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EXECUTIVE SUMMARY 

 
Distribution System Operators (DSOs) play a key role in the development of a consumer-centric energy 
system, enabling new standardized flexibility products for smart homes, buildings, and communities. 

InterConnect is about democratization of energy management. The focus of InterConnect WP4 on 
interoperability of services, also considering a common semantic data understanding, permitted by 
the SAREF ontology, can create better conditions for replicability of solutions. By having a common 
data model definition, instead of having multiple solutions for every DSO, services can consume pieces 
of information in a uniform and predictable way, thus easing service replicability and deployability. It 
means the services can be used by every DSO under different conditions, such as within another 
network type, location, or time. This is of importance for companies and utilities since replication bring 
major benefits for example through a cost-effective application to a larger group of costumers or by 
reusing proven solutions in a cost-effective way. 

WP4 sets the ambition to design and implement a standard DSO interface, which is an API interface 
that enables and allows the communication between the DSO to market platforms and entities. A 
common framework and set of tools, which have several functions, provide services, and complement 
the interface, thereby further enabling DSOs, and other market players, turn the challenges into 
opportunities, such as the uptake of flexibility mechanisms to solve grid constraints.  

This document includes a presentation of input-process-output cycle assessment for each function. 
This cycle assessment considers: 1) how the network assets, models, and data should be 
ŦŜǘŎƘŜŘκǇǳǎƘŜŘΣ ŦǊƻƳκǘƻ ŀ 5{hΩǎ ƭŜƎŀŎȅ ǎȅǎǘŜƳ ƛƴ ǘƘŜ ƳŀǊƪŜǘ to make the most of the resources of 
the market (assets, players) for optimal operations and 2) the operation phases and ontologies such 
as SAREF/openAPI communication that are required. This creates a basis for a common framework for 
the distribution grid management and control system. The framework establishes: 1) the adequate 
tools and control mechanisms, which facilitate new market mechanisms and 2) services that enable 
the integration of flexibility as a new network asset in legacy SCADA/DMS systems. 

This document also specifies a set of services for implementing distribution services which could be 
adopted by DSOs outside the InterConnect project and, thereby, contributing to the exploitation of 
the results from WP4. The replicability will be assured by enabling the incorporation of a range of 
possibilities to specific inputs. As an example, the observability service 2 associated tool, needs a signal 
characterisation to incentivise consumption variation as an input. The tool allows this signal input to 
be a cost tariff, a power limit, an environmental signal for different hours. This possibility allows the 
use in different contexts (replication) to provide the same service. In fact, this tool will be applied 
(replicated) to the French, Greek, German and Dutch pilots. The main services described in this 
deliverable are the following: 

¶ The Distribution grid support for fault location identification (Observability Service 1). It can be 
mostly used by DSOs and replicated in different member states.  

¶ The quantification of consumer flexibility response (Observability Service 2). It can be used by 
Retailers, DSOs, aggregators.  

¶ The assessment of grid impact through load type observation (Observability Service 3). It can 
be mostly used by DSOs but also by aggregators and other planning 
infrastructure/resources businesses. 
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¶ The demand side flexibility forecast and grid congestion forecast. It can be used by DSOs. This 
is particularly relevant for flexibility services that are offered at the LV/MV levels. 

¶ The network dynamic tariff. It can be used by DSOs. 

¶ The flexibility services for energy management. It can be used by aggregators. 
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1. INTRODUCTION 

 
The Distribution System Operator (DSO) plays a key role in the development of a consumer-centric 
energy system, enabling new standardized flexibility products for smart homes, buildings, and 
communities. 

InterConnect is about democratization of energy management. The focus of InterConnect WP4 on 
interoperability of services, with a common approach permitted by ontology such as SAREF. By having 
a common data model definition, instead of having multiple solutions for every DSO, services can 
consume pieces of information in a uniform and predictable way, thus easing service replicability and 
deployability. It means the services can be used by every DSO under different conditions, such as 
within another network type, location, or time. This is of importance for companies and utilities since 
replication bring major benefits for example through a cost-effective application to a larger group of 
costumers or by reusing proven solutions in a cost-effective way. 

A framework helps the DSOs save time by avoiding the duplication of solutions and replicating 
unnecessary efforts for a common problem. Using common tools facilitates collaboration between the 
users and its improvement towards more complex solutions and avoid/alert other users for emerging 
problems. The specific designed tools of the framework are verified by various entities, so assure their 
reliability. 

This deliverable provides a common framework for the distribution grid management and control 
system. It identifies a set of control strategies/mechanisms and adequate tools to facilitate new 
flexibility services and at the same time enables the integration of flexibility as a new network asset in 
legacy SCADA/DMS systems. 

The flexibility management typically involves TSOs. However, this deliverable is focused on DSOs and 
the flexibility platform. 

 

1.1 DELIVERABLE D4.3 DEPENDENCIES 
 

The DSO management and control framework, described in this deliverable, builds on the needs and 
lessons from previous deliverables (1.1, 2.1, and 4.1). 
  
The services presented in section 4 can be replicated, due to the data process developed through 
SAREF ontology and under the Interoperability Framework from WP5. The DSO interface specified in 
D4.2, integrated in the Interoperability Framework, will allow the exchange of information with other 
semantically interoperable digital services. This is possible due to the existence 
of Service Specific Adapters - a core development of WP5 - promoting a knowledge interaction of type 
Ask/React with the service. This goes beyond a standard approach found in a REST API used in simple 
requests. The work developed in WP5 regarding the Interoperability Framework, can be seen as an 
example in different stages of the processes of some observability services, where the DSO needs to 
request information from a data service provider or a third party. Moreover, the services here 
described will be accessible through the service store developed in 5.2. 
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This DSO interface depends on the interoperability and proper coordination of different InterConnect 
digital platforms from WP5 for which it is necessary to define a proper Service Specific Adapter (SSA) 
for each micro-service of the interface that needs communications happen though the interoperability 
framework. Namely, flexibility data exchange with aggregators and community energy management 
systems (EMS), as well as the graph patterns deployed for the observability services. The DSO specifies 
the API calls of each service/function to be exposed to the interoperability layer by defining the type 
of knowledge interaction (Ask/Answer or Post/React) together with the relevant graph patterns and 
communicative acts. On the aggregator or CEMS platforms, there are APIs developed to mirror the 
functionalities of the DSO interface.   
  
A core development from WP4, explained in this deliverable, is the development of the smart metering 
platform, which enhances the value of the smart meter. Deliverable D1.1 presents the use cases and 
explains the opportunity that flexibility unleashes for network service provision (in section 3.1.2. 
Introduction to Flexibility Markets) and places smart metering at the core of the process. Using D1.1 
data flows and time sequences as a starting point, D4.3 details the data parameters and exchanges for 
the different types of market optimizations available to DSOs. Recognising the hassles related with 
interacting with smart meters and the value of the data, the metering platform is described in this 
deliverable as a piece of the management and control framework.  
 
