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Executive Summary 
This document provides the outcome of the work carried out within ADDRESS WP3 “Active grid 
operation” whose goal is to develop prototypes and algorithms for network management, providing the 
signals sent by the DSOs to the aggregators and the markets, enabling and exploiting Active Demand 
(AD). 

Task 3.1 has defined the system architecture and functional specifications of control systems needed 
for the management of active grids exploiting distributed generation, storage flexibilities and Active 
Demand (AD) on distribution networks (Medium Voltage (MV) and Low Voltage (LV)) to be used as a 
basis in Task 3.2 (Medium Voltage Control Centre, HV/MV substation) and Task 3.3 (MV/LV 
substation) for the development of the new functions implementing the algorithms developed by Task 
3.4 (active and reactive power control in MV active distribution grids and validation of AD products) 
and Task 3.5 (new operational planning applications). The laboratory integration tests of prototypes 
and MVCC functions developed are carried out within Task 3.6. 

This deliverable is organized such that the first chapter defines the functional specification of the 
distribution system components for the AD management. The second, the third and the fourth ones 
are related to the prototypes performing the new functions needed in the AD market contest. The fifth 
and the sixth chapters describe the algorithms needed by DSO to enable and exploit the AD market. 
The seventh chapter provides the description of the laboratory tests for integration of the software 
developed in the Medium Voltage Control Centre (MVCC).     

In this document the DSO functional architecture is divided into three main Control Levels: the DSO 
Central Control level, the HV/MV substation level and the MV/LV substation level.  

1. The functionalities at the DSO Control Centre level, include: 

• Data acquisition, analysis and very short-term forecast tools, included in the SCADA. 

• Distribution system analysis and management tools, included in the DMS. 

• Distribution system optimisation, forecast tools and control tools, included in the DMS. 

• The “off-line” validation tools, included in the DMS. 

• The “real–time” validation tools included in the DMS.  

• The DSO’s Market tools. 

• The Active Demand Management System (ADMS) tools. 

• The interactions with other intelligent systems. 

2. The functionalities at the HV/MV substation level, include: 

• The functional requirements to decentralise the control of the HV/MV substation. 

• The new functionalities for the primary substation devices. 

• Different strategies for Voltage Regulation and Power Flow control. 

• The centralised/decentralised functions at the HV/MV substations. 

3. The functionalities at the MV/LV level, include: 

• The functionalities needed for the interaction with the HV/MV substations. 

• The functionalities needed at the MV/LV local controller in order to support the operation of the 
MV controller. 

• The new functionalities for the secondary substation devices and the LV network. 
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The architecture described above and the functionalities needed at DSO control level HV/MV and 
MV/LV substations are required for a mature and very well developed AD market, with a large 
participation of LV and small commercial customers.  

The degree of control of MV and LV distribution networks and the functionalities needed to validate  
AD products depends on the network design and characteristics, on the degree of penetration of AD 
itself and the relevant “users”. So, they can be simplified in the early stage of AD deployment and in 
case AD products are bought mainly by DSOs. 

The TSO functional architecture includes the interaction with the other players. From the TSO point of 
view, for the most part, functionalities needed to fulfil the AD requirements are already available. It is 
only necessary to add some functionalities relevant to validation and a more accurate signal provision, 
in particular for the exchanges between the DSO and the TSO. 

The architecture of the MV Control Centre (MVCC) prototype, which enables the deployment of the 
new functionalities developed for ADDRESS project is defined. 

In order to provide the required results, the different new functionalities send and receive data from the 
existing and the new systems and all the interchanges formats between them have been defined 
subsequently. As it is expected, the same new functionalities should be reused later by different 
control centres; for this reason, standardized formats for network models and data interchanges have 
been chosen. 

It is assessed that SCADA via RTU will treat a new kind of measurement available in primary 
substation in the future. Therefore, new functions, that could be developed at MV/LV substation or LV 
network level (that should have been developed in the ST 3.3), are not taken into account.  

For each new functionality developed in Task 3.4 & Task 3.5, it has been defined the: 

• detailed specifications required in the new system.  

• standardized norm/protocol used. 

• language used for development. 

• format of each data. 

• detail of each input required (with specific parameters if necessary). 

• detail of each output provided. 

• particular requirements for this functionality (e.g. time of computation, accuracy…). 

• expected issues for this functionality and for the linked functionalities.  

The devices that are needed in primary substations (HV/MV) to provide to MVCC data required to 
execute the functions and algorithms to enable and exploit AD have been defined as well. The MV 
Controller, the Local Intelligence, the Automatic Voltage Regulator, the sensors and auxiliaries for data 
acquisition and the RTUs are conceptually not much different from those ones that are usually 
installed in EHV and HV substations when a Substation Automation System (SAS) is deployed. In fact, 
modern substations may already have this type of equipment, and therefore, the implementation of 
ADDRESS concepts developed in WP3 might require exclusively a re-configuration. 

This report gives also the outcome of the work deposed in Task 3.4 whose goal is to design and 
develop the algorithms for network control in the presence of Active Demand. In addition, the task 
shall also design and develop algorithms for validating the Active Demand (AD) products, both for day 
ahead and real time. Moreover, the development of a new system is necessary for managing and 
processing data exchanges regarding the active demand. This new system is called Active Demand 
Management System (ADMS) and is a new tool that DSO has at its disposal to interact with the other 
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actors when it comes to Active Demand.  

The ADMS is DSO’s interface between its internal algorithms for network management and the other 
actors participating in the Active Demand market. ADMS calculate the so called Flexibility Tables for 
the Aggregators, tables which inform about the allowed active demand flexibility in the network. ADMS 
is also the interface for validation of the AD products. It does receive all the requests for validation 
from the Aggregators, arrange those requests according to Load Area information, then calls the 
validation tools to check the feasibility of the AD products and replies the results to the Aggregators.  

This document describes also the results achieved by Task 3.5 concerning new operational planning 
applications for the MV Control Centre. Methodology, algorithm design and related implementation 
issues are illustrated. In particular, criteria for the definition of Load Areas and algorithms for their 
calculation are provided. The algorithm description and implementation for load forecasting are 
described as well as those related to photovoltaic and wind power forecasting. The Market Tools for 
the DSO decision making process at the MV Control Centre level, including AD as an additional option 
with respect to conventional alternatives for distribution network operation are also dealt with. 

Particular emphasis has been given to the description of algorithms and related implementation 
issues, by taking explicitly into account the presence of AD at the distribution network level. 

With reference to the laboratory tests to be carried out to validate the function and algorithms 
developed, since their result will be available only after the end of May 2011, this document provides 
only their scope, description and organisation. The details of laboratory test and validation procedures 
will be documented in a separate document.  
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GA General Assembly 
GIS Geographical Information System 
GPRS General Packet Radio Service 
GSM Global System for Mobile communications 
hsVLA High Sensitivity Voltage Load Area 
HV High Voltage 
HW HardWare. 
ID IDentifier. 
IEC International Electrotechnical Commission 
IED Intelligence Electronic Device 
IEM Internal Electricity Market. 
IMS Interruttore di Manovra Sezionatore (Integrated Magnetic Switch) 
IS Information System 
ISTN Inherent Structure Theory of Networks 
IT Information Technology 
KPI Key performance indicator 
L Load 
LA Load Area 
LAN Local Area Network 
LC Large Consumer 
LDC Line Drop Compensation 
LIM Location Information Manager 
LR Load Reduction 
lsVLA Low Sensitivity Voltage Load Area 
LTC Line Tap Changer 
LV Low Voltage 
MAS Multi Agent System 
MB Management Board 

μΧΗΠ Micro Combined Heat and Power generation unit 
MDMS Meter Data Management System 
MINLP Mixed-Integer Non-Linear Program 
MLA Macro Load Area 
MSO Market System Operator 
MV Medium Voltage 
MVCC Medium Voltage Control Centre 
NDHD Normalized Daily cHronological Diagrams 
NIS Network Information System 
NWP Numerical Weather Predictions (appendix F) 
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OLA Overload Load Area 
OLTCs On-Line Tap Changers 
OMS Operational Management System 
ONC Optimal Network Configuration 
OO Object-Oriented 
OPEX OPerational EXpenditure 
OTC Over The Counter (market) 
PA Production Aggregator 
PC Project Coordinator 
PEV Pug-in Electric Vehicles 
PF Power Flow 
PHVE Plug-in Hybrid Vehicles Electric 
POC Point of Connection of consumers 
POD Point Of Delivery of consumers 
POD, POC, POS Point Of Delivery, Point Of Connection, Point Of Supply of consumers 
POS Point Of Supply of consumers 
PPA Power Purchase Agreement 
PV PhotoVoltaic 
PwRT Producer with Regulated Tariffs 
QA Quality Assurance 
QAP Quality Assurance Plan 
QAS Quality Assurance System 
QM Quality Manager 
QMO Quality Management Office 
QO Quality Objective 
R&D Research and Development 
RES Renewable Energy Sources 
RET Retailer 
RMU Ring Main Unit 
ROI Return Of Investment 
RTU Remote Terminal Unit 
RTV Real-Time Validation 
SAIFI System Average Interruption Frequency Index 
SCADA Supervisory Control and Data Acquisition 
SL SLow 
SO System Operator 
SRP Scheduled Re-Profiling 
SS Secondary Substation 
SM Sensitivity Matrix 
ST SubTask 
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STATCOM STAtic Synchronous COMpensator 
STLF Short-Term Load Forecasting 
SVC Static VAr Compensator 
SW SoftWare 
T Task 
TB Technical Board 
TM Technical Manager 
TSO Transmission System Operator 
UI User Interface 
VLA Voltage Load Area 
VRPF Voltage Regulation Power Flow 
VVC Volt VAr Control 
WAN Wide Area Network 
WCPF Worst Case Power Flow 
WMS Work Management System 
WP# Work Package # 
WPL Work Package Leader 
XML eXtensible Markup Language 
μCHP Micro Combined Heat and Power generation unit 

Table 1, Abbreviations 
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1 Functional specification (including strategies) and 

architecture for distribution system automation 
and control 
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1.1. DSO and TSO Functional Architecture  
1.1.1. DSO Functional Architecture 
This section analyses all the inputs and make a general DSO architecture that may be applied 
anywhere in the European context. If it is necessary, several adaptations could be considered to take 
into account particularities of different countries or of the different scenarios. 

 
 

Figure 1, DSO Functional Architecture 

In Figure 1, the DSO architecture includes the existing and also the new functionalities to be 
developed to fulfil project’s requirements related to management of the network in presence of Active 
Demand. It also includes the interactions between the DSO and the other players. The approach tries 
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to be sufficiently generic to be able to use this architecture anywhere in Europe and, in particular, for 
each scenario.  

This architecture is organised at three different levels: 

° DSO Central Control level. 

° HV/MV substation level. 

° MV/LV level. 

This chapter pays special attention to: 

° The functionalities at the DSO Control Centre level. In particular: 

o Data acquisition, analysis and very short-term forecast tools, included in the SCADA.  

o Distribution system analysis and management tools, included in the Distribution 
Management System (DMS). 

o Distribution system optimisation and control tools, included in the DMS. 

o The “off-line” validation tools, included in the DMS. 

o The “real–time” validation tools, included in the DMS.  

o The DSO’s Market tools. 

o The Active Demand Management System tools (ADMS). 

o The interactions with other intelligent systems. 

The first five functionalities could be grouped together in only one system, the MVCC 
(Medium Voltage Control Centre). This organisation will depend on the organisation of the 
Control Centre. 

° The functionalities at the HV/MV substation level. In particular: 

o Different strategies for Voltage Regulation and Power Flow control. 

o The centralised/decentralised functions at the HV/MV substations. 

o The new functionalities for the primary substation devices. 

° The functionalities at the MV/LV level. 
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1.1.2. TSO simplified Functional Architecture 
Figure 1 shows a simplified TSO functional architecture including the interaction with the other players. 
 

TSO: Transmission System Operator 
 DSO: Distribution System Operator 

  EMS: Energy Manage ment System
 SCADA: Supervisory Control and Data Acquisition

 RTU: Remote Terminal Unit 
 AVR: Automatic Voltage Regulator 
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Figure 2, TSO Simplified Functional Architecture 

From the TSO point of view, the most part of functionalities needed to fulfil the AD requirements are 
already available. It is only necessary to add some functionalities/tools to permit the TSO to perform all 
the processes foreseen in the AD business model [D 1.1.]: These functionalities are: 

- Location information (macro load area) provision for the market players;  

- Flexibility Table computation; 

- AD products validation. 

In order to fulfil the TSO’s role of AD products buyer, the reference signal provision tool [IR1.4c], for 
the formulation of prices and volume signals, is needed; the existing TSO’s market tools can be 
adapted for AD purposes. 
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Figure 2 shows the data exchanges between the TSO and HV/MV substation, but in some countries 
the interface between TSO and DSO can be at EHV/HV substation level (e.g. 380/200 kV). 

1.2. Functional Specification of the DSO control centre tools 
1.2.1. Introduction 
The expectations of DSO and TSO with respect to Active Demand can be compacted into three main 
services: 

° Voltage Regulation and Power Flow Control. 

° Tertiary Active Power Control. 

° Smart Load Reduction (a.k.a. Low Impact Load Reduction). 

Therefore, DSOs and TSOs can procure AD products for real time network operation contingencies, 
long term operational planning and for network upgrading optimisation. Within the ADDRESS business 
model, this concerns the DSO role as “AD product buyer”. 

On the other hand, AD products can be procured by deregulated players to fulfil their operational 
needs and enhance their business optimisation processes. In such a context, DSOs and TSOs have to 
verify whether AD applications (e.g. increase/decrease of power demand at specific network location 
and at a specific time) are compatible with the secure and reliable network operation. 

Therefore, the SOs play the double role of AD product buyer and AD programs “validator”. In such a 
context, the new functions of both the DSO Control Centre and the decentralised intelligence (e.g. 
local controllers at HV/MV and MV/LV substation levels) have to substantially improve the capability of 
DSOs (and TSOs) in terms of: 

° Real-time monitoring and control over the whole MV distribution network and over parts (or 
even the whole) of the LV network (for mature AD markets); 

° Operational planning and decision-making process in order to determine the attractiveness of 
AD with respect to other alternative solutions; 

° Evaluation of the feasibility of both AD product traded in the day-ahead, intra-day markets and 
the possible real-time validation of other types of AD products; 

° Definition of load area and interaction with the TSO for the definition of the macro load areas 
(from the network topology/consistency point of view); 

° Publication and updating of load area and macro load area (with the relevant consumers 
encompassed) with a well-established codification; 

° Definition and publication of the flexibility table; 

° Procedure for the assessment/settlement, in case of the DSO coincides with the metering 
company (as it happens most often); this may involve metering data provision, possible data 
storage and others; 

° Interactions with other DSO and TSO intelligent systems, like Energy Management System 
(EMS), Geographical Information System (GIS) and Automated Metering Reading (AMR). 

In the document, we choose to separate the ADMS and the Market Tools from the MVCC.  

1.2.2. MVCC functional structure 
The controllability of the distribution network has traditionally been restricted to primary substations 
(SCADA, substation automation and voltage regulators), while the utilization of distribution network 
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automation (feeder automation, fault location and fault restoration) is concentrating on network 
reliability improvement. Sometimes, the monitoring and telemetry of MV and LV networks are still very 
limited although the number and characteristics of secondary substation monitoring devices and 
Automated Meter Reading (AMR) is increasing rapidly. The need of real-time information on the status 
of Distributed Generation (DG) units and their production as well as AD flexibility is becoming more 
important when their penetration level is increasing or when they have strong local influence.  

The Medium Voltage Control Centre (MVCC) performs the network level control, typically using a 
SCADA system, a Distribution Management System (DMS) and a Network Information System (NIS). 
Concerning the MVCC architecture, the three systems are not always implemented in three distinct 
systems. In this document they are kept separate from the functional point of view, but without any 
limitation to the integration of some or all the systems into one system, generally referred to as DMS. 
1.2.2.1 SCADA 
The Supervisory Control And Data Acquisition (SCADA) system is used for collecting information from 
the network in the control centre and for the remote control and supervision of various network 
devices. The databases of SCADA provide specific information and graphic overviews concerning 
HV/MV substations and the related equipment. SCADA does, however, not contain specific 
information concerning the MV or LV networks and their components. The main tasks of SCADA are 
event information management, network topology management, remote control of various devices, 
remote measurements, remote settings and reporting.  
1.2.2.2 DMS 
The scope of the Distribution Management System (DMS) is to provide useful network operation 
support tools and a graphical overview of the whole controlled network to the network operators. The 
main difference with the SCADA system is that DMS contains power network analysis and support 
features, like for example: 

° Planning and calculation tools. 

° Topology management tools. 

° Fault management tools. 

° Optimisation of the control options and network configurations 

DMS is based on the combined information from the network database and from the SCADA, 
supplying the network information system.  

