in this document. Additionally, 

this document gives information related to the transmission of infor-

mation between the Linky and Enedis 

 

Appendix 

https://www.bsi.bund.de/SharedDocs/Downloads/EN/BSI/Publications/TechGuidelines/TR03109/PP0073_SMGW.pdf?__blob=publicationFile&v=2
https://www.bsi.bund.de/SharedDocs/Downloads/EN/BSI/Publications/TechGuidelines/TR03109/PP0073_SMGW.pdf?__blob=publicationFile&v=2
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/Publikationen/TechnischeRichtlinien/TR03109/TR-03109-1_Anforderungen_Interoperabilitaet_2_0.pdf?__blob=publicationFile&v=2
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/Publikationen/TechnischeRichtlinien/TR03109/TR-03109-1_Anforderungen_Interoperabilitaet_2_0.pdf?__blob=publicationFile&v=2
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/Publikationen/TechnischeRichtlinien/TR03109/TR-03109-2-Anforderungen_an_die_Funktionalitaet.pdf?__blob=publicationFile&v=3
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/Publikationen/TechnischeRichtlinien/TR03109/TR-03109-2-Anforderungen_an_die_Funktionalitaet.pdf?__blob=publicationFile&v=3
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/Publikationen/TechnischeRichtlinien/TR03109/TR-03109-3_Kryptographische_Vorgaben.pdf?__blob=publicationFile&v=2
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/Publikationen/TechnischeRichtlinien/TR03109/TR-03109-3_Kryptographische_Vorgaben.pdf?__blob=publicationFile&v=2
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/Publikationen/TechnischeRichtlinien/TR03109/TR-03109-4_PKI.pdf?__blob=publicationFile&v=3
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/Publikationen/TechnischeRichtlinien/TR03109/TR-03109-4_PKI.pdf?__blob=publicationFile&v=3
BSI%20TR-03109-5%20–%20Communication%20Adapters
BSI%20TR-03109-5%20–%20Communication%20Adapters
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/Publikationen/TechnischeRichtlinien/TR03109/TR-03109-6-Smart_Meter_Gateway_Administration.html
https://www.bsi.bund.de/SharedDocs/Downloads/DE/BSI/Publikationen/TechnischeRichtlinien/TR03109/TR-03109-6-Smart_Meter_Gateway_Administration.html
https://www.vde-verlag.de/normen/0400605/din-vde-v-0418-63-8-vde-v-0418-63-8-2023-08.html
https://www.vde-verlag.de/normen/0400605/din-vde-v-0418-63-8-vde-v-0418-63-8-2023-08.html
https://www.enedis.fr/media/4248/download
https://www.enedis.fr/media/4248/download
https://www.enedis.fr/media/4248/download
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Sorties de télé-information client des 

appareils de comptage Linky utilisés 

en généralisation par Enedis 

Enedis-NOI-CPT_54E 

Information related to the TIC-interface, including accessible information 

and formats 

 

Devenir Fournisseur de Services | 

Enedis 

Web-portal for service-providers wanting to access Linky Data  

Integration of the Linky Smart Meter 

within EEBUS ecosystem 

Technical proposition jointly formulated by EEBUS and Enedis to map the 

data-points of the TIC-interface onto the EEBUS protocol, offering a 

slightly more applied perspective on Enedis-NOI-CPT_54E which can be 

of interest for OEMs 

 

Table A-3: Getting started with UK's smart meter architecture. 

Document  Key Takeaways  

System architecture:   

PAS 1879:2021  

Demand side response  

operation – Code of practice 

Establishes recommendations for service providers to implement de-

mand response, aiming to standardize the relevant processes. The smart 

meter is not required, but the defined system is fully interoperable with 

it. 

 

Smart Energy Code (SEC) Business 

Architecture  

Describes the roles, data flows, and interactions between parties in the 

GB smart metering system under the SEC 

(see chapter 7.5.5 Manage Load Control) 

 

Smart Energy Code (SEC) Technical 

Architecture  

Provides a high-level overview of the logical architecture of the smart 

metering system. It is designed to explain the basic technical functioning 

of the system upon which more detailed specifications are based. 

 

Technical Specifications:   

Smart Metering Technical Specifi-

cations (SMETS)  

SMETS2 contains the technical specification for  

• the metering equipment for gas and electricity including the defini-

tion of the mandatory measurement data 

• the In-Home Display  

• the Auxiliary Load Control Switch  

• the Auxiliary Proportional Controller (APC) 

 

PAS 1978:2021  

Energy smart appliances – System 

functionality and architecture - Spec-

ification 

Specification of the technical functioning of the participation of domes-

tic appliances in demand-side response services. Should be read in con-

junction with PAS 1879 

 

 

 

https://www.enedis.fr/media/2035/download
https://www.enedis.fr/media/2035/download
https://www.enedis.fr/media/2035/download
https://www.enedis.fr/media/2035/download
https://www.enedis.fr/acceder-aux-donnees-fournies-par-enedis
https://www.enedis.fr/acceder-aux-donnees-fournies-par-enedis
https://www.eebus.org/wp-content/uploads/2025/05/Integration-of-the-Linky-Smart-Meter-within-EEBUS-ecosystem.pdf
https://www.eebus.org/wp-content/uploads/2025/05/Integration-of-the-Linky-Smart-Meter-within-EEBUS-ecosystem.pdf
smartenergycodecompany.co.uk/documents/code-required-documents/business-architecture-document-for-smart-metering/?highlight=SMETS2
smartenergycodecompany.co.uk/documents/code-required-documents/business-architecture-document-for-smart-metering/?highlight=SMETS2
https://smartenergycodecompany.co.uk/documents/code-required-documents/technical-architecture-document/
https://smartenergycodecompany.co.uk/documents/code-required-documents/technical-architecture-document/
SEC%20Schedule%209%20–%20Smart%20Metering%20Equipment%20Technical%20Specifications
SEC%20Schedule%209%20–%20Smart%20Metering%20Equipment%20Technical%20Specifications


 

 

 