As a core medium to achieve a consumer-centric energy system, through enabling new standardized 
flexibility services, the role of the DSO is key. The ways for the DSO to enable new consumer-centric 
services are tackled in the Interconnect D4.1 and D4.2, which are, respectively, the functional and 
technical specification of the DSO interface. This proposes a system which will enable and allow the 
communication between DSO, market platforms, service providers, and ultimately to the consumer 
for enabling new energy services, by integrating new mechanisms for managing flexibility, data sharing 
and observability, while making use of DSO internal operative systems for metering data availability, 
grid forecasting and operation. While the DSO interface, as described in D4.1 and D4.2 tackles the 
need and proposes a system which will allow to make a bridge between the DSO and other external 
entities, this deliverable will provide complementary guidelines and a framework to perform the link 
with internal DSO OT systems. This is done, to allow for several system operator to prepare and choose 
their systems considering the new requirements which are associated to the energy transition, such 
as flexibility provisioning and acquisition to solve grid constraints. Furthermore, additional tools that 
benefit the operation and planning of DSOs, such as observability and distributed load analysis, and 
specified from a utilization and data exchange perspective (black box perspective) in D4.2, and further 
explained in more detail in this document. 
 
WP4 and this deliverable 4.3, shows the application in the energy sector, at the electricity distribution 
network level, of the work done regarding interoperability. It demonstrates how a coordinated 
approach is possible due to a common understanding between different layers. This common 
understanding is a synergetic requirement for an ever approximation between system operators, 
facilitating market/business, functional, information, communication, and component level 
integration.  
 
5пΦо ǎŜǘǎ ǘƘŜ ǎǘŀƎŜ ŦƻǊ ǘƘŜ Ŧƛƴŀƭ ŘŜƭƛǾŜǊŀōƭŜ ƻŦ ²tпΣ 5пΦп άDǳƛŘŜƭƛƴŜǎ ŀƴŘ wŜŎƻƳƳŜƴŘŀǘƛƻƴǎ ŦƻǊ ǘƘŜ 
Flexibility Platform and Enhancement of ServiŎŜǎΦέ 5пΦо ǘŀƪŜǎ ǘƘŜ ǾƛŜǿ ƻŦ ǘƘŜ 5{h ƛƴ ƳƛƴŘΣ ǿƘƛƭŜ 5пΦп 
will focus on the requirements for flexibility service providers and platforms. In brief, the high-level 
objectives defined in the forthcoming D4.4 include enabling market players to quickly connect to a 
DSO market; enable a transparent and compliant DSO flexibility market development for all market 
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agents; and allow energy players to bring their flexibility service platforms into compliance with DSO 
market requirements and enable bidding of standardized products. To meet these objectives D4.4 will 
build on the valuable input data authored in D4.3 regarding the common framework for distribution 
grid management and control systems (in addition to D4.1 and D4.2.) The foreseen DSO tools, control 
mechanisms, and specifications from D4.3 will provide the information needed to develop guidance 
for flexibility providers to connect to a DSO flexibility market.  
 

1.2 DELIVERABLE OBJECTIVES AND STRUCTURE  
 
The objective of this deliverable is to leverage the work realized in T4.1, specifying a DSO flexibility 
market, enabling new standardized flexibility services provided by aggregators, energy communities 
and microgrids for distribution grids.  
 
In this deliverable, a common framework for the distribution grid management and control system is 
proposed, identifying the adequate tools and control mechanisms to facilitate new market 
mechanisms and services, and, at the same time, enable the integration of flexibility as a new network 
asset in legacy SCADA/DMS systems.  
 
The document is structured as follows: 

¶ Chapter 1: The objective of Chapter 1 is to introduce the deliverable, the structure, and the 
objectives.   

¶ Chapter 2: The objective is to describe the DSO reality within InterConnect.  

¶ Chapter 3: The objective is to describe the adequate tools and control mechanisms to 
facilitate new market mechanisms and services and at the same time enable the integration 
of flexibility as a new network asset in legacy SCADA/DMS systems. 

¶ Chapter 4: The objective is to describe a common framework to integrate standardized 
flexibility services into the grid.  
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2. DSO REALITY WITHIN INTERCONNECT 

2.1 PILOTS WITH GRID INVOLVEMENT 
 
The table below provides an overview of all the InterConnect use cases involving DSOs, where the 
rightmost column describes the role of the DSO in the individual use case. In the following subchapters 
the pilot which involves demos will be described. It should be noted that the list only aims to cover 
the activities within the project and is not exhaustive as per all possible roles for the DSOs. 
 

TABLE 1: PILOTS WITH GRID INVOLVMENT  

DEMO HLUC MAIN SCOPE OF HLUC 
INFORMATION EXCHANGED AND 
MECHANISM (IF/KE, DSO INTERFACE) 

PT 

HLUC05 - DSO Data 
Sharing 4 Consumer & 
Market 

¶Dynamic contracted power 
limitation 

¶Flexibility mapping (forecast or 
historical on flex needs) 

¶Smart meter anonymized data for 
awareness and market participation 

The DSO is an active participant in the 
demonstration. The demonstration will 
involve the mobilization and activation of 
flexibility, the developing of open data 
sharing mechanisms for metering and 
flexibility data, and the enhancement of grid 
observability through behind the meter 
appliances. 

HLUC10 - Flexibility 
Management for 
Distribution Grid Support 

¶Day-ahead flexibility procurement 
and mobilization for MV and LV grid 
support  

HLUC11 ς Enhancing 
Distribution Grid 
Observability 

¶Connectivity information of HEMS in 
a certain geographic area (data 
service for DSO) 

¶Voltage monitoring 

¶Load diagrams from relevant loads 
(EV, thermal loads, PV, Χ) 

DE 

HLUC01 - Maximize 
utilization of renewable -
wind- energy at grid 
connection point 

¶Dynamic network tariffs (Time of 
use tariff) 

¶Energy Demand Forecast 

¶Active Power limitation 

¶Grid monitoring at connection point 
(energy, voltage, frequency) 

In the German Pilot the DSO never comes 
into direct contact with the InterConnect 
Framework. 
The data as described is, at least partially, 
exchanged between KEO (not the DSO) and 
Fraunhofer via the Knowledge engine. 

HLUC 2: Maximize 
utilization of DER energy 
consumption in premises 

HLUC 3: Grid stability via 
power limitation at grid 
connection 

HLUC/Primary Use case:  
Monitoring of GRID connection point, 
Power Limitation at Grid Connection 
Point by external set points  
Short description:  
Certain mid-voltage grid areas are 
monitored and analyzed via an AI-
based state estimation and state 
forecast. The grid states are then 
analyzed on possible congestions and 
possible free capacities are 
determined. In case of congestions, 
related active powers set points are 
communicated to several added-
value modules (KEO) where each of 
them is connected to one hotel 
which is hosting charging points for 
electric vehicles. These charging 
processes can be modified.  

Information being exchanged: Network 
model of the power grid, measurements 
from HV/MV transformers, measurements 
from intelligent LV substations. 
 