DMS, which is sometimes also referred as Network Management System, manages the collection, 
processing and presentation of the network data via the SCADA and other communicative devices 
such as Remote Terminal Units (RTUs) and data concentrators. Present DMS’s also use many 
databases such as network connectivity database with real-time alarms, trouble call database, plant 
and circuit database, work management database, GIS database, consumer load database, etc. 
There are, however, many DMS suppliers and the DMS functionalities vary from supplier to supplier. 
Generally, the idea of DMS is to provide real-time control of the network to the operator [1]. 
1.2.2.3 NIS 
The functional content of the Network Information System (NIS) does not have a worldwide accepted 
definition but all vendors have their own definitions based on cultural and historical evolution of the 
information systems. Often the integration degree of information systems also varies in a great extent.  

A typical DSO applies a NIS for planning and maintaining its distribution network. The NIS is a 
graphically controlled system, which integrates network data with calculation functionalities for network 
planning, maintenance and statistical condition monitoring purposes. The most important objective of 
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such a system is to find the optimum between technical and financial matters.  

NIS is integrated with other systems to a high degree.  

In order to integrate information systems, the Common Information Model (CIM) is the solution for the 
data mapping challenge. Instead of mapping the data elements from each system directly to the data 
elements of each other connected system, the mapping is performed once from each system to this 
common model. The mapping task may be further simplified when a standardized industry specific 
CIM is applied. Within electric utility industry IEC 61970 and 61968 standards define the CIM for power 
system management and associated information exchange. CIM provides semantics that a community 
of integrators readily understands. Standard syntax, such as XML, provides a familiar format and 
structure without significant training. The ultimate objective of information system interoperability might 
be the concept of “plug-and-play” which is achieved by an adaptor that automatically configures newly 
connected system. 

1.2.3. Functional specifications of data acquisition, analysis and very short-
term forecasting 

The MV functions are dependent on real-time status and measurement information from the 
distribution network. In most cases a complete electrical model of the network is also required.  

Figure 3 provides an overview of the data acquisition, analysis and short-term forecasting functions 
that are required from the MVCC SCADA/DMS to support the requirements of AD.  
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Figure 3, Data acquisition, analysis and forecasting functions required from the DMS 

The SCADA/DMS shall collect such real-time data from the following data acquisition sources: 

° Remote terminal units (RTUs) located in HV/MV and MV/LV substations.  

° Measurement devices installed at the facilities of large consumers and/or producers (i.e. 
prosumers) using Distributed Energy Resources (DER).  

° Integrated control and protection devices, i.e. Intelligent Electronic Devices (IEDs) associated 
with re-closers and/or switches located on MV power lines and integrated control and 
protection units (IEDs) installed in MV/LV Ring-Main Units (RMUs). 
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° Data concentrators that collect data from devices that do not have direct communication with 
the SCADA/DMS system.  

Data collected via the data acquisition function is typically processed, including checking for quality 
and alarm conditions, and stored in a real-time database.  

Most SCADA/DMS systems currently only acquire and process data from the MV level of the 
distribution network because historically it has not been economically viable nor technically necessary 
to monitor and control the LV network. However, AD may require real-time measurement and short-
term forecast of parameters in the LV network because of widespread DER and the use of Plug-in 
Electric Vehicles (PEVs). This means that additional measurements on the LV network may be 
necessary. To support the requirements resulting from AD it is proposed that the measurements 
shown in Table 2 are made. 

In the prospective of a wider decentralization of intelligence, MV/LV substations may be equipped with 
additional intelligence, in order to process the collected measurements so as to provide the 
SCADA/DMS with aggregated data and, consequently, also more frequent data exchange. In 
particular, aggregation of data on the basis of Load Area definitions could be performed at MV/LV 
substation level. In any case, the amount of additional measurements will be proportionate on the 
amount of AD deployment. The economic and technical criteria will also be considered in the 
measurement equipment choice.  

For the DSO to correctly manage these constraints and optimise the load flow on the distribution 
network, it will be necessary to forecast the generation as well as the load at MV and LV level. AD 
requires that these forecasts are made in the short-term (e.g. every 15 minutes). 

On a distribution network load consumption tends to follow profiles that have time- and season based 
characteristics. Historic load profiles should be used to forecast load consumption on the distribution 
network. Load and generation forecasts will be made for locations 1, 2 and 3. 
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Type of 
measurement 

Location 1 
(HV/MV substation) 

Location 2 
(MV substation)1 

Location 3 
(MV/LV transformer) 

Location 4 
(Consumer premises)2 

Status indications 
Switch positions 
Transformer tap change position Switch positions 

Switch positions 
Transformer tap change position 

DG circuit breaker position 

Measurements 

Total feeder current (A) 

Busbar voltage (V) 

Busbar active power (W) 
Busbar reactive power (VAr) 
Busbar frequency (Hz) 

Total spur current (A) 

Busbar voltage (V) 

Busbar active power (W) 
Busbar reactive power (VAr) 

Current (A) 
Transformer voltage (V) 
Node active power (W) 
Node reactive power (VAr) 

DG load (A) 

DG voltage (V) 

DG active power (W) 
DG reactive power (VAr) 
DG frequency (Hz) 

Sequence of events 
Transformer, busbar and feeder 

protection alarms and 
statuses 

Busbar and feeder protection 
alarms and statuses 

Transformer and feeder protection 
alarms and statuses DG protection alarms and statuses 

Non-telemetered data  Non-monitored circuit breakers Non-monitored circuit breakers Non-monitored circuit breakers 

Calculated data 

Network topology 
Power flow 
Technical and non-technical 

losses 
Load forecast based on historic 

profiles 

Network topology 
Load forecast based on historic 

profiles 

Network topology 
Load forecast based on historic 

profiles 

Generation forecast based on 
meteorological input data  

Refreshing frequency 
Status information and sequence of events : as soon as any change of state occurs 
Measurement : every 5 minutes 

Measurement : every day (DG 
every 15 minutes) 

Table 2, Scope of measurements per location  

                                                 
1 MV substation corresponds to a switching point in the MV network. 
2 DG load is only measured if the net production of a particular consumer with installed DG is positive and greater than a certain limit. Consumer load data shall not be measured by the 

SCADA/DMS 
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1.2.4. Functional specifications of distribution system analysis  
The MV distribution system analysis is based on several tools, which are typically assigned to the 
DMS. The basis of all tools is the distribution load flow. In real-time control a classical deterministic 
approach is adequate to guarantee the required accuracy. 

To effectively account for AD, the additional functional specification to be satisfied by the distribution 
load flow is to include: 

° DG models, which may vary according to the energy conversion system. 

° Active load models, to account for the dependencies of the load consumption on system state 
and control signals. 

° Equivalent models for Load Areas. 

Since the data acquisition and analysis is usually provided with incomplete system data, the state-
estimation of the MV distribution system becomes an indispensable tool. 

With reference to the location information, a specific tool, in the following named Network Analysis, 
should allow the functional separation of the system into Load Areas, accounting for the changes of 
topology. The functional requirements of the Network Analysis separating the distribution system into 
Load Area are to be defined both for the MV network and for the LV networks. 

 
1.2.4.1 Distribution State Estimator 

Functionalities 
Existing SCADA systems provide measurements of the current flows and voltages at the HV/MV 
substation, but very little additional information is usually available. Such data are not rich enough to 
provide a suitable picture of the overall MV network operating point.  

As concerns the LV network, the real – time measurement are still very rare; the smart meters which 
some network operators have already installed in vast numbers, provide to increase the observability 
of the LV network.  In order to obtain the maximum benefit of measurements provided by the 
advanced metering infrastructure devices, certain improvements in the state estimation algorithms 
would, nevertheless, be necessary and such are proposed in [1].  

The DSE results gives inputs to other operation algorithms developed for DSO within ADDRESS 
Project such as Volt/Var control. The DSE tools are also required to give more accurate data to the 
forecasts algorithms used e.g. by off-line validation of bids traded in the AD market.  

Measurements requirements 
The objective of DSE is to determine the most likely state of the distribution system based on 
quantities that are measured.  

Measurements used by the DSE are classified according to three families:  

° Real measurements (metered on the system).  

° Pseudo-measurements (load models).  

° Virtual measurements (additional values used when the value is clearly identified; e.g. zero 
load injections at nodes with no load connected). 

In order to provide the expected estimation, DSE needs a dynamic database, which provides in real-
time: 

° The topology and electrical parameters of the distribution network. 
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° The configurations of the metering system such as the sensors’ types, characteristics and 
placement in the network. 

DSE Process and solving techniques 
The Distribution State Estimator (DSE) is a non-linear optimisation that uses measurements combined 
with the network model in order to estimate the electrical state of the network in real-time.  

In order to achieve the DSE aims regarding the DSO operations in the AD contest,  

three operation modes give support: 

° Real-time DSE: The purpose of this mode is to provide a solution, which reflects the actual 
state of the distribution network using the existing real-time measurements, the actual 
topology and operator entries. DSE execution can be triggered periodically, spontaneously or 
upon operator demand. 

° On-line Power Flow. The purpose of this mode is to provide a solution, which reflects the 
status of the distribution network in very short-term, with the actual topology but with different 
loading value. 

° Power Flow in study mode. The purpose of this mode is to allow the user to execute short-
term operational studies, with different topology and different loading value. In study mode the 
same model with the same network elements is used as in on line mode. 

Only the first mode of operation is strictly the DSE. The other two are an advanced load flow using the 
results of the DSE to build different network situations at different time levels. 
1.2.4.2 Network Analysis tool 
This section presents the functional requirements of the specific tool separating the distribution system 
into Macro Load Areas and Load Areas, for both MV and LV networks. 

Some assumptions are detailed below: 

° Any consumer can be unambiguously identified within the belonging load area by means of an 
unchangeable unique key, called consumer’s ID. This ID allows the SO to place 
geographically the consumer in the network and enables to identify in which area the 
consumer is connected (at the HV, MV and LV level). 

° Each LV line could be divided into different Load Areas composed of several consumers 
whose loads are equivalent from the electrical point of view. A Load Area may be extended to 
a LV feeder or to a MV/LV substation.  

° DSOs group Load Areas into Macro (greater) Load Areas, tailored according to TSOs point of 
view (e.g. a HV/MV substation as a whole). Macro Load Areas must be communicated to the 
TSO and updated on every change.  

° The consumer’s key has been composed by three items: Macro Load code + Load Area code 
+ consumer’s ID. 

° The consumers’ key must be communicated to the aggregators and updated on every 
change. 

The main objective of this tool is to determine the optimal load area organisation to solve the network 
constraints or critical situations. To do that, this tool: 

° Will be used in different modes (real-time process and study mode), 

° Calculates the contingencies that cause critical situations in the network at both levels MV and 
LV networks at determine the critical levels for each one. 
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° Determines the network area that has influence in each of the critical situation at the LV and 
MV level. 

° Optimises the load area organisation allowing solving all the critical situations. 

° Calculates the node injections (generation or load). 

° Determines the consumer’s key taking into account the load area organisation. 

° Receives the Macro Load Areas requirements from the TSO and assigns/updates the 
consumer’s key taking into account the Macro Load Area. 

° Sends the complete consumer’s key to the AD Management System for publication. 

° Creates equivalent networks for connection to the TSO networks and sends it to the AD 
Management System, if it is necessary. 

 

Load Area  

Macro Load Area   

HV/MV substation

MV/LV substation

Load   
Area   

MV/LV subs tation

Load AreaLoad 
Area

 
Figure 4, Load Area and Macro Load Area definition 

 
1.2.4.3 Flexibility Table and Sensitivity Matrix 

 

As a result of the analysis of the alternatives for network operators to deliver information on the 
network flexibility and as guidance for the economic agents (e.g. aggregators) for planning the bid’s 
flexibility compatible with network constraints, the so-called Flexibility Table has been identified. The 
Flexibility Table has to fulfil the simplicity requirements and it has to contain easy-to-read information 
such as allowed margins (increasing/decreasing) for AD, for specific timeframe and for specific Load 
Area.  The FT intends to cover the following issues: 

1. Use the already defined concepts of load areas and macro load areas for the validation 
processes. 

2. Give periodically information on sensitivity of the load areas to AD requests, even if 
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aggregators have not made such requests. This is a way to provide information in advance to 
aggregators. 

The DSO sends to the aggregators the FT with possible flexibilities, given through an amount of 
load/generation variation in each load area which imply no violations of network constraints. The 
aggregators receive this table in order to elaborate their bids. The aggregator’s bids, elaborated within 
the limits of the flexibility table have a good chance to being accepted by the DSO.   

Nevertheless, sometimes due to unforeseen events, DSO can curtail some bids even within the 
flexibility table limits. In these cases eventual DSO commitments will be decided by the AD market.  

Even if the flexibility is calculated per node, the FT is given per Load and Macro Load Areas (for the 
aggregator it is easier to optimise by Areas and not by network nodes). 

Peak and valley load in the chosen time horizon (obtained from historical measurements and load 
profiles for the period to be analysed) are of particular interest. At the peak load, network constraints 
will be determined by the capacity of the network and by conditions on voltage and stability; the value 
of the limit in FT will represent a maximum load up. At the valley load, network constraints may arise if 
generation exists; the limit in FT will be a maximum load down. 

Time validity is very important for the FT. A short time validity (say, a week) would allow for accurate 
calculation of the limits in the FT, without undue restrictions, but would require give aggregators a 
short-term view for their decision. On the other hand, to gain a long-term validity (say, a year) of the 
FT calls for losing accuracy and possibly for the setting restrictions not meaningful over much of the 
time horizon.  

On each Load Area, the DSO should consider and include, where needed, the allowed payback in the 
network.  

The proposed FT information structure is summarized in the Table 3. 
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 Item Description Format 

1. TSO/DSO ID  Identifier of the DSO issuing the FT Alphanumeric 

2. FT ID Identifier of the FT Alphanumeric 

3. Timestamp  
Time at which the FT is issued  
(hh:mi:ss yyyy/mm/dd - hours in h24 format) 

Time-date 

4. Start of validity Start time of validity of FT (hh:mi yyyy/mm/dd - hours: 
h24  format - minutes: quarters) Time-date 

5. End of validity End time of validity of FT (hh:mi yyyy/mm/dd - hours: 
h24  format - minutes: quarters) Time-date 

6. For each Load 
Area  Load Area Code  Alphanumeric 

7.  Maximum flexibility up (load increase) [kW] Numeric 

8.  Maximum flexibility down (load decrease) [kW] Numeric 

9.  Allowed payback [kW] Numeric 

Table 3, Flexibility Table (FT) information structure 

In addition to the FT, the Sensitivity Martix (SM) could give the information about further flexibility 
allowed in each Load Area compatible with network constraints. This Sensitivity Matrix is intended to 
give to the interested parties, information on how to submit to the market offers for a possible second 
round of additional flexibility exchanges, taking into account network constrains. The idea is to give, for 
each node or for each Load Area, the extra margin for setting additional exchanges. This Sensitivity 
Matrix is built upon the condition that the additional flexibility exchanges are balanced. It has limited 
time validity, since it refers to a specific period of time. 

This Sensitivity Matrix is created under the following assumptions: 

1. The aggregator receives additional information to which node refers each column of the 
sensitivity matrix. For each bidding constraint in each node, the aggregator receives a 
sensitivity matrix.  

2. Currently this sensitivity matrix is built assuming there is a curtailment on the request of the 
aggregator, for this, SO request to fulfil that: 

o The sum of power, added and reduced, through the AD requests is zero (as an 
additional request to the inequality of the matrix). 

o The sensitivity matrix multiplied by the additional AD on each node is not higher than 
zero. 

For the sake of simplicity nodes references as described in the Sensitivity Matrix could be considered 
as load areas and macro load areas. 

The DSO Sensitivity Matrix information can be given the structure proposed in Table 4 
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 Item Description Format 

1. TSO/DSO ID Identifier of the TSO/DSO issuing the ASM Alphanumeric 

2. ASM ID Identifier of the ASM Alphanumeric 

3. Timestamp 
Time at which the ASM is issued 
(hh:mi:ss yyyy/mm/dd - hours in h24 format) 

Time-date 

4. Start of validity Start time of validity of ASM (hh:mi yyyy/mm/dd 
- hours: h24  format - minutes: quarters of hour) Time-date 

5. End of validity End time of validity of ASM (hh:mi yyyy/mm/dd - 
hours: h24  format - minutes: quarters of hour) Time-date 

6. For each Load 
Area Load Area Code. It is the ASM column heading Numeric 

7. For each binding 
constraint Entry of FT Numeric 

Table 4, DSO Sensitivity Matrix information structure 

The SM could be additional information which eventually can help aggregator to re-organize his bids.   