DSO role and if/how it used the Knowledge 
engine/ IF or DSO interface:  
The DSO provides network data and 
measurements needed for the calculation of 
power limitations.  
The DSO never comes into direct contact 
with the InterConnect Framework.  
There is no interface at the DSO that 
incorporates the InterConnect Framework.  
The Knowledge engine is used to 
communicate data between the control unit 
of the EV chargers und the services that 
calculates the power limitation.  



COMMON DSO MANAGEMENT AND CONTROL FRAMEWORK 
FOR INTEGRATING STANDARDIZED FLEXIBILITY SERVICES  

WP4 

 

 13 | 83  

FR 

HLUC1 (Maximize 
utilization of renewable) 
 
HLUC 2 ς Dynamic tariff  

¶Dynamic tariff structure 

¶Consumer Smart meter self-
consumption mode activation 

¶Smart Meter data management for 
real-time monitoring 

Information being exchanged: Data from 
smart meters (Power, consumption, etc.).  
 
DSO role and if/how it used the Knowledge 

engine/ IF or DSO interface: 
The data exchanged by way of InterConnect 
Semantic Interoperability Framework are 
used by stakeholders for flexibility services. 

BE 

Cordium - HLUC 1 ς 
Community Cost 
optimization ς district & 
building level  
Thor Park ς HLUC 1 ς Thor 
Park. Community cost 
optimization  

¶Dynamic power limitation 

¶Dynamic tariff structure 

¶Flexibility Forecast 

¶Self-consumption plan and flexibility 

DSO recognized as an involved indirect actor 
in the sequence diagram but not a direct 
participant in the pilots. 
Interactions in the demonstrator will only be 
from the Aggregator to end consumers. 

IT 

HLUC1 Digital Platform for 
End-User Control and 
Awareness 

The role of the DSO is to send 
flexibility request to the 
aggregator/BSP based on the result 
of an operational planning of the 
distribution grid. As the Italian pilot 
does not have a real DSO, this will be 
simulated by RSE. 

The data exchange between DSO and BSP is 
based on MQTT messages. Particularly, for 
the flexibility request the message is in the 
following form: 
{ 
    "timestamp":xxx, 
    "flexibility":[{ 
            άŀŎǘƛǾŀǘƛƻƴψǘƛƳŜέΥέȅȅȅέΣ 
"power":www, 
            "duration":zzz}] 
} 
activation time is the starting time of the 
request, while power and duration are the 
power and the duration of the flexibility as 
requested by the DSO (eg. 200kW for 1hour 
starting from 14.30). 

HLUC1 Digital Platform for 
control and awareness 
(PUC 3 - Exchange of 
aggregated flexibility data) 

¶Flexibility aggregation from 
residential users to provide ancillary 
services to the TSO 

 

EL 

HLUC ς Flexibility 
Provision.  

This use case describes the process 
where consumers provide flexibility to 
the GRID operator. 

Balance of the energy supply and 
demand through DR mechanisms and 
ǊŜƭŀǘŜŘ ŀǳǘƻƳŀǘŜŘ ŎƻƳƳŀƴŘǎΩ 
ŜȄŜŎǳǘƛƻƴΣ ōŀǎŜŘ ƻƴ ŎƻƴǎǳƳŜǊǎΩ 
incentivized participation. 

Pilot mimics DSO requests. 

 
All the interactions will take place through 
the Knowledge engine/IF. 

NL 
HLUC1: Optimize 
sustainability in Smart 
buildings 

Primary Use Case 8 (PUC8): Dynamic 
capacity tariffs publication on the 
connection level to reduce peak load 
In absence of a DSO in the pilot, a 
project partner (TNO) will implement 
in software the System Operator 
role.  

The use case allows for a daily publication of 
grid tariffs based on which flexible demand 
and flexible supply of buildings are optimized 
depending on the other forecasts and 
Primary Use Cases. 
The Dutch pilot will use the Interoperability 
Framework of InterConnect to exchange 
graph patterns of dynamic tariffs with the 
knowledge engine of ReFlex and the 
simulated DSO service. 
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2.1.1 PILOTS WITH SIMULATED GRID INVOLVEMENT 

2.1.1.1  GERMAN PILOT 

The German pilot focuses on three HLUCs. Of these, HLUC 3 is where some of the features of the DSO 
can be observed. The use case is called: Monitoring of GRID connection point, Power Limitation at Grid 
Connection Point by external set points, Maximize utilization of renewable -wind- energy at grid 
connection point. 
 
In this demonstration certain mid-voltage grid areas are monitored and analyzed via an AI-based state 
estimation and state forecast. The grid states are then analyzed on possible congestions and possible 
free capacities are determined. In case of congestions, related active power set points are 
communicated to several added-value modules (KEO) where each of them is connected to one hotel 
which is hosting charging points for electric vehicles. These charging processes can be modified.  
 
Regarding the DSO role and if/how it used the Knowledge engine/ IF or DSO interface, the DSO 
provides network data and measurements needed for the calculation of power limitations. However, 
the DSO never comes into direct contact with the InterConnect Framework. There is no interface at 
the DSO that incorporates the InterConnect Framework. The Knowledge engine is used to 
communicate data between the control unit of the EV chargers and the services that calculates the 
power limitation. 
 
As for the information being exchanged, the network model of the power grid, measurements from 
HV/MV transformers, measurements from intelligent LV substations, information about renewable 
energy percentage at connection point 
 

2.1.1.2  ITALIAN PILOT 

The role of the DSO is to send flexibility request to the aggregator based on the result of an operational 
planning of the distribution grid. As we do not have, in the Italian Pilot, a real DSO, this one is simulated 
by RSE. 
 
In order to have the most accurate and realistic scenario, each flexibility request is related to the result 
of an operational planning of a synthetic distribution network. The synthetic distribution network is 
created using a specific tool1 that will be tailored for the geographical area of the Italian pilot 
throughout georeferenced libraries. 
 
By the end of the day, the DSO receives the expected aggregated load profiles consumptions of the 
end users from the aggregator: the estimated baseline consumption and the load profile of the IoT 
connected devices, which represent, for the Italian pilot extent, the flexible part of the load. 
Interactions of the simulated DSO with the aggregator is detailed in Figure 1. 
 
In addition to real data taken from a similar real field, the DSO will leverage on this infield data to 
conduct an operational planning on the previously created synthetic grid. The result is essentially the 

 
1 To be defined. 
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power flow of the synthetic grid, which can be used to generate a flexibility request in case it is needed 
(e.g., an in-line power exceeding the maximum value). 
 

 
FIGURE 1: THE SIMULATED DSO WORKFLOW IN THE ITALIAN USE CASE 

 
 

2.1.1.3  GREEK PILOT 

The HLUC developed in this pilot will be the dedicated to Flexibility Provision. This use case describes 
the process where consumers provide flexibility to the GRID operator. Based on the provided flexibility 
the GRID can respond in high/low consumption periods, balancing the energy demands. Balance of 
the energy supply and demand through DR mechanisms and reƭŀǘŜŘ ŀǳǘƻƳŀǘŜŘ ŎƻƳƳŀƴŘǎΩ ŜȄŜŎǳǘƛƻƴΣ 
ōŀǎŜŘ ƻƴ ŎƻƴǎǳƳŜǊǎΩ ƛƴŎŜƴǘƛǾƛǎŜŘ ǇŀǊǘƛŎƛǇŀǘƛƻƴΣ to provide their flexibility schedule and/or their 
intention to participate in cases of additional reduction is required. 
 
Regarding the information being exchanged, the DSO's requests will be simulated. That means virtual 
DSO initiates all the DR events by (1) communicating with the DR platform asking for forecasts to 
detect overloads/underloads, (2) sends a DR request to the DR platform, (3) DR platform sends 
commands/recommendations to the devices/consumers, (4) DR platform sends feedback to the vDSO 
about the output of the DR event (successful or not, % of target reached). 
 
All the interactions will take place through the Knowledge engine/IF. We are not aware if these 
interactions can/should take place through the standardized DSO interface defined/developed in 
WP4. 
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2.1.1.4  DUTCH PILOT 

There are several mechanisms such as fixed or fine-grained grid capacity tariffs, dynamic grid capacity 
tariffs, and market-based solutions that allow a DSO to use the demand side energy flexibility. In the 
Dutch use case, the main need from the DSO is to prevent demand peaks and supply peaks (the latter 
one mainly caused by PVs). This can be done by directly controlling flexible assets (by one or more 
aggregators) which works technically well, but it requires additional actors, and the right business 
model for them and the DSO. When several consumers are connected to the same grid (as in the Dutch 
pilot) it is difficult to judge who needs to be rewarded how much for offering their flexibility. dynamic 
grid capacity tariffs are being applied on the connection level. This use case allows for a daily 
publication of grid tariffs, however, those tariffs could the same for every day (to be able to study how 
effective static tariffs are compared to dynamic tariffs). 
 
¢ƘŜ Ƴŀƛƴ Ψ5{h ƳŜŎƘŀƴƛǎƳΩ ǘƘŀǘ ƛǎ Ǉƭŀƴned to apply in the Dutch pilot is: a daily publication of grid 
tariffs, however, those tariffs could the same for every day (to be able to study how effective static 
tariffs are compared to dynamic tariffs). The Information being exchanged is a quarterly hour capacity 
tariff, published at least one hour before the active day. 
 
The Dutch pilot makes use of the ReFlex platform (kind of aggregator system) to optimize the energy 
use and flexibility based on energy tariffs and grid tariffs. Based on various forecasts the flexible 
demand and supply will be optimized and controlled. The flexible demand (building, batteries, EVs) 
and flexible supply (PV, batteries) depends on the other Primary Use Cases. In absence of a DSO in the 
pilot, a project partner (TNO) will simulate in software the System Operator role. The Dutch pilot will 
use the knowledge engine of InterConnect and graph patterns to exchange data between the 
simulated DSO service by TNO to get dynamic tariffs via the knowledge engine of ReFlex. 
 

2.1.1.5  BELGIAN PILOT 

The Belgian sub pilots are focused on energy services for communities and can each have a different 
interaction with a simulated DSO. The main simulated input from DSO perspective comes from flexible 
or dynamic (forecasted) tariffs which will be used as an additional incentive to virtually valorise the 
available flexibility in the energy community. Although Fluvius (the DSO for Flanders, Belgium) is not 
a partner in the InterConnect project, several Belgian partners (Th!nk E, VITO, ThermoVault and 
others) have close relations with the DSO in earlier projects. The forecasted price incentives are 
therefore based on realistic data in consultation with Fluvius. 
  
As the current regulatory framework in Belgium is not aimed at peer-to-peer trading or dynamic 
distribution grid tariffs, the pilot activities stop at aggregation level. The scale of the Belgian pilots is 
not sufficient to reach the energy markets at TSO level. However, in several of the Belgian sub pilots 
the DSO is involved to integrate lessons learned in future projects.  
  
Based on the dynamic price signals the sub pilots trigger different use cases. Among them are the 
peer-to-peer trading where distribution grid tariffs are considered to schedule the optimal timeslot 
for energy trading. Another use case is the community optimisation of flexible thermal assets 
(individual water boilers or common heating network) where these thermal assets are controlled to 
be able to benefit from the dynamic distribution grid tariffs. 
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2.1.2 PILOTS WITH GRID INVOLVEMENT 

2.1.2.1  PORTUGUESE PILOT 

The Portuguese pilot will implement the DSO interface for enabling and operationalise the use cases 
detailed in 2.1. The DSO interface will act as a gateway between the internal operation of the DSO and 
the communication with external stakeholders (Flexibility Providers/Aggregators), and ultimately 
consumers. Besides the implementation of syntactic interoperability mechanisms (i.e., REST APIs) for 
the enablement of the flexibility purposes, the DSO interface also aims at allowing semantic 
interoperability through the usage of the Interoperability Framework. 
 

 
FIGURE 2: PT PILOT DSO PARTICIPATION 

  
The demonstration will directly involve the DSO for the purposes of flexibility mobilisation and 
activation (HLUC 10) for both commercial and household buildings, leveraging the implemented BEMS, 
HEMS, and Manufacturers, while enabling the access to consumer and aggregated consumption data 
to entitled parties (HLUC 5). Furthermore, mechanisms for the enhancement of the grid observability 
through distributed intelligent appliances (dishwashers, washing machines, dryers, heat pumps, and 
water heater controllers) will be explored (HLUC 11), with the purpose of automatically identifying 
abnormalities in the MV/LV grid for the specific areas of the demonstrations. 

 

2.1.2.2  FRENCH PILOT: THE DATA METERING PLATFORM 

In order to enable the development of dynamic energy services and flexibility of use in the Smart 
Home, access to customer metering real-time data by all service providers / aggregators is 
implemented, through the development of a dynamic metering data platform, interoperable and 
linked to all industrial partners' platforms. 

The HLUC1 (Maximize utilization of renewable) and HLUC2 (Dynamic tariff and usage management) 
are tested. The HLUC5 (DSO data sharing for new energy services) is not directly tested but it allows 
HLUC1 and HLUC2 to be tested.  
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FIGURE 3: FRENCH PILOT MAPPING 

 

As presented in the figure above, the DSO develops and maintains the dynamic metering data 
platform. The data exchanged by way of InterConnect Semantic Interoperability Framework are used 
by stakeholders for flexibility services.  

 

2.2 INFORMATION EXCHANGE FROM THE GRID POV 
 
The French DSO has developed API that allow some information exchange: 

- 3 POST APIs: 
o On the event of a change in subscribed power, the information on the new cut-off 

power is pushed (data TIC "PCOUP") 
o On event of overrun of subscribed power, the overrun information is pushed (data TIC 

"STGE"), every 10 seconds as long as there is overrun 
o On a Linky, a smart meter, measuring production, case of collective self-consumption 

surplus option which must be implemented in the municipality of Le Pradet, the 
instantaneous power injected is pushed every 30 seconds (data ICT "SINSTI") 

- and 1 ANSWER API, which transmits data from the TIC frame as soon as a partner requests it 
(ASK). 