1.2.5. Functional specifications of distribution system optimisation and 
control tools 

In the ADDRESS architecture, the usual DMS tools should be revised and extended to allow and to 
fully exploit the advantage that AD product acquired by DSO can bring to distribution system 
operation. These tools are essentially 

° The Voltage/VAR Control (VVC) tool. 

° The Optimal Network Configuration/operation (ONC) tool. 

Moreover, new tools must be developed to validate the AD product activation and they can be 
classified into: 

° The “Off-Line” validation tools, which are used for AD product validation after gate closure 
(when this one is not “close to real-time”) assuming some possible configuration and 
forecasting the operating conditions of the distribution system. 

° The Real-Time Validation (RTV) tool, which is used by DSO before giving his consent to the 
request of an AD product by the TSO or other deregulated players, which is activated close to 
real-time and therefore which refers to the actual configuration and operating conditions of the 
distribution system. 

 
1.2.5.1 Voltage/VAR Control tool 

Present-day functionalities 
The target of VVC is to lead the MV distribution system to operate without violating any system 
constraints. The considered constraints are, primarily, voltage profile limits along the feeders and, 
secondary, loading limitations of lines and transformers.  

To pursue this objective the VVC acts on switched capacitors and on tap changing transformers. In a 
centralised approach, the DMS directly determines the switching on/off of capacitor banks and the 
transformer tap changer positions. In a mixed centralised/decentralised approach, the DMS defines 
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the voltage reference set points to be sent to the local controllers of the capacitor banks and of the 
transformers tap changers, which, according to their control law, act so as to regulating the controlled 
voltages to the reference set points [11]. 

When system-operating conditions satisfy the above constraints, the VVC tool can act to optimise 
operation with respect to one or more objectives. In particular one or a combination of the following 
objectives can be assumed : 

o Minimise power losses in lines and transformers.  

o Maximise power factor along feeders.  

o Minimise injected power of primary substation transformers.. 

o Maximise the reactive power injected into the HV transmission network.  

o Maximise the distribution capacity of the system.  

o Minimising the control effort and the number of control actions.  

The VVC tool at DMS requires the outputs of the system state-estimation tool as inputs. Moreover, the 
control action limitations are to be accounted for.  

New functional requirements 
The VVC tool must be revised to include AD products that the DSO has under direct control. The VVC 
tool may require the AD products referred to as Voltage Regulation and Power Flow Control. Then, the 
VVC of DSO may be improved by the use of the following AD products: 

° Scheduled Re-Profiling for Voltage Regulation and Power Flow Control (slow) - SRP-VRPF-
SL.  

° Conditional Re-Profiling for Voltage Regulation and Power Flow control (fast) - CRP-VRPF-
FT. 

In real-time control, the VVC tool must assume that the SRP products are acquired and delivered 
according to the characteristics defined in the provision agreement. On the other hand, DSO may 
choose to activate or not the CRP-VRPF-FT products that have been acquired.  

In practice, the same VVC algorithm used in real-time can also be used in operational planning, as a 
technical support to off-line decisions of DSO market tools, when defining the AD products to be 
acquired on the market. In this case, both SRP-VRPF-SL and CRP-VRPF-FT products must be 
considered, but they can be treated in the same way from the point of view of the VVC tool. 

Referring only to the real-time VVC tool, the AD products can be considered as: 

° Additional control actions that can be undertaken to avoid system constraint violations, that is 
to guarantee the achievement of the primary objective of VVC. 

° Options to be considered on an economical basis to achieve the VVC secondary objectives, 
when system constraints are satisfied. 

Minimising the costs related to AD product activation is an additional objective which must be 
accounted for by VVC. 

Finally, the decision on whether activates each AD product and, if positive, the related volume, 
activation time and duration, must be considered additional outputs of the VVC tool. 

Algorithms and solving techniques 
The target of the VVC tool defines the constraints that any acceptable solution has to fulfil. The 
objective function defines the VVC problem in terms of a multi-objective mixed-integer non-linear 
optimisation problem. 
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Some existing algorithms can be adopted: . 

° The heuristic class includes algorithms that typically apply sets of rules that come from past 
experience. The basic tool is the distribution load flow that is used to verify the viability of the 
rule-based decisions and the constraint satisfaction. 

° The network-based class that start from the detailed modelling of the network and of the 
objective functions. The solving techniques are quite sophisticated and can be based on 
stochastic search techniques (such as genetic algorithms) or on mixed-integer non-linear 
optimisation programming techniques [12]. 

More detailed description of the algorithm adopted and implemented in the MVCC prototype are given 
in the section 5.2.3.2.  

The required computing performance must guarantee that the VVC problem is solved within the 
sampling time that is assumed in the ADDRESS architecture (around 15 minutes). This sampling time 
must be coordinated with the other DMS tools, in particular state-estimation and short-term forecast of 
loads and DG, which provide the inputs to the VVC tool. It is important to remember that the overall 
time elapsing from the start of VVC tool computation and the actuation of the commands must include 
not only the computing time of the VVC tool but also the time needed to activate the AD product. 

 
1.2.5.2 Optimal Network Configuration/operation tool 

Present-day functionalities 
The target of ONC tool is to lead the MV distribution system to operate without violating any system 
constraints. The considered constraints are essentially loading limits of lines and transformers. 
Voltage constraints are seldom considered, because ONC has a limited impact on them and they are 
more effectively relieved by VVC. 

Additional constraints that are accounted for by the ONC tool concern the protection systems.  

To pursue this objective the ONC acts on the disconnectors and switches so as to change the network 
topology. When system-operating conditions satisfy the above constraints, the ONC tool can act to 
optimise operation with respect to one or more objective functions. In particular one or a combination 
of the following objectives can be assumed. 

° Minimise distribution active power losses.  

° Maximise load balancing among the transformers belonging to different substations and 
among the feeders supplied by the same transformer.  

° Minimise the worst voltage drop.  

° Maximise distribution system reliability.  

° Minimising the control effort and the number of control actions.  

New functional requirements 
The ONC tool must be revised to include AD products that the DSO has under direct control. The 
ONC tool may require two types of AD services, referred to as, respectively, Voltage Regulation and 
Power Flow Control and Smart Load Reduction. Then, the VVC of DSO may be improved by the use 
of the following AD products: 

° Scheduled Re-Profiling Voltage Regulation and Power Flow Control (slow) - SRP-VRPF-SL. 

° Conditional Re-Profiling Voltage Regulation and Power Flow control (fast) - CRP-VRPF-FT. 

° Scheduled Re-Profiling Load Reduction (slow) - SRP-LR-SL. 
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° Scheduled Re-Profiling Load Reduction (fast) - SRP-LR-FT. 
° Conditional Re-Profiling Load Reduction (fast) - CRP-LR-FT. 

In real-time control, the ONC tool must assume that the SRP products are acquired and delivered 
according to the characteristics defined in the provision agreement. On the other hand, DSO may 
choose to activate or not the CRP-VRPF-FT and CRP-LR-FT products that have been acquired.  

In practice, the same ONC algorithm used in real-time can also be used in operational planning, as a 
technical support to off-line decisions of DSO market tools, when defining the AD products to be 
acquired on the market.  

Minimising the costs related to AD product activation is an additional objective function which must be 
accounted for by ONC. 

Algorithms and solving techniques 
The target of the ONC tool defines the constraints that any acceptable solution has to fulfil. The 
objective functions define the ONC problem in terms of a non-linear optimisation problem.  

A search examining all possible configurations deriving from the combinations of open/closed status of 
all the controlled switches is practically impossible. The adopted algorithms are typically based on 
heuristic combinatorial search methods, which can be classified in two classes : 

° The methods of the first class, named switch opening methods, start from the closed 
configuration of all switches; the starting topology is then a meshed network [13].  

° The methods of the second-class, named branch exchange methods, start from a feasible 
configuration, which in real-time ONC tool is typically the current operating configuration of the 
network [14].  

The required computing performance must guarantee that the ONC problem is solved within a 
sampling time that is multiple of the sampling time that is assumed in the ADDRESS architecture 
(around 15 minutes). The ONC sampling time can then, be assumed to be fixed around 30 minutes or 
1 hour. 

The ONC functionalities described above may be needed for AD management but they have not been 
developed within ADDRESS project. 

 
1.2.5.3 Real-Time Validation tool 
The Real-Time Validation (RTV) tool is used by DSO before giving his consent to the activation of 
CRP product in real - time requested by the TSO or other deregulated players. This tool can also be 
used for the validation of the SRP products to be activated in a short time, e.g.: for SRP intra-day 
markets.  

The function of the tool is to validate, in the actual real-time configuration and operating conditions of 
the distribution system, the viability of the proposed AD product activation for specific values of volume 
and of deployment duration interval.  

If the validation gives a positive result, the DSO allows the activation of the AD product to the 
aggregator.  

If the validation gives a negative result, the tool should provide also additional information for the 
aggregator. In particular, the aggregator should be informed about the amount of the curtailment to the 
volume of the product. Moreover, market players should be informed about the nodal sensitivity matrix 
in the present operating conditions of the distribution system. In this case, the market players can use 
this new Sensitivity Matrix to possibly recover the curtailment of the product in a second market round.  



 
  Prototypes and algorithms for network management, providing the signals sent 

by the DSOs to the aggregators and the markets, enabling and exploiting AD 
                    ADD-WP3-D3.1-ENEL DISTR-Active Distribution Grid-V1.2  

Final 1.2 
 

 

Copyright ADDRESS project page 34 of 163 

The RTV of an AD product activation is analysed as soon as the request is received by DSO and it is 
performed one validation at a time. If another request arrives while the RTV tool is analysing a first 
request, the new request is kept in standby and analysed only after the result related to the first one is 
available. If the first request is accepted, the RTV tool passes to analyse the new request. 

The RTV tool must verify the satisfaction of the following technical constraints in all the distribution 
system: 

° Maximum loading limits of lines and transformers. 

° Maximum and minimum voltage limits along the feeders. 

These constraints must be satisfied in the current configuration and operating conditions of the 
distribution system.  

Analysing a single request of CRP product activation requires the solution of a distribution load flow  
which includes the forecasted loads and DG for the next sampling time3.; the volume of the requested 
CPR product is added/subtracted to the nodal loads to obtain the distribution system condition to be 
analysed. 

The load flow solution is then compared with the technical constraints. 

The algorithm execution is described in the section 5.2.6.2 

The required computing performance must guarantee that the RTV problem is solved within a time 
interval which must be much lower than the activation time, actT , that is the time between the request 

of the activation by the AD product buyer and the effective delivery by the aggregator (or depending 
on the case, e.g. for a SRP, the time between the market clearance and the actual delivery start time). 
By the way, since the solution of the RTV problem requires essentially the iterative solution of a 
distribution load flow problem, the computing time should not represent a big issue. If needed, 
approximated search procedure can be adopted to keep maximum computing times to acceptable and 
fixed values. 

1.2.6. Off-line validation tool 
The off-line validation tools are the DSO’s instruments for AD products validation in the day-ahead and 
intraday AD markets. These instruments are based on the load and generation profiles forecasted for 
a longer term with respect to real–time validation ones (15 -30’ ahead).  

 
1.2.6.1 Specification of validation tools 
The technical validation in a Load Area (Macro Load Area from the transmission network side) refers 
to AD products sent by the aggregators, taking into account the load and generation forecast and the 
schedule of network topological changes due to planned working activities. 

Whether AD service is provided to deregulated players or regulated players, ex-ante validation of the 
AD feasibility is necessary to give the DSO (and TSO, if involved) the capability of assuring network 
constraint satisfaction. This is based on the assessment of the impact of proposed AD product 
exchanges and possibly on actions on them if they cause (or are deemed to) a problem on the 
network. 

The assessment is basically a load-flow calculation, carried out on the flexibility exchange proposals 
that add to the scheduled/forecasted operation. If assessment results in the violation of some 
constraints in the SO’s (either DSO or TSO) network operation., the SO itself will determine an 

                                                 
3 “Next sampling time” considers at least, the activation time Tact and the deployment duration Tdur.  
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acceptance factor for each proposed AD exchange, together with a Flexibility Table. 

Acceptance factors are determined so as to minimize the curtailment of the AD exchange proposals. 
Sensitivity matrix and a FT of limits give guidance to interested parties for either possibly arranging 
additional flexibility exchanges (for instance, in a second market round) or for preparing future offers 
for the market. 

Validation process 
Initially aggregators will send, through the ADMS, their AD service information to DSO for the 
requirement validation. Each aggregator must send information showed in the Table 5:  

 
 Item Description Format 

1. Aggregator ID Identifier of the aggregator Alphanumeric 

2. Request ID Identifier of the request Alphanumeric 

3. Timestamp Time at which the request is made Time-date 

4. Origin DSO ID Identifier of the DSO which operates the Origin MLA  Alphanumeric 

5. Destination DSO 
ID Identifier of the DSO which operates the Destination MLA   Alphanumeric 

6. Origin MLA Code of the Macro Load Area containing the Origin LA Alphanumeric 

7. Destination MLA Code of the MLA containing the Destination LA  Alphanumeric 

8. Origin LA  Code of the LA where the AD product is formed (i.e. 
where consumers providing flexibility are located)  Alphanumeric 

9. Destination LA Code of the LA where the AD product is used  Alphanumeric 

10. 
Reference load 
(in the Origin 
LA) [kW] 

Reference load can be a confidential data provided by the 
aggregator. It must be known by the DSO in order to 
ascertain the expected variation of power. 

Numeric 

11. AD volume [kW] Variation on the reference load, either positive or negative Numeric 

13. Starting time Start time of the AD product deployment  Time-date 

14. Duration [min] Duration of the AD product – multiples of 15’ Numeric 

Table 6, AD Service information 

With this information request(s), the DSO(s) will do the following: 

1. Forecasts load/generation for each interested Load Area.  

2. Adds the AD products validated and accepted on the long-term timeframe to the above 
forecast. 

3. Distributes each request on the network nodes of the involved Load Area where the 
Aggregator manages (flexibility of) consumers, again via participation factors. 

4. Executes a power flow in different scenarios to identify violation of constraint on network 
security and quality of supply. Scenarios considered are: 

o Normal operation (including changes in topology due to any planned network work for 
the checking period). 

o Outages, approached with the N-1 security criterion (e.g. MV feeder with back-feed 
from neighbour feeder, generation at the maximum output or out-of-service). 

5. If constraint violation occurs, the DSO tries to apply remedial actions at its disposal (e.g. 
change of network topology, of reference values for voltage controllers, etc.). 
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6. If the above remedial actions don’t allow avoiding constraint violation, curtailment of AD 
product(s) submitted for validation is carried out. It is so that curtailment is kept at minimum, 
while maximizing the overall volume of AD product that can actually be exchanged. 

7. If from DSO’s point of view, the requirement is accepted, next, TSO must validate and verify 
this AD service. In order to carry out this step, DSO aggregates the (possibly already 
curtailed) product per Macro Load Area and sends the request to TSO for validation. 

8. For this step, the TSO will use the existing tool and the existing applied rules for the network 
security like for example the automatic contingency analysis (N-1). 

9. If from TSO’s point of view the requirement is also accepted, TSO informs of the level of 
acceptance to the DSO. By other hand, and similar as DSO process, if some constraints exist, 
curtailment of product(s) submitted for validation is carried out. 

10. Depending on which constraints have been evidenced in step 5 and on which actions have 
been carried out, DSO possibly updates the Load Area information. 

The validation stage might differ depending on time constraints 

° Short term validation: needed when the request for validation needs to be done in an intra-
day basis. 

° Long term validation: needed when the request timeframe is longer than one day. 

Validation results 
After both DSO and TSO have verified the AD requirement, the following information will be sent to 
aggregators in order to inform them about the results of the validation.  

For each AD product, DSO privately sends the Aggregator scalar numbers not less than zero and not 
higher than one, representing the fraction of the proposed AD product exchange that can be accepted 
by DSO, TSO and by both together. The related information can take the form illustrated in Table 7.  

 

 Item Description format 
1. Aggregator ID Identifier of the aggregator alphanumeric 
2. Request ID Identifier of the request alphanumeric 

3. Timestamp Time at which the answer is given  
 

time-date  

4. DSO ID Identifier of the DSO involved in the validation alphanumeric  

5. Acceptance 
level by DSO 

Fraction of AD product volume submitted for validation that 
can be accepted by DSO 

numeric 

6. 
Acceptance 
level by TSO 

Fraction of AD product volume submitted for validation 
(possibly already curtailed by DSO) that can be accepted 
by TSO 

numeric 

7. 
Overall 
acceptance 
level  

Fraction of AD product volume submitted for validation that 
can be accepted (it is equal to the combination of the two 
acceptance levels in 5. and 6.)  

numeric 

Table 7,  Acceptance factors 

1.2.6.2 Functional specification for measuring and validation of the provided service 
When an AD service is offered and activated by aggregators, SOs must verify if this requirement has 
been provided and if some deviations have happened. For this validation, it has to compare the 
expected results with the supplied ones. Specifically the problem to be addressed is that the SO has 
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made the operation plans based on the assumption that the AD service is delivered. If it is not 
delivered, mitigating actions must be implemented. 