 
Later in this document, the chapter 3.4.2 describes the technical architecture of the Data Metering 
Platform. The data and functionalities from smart meters are made available in an interoperable and 
standardized way enabling service providers to optimise the consumption of Smart Homes and 
develop new services.  
 
Regarding the use cases to be implemented by the Portuguese Pilot, the following APIs were 
developed to support the following data exchanges: 

  
1. Open Data Sharing 
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¶ User Metering Data 

¶ Anonymized Metering Data - Metering data aggregated per grid zone 

¶ Flexibility Data - Historical or forecasted flexibility needs from the system operator per grid 
zone 

2. Flexibility 

¶ Flexibility Needs 

¶ Flexibility Offers 

¶ Flexibility Activation Plan 
3. Observability 

¶ Service Activation/Subscription 

¶ Fault Notification 

¶ HEMS status Request 
  
.ŜǎƛŘŜǎ ǘƘŜ ǘŜŎƘƴƛŎŀƭ w9{¢ !tL ƛƴǘŜǊŦŀŎŜ ǎǇŜŎƛŦƛŎŀǘƛƻƴΣ ǘƘŜǊŜΩǎ ŀƭǎƻ ǘƘŜ ŀƛƳ ƻŦ having interoperable and 
standardized all these communication through SAREF ontology by leveraging on the work from WP3 
and WP5. Therefore, by using SAREF, it can be demonstrated how the semantic interoperability can 
be leveraged for the interaction with multiple stakeholders, such as FSPs, Aggregators, and Service 
Providers.  From WP3, the methodology for the development of the semantic triplets and SSAs will be 
followed and applied on the developed REST interfaces for the defined data exchanges by turning, in 
turn, this developed software component will allow the communication with the Interoperability 
framework, developed under WP5, through the instantiation and usage of the Generic Adapter. 
 
The referred "SAREF-ization" process, the process to have services interoperable and standardized 
through SAREF ontology, consists of: 

¶ Describing the existent service and components specification (API); 

¶ Creating the graph pattern triples in relation to semantic interoperability for each component 
of the service, which turns the implicit knowledge from the REST service into explicit 
knowledge through the SAREF ontology; 

¶ Designing the compatible Knowledge Interactions as defined in WP5; 

¶ Creating the graph patterns triples for the defined knowledge interactions; 

¶ Developing the SSA for interacting with the Generic Adapter, which maps the existent service 
into the previously defined knowledge interactions and graph patterns triples; 

¶ Implementing the SSA and GA to make the service available through the IF. 
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3. COMMON FRAMEWORK FOR THE DISTRIBUTION GRID 
MANAGEMENT AND CONTROL SYSTEM 

 
Distribution grid management and control, needs several tools for monitoring, analysis, control, 
optimization, planning and training of distribution system operators (DSOs). Advanced Distribution 
Management System (ADMS) is a comprehensive solution in which all the tools operate 
homogeneously on a common representation of the complete electricity distribution network. A 
typical ADMS of a DSO is shown in Figure 4. 
 

 
FIGURE 4: DSO INTERFACE OF INTERCONNECT IN A TYPICAL ADMS OF DSO 

 
Operations of DSOs and current ADMS must change dramatically to accommodate variability and 
unpredictability of DERs. However, active grid-edge assets and systems of customers such as DR assets, 
DER assets, and microgrid assets and systems, have narrow to no visibility or control as the existing 
utility SCADA and DMS does not stretch to all service points and customer premises. A platform with 
new functions in operation and more interfaces for users as well as new measurement, control, and 
analytics to operate the distribution grid securely and cost-effectively including incentives for 
prosumers cost minimization could help DSOs. 
 
Advanced grid management is considered as one of the main Smart Grid dimensions of DSOs in parallel 
with: utilising non-frequency ancillary services; DER, EVs and storage management; Smart metering, 
remote control, and use of SCADA system control; Regulatory compliance; and DSO-TSO coordination. 
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To respond effectively to spatio-temporal impact of DER penetration, various tools and functions are 
recommended for an advanced distribution grid management, such as:  

¶ Optimal Power Flow applications and Load Flow simulation, 

¶ Data Analytic for asset planning and investment strategies, 

¶ Tools for Outage Detection & Prediction, 

¶ Advanced Load & Storage Management, and, 

¶ DER Visualization and Management tools. 
 
In the planning horizon, DSOs need to assess and disseminate the impact of RECs as a non-wire 
alternative in long-term hosting capacity studies and locational value aligning investment decisions 
with distribution operational needs. Nevertheless, from the use case analysis of D4.1, focus of DSO 
operation improvement in IC ecosystem lies on operational planning (day-ahead and intraday) 
timeframe to integrate emerging enterprises in IT and OT systems and processes of DSO. While big 
data and IoT technologies are becoming a must-have in the future distributed architecture of 
distribution systems, but observability and controllability of grid-edge devices and their interoperable 
operation with DSO management systems are beyond the scopes of analysed use cases (in D4.1) in 
InterConnect project. 
 
The following section aims to analyse and identify functional and technical needs of DSO interface to 
ŀŘŘǊŜǎǎ ŎƘŀƭƭŜƴƎŜǎ ŀƴŘ ƻǇǇƻǊǘǳƴƛǘƛŜǎ ƻŦ I9a{Σ .9a{Σ /9a{Σ ŀƴŘ !ƎƎǊŜƎŀǘƻǊΩǎ ŜƴǘŜǊǇǊƛǎŜǎ ƛƴǘŜƎǊŀǘƛƻƴ 
in distribution grid operations, and consequently, to identify shortcomings of the existing tools, 
services, and processes in InterConnect ecosystem. ThŜ άŀŘŜǉǳŀŎȅ ƻŦ ǘƻƻƭǎ ŀƴŘ ŎƻƴǘǊƻƭ ƳŜŎƘŀƴƛǎƳǎέ 
to manage technical, operational, and economic challenges of interconnected enterprises are derived 
ŦƻǊ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴ ƻŦ 5{hΩǎ ǊŜƎǳƭŀǊ !5a{ ǘƻ ǘƘŜ LƴǘŜǊ/ƻƴƴŜŎǘ-ADMS (Figure 4) with the scopes of: 
 

¶ Reliability: Distribution constraints management, voltage/reactive management; 

¶ Customer Services: Tariffs and incentives, customer engagement and support (sub-metering, 
data platform, consumer connection information), P2P trading management; 

¶ Economics: Optimization, forecasting load, renewables, DER, and grid congestions, load 
modelling and allocation, aggregated modelling, scheduling and dispatch; 

¶ Resiliency: Fault detection and allocation. 
 