For this validation two modes can be considered: on-line mode and off-line mode : 

° Validations in on-line mode. The DSO has to detect, evaluate and mitigate the deviations 
using the on line validation driven by the actual (and very short term forecasted) system 
conditions and taking into account countermeasures in order to avoid that such violations 
create problem in the network. The DSO calculates continuously the state of the network and 
is able to estimate the power consumption in each node. The power consumption is an input 
of the load flow, but it is a result of the state estimator that normally performs a load 
calibration. In case of real time detected violation events, which could have been caused by 
partially (or totally) not delivered AD products (regardless of the service is being provided to 
the DSO or to any other player), the DSO may apply internal emergency procedures. 

° Validations in off-line mode. In these cases, DSO evaluates deviations made by the AD 
activation in order to calculate possible penalty (in the case the service was offered for its own 
needs). The different load curves (measures in the MV & LV networks, results of the state 
estimation, measures through the AMR system) are the basis of the evaluation of 
characteristic loads and their NDHD loads (Normalized Daily cHronological Diagrams), which 
are the point of start of the state estimation process. After that, the NDHD are calibrated in 
order to match with the on line data (measures etc.). The result of this process is the post-
estimation load curves. 

1.2.7. Functional specification of the DSO’s Market Tools 
The use of the AD solution for the DSO’s needs implies both the development of new tools supporting 
the decision making process and tools dedicated to the interactions of the DSO with other actors 
(aggregator and markets). The Market tool encompasses all the functionalities supporting the DSO in 
the AD products market.  
1.2.7.1 Clearing price forecast, alternative solution cost evaluation and price signal 

evaluation 
The main objective of the market analysis tools is the forecast the market clearing price so as to give a 
reference for the formulation of the price signal, as an attribute of the Demand Bid to be sent to the 
relevant market gate. Any forecasted price is associated to a given probability that the price itself will 
occur. The system should thus also compute the cumulated probability that the settlement price will be 
above a certain level. The cumulated probability of the price combined with the level of severity of the 
contingency to be coped with, are essential in the price signal evaluation.  

The alternative solution costs evaluation supports the decision making process in the evaluation of the 
optimum price signal to be sent to the Market System Operator (MSO). The set of the possible 
alternative solutions could encompass the network reconfiguration, the DG ancillary service market, 
other DER set point change, mobile generator deployment, etc.  

For any type of alternative solution, the system should be able to calculate the cost of the deployment. 

The tool is given as input the list of the available alternative solutions together with the relevant 
features. The algorithms implemented in the DMS provide the network violation event warning as well 
as the contingency analysis.  

The least costly alternative solution may determine the upper bound of the price signal. 

The AD solution will be “in competition” with all other possible solutions and the choice will result from 
a comparison of both efficiency to meet the need and the cost of the different solutions. 
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For each of the services or expectations/needs, evaluating: 

° The cost of the other solutions that the player has at its hand.  

° The expected economic gains or savings that the use of AD can bring.  

It will help to determine the price that the player is willing to pay for an AD service and therefore the 
price signals that will be exchanged. The clearing price forecast combined with the level of severity of 
the contingency to cope with will give support to the price signal evaluation.  
1.2.7.2 Reference signals provision and AD product record 
To put in place the AD services, the DSO must provide the reference signal to be sent to the different 
players involved: the MSO to participate in the AD services market and the aggregator for the 
activation and triggering of already procured CRP products. 

The reference signals converge into a Demand Bid to be forwarded to the MSO.  

The Market Tool should implement the functionality to generate the Demand Bid template in a 
standardised form as established by the MSO itself. This is essential to guarantee the Demand Bid 
transfer from the Market Tool to the MSO System. 

For already acquired CRP products, the DSO sends to the aggregator an activation signal taking into 
account the possible contractual restrictions. The DSO has also the possibility to trigger the volume 
over time to be delivered by the aggregator/s. 

The market tool should include a functionality in order to record the AD product traded by the DSO 
itself. Therefore a dedicated database has to store the information relevant to any Demand Bid sent to 
the MSO. 

The data to be recorded consists of: 

° The Demand Bid with all the relevant data (SRP/CRP and the product code, the re-profiling 
pattern, the date, …). 

° The market gate the Demand Bid was sent to. 

° The market response (acceptance, curtailment, settlement price, …). 

 

1.2.8. Functional specification of the Active Demand Management System 
The ADMS (Active Demand Management System) is the DSO Control Centre system, which manages 
all the information exchange with the aggregators and the TSO for coordination purposes, which are 
functional to the AD Business model (D 1.1).   
1.2.8.1 Location Information management 
The Location Information consists of: 

° The definition of the Macro Load Areas relevant to the transmission network operation and the 
relevant code assignation. 

° The identification of the Load Areas contained in each Macro Load Area and the relevant code 
assignation. 

° The definition of the consumers belonging to each Load Area; the consumers can be identified 
either with the POD (Point Of Delivery), or with the POS (Point Of Supply) or with the POC 
(Point of Connection) code. 

The information should have a hierarchical structure as shown in Figure 5.  

Such a location information structure enables aggregators to organise their consumer’s portfolio into 
the Macro Load and Load Area domain. 
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 Macro Load Area -i 

Load Area  – i  
 List of POD : 

 
 POD  – i1 

 … 
 POD  - in 

 

Load Area –j 
 List of POD:

 
 POD –j1

 …
 POD -jm

 
 

Load Area  – k  
 List of POD: 

 
 POD –k1 

 …
 POD -kp 

 
 

Figure 5, Hierarchical structure for the Location Information 

The Network Analysis tool (inside the DMS) performs the load area network model and updates it as 
soon as any change occurs.  

Once the Load Area has been defined, the interaction with the TSO takes place in order to achieve the 
association with the Macro Load Area. In order to enhance such an interaction, the TSO could have 
access to the ADMS and enters, for each of the Macro Load Area identified, the list of the point of 
connection (e.g. HV/MV substations). As soon as any change in the Macro Load Area organisation 
occurs, the TSO should guarantee the updating in the ADMS.  
1.2.8.2 Sensitivity Matrix management 
Once the DSO has defined the sensitivity matrix relevant to the distribution network, the one relevant 
to the transmission network should be determined by the TSO. 

In order to enhance coordination, the TSO could have access to the ADMS and enters the 
transmission network sensitivity matrix. 

The combination of the distribution and transmission network sensitivity matrixes yields the definitive 
sensitivity matrix. The algorithm to combine the DSO and TSO sensitivity matrix should be 
implemented in the ADMS.  

The publication of the sensitivity matrix should be structured as shown in Table 4.  

The Sensitivity Matrix published by the DSO must be defined with several time parameters that set the 
timetable, the valid period start and the valid period end.  
1.2.8.3 Validation management 
The ADMS is the DSO interface to which the aggregators send their Supply Bid validation request in 
order to be processed by the DMS System. 

The ADMS collects all the Supply Bids validation requests and within a pre-defined timeframe after the 
market gate closure sends to the DMS the needed data to perform the technical validation. Such data 
are selected from the Supply Bids and should include only the information relevant to the technical 
validation.  

The DMS will process the requested re-profiling all together and, in case in any load area and in 
certain timeframe, the total re-profiling is not compatible with the secure and reliable network 
operation, the DMS applies the proper curtailment factor. Therefore the DMS replays to the ADMS the 
curtailment factor pattern list per load area. 
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Once the DSO validation is available, it has to be combined with the TSO validation. Therefore, the 
ADMS will aggregate the allowed re-profiling per Macro Load Area (after having applied the possible 
DSO curtailment factor) and send the pattern (per Macro Load Area) to the TSO. The TSO will then 
compute the curtailment factor per Macro Load area. The ADMS will then apply a combined 
curtailment factor accounting for both the transmission and distribution network.  

The Supply Bid validation response shall be published (or sent to the aggregator) in terms of: 

° The Aggregator Identifier. 

° The AD product Identifier. 

° The curtailment factor/allowed re-profiling pattern per load area on 15 minutes sample time 
steps. 

° The curtailment factor per load area on 15 minutes sample time steps. 

° In case of the Supply Bid validation response is published, the System should ensure the 
access to the data only to the involved aggregator.  

The ADMS function called Ex-post validation (assessment) of aggregators’ products delivery, in 
order to assess the correct execution by the aggregators of the contracted AD product, mast be 
foreseen in the later step of AD market employment.  

1.3. Functional specification of local intelligence at HV/MV 
substation level 

In order to both enable and exploit the flexibilities and services provided by massive demand side 
participation, the distribution network management have to be substantially enhanced by introducing 
new functions at the DSO Control Centre  and/or through the operation of decentralised intelligence. 

1.3.1. Voltage Regulation and Power Flow control strategies 
The voltage variations in all the network nodes must be kept within a certain range. Several voltage 
regulation and power flow control modes have been adopted by the DSO for passive grid operation. 
On the other hand, the transaction towards a “more active” grid operation, has led DSOs to integrate 
traditional control modes with additional measures and to foresee new functionalities, control modes or 
strategies.  
1.3.1.1 Operational solutions for Active Network voltage control  
At the present time, voltage on MV distribution networks and reactive power feeding by transmission 
network are regulated by capacitors banks connected on MV bus bars, but regulation is mainly 
performed by the load tap changers4 (LTCs) which are now fitted to all EHV/HV or HV/MV 
transformers supplying these networks.  

With a massive penetration of DG on distribution grids, opportunities to participate to Volt VAr control 
will probably increase in the future. However, the introduced generation may increase the voltage 
along the MV feeder. Depending on the load and generation levels, and local connection conditions, 
the generator can either provoke serious over-voltages to other consumers connected to the same 
main feeder or it can contribute to improve the feeder voltage. 

More specifically, there is a need for contribution of DG in terms of: 

                                                 
4 Two tap changer control arrangements are available : the level adjustment which  maintains the fixed voltage 

set point and the compounding method which regulates, in real-time, the voltage set point at the HV/MV 
substation according to the loads 
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1. Primary voltage control or reactive power supply :Depending on the size and capabilities of 
the DG units, it can take different forms: constant reactive power requirements, reactive power 
control, power factor control, and actual voltage control.  

2. Centralised voltage control : It exists presently only for large DG units connected to the 
transmission system. In that case, the use of a dedicated communication system is required. 
The centralised method of control presents a lot of advantages according to document [21]. 
Nevertheless, centralised voltage control method has some economic drawbacks. Indeed, a 
centralised voltage control requires development of communication links between DG and 
with the other control facilities (capacitor banks, on-load tap changers…).  

3. Reactive power : DG could be used to provide, or to limit importation of reactive power from 
transmission system. 

Like DG, distributed storage may be used as a new asset of voltage control in distribution networks. 
On the one hand, distributed storage can inject active or reactive power in an existing feeder for 
ensuring a satisfactory level of voltage quality during peak periods (preventing of low voltage 
situations). On the other hand, absorption of active or reactive power in direct coupling or near a DG 
can be used locally to minimize the impact in terms of voltage of the generator (preventing of high 
voltage situations).  

 
1.3.1.2 Theoretical innovative solutions for Active Network voltage control 
New opportunities can be offered by these DGs to actively contribute to the management of the 
electrical system in order to keep the voltage within the defined limits. We can thus consider a 
coordinated management of these generators, a local control, or specific solutions such as setting up 
an AT in the network or the use of storage.  

We can classify these approaches in five classes from a passive to more active and complex control 
solutions5.. Table 8 shows the assets used in the different approaches.  

                                                 
5 Tested in the Austrian DG-DemoNet Concept Project 
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Approach 
Assets utilised 

OLTC DG Loads 
Decoupling 

assets 

DG automatic 
disconnection6 

Fix set-point - - - 

Local Voltage 
Control7 

Fix set-point  -  

“Decoupling 
solution”8 

Fix set-point - -  

Distributed 
voltage control9 

Variable set-
point 

- -  

Coordinated 
voltage control10 

Variable set-
point 

   

Table 8, Voltage control approaches 

Table 9 summarises the most important advantages and drawbacks of these five approaches from the 
technical point of view. 

 

Operation approach Advantages Drawbacks 

Automatic disconnection  Approved standard solution  Limited DG amount 

Local Voltage Control 

 Easy to implement, 

 P & Q control usually available 
on most DGs 

 Extendable/scalable 

 Complex selection of controlled 
DGs 

 Not coordinated 

“Decoupling solution”  Isolate a problematic area  Partly inflexible, difficult to scale 

Distributed voltage control 
 Simple 

 Extendable/scalable 

 Communication infrastructure 
needed 

 Effectiveness depending on the 
network structure  

Coordinated voltage 
control 

 Coordinated 

 High effectiveness 

 Effective use of all the 
resources 

 Extendable/scalable 

 Complexity 

 High engineering efforts 
(selection of critical nodes and 
controlled DGs) 

Table 9, Important advantages / drawbacks – technical point of view 

                                                 
6 In case of voltage limit violation due to DG 
7 Reduction of Q or/and P controlled locally by a DG when the voltage limit is reached at the connection point. 
8 Use of additional assets (e.g. voltage regulators) to “decouple” the network in different parts where the voltage 

is different. 
9 Control of the OLTC according to real-time voltage measurements at critical nodes of the network. 
10 Coordinated control of  the OLTC, the generators and/or loads participating in local control on the basis of the 

measurements received for the critical nodes 
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1.3.2. Evaluation of different strategies of centralised and decentralised 
functions at HV/MV substation level 

The objective of this section is to make an overview of the different strategies at the primary substation 
level. It also evaluates both centralised and decentralised functions’ strategies in order to define the 
benefits and drawbacks of both.  
1.3.2.1 The HV/MV substation functions for the management and the integration of AD into 

network operation 
According to the DSO functional architecture (see Figure 1), the possible functions foreseen to be 
located at HV/MV substation level, may be listed as follows: 

1. The MV Controller, intended as the structural unit which aggregates all software components 
(e.g. the local intelligence, the data storage component), the I/O interfaces (with the local 
RTU), the IEDs, and the auxiliaries for the control and supervision of  a part of the distribution 
network. 

2. The local intelligence, intended to act as the units performing the algorithms for the possible 
decentralisation of some functionalities from the DSO Control Centre level. 

3. The AVR (Automatic Voltage Regulator), in order to track the reference set-point signal in the 
MV bus bars, by commanding the LTC. The AVR is regarded as a pure regulator, the 
intelligence computing the reference set point voltage is located either at MV central level 
(DMS) or at a decentralised level (MV Controller), where algorithms for the cooperative 
voltage control may take place. 

4. Gather the field data (measurements, on/off switches position, …) from both the underlying 
MV and/or LV network and the HV/MV substation by means of sensors and auxiliaries for 
measurements/data acquisition.  

5. The RTU (Remote Terminal Unit) in order to:  

o Transfer the acquired data/signal either to the local intelligence (or local controller) or 
to the upward/downward control levels (e.g. central SCADA/secondary substation 
control level). 

o Receive data/signals from the upward/downward control levels. 
1.3.2.2 Decentralisation of the control at the HV/MV substation level. Relevant functional 

specifications 
The different options depend upon the DSO functional architecture and the level of decentralization of 
the different functionalities. The DSO functional architecture designed in ADDRESS foresees three 
control levels: MVCC, HV/MV substation, MV/LV substation. According to the centralized or 
decentralized features of the DSO functional architecture, which may be different for the various DSOs 
(accordingly to their dimension, policy, assets…), some DMS functions may be delocalized at 
substation level. Some DSOs may also adopt integrated control strategies among the different levels, 
where the various functions work in coordination to provide the reference signals to the actuators 
under their control (e.g. advanced monitoring and forecast adjustment by the MVCC,  AVR control by 
the local intelligence at primary substation, CRP activation warning by the same local intelligence at 
primary substation and so on).  

The local intelligence functionalities are the core issues for the evaluation of different strategies of 
centralised and decentralised functions at HV/MV substation level. Basically, the viability of the HV/MV 
local intelligence - the scope for its existence - is to decentralise, from the DSO Control Centre level, 
the control of the distribution network fed by a HV/MV substation. 



 
  Prototypes and algorithms for network management, providing the signals sent 

by the DSOs to the aggregators and the markets, enabling and exploiting AD 
                    ADD-WP3-D3.1-ENEL DISTR-Active Distribution Grid-V1.2  

Final 1.2 
 

 

Copyright ADDRESS project page 44 of 163 

The Table 10 shows a summary of the relationships between the functionalities11 the local 
intelligence may perform and the corresponding minimum set of requirements. 