3.1 AN INTERCONNECT ADMS REALIZATION 
 
Interfaces of a possible IC-ADMS shall include operator, market, and prosumer interfaces. Based on 
the roles and responsibilities of distribution grid operator from D4.1 and architecture of the DSO 
interface from D4.2, IC-ADMS functionalities are divided into:  

¶ IC-DERMS functions: Functional modules for the coordinated scheduling and dispatch of DERs, 
enhanced individual/aggregate DER management2, forecasting, unbalanced load flow and 
state estimation, sensitivity analysis, loading and voltage constraints management and phase 
balancing, spatio-temporal resource optimizations3 and scheduling/bidding/restrictions into 
DR, DER and markets;   

 
2 Aggregation of DER capabilities for provision of different products toward grid operational management 
3 Optimization engine should consider fixed schedules, bilateral trades, as well as voluntary bids and offers from marketplace, while respecting resource 
and distribution grid constraints customized for each analysed scenario. 
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¶ IC-SCADA (or DAAC4) functions: Detailed modelling of aggregated and individual DER assets; 
extended observability and controllability from primary distribution equipment to edge devices 
and customer premises while being integrated in other DSO applications, databases, and 
systems through the Enterprise Service Bus (ESB); Network topology connectivity service; and 
Data analytic to handle aggregation of large number of devices and assets; 

¶ Base data storage and management: to maintain base data of registered enterprises, assets, 
DR programs, tariffs, contracts, etc.; 

¶ Interfaces to local/bulk market platforms: to declare DR/DER Programs and offers, and to 
delineate grid constraint for RECs e.g., for bilateral market management;  

¶ Portal for registration and qualification of the enterprises: to declare the enterprise type, 
characteristics and assets, location, planned use cases (markets, DR programs, P2P trading, 
etc.), user access management, as well as indicators to DSO legacy systems such as to GIS, CIS, 
flexibility node/zones of Market platform, etc.  

¶ Distribution operations interfaces: for structured and unstructured data exchange with DSO 
internal ADMS Systems, namely metering and grid data from real-time system and grid model 
supports of ADMS; 

¶ Performance assessment and settlement: based on the received data AMI/MDM and market 
data and contractual agreements from the base data management module; 

 
In absence of regulatory and technical provisions, some DSOs may relax or defer parts of the functional 
ǊŜǉǳƛǊŜƳŜƴǘǎΦ .ŀǎŜŘ ƻƴ άŎƻƳƳƻƴέ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎ ƻŦ 5{hǎ ŘŜǊƛǾŜŘ ŦǊƻƳ 5пΦмΩǎ Řŀǘŀ ŜȄŎƘŀƴƎŜ 
clustering, functionalities and required tools of DSO are defined to validate/use flexibility 
transactions/products for predictive congestion management and voltage support and to increase 
ŘƛǎǘǊƛōǳǘƛƻƴ ƎǊƛŘΩǎ ƻōǎŜǊǾŀōƛƭƛǘȅ ŀƴŘ ŎƻƴǘǊƻƭƭability toward energy communities. 
 
To keep it simple in this section, functional applications of IC-ADMS are presented for use cases of DSO 
Interface in the figure below, while considering that, how the network assets and models and data 
should be fetchedκǇǳǎƘŜŘ ŦǊƻƳκǘƻ 5{hΩǎ ƭŜƎŀŎȅ ǎȅǎǘŜƳǎ ƛƴ ƳŀǊƪŜǘ ŀƴŘ ƻǇŜǊŀǘƛƻƴ ǇƘŀǎŜǎ ŦƻǊ ǿƘƛŎƘ 
having interoperable and standardized communication/REST API through SAREF ontology  would be 
required (for external interactions) to be further described in section 3 in more details. 

 
4 Data Acquisition And Control 
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FIGURE 5: THE MAIN FUNCTIONAL MODULES COMPRISING A POSSIBLE IC-ADMS REALIZATION 
 
 

TABLE 2: DSO INTERFACE USE CASE WITH FUNCTIONAL AND DATA EXCHANGE REQUIREMENTS 
 

DSO INTERFACE 
USE CASES IC-ADMS RELATED FUNCTIONALITIES 

DSO/MARKETS/ENTERPRISES RELATED 
FUNCTIONS 

Authentication, access 
and control 

Registration and Qualification function 
Base data management 

Enterprise type, characteristics and assets, 
location, planned use cases (markets, DR 
programs, P2P trading, etc.) 
 
User access management 

Flexibility 
Procurement  
Data exchange  

Registration and Qualification function 
Aggregation and prediction functions of 
DERs, DRs, consumption, and Grid 
congestions 
 
Economic Optimization to assess 
schedules, P2P trades, and voluntary offers 
for losses minimization5 
 
Economic Optimization subject to flexibility 
resources and network constraints to 
submit bids and offers  
 
Reliability Optimization minimising the 
schedules reduction in emergency 
conditions 
 

Real time and grid model data from 
SCADA/ADMS interface 
 
Real-time telemetry  
 
Bids/Offers/P2P trades from the market 
interface 
 
Non-priced Schedules, P2P trades, and voluntary 
offers from the enterprises 
 
Reservation and Activation requests to the 
Enterprises via ICIF 
 
Data from AMI/MDM and market result data as 
well as contractual agreements from the base 
data management module 

 
5 Flexibility services are limited in time. The amount of power, which is not consumed or, at least, reduced at a time, is consumed later at 
another time.  
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Coordinated Scheduling and Dispatch of all 
assets in real-time operation toward T-D 
interface management 
 
Performance assessment and Settlements 
 
Base data management 

Dynamic tariffs data 
exchange  

Aggregating and Predicting DRs, DERs, 
demands, and spot prices 
 
Economic optimization to calculate optimal 
topology and nodal/branch prices 
 
Base data management 

SCADA/ADMS for grid model and prevailing 
operating conditions 
 
Prices publishes to the enterprises 
 
Publishing tariffs/programs to AMI/MDM 
 
Publishing adjusted prosumer plan to ADMS 

Topology and 
consumer connection 
information 
management 

Registration and Qualification function 
 
Data model support for all asset types 
monitoring 
 
Grid topology and connection services 
 
Base data management 

Indicators to DSO legacy systems such as GIS, CIS, 
SCADA/ADMS, AMI/MDM, etc.  
 
Flexibility node/zone detection for DER 
aggregation 
 
Mapping network nodes with flexibility 
zone/area/node from the marketplace and ADMS 
data support 
 
Mapping consumer connection codes and 
flexibility zones from the marketplace and 
AMI/MDM data 
 
Mapping information from HEMS to observability 
data of SCADA/ADMS/OMS 
 
Real-time telemetry6 

Grid constraints data 
exchange 

Optimization engine for grid hosting 
capacity assessment and enhancement 
studies: 
 
Base data management 

AMI/MDM to update constraint 
The enterprises interface to update constraint 

Network observability Data analytic for load aggregation 
 
Base data management 

SCADA/ADMS for observability and power quality 
data sharing 
 
OMS for fault management 

Open Data and 
Analytics data 
exchange service 

Anonymization and aggregation of load 
profiles  
 
Base data management 

AMI/MDM to fetch data 
 
Enterprises interface to deliver requested data 

 

 

 
6 As flexibility are set to have a significant effect on the network, such effect must be given to DSO to adjust the load flow computations.  

Real-time network monitoring does not suffice. DSO load flow computations combine forecasts, measurements, and real-time analysis of perturbation 

(weather for renewables and thermal-induced consumption and now flexibility activations). 
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3.2 COMMON FRAMEWORK FOR DSOS FOR MANAGING 
INTEGRATION OF STANDARDIZED FLEXIBILITY SERVICES 

In this chapter, we propose a common framework for DSOs to ensure the participation of DSOs in 
InterConnect ecosystem and to save time avoiding that every DSO creates its own process to manage 
standardized flexibility services. 

This process is enhanced from a process developed and validated in past EU/National project (Interflex 
and the French demonstrator Nice Smart Valley). It has been demonstrated, and now used, by Enedis. 
Furthermore, this framework is considered and adapted to the Portuguese pilot, to provide the 
guidelines on how to deal with the flexibility processes taking place in the demonstration. 

From the process developed and validated in InterFlex, 4 parameters, that are more detailed below in 
the document, have been added: 

¶ ConstraintsΩ ƛƴǾŜƴǘƻǊy and flexibility need identification; 

¶ Topological information & contractual; 

¶ Interactions contracts with flexibility service providers to provide flexibility offers (posting 
offers, reservations, activation & clearing services); 

¶ Providing data for checking calculations & clearing services to determine if the FSP provided 
the service it committed to. 

3.2.1 FLEXIBILITY SERVICE LIFECYCLE 

Before deep diving into the common process, figure 6 offers an overview of the flexibility service 
lifecycle: 

 

FIGURE 6: FLEXIBILITY SERVICE LIFECYCLE 
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This lifecycle can be divided into 3 big steps: 

1.The upstream: before the flexibility service activation 
2.The activation 
3.The downstream: after flexibility activation 

For each step, the process has been detailed and the recommended information systems that should 
be involved have been indicated. Their role and an overview of the interactions between the flexibility 
platform and monitoring/SCADA systems are presented.  

3.2.2 UPSTREAM: BEFORE FLEXIBILITY ACTIVATION 

The full upstream flexibility management process follows two main steps: 
A. Flexibility need identification: before activating flexibility, it is necessary to identify the 

needs of the grid according to the grid constraints. The process is described in the figure 7. 
B. Contracting between DSO and FSP: Contractualization between DSO and flexibility service 

provider is necessary before activation. The process is described in the figure 8.  
 

In detail: 

  

FIGURE 7: UPSTREAM PROCESS: BEFORE FLEXIBILITY ACTIVATION (1/2) 
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FIGURE 8: UPSTREAM PROCESS: BEFORE FLEXIBILITY ACTIVATION (2/ 2) 

 

3.2.3 FLEXIBILITY ACTIVATION 

As soon as a trade is established, the Neutral Market Operator will notify the interested parties: the 
FSP and the DSO. 
After this notification is processed, the activation phase will take place at the defined time: 

¶ The FSP will activate the offered flexibility within the conditions that has been defined 
during the contracting step; 

¶ As soon as the DSO is notified that flexibility was activated, the DSO can use the flexibility 
within the previously defined conditions 
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The process is described in the figure 9. 
 

 
FIGURE 9: FLEXIBILITY ACTIVATION PROCESS 
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3.2.4 DOWNSTREAM: AFTER FLEXIBILITY ACTIVATION 

The DSO will measure the delivered flexibility by comparing a baseline (delivered by the FSP) with 
metering data from each market transaction participant. This information will be shared with the FSP. 
The FSP will then analyse this information and confirm the transaction. This process is described in 
Figure 10. 
 
 

 

FIGURE 10: DOWNSTREAM PROCESS ς AFTER FLEXIBILITY ACTIVATION 
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3.2.5 OFFER STATUS 

There are 4 stages for the flexibility offer: 

¶ Received: The offer is received by the platform.  

¶ Active: The offer has been verified by the DSO. It can be activated. 

¶ Suspended: the offer has been suspended for a period of time because the flexibility service 
provider has transmitted an inability to respond to an activation over the period. 

¶ Expired: The deadline to activate the offer has passed, the offer can no longer be activated. 
 

3.2.6 ACTIVATION NOTIFICATION STATUS AND PROCESS 

There are 3 stages for the activation notification: 

¶ Sent: There is a constraint detected on the grid. The flexibility service provider has been 
notified.  

¶ Accepted: To reduce or remove the constraint, the flexibility service provider has positively 
answered to the notification.  

¶ Cancelled: The flexibility service provider has negatively answered to the notification, or the 
respond delay has expired. The constraint has been removed.  

 

3.3 REQUIREMENTS AND INTERACTIONS BETWEEN MONITORING 
SYSTEM/SCADA SYSTEMS AND FLEX PLATFORM ALIGNED WITH 
THE USE CASES OF PILOTS (WP1) 

 
In this chapter, we list these requirements to SCADA and monitoring systems interact with the 
flexibility platform. 

 

3.3.1 SYSTEMS THAT ARE INVOLVED TO MANAGE THE GRID 

The information systems (IS) presented in the figures 7, 8, 9 and 10 (in grey in the right column) are 
listed below. They are involved to manage the grid and to manage flexibility. The figure 11 presents a 
simplified overview of the interactions between them. 

 

¶ Upstream IS: Information Systems that are used prior to the activation 
o Grid calculations (IS): IS that manages grid studies 
o Connection IS: IS that manages the connections on the grid 
o Forecasting IS: IS that forecasts the grid behaviour (productions and consumptions) 
o Flex purchasing IS: IS that manages flexibility purchasing 
o Contractual IS: IS that manages contractual aspects 

¶ Scope management IS: IS that manages the scope of the flexibility services. 

¶ Market players portal: Portal to publish grid constraints for market players so that they can 
propose flexibility offers 

¶ TSO-DSO coordination IS: IS that: 
o communicates the state of the network to other IS 
o coordinates with national mechanisms 
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¶ Flexibility core IS: IS that: 
o Requests activation 
o Sends activation order 

¶ Grid management and supervision IS: IS that is responsible to send activation request and order 
and that supervises the grid and all its events 

¶ Flexibility Service Provider IS: IS(s) owned by FSP to manage flexibility  

¶ Operating Information Exchange System: IS of the asset for which an activation order has been 
sent 

¶ Downstream IS: IS used after the activation 
o Calculations and verification IS: IS used to calculate the volume that have been 

activated and to check if this volume matches with the contracted one. 
o Settlement/payment IS: IS that manages the payment of the flexibility provider 

 

FIGURE 11: INTERACTIONS BETWEEN MONITORING SYSTEM/SCADA SYSTEMS AND FLEX 
PLATFORM 

 
As presented in the Figure 11, grid control and management IS are separated from the rest. So, the 
ƛƴǘŜƎǊŀǘƛƻƴ ƛǎ ƳŀŘŜ ōȅ ŀ ŘŜǇƻǎƛǘ ƻŦ ǘƘŜ Řŀǘŀ ǘƘŀǘ ŀǊŜ ŜȄŎƘŀƴƎŜŘ ƛƴ ŀƴ άŀƛǊƭƻŎƪέΦ ¢Ƙƛǎ ŀƛrlock allows 
to protect the SCADA systems.  
 