 

 

Functionality 

Requirements

Field 

measurements 

data and historical 

load and 

generation profiles

Network 

configuratio

n 

Network 

model 

Remaining 

regulating/compensa

ting capacity of the 

distributed units  

Load areas 

network model + 

“mutual coupling 

nodes-load 

areas”   

O
pe

ra
tio

na
l p

la
nn

in
g 

R
ea

l t
im

e 
ne

tw
or

k 
op

er
at

io
n 

Load and Generation forecast 

(short, medium, long term, …) 
X     

Network state computation 

and detection of possible 

network constraints violation 

(load flow) 

X X X   

Functionality to determine 

whether the violation can be 

handled through the 

regulation/compensation of 

the distributed units and 

provision of set point signals  

X X X X  

Optimal network configuration 

involving feeders of the same 

HV/MV substation 

X X X X  

Fu
nc

tio
ns

 fo
r t

he
 A

D
 

m
an

ag
em

en
t 

Load and Generation forecast 

per load area (short, medium, 

long…) 

X    X 

Validation of the AD Market 

accepted bids (load flow) (2) 
X X X X X 

Calculation of AD needs per 

load area (load flow for an 

optimised distribution) 

X X X X X 

Activation of CRP products X X X X X 
 

Table 10, Functionalities vs requirements for the local intelligence operation 

As an extension of Table 10, the Figure 6 shows the systems/tools and the I/O signals to/from the 
Local Intelligence in order to perform the functionalities relevant to the AD management.  

 

                                                 
11 Strictly relevant to the management and integration of AD products/services 
12 The AVR, the controllable DGs and the compensating distributed equipment are grouped into one category 

called “regulating/compensating units”. 
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Figure 6, Input/output signals to/from the local intelligence at MV/MV substation level  

 

1.3.2.3 Evaluation of centralised and decentralised solutions 
The Table 11 depicts the framework of the 2 solutions and summarizes their main benefits and 
drawbacks.  

MV control centre 
load areas network model & 

mutual coupling between 
electrical nodes and load 

areas 

CENTRAL 
SCADA/DMS

o state estimation
o load flow
o optimised refererence 

signals provision to 
controllable units

o AD management

Central SCADA 

Actual network configutarion

Field data (measurements, 
switches position ,…)

Distributed 
regulating units

Actual set-point  and 
remaining regulating capacity

Controllable DGs Actual set-point  and 
remaining regulating capacity

MV control centre 
data ware house

Hystorical load and 
generation profiles

Detected vioaltions

AVR

Reference set-
point signals

DGs local 
controllers

MV control 
centre       

(market tools)
Activation and triggering 

of CRP products

optimized distribution of 
AD volume needs per 

load area 

Validation resonse

Reference set-
point signals

Controllable 
dstributed 

regulating units 

Reference set-
point signals

MV control centre 
load areas network model & 

mutual coupling between 
electrical nodes and load 

areas 

LOCAL 
INTELLIGENCE/

PSDU
o state estimation
o load flow
o optimised refererence 

signals provision to 
controllable units

o AD management

Central SCADA 
or local RTU

Actual network configutarion

Field data (measurements, 
switches position ,…)

Distributed 
regulating units

Actual set-point  and 
remaining regulating capacity

Controllable DGs Actual set-point  and 
remaining regulating capacity

MV control centre 
or local data ware 

house

Hystorical load and 
generation profiles

Detected vioaltions

AVR

Reference set-
point signals

DGs local 
controllers

MV control 
centre       

(market tools)
Activation and triggering 

of CRP products

optimized distribution of 
AD volume needs per 

load area 

Validation resonse

Reference set-
point signals

Controllable 
dstributed 

regulating units 

Reference set-
point signals

Centralised approach 
Decentralised approach – HV/MV local 

intelligence 

Benefits Drawbacks 

DMS/SCADA already Managing huge amount of 

Benefits Drawbacks 

Managing smaller data Additional installation costs, 
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operating, additional 

functionalities to be 

implemented 

data and input/output 

signals Central DMS might 

not have sufficient 

performance 

Supervision to handle the 

optimal network 

configuration involving two 

different HV/MV 

substations 

Input/output signals 

exchange with the AVR and 

the regulating / 

compensating units may 

require more expenditure in 

the communication 

infrastructure 

Being at Control Centre 

Level the actual network 

configuration is already 

available from the central 

SCADA (LV network to be 

implemented) 

Synchronisation might be 

better managed with a 

decentralised approach  

Facilitated communication 

with the market tools and 

the other tools at DSO 

Control Centre level 

…. 

 

amount, might have better 

performance than central 

DMS 

maintenance costs with 

respect to Central DMS, 

replication might not be 

necessary 

Input/output signals flow 

with the distributed units 

(also DGs) might be 

facilitated  

For the actual network 

configuration, additional 

data flow from the Central 

SCADA to the local 

intelligence/MV Controller 

has to be set up with a 

certain frequency, unless 

the network status data can 

be provided by the local 

RTU 

Scalability 

No supervision to manage 

network reconfiguration 

involving two different 

HV/MV substations 
 

Table 11, Comparison of centralised and decentralised control 

In according to the criteria identified above, and since the area under test will be limited to the network 
supplied by one HV/MV substation, the centralized architecture will be adopted. The entire prototype 
will be centralized and no algorithm will be executed at a decentralized level (HV/MV or MV/LV 
substation).   

 

1.3.3. Further Technical requirements at primary substation devices for the 
implementation of the algorithms 

Based on ADDRESS architecture defined in D1.1, the MV controller should be capable of receiving 
measurements from the consumers through the Advanced Metering Infrastructure (AMI), possibly 
aggregated at MV/LV substation, from the local producers (G) through the measurement devices in 
place and from the IEDs located in substation or along the grid through the existing infrastructure.  

Also, the MV controller shall be capable of communicating to the market, aggregator and the DMS 
system (in case of decentralized implementation) for coordination of active demand services. For 
traditional data exchange, a few relevant standards that can be used exist: 

° IEC 61970 (CIM). 

° IEC 61850 for communication to the substation's IEDs. 

° Extension of IEC 61850 for hydro power plants. 

° Extension of IEC 61850 for DERs such as photovoltaic, CHP, storage, etc. 

° IEC 61400-25 for communication to wind turbines. 

These standards can be used for communication between the MV controller and the DMS, IEDs in 
secondary substations as well as distributed generation. However, most likely extensions or 
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alternative data models are necessary for the information exchange with respect to the active demand 
products.  

1.4. Functional Specification of local intelligence at MV/LV 
substation level  

The central SCADA/DMS prototype has to extend the control field also to the LV network. Therefore 
the definition of load areas, the network state estimation, the load flow computation and all the 
functionalities/tools to manage AD products/services shall be extended to the LV network. 

Three main functions can be defined at the MV/LV substation : 

° Measurement equipment (sensors, transducers, auxiliaries,…). 

° RTU, in order to send and to receive data to/from the upper levels and receive data from the 
lower level. 

° MV/LV intelligence in order to control part or the whole underlying LV network.  

For the interaction with the upper levels, it becomes necessary to install or to adapt: the measurement 
equipment (sensors and transducers, etc…), the RTUs and the local intelligence (MV/LV local 
controller). RTU and the local intelligence functionalities are determined from the decentralisation 
degree of functions from the upper control levels (MV control level and HV/MV control level). 

1.4.1. Measurement equipment, sensors and auxiliaries 
At the secondary substations, it might be necessary to have measurements and status signals at both 
voltage levels, MV and LV. 

Regarding measurements13, basically the ones required are : 

° Active and reactive power flowing through the transformer. 

° Voltage level 

° Current flowing through the transformer 

° Cos φ 

Regarding the status signals, at least the switch/breaker on/off (binary data) of LV feeders, or MV/LV 
transformer or MV input/output lines will be required. 

The LV network physical devices can be equipped with system allowing to : 

° Measure the physical parameters 

° Determine statuses 

° Transmit them to the substation RTU. 

The measurement equipment will not probably need to be installed at the whole set of MV/LV 
distribution substation but only at some nodes crucial from the network operation point of view. The 
need of this measurement equipment and the relevant acquisition frequency could be necessary, at 
least into some substations, regardless of centralized/decentralized approaches. 

1.4.2. RTU 
The RTU, installed into MV/LV substation, receives data acquired from: 

° The measurement equipment installed into MV/LV substation. 
                                                 
13 Obviously, not the whole set of those measurements are necessary, some of them can be calculated by the 

acquisition of the other measurements  
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° The measurement equipment installed at the relevant node of the LV network (e.g. nodes 
delimiting load areas). 

In the context of the local intelligence (or MV Controller) performing the control of the underlying MV 
network (or even the LV network), with an undetermined amount of decentralised functionalities from 
the DSO Control Centre level, the RTU at the MV/LV substation has to transfer the acquired data to 
the HV/MV substation’s RTU. 

The status information data of the switches/breakers both at the MV side and LV network supplied by 
the MV/LV substation considered shall be acquired and transmitted as soon as any change of state 
occurs. The MV/LV substation’s RTU may accomplish the functions of data concentrator14 from the 
underlying LV network measurements, and send those data to the upper control level.  

In both cases, the DSO’s communication structure in the substations must be dimensioned to support 
the additional data flow. It can be expected to exploit the Data Concentrator located in the secondary 
substation, and arrange the communication with the local RTU. 

1.4.3. MV/LV intelligence 
In the MV/LV substation and LV network, it is necessary to consider a more decentralized architecture, 
where also the MV/LV substations must have computing capacity and local intelligence, in terms of: 
sensors and auxiliaries, RTU and local intelligence or MV/LV controller. 

In case of the HV/MV substation’s local intelligence (or MV Controller) performs a certain amount of 
operation; some functionalities may be implemented at the MV/LV local controller in order to support 
the operation of the MV controller. Two kinds of support may be identified for the MV/LV local 
intelligence to provide support to the AD functionalities in the HV/MV substation: 

° The capability of the underlying LV network to bear active and reactive power re-profiling in 
order to solve problems on the upper MV network. The scope of providing that capability is to 
support the DSO decision-making process. 

° The total amount of active/reactive power that can be feasible under a specific HV/MV 
substation. 

Furthermore, it is important to consider also other functionalities which are more related to AD 
devices, like: 

° The MV/LV substation could be the link on communication layer between aggregator and AD 
devices or LV consumers or EB. 

° The MV/LV substation could offer support for measuring and validation of the provided AD 
services. 

However, some issues has been identified:  

° Difficulty to perform the decision making process at a decentralised (MV/LV substation) level. 

° Potential replication of a large set of tools, software and relevant IEDs to be installed to a 
potential large set of MV/LV substations (with all the relevant operation and maintenance 
costs). 

It has to be pointed out that it is not conceivable to upgrade the entirely substation component and 
architectures with all intelligence needed. The approach has to be evolutionary. Step by step, the new 
components can be projected and enable the substation into better and more efficient and effective 
networks. The desirable approach should focus on the integration, interoperability and evolution of 

                                                 
14 Data Concentrator is the device used to collect the data necessary for the service of smart metering. 
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what exists today, rather than invent a new model that replaces the old. 

The decision about whether the intelligence is need at secondary substation, from technical point of 
view – yes, it is the must be towards smart grid future; from financial point of, in most cases, the 
saving that can be achieved with active demand management will not cover the cost of investment, 
which means the incentive to consumer and utilities is not so positive. However, looking from the 
systematic point of view, the intelligence at secondary substation can be considered as the bridge to 
the capability of more smart applications in operating the grid. Distributed intelligence will be a must-
be for the future. It is also recommended as future research as well.  
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2. New functions of the Medium Voltage Control 
Centre 

2.1. Detailed specifications of MV control centre target 
platform and tools 

MV Control Centre (MVCC) will enable the deployment of the new functionalities developed for 
ADDRESS project. 

In order to start the tests of the new tools and algorithms developed in Tasks 3.4 & 3.5 for the MV 
control centre, the global architecture solution for the prototypes development has been defined. 
These new DMS, ADMS and market tool algorithms have been connected to an MVCC for field tests, 
in compliance with the functional  architecture described in the Figure 1.  

In order to provide the required results, the different new functionalities send and receive data from the 
existing and the new systems and all the interchanges formats between them have been defined 
subsequently. As it is expected, the same new functionalities should be reused later by different 
control centres. It is assessed that SCADA via RTU will treat a new kind of measurement available in 
primary substation in the future. New functions, which could be developed at MV/LV substation or LV 
network level (that should have been developed in the ST 3.3), are not taken into account.  

For each new functionality developed in Task 3.4 & Task 3.5, it has been defined the: 

• detailed specifications required in the new system  

• standardized norm/protocol used, 

• language used for development, 

• format of each data, 

• detail of each input required (with specific parameters if necessary), 

• detail of each output provided, 

• particular requirements for this functionality (e.g. time of computation),  

• expected issues for this functionality and for the linked functionalities.  

2.1.1. Global architecture 
The global architecture of the MV control centre prototype consists in analysing and describing the 
framework required by the new functionalities: 

• the expected principles for the hardware configuration composed by a NIS, a SCADA, a DMS, an 
ADMS and a market tool, 

• the interfaces required for the existing and the future applications of the MV Control Centre to 
exchange data, 

• the required new interfaces with the external operators, 

• the required new gateways with the RTU/sensor,   

• the specific tools and developments needed by this system to be usable by the control centre 
operators.   

Standardized tools, norms and protocols have been used to enable the exchanges between many 
different system components  
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2.1.2. Existing system – Network reference database  
The MVCC prototype will be connected to the existing Control Systems 15 (SCADA and DMS), that 
export, via XML files, the Network model information; so the framework of the existing data (from 
SCADA and DMS) has been used to provide the data format and typology to the new functionalities 
(Task 3.4 and Task 3.5). 

The reference of the data is set concerning the network, in order to provide input or output available 
for the new functionalities. 

2.1.3. Interchange between the functionalities 
The relevant characteristics and requirements of each functionality and the detailed connections and 
interactions with the others have been established (e.g. language, format of data, input required with 
specific parameters if necessary, output, specific requirement, issues expected)    

The precise data needed as an input for the algorithm and resulting as an output provided by the 
application have been indicated. Each relevant and particular specification is referred to Task 3.4 and 
Task 3.5 (e.g. need to get a result within 2 minutes). 

 

2.2. Prototypes realization of MV control centre target platform 
and tools 

2.2.1. System Architecture 
 
2.2.1.1 Architectural model 
 
The MVCC prototype implements functionalities of the ADMS, DMS and Market tools.  

The functionalities are implemented by an AD Server component that will run on a computer server 
that resides within the DSO Control Centre. The client side is based on a thin-client, which accesses 
some web pages that can be reached through a web browser. This allows external actors, like the 
Aggregators, TSO and Market, to access the Active Demand information that is provided by the AD 
Server. For security considerations, the AD Server and the corresponding Web server are protected 
by firewalls in the MVCC. 

The Figure 7 shows the system architecture. The DSO MVCC is composed of the current SCADA and 
archives (S.A), the Active Demand extensions, delivered by this project, which reside on separate 
computers.  
 
 

                                                 
15 The control system will be integrated in the ENEL and EDF MVCC for the Italian and French field tests 
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Figure 7, System architecture of the MVCC prototype 

 
The Figure 8 represents the MVCC prototype software architecture. It shows the interfaces to the other 
systems of the DSO MVCC, that is the SCADA, NIS and other Information Systems, and the 
interfaces to external systems, like TSO, Aggregators, Market and web services to gather 
meteorological forecasts. This picture shows the internal software architecture; the algorithms that 
manage the connections and the data flows within the MVCC partitions and between the MVCC and 
the external systems. 

 

 
Figure 8, Software architecture of the MVCC prototype 
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2.2.1.2 Interactions with other systems 
The MVCC may have to connect to external systems to gather data, including the DSO SCADA, to get 
the up-to-date statuses and measurements from the network, or weather data provider to get 
meteorological forecasts. In the scope of this prototype such interactions and interfaces have been 
defined but partly implemented, in order to concentrate all the efforts in the algorithms integration. 

Internally, the MVCC integrates the algorithms produced by the ADDRESS project. The algorithms are 
typically developed in MATLAB, compiled from MATLAB in the form of a Java library and then 
integrated in the AD server of the MVCC prototype. The server calls the Java libraries to accomplish 
the functionalities, providing them the corresponding input data. 

The exchange algorithms of data and messages, used by the ADMS or DMS in the server side, are 
provided by partners of the ADDRESS consortium.  
 
2.2.1.3 Functional requirements specification 
The following sections describe the details of each macro-functionality. 
Users Management 
User Management functionalities are required to define the users enabled in the system, and what 
they are allowed to do in it. Users will have to log in the system to be authenticated and authorized to 
available functionality. 

Only basic user management functionality has been provided, as it is not critical from a technical point 
of view, i.e. does not require a specific concept validation. 

User Types 
The following user types are defined in the AD application: 

• Aggregator 

• TSO 

• DSO 

• Market 
 

Each user in the system could be defined just as one of the above user types, with relevant access 
rights.  