IS must integrate flexibilities by:  

¶ ensuring to maximize the functional synergies of the use cases, 

¶ ensuring the fluidity of the user experience, 

¶ and ensuring cost control while promoting the automation, auditability, and traceability of 
data flows. 

 
The value created by the flexibility platform will be measured by combining the following KPI: 

¶ Manual gestures costs 

¶ Activated flexibility volume 

¶ Automations costs 
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3.3.2 DSO INTERFACE INTEGRATION WITH LEGACY SYSTEMS 

Even though the energy sector is facing an unprecedented digital transformation, it has not always 
been this way. The critical systems are still mainly supported on legacy systems whose development, 
due to their criticality, has been carried out in the traditional approach for the way DSOs operate, 
mainly relying on an OMS/DMS modules supported with an AMI in the last years to start to manage 
the LV grid.  
A typical DSO system architecture will be constituted of the following systems, shown in Figure 12:  
  

 
FIGURE 12: DSO SYSTEM ARCHITECTURE  

 

The DMS/EMS is typically a SCADA system, complemented with custom functionalities to support a 
continuous and real time operation of the distribution system. Typically, it combines geographical 
information with information provided by remote devices installed on the distribution grid 
(at primary substations, at a few secondary substations, breakers/interrupters installed at overhead 
lines, among others).  
 
Apart from ensuring a robust and precise interface with the operators, all the actions executed at the 
DMS (manual manoeuvres executed by the operators, circuit breaker tripping, etc.) are generally 
reflected automatically on the OMS.  
 
The Network Planning Tool integrates grid topology with simulation tools. It is a data-driven tool 
which aims to improve operations: plan network interventions and contingency scenarios and to 
optimise the distribution grid: investment analysis, among others. It has power flow calculation 
capabilities. 
 
The Network Planning tool is "fed" by forecasting tools. Forecasting tools use metering data, weather 
data and other models to feed algorithms that aim at forecasting demand. Hence, forecasting tools 
are essential for accurate long-term planning. 
 
The Network Planning Tool which is nowadays used as a back-office tool will be brought into the 
spotlight, as it is an essential tool for the long-term planning: 
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¶ It will need to integrate forecasting data in an efficient manner and combine it with the 
workload or load scenarios, to run power flow simulations and calculate the DSO flexibility 
needs for the long-term; 

¶ Its main output will be the flexibility needs (for the long term), which will be shared with the 
aggregator; 

 
The OMS allows the registration and characterization of any outage. As it combines topological and 
commercial data, it is an important tool to calculate quality of service indicators.  
The degree of complexity of an OMS may vary among DSOs, but generally, it provides the following 
functionalities:  

¶ Processing of outages communicated by clients.  

¶ Registration and treatment of outages in a consistent manner.  

¶ Workflows to enable process automation.  

¶ Integration between different systems (SCADA, GIS, CRM/CIS, among others).  
  
The AMI (Advanced Metering Infrastructure) is the backbone of the smart grid infrastructure:  

¶ It supports communication with smart meters and the concentrators.  

¶ It is the interface which will integrate the metering data with other systems of the DSO.  
The AMI is generally composed of two modules:  

¶ A frontend which will ensure the interface with the meters.  

¶ A supervision module which allows you to monitor and control the metering infrastructure in 
real time.  

The calculation of activated flexibility will be executed by the aggregator using data provided by the 
AMI. 
 
The CRM /CIS enables the DSO to manage incoming contacts of clients reporting anomalies 
on the grid. Typically, it can be used as standalone with an integration to the OMS, or directly in the 
OMS system. It is a system where a customer reports an anomaly in the electrical grid, namely being 
in his household, or other grid anomalies he detects (public lighting, hazards, among others).  
 
The WFM is a system that allows the DSO to manage the workforce crews that operate in the field. 
This system usually integrates with the OMS where the operators can have visual information where 
each team is.  
 
The GIS comprises all the core network information and grid topology. It may or not be 
integrated with the DMS or the OMS. 
 
These legacy core operating systems also make part of the typical ADMS configuration that can be 
defined:  
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FIGURE 13: ADMS FUNCTIONAL SCOPE  

 

The DSO interface will be a bridge between the DSO systems and an innovative approach to the way 
the LV grid can be monitored and operated. It will also help the Grid Optimization scope. 
 
However, the aforementioned legacy systems will need to be adapted to be integrated with this 
interface and be able to cope with the concept of flexibility. 
 
Depending on the time frame of flexibility activation, the flexibility needs can be identified recurring 
to different systems: 
 

¶ Long term: flexibility assessment in the context of network investment planning (years ahead); 

¶ Medium term: flexibility assessment in the context of maintenance planning (weeks ahead); 

¶ Near real time: flexibility assessment in the context of network operation considering outage 
management. 

 
The following figures display the type of interactions necessary to cope with to activate flexibility. 
 

 
FIGURE 14: EXAMPLE OF NECESSARY INFORMATION EXCHANGE BETWEEN SEVERAL DSO LEGACY 

SYSTEMS AND THE DSO INTERFACE IN AN OPERATIONAL SCENARIO OF FLEXIBILITY ACTIVATION IN 
THE MID/LONG TERM 
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In the Mid/Long Term scenario, the operator will conduct studies to prepare asset investments on the 
network or prepare maintenance works. In order to do so, the DSO Network Planning Tool must 
receive forecasts and metering data and use it with the network data to run power flows where you 
can see the impact of flexibility and how the network will respond to it. 
Then, the DSO will send to the DSO Interface the specific flexibility needs, nodes where flexibility is 
required and the schedule to see the availability. Upon receiving it, the DSO will do a technical 
validation of the data and send to the DSO Interface the flexibility needed and schedule for the 
activation. 

 
FIGURE 15: EXAMPLE OF NECESSARY INFORMATION EXCHANGE BETWEEN SEVERAL DSO LEGACY 

SYSTEMS AND THE DSO INTERFACE IN AN OPERATIONAL SCENARIO OF FLEXIBILITY ACTIVATION IN 
NEAR REAL TIME 

 
In the Real time scenario, the flexibility needs will arise due to an unexpected event on the distribution 
grid (i.e., the grid is reconfigured). This means that near real time grid configuration will have to be 
taken into consideration. Although this is timeframe is not studied in the Interconnect pilots, it is 
recommendable to consider it as it enables the DSO to use the flexibility to solve outage problems, 
and other real time constraints. 

 
FIGURE 16: EXAMPLE OF NECESSARY INFORMATION EXCHANGE BETWEEN SEVERAL DSO LEGACY 

SYSTEMS AND THE DSO INTERFACE IN OTHER SCENARIOS 
 


































































