Users Management functionalities 
A Users Management interface will allow the following actions: 

• Creation of a new user and association to a single User Type  

• Visualization of defined users 

• Modification of an existing user 

• Deletion of an existing user 

A user will be identified with the following parameters: 

• User name and surname (e.g. “Mario Rossi”) 

• User’s organization (e.g. “Enel”) 

• User ID (e.g. “Enel_ID”) 

• User password (e.g. “Enel_pwd”) 

• User Type (e.g. “DSO”) 
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This functionality will be accessed through a web page. 

Users Logon 
Defined users have to log on the system by providing user ID and password. The user ID and 
password are defined by the administrator when the user is created in the system.  

In this prototype implementation, every kind of user has the same complete access to each system  
functionality.  

In future enhancements, by logging on the system, only the expected functionalities for the assigned 
user type will be provided; all the others will be hidden and inaccessible. 

 
ADMS Functionality 

Location Information management  
Location Information management is the definition, visualization, publication and modification of the 
customers’ code in terms of Macro Load Areas and Load Areas (i.e. AD customer code = MLA code + 
LA code + commercial code). The functions are performed as described below, in the Location 
Information Definition paragraph. 

MLA definition 
This function, which can be performed by TSO-AD user, enables the TSO to enter the MLA 
configuration - e.g. the list of the MLAs - and for each of them the relevant group of the points of 
connection (between TSO and DSO). 

This is accomplished by entering to the ADMS one or more XML files. This file is stored in the ADMS 
and used by the “Location information provision” algorithm, in order to create the location information 
DB. 

Location Information definition 
Location Information is created starting from an XML file, containing all LV customers, produced by the 
DSO Information Systems. 

This file is imported in the ADMS application and passed to the algorithm “Local Information provision” 
that returns the Location information, stored in the ADMS system. 

The function can be used at any time, by just passing the input file; the same input file will produce the 
same Location Information DB. At the beginning this function is called each time a customers base 
change occurs; practically it is likely that the function will just be called periodically, once or twice per 
month.  

Location Information publication 
This function consists of making available to all interested actors (e.g. Aggregator) the defined 
Location Information, producing one or more XML files and publishing them on-line on the ADMS 
dedicated page. The XML file is an export of the Location information that is stored in the ADMS. 

MLA and LA visualization  
This function consists of the visualization on a web page of the MLAs and LAs that are defined and 
stored in the ADMS. 

Possible visualization options are the following: 

• List of MLAs (names) and the list of LAs each MLA is made of 



 
  Prototypes and algorithms for network management, providing the signals sent 

by the DSOs to the aggregators and the markets, enabling and exploiting AD 
                    ADD-WP3-D3.1-ENEL DISTR-Active Distribution Grid-V1.2  

Final 1.2 
 

 

Copyright ADDRESS project page 55 of 163 

• List of LAs (names) 

• List of customers within an LA 

• Visualization of the list of consumers that constitute the LA on a Google map, and the MLA; 
LA and MLA can be shown or hidden on the map; Basic Search functions (search by 
customer name, search by LA name, search by city address) 

The following picture shows an example of such pages: 

 

 
Figure 9,  Location Information Management: list of Load Areas 

The polygons on the maps shall indicate the borders of the selected LA, based on the belonging 
customers. In a first phase the polygons will be simple, with just four sides that connect the four most 
exterior points; later on a more elaborated algorithm may be implemented. The Figure 10 shows the 
details of a selected Load Area. 
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Figure 10, Location Information management: details of a Load Area 

 

Location Information modification 
This function consists in the update of the Location Information definition due to a change in the 
customer database/set, or in the LA organization or in the MLA organization. 

An XML file with the customer base change is passed to the function, which will trigger the algorithm 
“Local Information provision” that returns the new LA information. 

The LA publication and visualization will show the occurred LA changes. 

If the modification is due to the MLA and/or the LA organization, the algorithm “Location Information 
provision” will be launched and new LAs codes will be generated . 

This function is performed by selecting “Show details” in the page, changing the input files and then 
pressing the Recalculate button, as shown below: 

 

 

 
Figure 11,  Location Information Management: update LIM with new input data 
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Flexibility Table Management 
This functionality consists of the calculation of the Flexibility Table, through algorithms in the DMS, 
and its publication for the external actors, like the Aggregator and the Market. 

As a first approach this publication consists in an XML file, produced by the ADMS, which can be 
downloaded by the authorized users. 

This Flexibility Table (the content of the XML file) can be visualized on a web page either, as shown in 
the Figure 12:  

 

 
Figure 12,  Flexibility Table management 

Validation Management 
This functionality consists of the validation of the AD Products that have been negotiated and cleared 
by the market. The DSO has to validate the AD products from a technical point of view, verifying that 
the grid can support the proposed Load variations. In the prototype, long term CRP contracts will not 
be taken into account, but only the SRP and CRP contracts that are validated in the day ahead or 
intraday market. 

The validation algorithms are implemented in the DMS. 

The function takes as input XML files that describe the proposed AD Products, essentially variations 
(plus or minus) of the load on specified LAs from each Aggregator.  
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The function will create an unique Supply Bid file and it will process this unique Supply Bid through its 
validation algorithms (the Off-line Validation in case of new CRPs to be evaluated or SRPs products; 
the Real time Validation in case of CRPs activation requests). 

The function produces as output XML files that describe the results of the validation, which eventually 
will be sent to the Market and visualized on a web page either, as shown in the Figure 13: 

 

 
Figure 13, Off-line validation management 

 

These output files will be collected in the AD Recording (both DSO and Market sections). 

Eventually, in the overall AD environment, the AD Products validation happens automatically on a 
scheduled basis, likely at midnight, for the day after. In this prototype there are no scheduled tasks; 
the validation function is triggered by an operator, who imports the “AD Products” file and start the 
validation procedure. 



 
  Prototypes and algorithms for network management, providing the signals sent 

by the DSOs to the aggregators and the markets, enabling and exploiting AD 
                    ADD-WP3-D3.1-ENEL DISTR-Active Distribution Grid-V1.2  

Final 1.2 
 

 

Copyright ADDRESS project page 59 of 163 

 

TSO/DSO Coordination Management 
The MVCC provides for the possibility of the data exchange between the DSO and the TSO as an I/O 
interface, such as MLA Information submission from TSO to DSO, Validation Requests for the TSO (AD 
programs aggregated per Macro Load Area, TSO Validation Responses).  

The prototype design allows a dedicated access for the TSO and support tools to manage the I/O 
flows through XML files.  

 
2.2.1.4 DMS Functionality 
The Network Models XML files (Complete Network Model, Network Equipment Model and Network 
Topology Model in CIM standard) will be created and provided by DSO’s  SCADA System.  

These files will be used as an input by several algorithms integrated on the MVCC system.  

Load Area definition 
This function defines the LA organization within the DSO network, at LV network level, through the 
DMS network analysis tool. Whenever a significant variation on LV network persists, (i.e. at least, for 
one day), the LA configuration updating will be launched, on demand, by an operator. 

Distribution State Estimator 
As part of the DSO’s DMS, the state estimator provides the state of the distribution network in real 
time (every few seconds). Based on information about network topology, and measured values 
coming from the measurement devices in the field (“pseudo-measurement”, as LA Power profiles, will 
be used as inputs for the field test period), the state estimator is able to determine all the electrical 
parameters of the grid.  

The SCADA will be receiving and storing the real-time measurement values from devices in the 
network. The power profiles on certain injection or withdrawal buses could be considered as static, 
coming from a DB or file (otherwise they could be considered as coming from the Forecasting tool, but 
in this MVCC  prototype there will be no input from that algorithm).  

Load forecast 
This function performs the calculation of load forecasts, stored in the DMS,  for Load Areas, by 
aggregating the data of the actual consumers that make the LA. The algorithm uses as input the 
actual consumptions of the involved consumers over the past and the meteorological data, both 
historical and forecast value and it will be used by other algorithms and visualized on a web page as 
shown in the Figure 14: 
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Figure 14,  Load forecast 

 
This algorithm can run considering or not the AD historical profiles (contained into the AD Recording). 
Properly, three different configuration have been considered : 

• AD = 0  => Option 0: this option of the Load Forecast will be called by the Flexibility Table 
Calculation tool (that runs two times a day, just before the intra- day and the day ahead 
market open). 

• AD > 0  => Option 1: this option of the Load Forecast will be called by the Off-Line 
Validation tool and it will take into account the Supply Bid Validation Requests either (running 
assuming that all of these would be validated). 

• AD > 0  => Option 2: this option of the Load Forecast will run every 15 minute every day; as 
an updating, it will process the AD Market Recording changes due to the products validated 
by the Real-time Validation tool; the Load Forecast Update can be considered as an Option 2 
Load Forecast synchronized with the end of the Off-line Validation process. 

The Load Forecast tool performs a self-training process, that allows the comparison of Market results 
from the past with current situations in order to get faster and more accurate forecasts.  

Once the LA updating will reset the Historical AD database, the self-training process has to start again 
with the new DB. 
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Generation forecast 
Similar to the Load Forecast, the Generation Forecast calculates forecasts for the power generation of 
Wind and Solar distributed generators. 

The function is performed through the algorithm “Generation Forecast MV/LV” and the results are 
displayed on a web page as shown in the picture below. 

It is possible to show the power generation forecast at the level of a single plant, or globally for a 
specific Load Area. 

 

 
Figure 15, Generation forecast 

Volt/VAr control 
Volt VAr Control (VVC) algorithm is an algorithm delivered by the ADDRESS project. It is one of those 
activities that run automatically and periodically, every 15min. 

This algorithm will take as input the Network Model, the Network State, P&Q profiles, CRP profiles and 
costs. It will produce as output a XML file containing network reconfiguration actions and references to 
different actuators (tap changers, DGs, capacitor banks, etc.) that should go to the SCADA. However, 
in this prototype version there are no direct actions on the SCADA. 
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Flexibility Table Calculation 
This function performs the calculation of the Flexibility Table, which is a frame providing the lowest 
reduction and the highest increment of the power demand allowable in each load area.   

This algorithm takes as inputs the grid configuration and the forecast for the day after, produces as 
output a XML file containing the max and min load variation for each LA, as shown in the Figure 12.  

The algorithm, during the FT calculation process, calls the Power Flow model and solving technique. 
This internal algorithm is easily-extensible to include models of DG, AD LA and presents high flexibility 
in the implementation approach: both centralised and decentralised implementation should be 
possible. For this prototype the centralised approach (concentrated in the Control centre) has been 
chosen.  

The PF software tool, that is implemented directly in the Flexibility Table Calculation algorithm as a 
support calculation software, assumes as input data the active and reactive power measures (as 
outputs of the Flexibility Table Calculation tool) per LA and the Network Model in its both Topology 
and Electrical data partitions – needed for the network constraints evaluation. 

The PF software tool evaluates and produces as output data the voltage profiles and the Power flows 
that will constitute inputs for the Flexibility Table calculation. 

Another output (properly an output from  the Power Flow algorithm) is  a file called Network 
Constraints Violation, which will be invoked whenever the Flexibility Table is calculated and it will 
contain information about: 

• Hour and duration of the constraint violation 

• Load Area involved 

• Value of the deviations from the power limits on the load area.  

This file will be available for an operator that can choose to enter it in the Market Tool (Decision 
Making Process) and get a solution (if the duration and/or the power of the constraint violation are 
significant). If the response will involve an AD solution, a Market operator will request a matching AD 
product. 

Real Time Validation tool 
The Real-Time Validation (RTV) tool is used by DSO before giving the consensus to the activation 
request of a CRP (or near - to - delivery SRP) product by the TSO or other deregulated players. 

It is the equivalent of the off line validation, but it is based on a different time framework. This function 
runs automatically and periodically (every 15/30 minutes); The details of this algorithm are provided in 
the IR 3.4.  

Off line Validation tools 
The off-line validation is based on the algorithm “Off-line Validation”. The details of this algorithm are 
provided in the IR 3.4 

 
2.2.1.5 DSO Market Tool Functionality 
Market Tool is a specific functionality to be used by the DSO in its role of participant to the AD market. 
Specifically this functionality encompasses methods to determine price/costs of AD Products versus 
alternative solutions, decision-making tools, registration of AD products and activation of CRP 
products.  

It uses some algorithms (see Task 3.5) which shall provide the following functionalities: 
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• Price/cost calculation 

• Decision-making tools 

• Reference signals provision 

• Record AD products (AD Recording) 

Just the AD Recording and the Decision-making Tools have been implemented in this MVCC 
prototype. 

Decision-making tools 
This tool is intended to assist the DSO in evaluating the most suitable solution , mainly in terms of 
costs,  to solve or avoid a network constraint violation, either an actual one or an expected one. The 
tool allows the grid operator to select among both conventional DSO solutions (extra maintenance 
crews, stand-alone generators, etc.) and AD products. 

The decision-making toll will be called on-demand by a DSO operator through his user interface and 
he must enter manually the information concerning the contingency needing a solution. The tool will 
receive the Generation Forecasts, the Location Information Management data and the Conventional 
solutions information (manually created by DSO team during the prototype step), will take the data 
from the DSO AD recording  and will consent the operator to visualize the solutions  sorted by cost, as 
shown in the Figure 16.  

 

 
Figure 16, Example of the output of the decision-making tool 

AD recording 
The Load Forecast Tools and the Market Tools need, in order to process their algorithms, a Database 
that can contain the historical AD data, This DB will be divided in two different access profiles: 

• one for the DSO, that will contain all the validated Supply Bids, with the resulting price, 
requested by the DSO; 

• one for the Market, that will contain all the validated Supply Bids, without the price, requested 
by all the market buyers. 

This DB will receive, as input: 

• all the scheduled SRP and CRP products from the Off-line Validation Tool  

• the validated CRP products from the Real-time Validation Tool 
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Each time there will be a LA configuration updating the AD, historical database will self-reset.  
2.2.1.6 Support Tools 
Support tools are required to facilitate the test, validation and use of the delivered functionality in the 
absence of a complete AD environment, which is beyond the scope of this work package. 

Such tools are required in order to produce or modify input files for the system, and visualize the 
outputs of the system. 

Most of these needs have been incorporated in the pages that have been described in the previous 
chapters. 

 
2.2.1.7 Creation, visualization and modification of AD Products for the validation (Supply 

Bid Validation) 
This tool allows the creation, modification and visualization of the XML files describing AD Products. 
This is the file that is submitted to the ADMS for the validation of AD Products. 

 

 
Figure 17, Supply Bid Validation 

 

2.2.2. Non functional requirements specification 
 
2.2.2.1 Localization 
The AD Web Interface is localized in Italian and English. The application instance is single language, 
Italian or English, decided at installation time, or support both languages concurrently; the user will 
choose the preferred language. 

 
2.2.2.2 Performance: concurrent users, load 
The system supports a reasonable load and performs the functionalities in an acceptable time. 

The performance requirements have not been specified. 
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The following performance data will be measured on the prototype, to ensure that the actual data are 
acceptable for the ADDRESS scope project: 

 

• Number of concurrent users 

• Number of LAs 

• Number of customers per LA 

• Number of AD Products 

• Execution time of the algorithms 
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3. Primary (HV/MV) substations equipment for MV 
network control, generation dispatch and AD 

3.1. Detailed specifications of HV/MV substation 
measurements equipment, sensors and auxiliaries 
 

This section specifies a set of devices that are needed in primary substations (HV/MV) to provide to 
MVCC data required to execute the functions and algorithms described in IR 3.4 and IR 3.5. 

These devices are conceptually not very different from those ones that are usually installed in EHV 
and HV substations when a Substation Automation System (SAS) is deployed. In fact, modern 
substations may already have this type of equipment, and therefore, the implementation of ADDRESS 
concepts developed in WP3 might require exclusively a re-configuration. 

According to the DSO global architecture (see Figure 1), the devices and their functions to be located 
at HV/MV substation level are listed in the section 1.3.2.1.  

3.1.1. RTU 
This section focuses on the RTU, as a link between different systems (e.g. LV and MV network MV/LV 
substations, HV/MV substations and MVCC). The measurement equipment is also extended, usually 
to include, between their features, the auxiliaries (digital inputs and outputs) to acquire statuses as 
well as to execute commands. And with regards to the AVR, it can be considered that it shares a lot of 
requirements with the measurement equipment (e.g. communication protocols, auxiliaries’ 
characteristics...).  

 
3.1.1.1 Functions 
The main functions envisaged at  RTU level are described below: 
a) Substation & transforming station IEC61850 client, controlling communications with various 
protection, control and metering devices. 

The RTU can also communicate with the protection, control metering equipment through other 
standard protocols (i.e. PROCOME, DNP 3.0, MODBUS, IEC 102 and IEC 103). 

b) IEC61850 server, with the corresponding data and services model, including goose messages. 

c) Execution module for system central programmable automation and logic. The RTU can 
execute fully programmable logic programs by means of certain functions: logic gates (AND, OR, 
NOT, etc.), flip-flop (RS, JK), commands, etc. 

This logic program may be used to implement control functions at the substation & transforming 
station level, group signals to send to the control office, etc. 

d) High level communications management (Control Centre). RTU communicates with the control 
station too, emulating the necessary protocol in each case, informing it about the events occurring at 
the substation and enabling it to handle its active elements. 

The RTU allows commands to be executed on the installation configurable elements. The command 
may be created internally (control functions, logic) or externally (operating console, control centre). 
The RTU modifies the format of the commands between the different protocols so that the command 
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reaches the equipment that must execute it, regardless of the manufacturer of the equipment. 
Likewise, it closes the communication loop, if the communications protocol supports this, by sending 
the unit’s response to an order to the equipment from which the order originated. 

Blocking logic that prevents performing dangerous or forbidden manoeuvres in certain situations is 
envisaged. 

e) Communication concentrator designed for the Automatic measurement of electric energy 
meters, being in this case the transforming station one possible location.  

a. Manages Single-phase or three-phase meters. 

b. Supports the international standard (i.e. IEC 60870-5-102. Communications through PLC with 
an additional link level). 

c. Redundant local meter 

d. Keeps the meters synchronized 

e. Detects automatically the connection of new meters to the network 

f. Serves as a bridge between the meters and the network operator LAN. 

g. Stores: 

i. Identification meter data (serial number) 

ii. Meter network management data (connected phase, date of last Communication, 
repeaters, etc...) 

iii. Consumed energy from all meters (actual values) 

iv. Consumed energy from all meters (last end of billing period).  

f) Allocation of local and remote agents for automated local operation. 

g) Management of local and remote communications using an HMI. 

h) Real time generation of databases of all the substation characteristics: alarms, measurements, 
status, controllers, etc. The RTU collects data from the substation’s IED, control and metering units 
and maintains a database with this data, updated in real time. This database is the data medium for 
the HMI (local and remote) and all the other internal tasks or applications communicate with the 
central unit, such as control centres, etc. 

i. Event Management. Information of the level 1 equipment is collected by asking at first for a 
“snapshot” of the status of all signals available in the equipment, and afterwards spontaneously 
by data/quality change or asking for changes in these signals in a cyclical manner. All of these 
changes are sent to the internal tasks that have requested this information from the database. 

However, not all signal changes occurring at the substation will be useful to the user; in other 
words, not all will be defined as events. The RTU filters and sends to the HMI module those 
changes that the client considers interesting. 

Similarly, each database client task will receive all signal changes collected from the equipment, 
and it will filter them, keeping those that are to its interest and discharging those that are not. 

ii. Alarm Management. As the events, not all signal changes are alarms. The RTU is responsible 
for managing the alarms occurring at the substation, indicating, through the HMI module, which of 
the changes that have been sent are alarms and which are not. 

iii. Control Functions. The RTU can execute certain control functions at the substation level, in 
which signals from different equipment take part. These control functions can be fixed or 
programmable. 
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The former category includes the functionalities that are fixed and cannot be altered; they may 
only be configured and set. The latter includes those that are programmed within control logic. 

i) Log/trends Management. The RTU  can log changes in signals, measurements and meters.  

j) Substation configuration management module, in charge of keeping the system SCD file updated 
in terms of the CID files for the associated IED's. 

k) FTP server. 

l) Client/Server Service for SNTP clock synchronization protocol. The RTU can be responsible for 
keeping the entire system synchronized with a single clock source. This source may be external (i.e. 
RTU has an interface to obtain the standard GPS clock signal) or internal. If external synchronization 
is not possible, the RTU uses the internal real-time clock (RTC) as a standard to synchronize the 
clocks of the different equipment connected to it. 

m) Local and remote HMI (console), web server based. Operator interface that allows obtaining 
information regarding the equipment’s functionality, as well as information that will enable the 
supervision of the central unit’s performance and operability at all times. 

n) Gateway between legacy systems and IEC61850 systems. 

o) Integrated simulator for signals, measurements, controllers and control orders. 

p) Self-checking. The central unit periodically has to check the integrity of the hardware and the 
software stored on its permanent memory devices. It could also have a system that picks up any error 
that occurs when the unit’s hardware is accessed, so that the system can continue operating in an 
emergency mode if necessary, until the problem can be solved. 

 
3.1.1.2 SW Architecture 

The software of the RTU comprises of five distinct modules:  

• Real-Time Operating System for embedded-type architecture (installed in the unit's internal 
flash memory).  

• Implementation of the real-time database configured in the system, automatics and 
programmable logic. 

• Multi-agent module that allows to integrate third parties’ SW within SCU/RTU. This module 
would provide a way to add intelligence to this SCU/RTU, and therefore, it would help to 
deploy decentralized architecture. 

• Communications module with the Local Operation Console of the substation installed on the 
HMI’s PC.  

• Communication libraries: protocols IEC61850, IEC60870-5-102, IEC60870-5-104, MODBUS. 

 
3.1.1.3 Communication Protocols 

• Complete TCP/IP protocol and communications for 802.3 (LAN) wired networks. 

• IEC61850 communications module:  

o Common data models, compatible and extended (IEC61850-7-3 and IEC61850-7-4) 
and ACSI Services (IEC 61850-7-2) for Clients, MMS protocol mapping (ISO/IEC 
9506 Part 1 and Part 2) and ISO/IEC 8802-3 Ethernet. 

o GOOSE services. 

o SNTP protocol clock synchronization.  
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o Configurability of XML files according to SCL templates  (IEC  61850-6:  Substation
  Configuration Language). 

• Modules with typical asynchronous serial protocols for communication with bay devices (level 
1): PROCOME, DNP3.0, IEC 870-5-102, IEC 870-5-103, MODBUS, etc. 

• Modules with asynchronous serial protocols for communications with the Control Centre: IEC 
870-5-101, IEC 870-5-104, DNP3.0, etc. 

 
3.1.1.4 HW Architecture and Communication Interfaces 
Usually RTUs are designed to be mounted in 19” racks and according to industrial specifications to 
achieve a high reliability. 

The hardware features must be designed according to the state of the art technologies and the 
functionalities to be supported. 

External connections use plug-in terminal blocks on the panels of the enclosure.  

The enclosure is provided with a ground terminal (properly connected to the substation or transforming 
station ground, it enables correct operation of the filters protecting IED from external electromagnetic 
disturbances). 

It works with typical auxiliary voltages (e.g. 48Vdc, 110Vdc or 220Vdc). In case of power supply 
failure, a maximum interruption of 100ms must be supported. 

The main component are:  

• CPU card with industrial temperature range.  

• RAM, Internal memory (Flash), removable and expandable memory (i.e. Compact Disc-
Flash).  

• digital inputs and digital outputs.  

• Front MMI (Keyboard and Display) and LEDs. 

• Ethernet ports (I.e. for network connection according to IEC-61850 and for connection to the 
network using IEC-60870-5-104 for communication between substations and Remote 
Control). 

• Modems PLC.  

• serial ports, BNC coaxial connector, USB port master, etc.  

 

3.1.2. Measurement equipment 
Taking into account data requirements imposed by algorithms developed in Task 3.4 and 3.5, the new 
equipment in primary substations is very similar to any IED that nowadays is part of a SAS.  

In fact, if we apply ADDRESS concepts to modern HV/MV substations, most likely it will not be 
necessary for any new equipment to acquire analogue and digital data as well as to realize commands 
according to the necessities of ADDRESS functionalities. 

Basically we need IEDs that will be a microprocessor based measurement devices. These devices 
normally contain all of the software and a sufficient I/O required for the control and measurement of a 
single bay (feeder, etc.) in the substation. The I/O may include digital and analogue I/O (for interfacing 
to discrete devices such as CB close/trip circuits, isolator motors, non-microprocessor based 
protection relays) and communications links (serial, parallel or ETHERNET as required) to IED’s I/O 
may include digital and analogue I/O (for interfacing to discrete devices such as CB close/trip circuits, 
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isolator motors, non-microprocessor based protection relays) and communications links (serial or 
parallel as required) to IED’s 

The most significant features of these IEDs are: 

• Capability for remote operation, issuing commands to open/close the various devices that are 
capable of being operated from a remote location. 

• Provision of remote indications of status (position, availability, etc) and measurements 
(voltage and current data, P, Q, etc). 

This measurement equipment provides data to the RTU, this job is done making use the currently 
most successful technology and standard that are ETHERNET and IEC 61850 respectively. These 
devices have at least those communication services of MMS protocol that are necessary to report 
statuses and measurements upwards, as well as to receive commands from SCADA level (via RTU) 
or a superior intelligence in the substation. 
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3.2. Communication network and logical nodes implemented 
in a substation 
The objective of this section is to produce a detailed functional specification of the equipment foreseen 
at HV/MV substation level. 

In order to define the equipment that currently exists in the substations, we will work according to the 
IEC 61850 Communication networks and systems in substations.  

Different Parts will be taken into account for this definition: 

• Part7- 4: Basic communication structure for substation and feeder equipment – Compatible 
logical node classes and data classes 

• Part 5: Communication requirements for functions and devices models 

• Part7-420: Basic communication structure – Distributed energy resources logical nodes 

The Part 5 standardizes the communication in Substation Automation Systems between intelligent 
electronic devices (IEDs) and the related system requirements. These IEDs are any device 
incorporating one or more processors with the capability to receive or send data/control from or to an 
external source, such as electronic multifunction meters, digital relays, controllers…. 

According to this specification, the different elements involved in a Substation will have to take into 
account the following functions defined as a groups of logical nodes (LN) which exchange data with 
each other. A LN is an object defined by its data and methods. 

The different functions performed in a substation allow to control, monitor and protect the equipment of 
the substation and its feeders. Additionally there exist other functions in order to maintain substation 
such as: system configuration, communication management or software management etc.   

These functions will be grouped in the Table 12: 

 
A AUTOMATIC CONTROL 
C CONTROL 
D DECENTRALIZED ENERGY RESOURCES 
F FUNCTIONAL BLOCKS 
G GENERIC 
H HYDRO POWER 
I INTERFACING AND ARCHIVING 
K MECHANICAL AND NON-ELECTRIC EQUIPMENT 
L SYSTEM LNs 
M METERING AND MEASUREMENT 
P PROTECTION FUNCTIONS 
Q POWER QUALITY EVENTS 
R PROTECTION RELATED FUNCTIONS 
S SUPERVISION AND MONITORING 
T INSTRUMENT, TRANSFORMERS AND SENSORS 
W WIND TURBINES 
X SWITCHGEAR 
Y POWER TRANSFORMERS 
Z FUTHER POWER SYSTEM EQUIPMENT 

Table 12, Logical node groups 
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The different categories of functions refer to the following purposes of the elements in a substation: 

• System support functions 

o Network management 

o Time synchronization 

o Physical device self-checking 

• System configuration or maintenance functions 

o Node identification 

o Software management 

• Operational or control functions 

o Access security management 

o Control 

o Data retrieval 

• Local process automation functions 

o Protection function 

o Distance protection 

• Distributed automatic support functions 

o Station-wide interlocking 

o Distributed synchrocheck 

• Distributed process automation functions 

o Breaker failure 

o Load shedding 

o Voltage and reactive power control 

With these groups and according to the different elements involved in a substation, a lot of Logical 
nodes will be needed to be implemented. The Table 13 summarizes the main functionalities taken into 
account: 

TVTR VOLTAGE TRANSFORMER 
TCTR CURRENT TRANSFORMER 
MMXU MEASUREMENT 
CILO INTERLOCKING 
SCBR CIRCUIT BREAKER SUPERVISION 
XCBR CIRCUIT BREAKER STATE 
XSWI CIRCUIT SWITCH STATE 
STMP TEMPERATURE SUPERVISION 
TTMP TEMPERATURE SENSOR 
MMET METEOROLOGICAL INFORMATION 
YPTR POWER TRANSFORMER 
Pxxx PROTECTION FUNCTION 
LTIM TIME MANGEMENT 
RADR DISTURBANCE RECORDER ANALOG CHANNEL 
RBDR DISTURBANCE RECORDER BINARY CHANNEL 
RREC AUTOMATIC RECLOSING 
PTOC AC TIME OVERCURRENT PROTECTION 
GSAL GENERIC SECURITY APPLICATION 

Table 13, Logical node functionalities 
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3.2.1. LN Functionalities 
The following functionalities are developed currently in the Substations. Some of them will be out of 
the scope of the project. Anyway we will try to identify these ones and focus on the most important 
functionalities that we have to take into account to develop the AD at HV/MV substations. 

• Logical nodes for control 

• Logical nodes for measurements and metering 

• Logical nodes for the communication with DER 

The functions of a substation automation system may be logically allocated on 3 different levels: 
station, bay or process. 

• Process level functions are all the functions interfacing to the process. 

• Bay level functions are functions using mainly the data of one bay and acting mainly on the 
primary equipment of one bay. 

• There are two classes of station level functions: 

o Process related station level functions 

o Interface related station level functions 

 
Figure 18, Hierarchical structure -  physical levels 

 

The Figure 18 depicts the main functionalities should be taken into account and where are located. 
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3.2.1.1 Logical nodes for control in a Substation 
These functionalities are located in Station level and are used for the management and control of the 
different events or alarms in the network.  Additionally, telecontrol are also managed by these logical 
nodes. 

 

The following ones are the LN that implemented in the Substation can help to ADDRESS target 
concerning to AD and DER management: 

 
CALH: for the communications, there is no difference between alarms and events if a time tag is 
added to any data transmitted. This LN allows the creation of group warnings and alarms. 

If several events or alarms have to be combined to group alarms, a separate, configurable function is 
needed. The related LN may be used to calculate new data out of individual data from different logical 
nodes. Remote acknowledgement with different priority and authority shall be possible. 

RADR/RBDR: Logical nodes to receive the different metering, analogical or binary channels. 

ITMI: Telemonitoring interface used in tasks concerning to visualize and maintenance with all the 
information that is available in the substation. 

 
3.2.1.2 Logical nodes for Metering and Measurement 
Concerning these functionalities, the main Logical nodes used for ADDRESS objective refer to: 
measurements, metering, harmonic and differential measurements. These nodes will be implemented 
in different sensors: 

• Voltage sensor(HV/MV) 

• Current sensor 

• Power sensor (HV/MV) 

• Energy sensor 

• Temperature sensor 

• Warning sensor 

According to these sensors implemented in a substation, the following LNs in the different levels are: 

 

Bay Level 

MMTR: to acquire values and calculate the energy (integrated values) out of the acquired voltage and 
current samples. Metering is normally also used for billing and has to provide the requested accuracy. 

MMXU: to acquire and calculate values for current and voltage or power flows out of the acquired 
voltage and current samples. These values are normally used for operational purposes such us power 
flow supervision and management screen displays, state estimation, etc. the requested accuracy for 
these functions has to be provided. 

GSAL: General security application containing logs about security violations  

 

 

 

 



 
  Prototypes and algorithms for network management, providing the signals sent 

by the DSOs to the aggregators and the markets, enabling and exploiting AD 
                    ADD-WP3-D3.1-ENEL DISTR-Active Distribution Grid-V1.2  

Final 1.2 
 

 

Copyright ADDRESS project page 75 of 163 

 

Process Level 

TCTR/TVTR: used for current and voltage measurement in the three phases of the network. There is 
one instance per phase 

 
3.2.1.3 Logical nodes for the communication with DER 
The Part7-420: Basic communication structure – Distributed energy resources logical nodes, is an 
extension of this standard elaborated to define the communication between DER and Control Centre.  

The logical nodes in this section of the standard are intended for use with DER, but may also be 
applicable to central station generation installations. Communications for DER plants involve not only 
local communications between DER units and the plant management system, but also between the 
DER plant and the operators or aggregators who manage the DER plant as a virtual source of energy 
and/or ancillary services. 

The DER plant electrical connection point (ECP) logical device defines the characteristics of the DER 
plant at the point of electrical connection between one or more DER units and any electric power 
system, including isolated loads, microgrids and the utility power system, usually there is a switch or 
circuit breaker at this point of connection. 

In a simple DER configuration, there is one ECP between a single DER unit and the utility power 
system. However, there may be more ECPs in a more complex DER plant installation. The following 
figure depicts this situation: 

 

 
Figure 19,  Electrical connection points in a DER plant 

As an example of a connection of a DER plant with the system the following LN are necessary for a 
particular installation. These LN’s may or may not actually be implemented in a ECP logical device, 
depending upon the unique needs and conditions of the implementation. Some of them are: 

DCRP:  DER plant corporate characteristics at each ECP, including ownership, operating authority, 
contractual obligations and permissions, location and devices connected to the network. 

DOPR: manage the operational characteristics at each ECP, including types of DER devices, 
connections, models of operation, power systems limits at ECP… 

DOPA: to manage operational control authorities at ECP (open/close ECP switch, start/stop DER 
units, change operating modes, …). The DOPA could also be used to indicate what permissions are 
currently in effect. 

DOPM: this LN can be used to set available operating modes as well as actual operating modes. 

DPST: to control actual status at each ECP, including DER connections, alarms… 
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DCCT: economic dispatch parameters for DER operations 

DSCC: control of energy and ancillary services 

DSCH: Schedule for DER plant to provide energy 

MMXU: actual power system measurements at each ECP, including active power, reactive power, 
frequency, voltage, …. 

MMTR: Interval metering information at each ECP, including interval lengths, readings per interval,… 

 

 

3.2.2. Logical nodes for ADDRESS 
As we have just commented the logical nodes depicted are used for control, management, 
measurements and connections of current power systems in the network. 

 

The new functionalities that are being defined in ADDRESS project can also be implemented with 
most of these logical nodes that we have just identified. Even the market functionality implemented in 
the DSO could be implemented with similar LN that are used in DER units to carry out their operations 
in energy markets, including demand response, real-time pricing etc. 

 

For future steps of the project, bigger definition could be implemented. For a first implementation of 
ADDRESS topology in the real network, new LNs are not necessary to be implemented. 
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4. New functions of secondary (MV/LV) substations 
for MV & LV network control 

4.1. New requirements for MV/LV substations to support and 
provide AD services 

The management of the processes the DSO is involved within the AD business process, such as the 
validation of the AD products traded in the market, the computation of the network flexibility (Flexibility 
Table) information and the exploitation of the AD services for the DSO itself (DSO as buyer), require 
enhanced observability of the network and therefore, the acquisition of measurements from the field 
sensors. This is at least for the following purposes: 

° to give inputs to the advanced load and generation forecast algorithms, called by several 
DMS tools (validation tools, the flexibility table tools, etc.) 

° to provide field data to the advanced monitoring of the network operation for the real time 
validation of AD products (e.g. CRP activation by other market players) 

° to improve the reliability and the accuracy of the state estimation algorithms and evaluate the 
need to activate, by the DSO, CRP products to manage possible real time network operation 
contingencies 

Therefore, the new requirements for the MV/LV substations power exchange monitoring and the 
relevant interactions between the substations and the different control levels (MVCC, distributed 
intelligence at primary and secondary substations) are dealt with in section 4.1.1.  

Section 4.1.2 analyses the field data acquisition flow from the LV side. These data, accordingly to the 
level of decentralization of the control strategy and the functions of the distributed intelligence, can be 
either transferred to and processed by remote Control Centers or acquired and processed by the 
MV/LV substation local intelligence, in case of the DSO control architecture is decentralized up to the 
MV/LV substation level. 

Further refinements of the data acquisition functions are provided in section 4.1.3, where the focus is 
on the MV/LV substation local intelligence (controller), in order to investigate the decentralization of 
some functions (algorithms) from the MVCC.  

4.1.1. Interaction between the primary substation and the MV/LV substation 
The devices at the MV/LV substation level can be classified in three main categories (see Figure 1): 

° Measurement equipment (sensors, transducers, auxiliaries, etc.)  

° RTU, in order to send and receive data to/from the upstream levels (MV Central Control level) 
and to receive data from the downstream control level, e.g. measurement data (power, 
voltage, …) or switches on/off status of some relevant nodes of the LV network (e.g. nodes 
delimiting load area,…). 

° Local intelligence or local controller, in order to carry on a part or the whole control of the LV 
network supplied by that MV/LV substation (in case of the control strategy is at some extent 
decentralized). 

° Concentrator to manage the exchange between the meters and the IS and to perform a local 
remote control. The RTU and concentrator functionalities could be grouped together in one 
device (European project Open Node http://www.opennode.eu/). 
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The installation of the measurement equipment at some MV/LV substations accomplishes the need for 
enhanced network observability and monitoring of the distribution network. These data are then 
transferred to and processed by the upstream control levels (MVCC and/or HV/MV substation local 
controller).  

Therefore, according to both the control strategy (centralized or decentralized) and the communication 
network solution, the field data acquisition from the MV/LV substations can require specific 
interactions between the HV/MV substation and the MV/LV substations. In case of the control is 
entirely performed by the MVCC (centralized solution), the field data from the MV/LV substations may 
be either transferred 

° straightforward to the central SCADA (MVCC)   

° or first to the HV/MV substation RTU, acting also as data concentrator, and then transferred 
to the central SCADA 

In both cases, the data can be then processed by the DMS algorithms. The measurement equipment 
installed at MV/LV substation level should acquire measurements/signals (with time tag) from: 

° the MV section of the MV/LV substation: active and reactive power flow, voltage level 

° actuators status: open/close of secondary substation switchgears 

° fault detector/sensors 

° bus bar voltage presence/absence 

° MV line presence/absence 

 

The Table 14 summarizes the type of measurements to be acquired from the MV/LV substation 
location, accordingly to their features (status indication, measurements, sequence of events…) 

 

Type of measurements 
Location 

MV/LV substation 

Status indication  Switch positions 
 Transformer tap changer position 

Measurements  Current (A) 
 Transformer voltage (V) 
 Node active power (W) 
 Node reactive power (VAr) 

Sequence of event  Transformer and feeder protection alarms and 
statuses 

Not-telemetered data  Non-monitored circuit breakers 

Calculated data  Network topology 
 Load forecast based on historical  profiles 

Table 14, Type of measurements at the MV/LV substation 

 

In case of some MVCC functions are transferred to the HV/MV substation control level and/or their 
operations are coordinated (the architecture of the central SCADA/DMS have to be accordingly 
adapted), the field data from the MV/LV substations are acquired by the RTU (together with the ones 
from the HV/MV substation itself)  and can be locally processed by the MV controller in order to drive 
the different actuators (on load transformer tap changer, compensating/regulating units,…) through the 
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same RTU.The most commonly used data communication protocols which can be used for the 
communication between the HV/MV substation and the MV/LV substation RTUs, are: 

° IEC 61970 (CIM). 

° IEC 61850 communication networks and systems in substations. 

° IEC 60870-5-104 enables communication between control station and substation via a 
standard TCP/IP network. The TCP protocol is used for connection-oriented secure data 
transmission. 

The local intelligence features for the local controller at the MV/LV substation are dealt with in the 
section 4.1.3. 

The detailed data flow from the secondary substation’s RTU is given in section 4.2, also with regard to 
the algorithms developed for the new DSO functions. 

More detailed functional specifications of the secondary substations devices are given in the section 
4.4. 

 

4.1.2. Interaction between the LV network and the MV/LV substation 
Within the ADDRESS project, the flexibility of the LV customers (prosumers) is managed by the 
Aggregator, and no direct control on the LV network is foreseen for the DSOs.  

Basically, the main functions to be implemented in the MV/LV substation are finalized to the extension 
of the monitoring to the LV side, to enhance the observability and to give inputs to the advanced 
forecasting tools. The monitoring of the network state enables the Volt VAr control (extended to the LV 
side) to manage CRP activation as possible actuators to face with real time network contingencies 
(voltage and power flow control). 

Currently MV/LV substations do not contain a lot of equipment. Therefore, it is possible to consider the 
MV/LV substation as a data concentrator that: 

° Collects data from the downstream LV network;  

° Guarantees coherence and synchronization of measurements; 

° Sends the measurements to the upstream control levels: HV/MV substation local controller 
and/or the central SCADA/DMS. 

 

In the prospective of a wider decentralization of intelligence, MV/LV substations may be equipped with 
additional intelligence, in order to process the collected measurements so as to provide the central 
SCADA/DMS or the local controllers with aggregated data.  

In particular, aggregation of data on the basis of Load Area definitions could be performed at MV/LV 
substation level. 

Meteorological data shall be measured at the local meteorological monitoring station to enable short-
term generation forecasts based on the following meteorological input parameters: 

° Wind speed in meters per second. 

° Temperature in degrees Celsius. 

° Solar irradiation in Watt per hour per square meter. 

° Percentage cloud cover. 

But besides these, it is important to consider also other functionalities, which are more related to AD 
devices like: 
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° The MV/LV substation could be the link on communication layer between the aggregator and 
AD devices or LV consumers or EB. It is considered also the possibility that the aggregators 
could use the DSO infrastructure to communicate with underlying LV consumers. This is 
necessary in the case of the aggregator will not have its own communication network; 

° The MV/LV substation could offer support for measuring and validation of the provided AD 
products. 

 

In any case, the DSO’s communication structure in the substations must be dimensioned to support 
the additional data flow. It can be expected to exploit the Data Concentrator located in the secondary 
substation, and arrange the communication with the local RTU. Data Concentrator is the device used 
to collect the data necessary for the service of smart metering. 

In this context, the assumption that the DSO performs only a passive control on LV consumers must 
remain valid (connection/disconnection control through voltage/frequency sensitive relays). The only 
player able to perform the active control actions is the aggregator (send commands, flexibility requests 
and control capability). 

4.1.3. Local intelligence at the MV/LV substations 
In the section 1.3.2.2 the concepts of centralized and de-centralized control functionalities are given. 
The decision has been made that centralized control algorithm and scheme are implemented in 
ADDRESS. However, in ADDRESS setup, the control field is focused on the LV network, where the 
active demand exits. The functionalities applied such as state estimation, load flow computation, 
voltage control shall be extended to include the LV network or at least a representation of it (e.g. Load 
Area).  

The functional scope of the grid regarding AD services may be extended in several ways. It can 
involve the distributed intelligence throughout the electrical network to enable remote control of 
electrical network grid components, such as distributed generations (household generation, wind 
farms and other micro generation sources).   

The advantages of distributed intelligence using data concentrators are multiple. As it allows some 
intelligence to be implemented in the substation, it can reduce the complexity of the remote control 
centre and its communications infrastructure. Moreover, the required communications bandwidth 
usage can be reduced considerably if only the locally processed and calculated data is transferred to 
the control centre.  

In ADDRESS setup, the supply of active demand products is delegated to the Aggregator, so the 
decentralized intelligence discussed here does not include the controlling of AD. Also because DG is 
only considered through AD, neither intelligent control system for DG is taken into account. The 
control functionalities developed for Active Demand services in HV/MV substation can be summarized 
as: 

° Network model construction 

° Network configuration (on/off position of the switches…) 

° Network topology in terms of loads areas (network analysis tools) 

° Location information management (LIM) 

° Flexibility table calculation 

° Load forecast (the very short-term, intra-day, day-ahead, medium/long-term forecasting tools) 

° Generation forecast 
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° Off-line validation 

° On-line validation 

° Volt VAr control 

° Power flow 

° Distribution State Estimator 

° Interface with the local RTU for data exchange. 
 

Without considering the cost of equipment and difficulty of implementing, many of these functions can 
be distributed to MV/LV substation if there are sufficient computation power and data storage.  

 

The functions of local control centre can be quite similar to that of the MVCC. The difference between 
these two is that at HV/MV level, the control centre monitors and controls the entire power system 
whereas at MV/LV is only responsible for the monitoring and control of its own feeders with much 
fewer consumers. With the aid of distributed control intelligences at MV/LV, the computational burden 
of control centre can be greatly reduced. The expensive capital investment for the long-distance 
communication links between substations can be saved. Because for the centralized approach, entire 
data of the network has to be sent to the centralized control location, massive amount of long distance 
communication links are necessary. With distributed control, the data in each substation are sent to 
the local control centre. The communications is much simpler and the data transmission distances are 
much shorter.  

The saving can be used to set up the distributed control centre. However, the main advantage of 
distributed control strategy is not cost-saving, it is to enhance the reliability, flexibility, and efficiency of 
power system monitoring and control. 
 
4.1.3.1 Data concentrator 
In the prospective of a wider decentralization of intelligence, MV/LV substations may be equipped with 
additional intelligence, in order to process the collected measurements so as to provide the DMS with 
aggregated data and, consequently, also more frequent data exchange. In particular, aggregation of 
data on the basis of Load Area definitions could be performed at MV/LV substation level. 

Data collected via the data acquisition function is typically processed, including checking for quality 
and alarm conditions, and stored in a real-time database that includes only a single reading (the 
current value) of the measurement. This reading is overwritten by the next collection of the data, which 
may occur in a solicited or unsolicited fashion. This data is often referred to as "telemetered" data and 
the database in which it is stored as the "SCADA" database. This database may also include data not 
directly acquired from the distribution system instrumentation but which is also stored in the same 
database, such as non-telemetered (i.e. manually entered) and pseudo-data (i.e. calculated data). 

Failure in the data acquisition process will result in the measured data becoming invalid, until the 
process is restored. 
 
MV/LV substation as a data concentrator should be able to: 

° Collect data from its own LV network. 

° Guaranty coherence and synchronization of measurements. 

° Send the measurements or the assessments to the DMS. 
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4.1.3.2 Load area definition 
The function of load area definition is to group consumers in terms of its consumption pattern, the 
impedance value and the connectivity of consumer, etc. The load area definition module is developed 
in T3.5.  

The function of ‘load area definition’ can be directly based on the network connected to MV/LV 
substation. Each of the localized Control Centers at MV/LV will be responsible for the load area 
computation of its own sub-area. For example, if the network has N MV/LV feeder, the distributed ‘load 
area definition’ function will be performed right on the MV/LV substation. Of course, in this setup, the 
load area definition will be only based on one feeder, in another words, there will not be load area 
including loads from two different MV/LV feeders.  

 

The load area information in LV network is sent to HV/MV substation Load area definition module, 
where it can be further combined with the MLA definition as shown in Figure 20. 

 

 
Figure 20, Load Area definition 

 
4.1.3.3 Network model construction 
The field measurements must be combined with an understanding of the grid connectivity. It is 
captured in the ‘Network model construction’ model, where the network topology and operational 
changes to grid state (such as, the switch states, transformer tap position), are combined and the 
network model is updated accordingly.  

One LV feeder can supply one hundred consumers at most, normally the connectivity of the network is 
radial, and so the construction of the network model is straightforward task. The attention has to be 
given when some LV feeder change the input substation in the case of network emergency (fault in 
network). This may change the Load area definition.  
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One of the network model constructions functions can be load integration, which can reduce the size 
of the network by integrating all the consumers in the same Load Area. The network model of the LV 
feeder then can be reduced to only several loads giving one Load Area as one load. The reduced 
model can be sent to up-level (HV/MV substation/DMS) to be used by related applications. Because 
most of the control algorithms developed are only concerning to the level of Load Area, therefore, the 
model will be sufficient to run all the functionalities built on it. Also it can release the huge 
communication burden.  

The process of the network model construction is illustrated in Figure 21. The function can be initiated 
by the change of the network configuration, for example, when a new consumer is connected or a tie-
switch is closed. In ST3.5 where the load area definition algorithm is developed, it is suggested that 
the load area definition program should run every 15 minutes. Therefore, the network model 
construction at MV/LV substation should update using the results.  

   
The required inputs for the function are: 

° The network parameter 

° The load area definition 

° The configuration of the network (switch status) 

 
 

 
Figure 21, Network model construction 

 
4.1.3.4 Load forecast 
In order to manage the constraints and optimize the load flow on the distribution network, it is 
necessary to forecast the generation and loads at MV and LV level. The load forecast at MV/LV 
substation level is based on single load areas. On a distribution network load consumption tends to 
follow profiles that have time- and season based characteristics. Historic load profiles should be used 
to forecast load consumption on the distribution network. The algorithm has been developed in T3.5.  

Load forecast can classified as short term forecasts, medium term forecasts and long term forecasts. 
There are three parameters should be taken into account: weather influence, the time of the year 
factor and the customer classes. L(n) = f(past(L), Calendar, Weather, load class, others) 

There are several methods available for load forecast such as regression models, similar day 
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approach, statistical learning models and neural networks. Since the basic approach principle will be 
quite similar to the load forecast done in centralized control room, these methods are not described in 
detailed here.  

Load forecasting is normally performed at the main control centre, complete and accurate system 
information including LV network is difficult to obtain. Load forecasting can be performed using 
distributed processing. The distributed load forecasting can be configured as a Master/Slave 
concurrent program. The load forecasting is decomposed and the slaves can be located at MV/LV 
substation. For each slave works on its own local data obtained from Master’s SCADA and other 
historical data resources. The master sends control messages and system wide information to the 
slaves and invokes the forecasting program on each slave; after the salves are done processing, they 
return the forecasting results to the master. The main input data of load forecast are weather and load 
data. The load data can be provided through auto metering reading system (if exists) at feeder level, 
while the weather report has to be gather from the regional weather monitoring centre or from the 
sources available on the internet. 
 
4.1.3.5 Load allocation and power flow  
In LV network, there are many consumption nodes on a single feeder, measurements of all is 
impossible using the data of the smart meters. However, if the measurements at important nodes 
(such as the nodes where the load area is defined) and at the beginning of the feeder are available, 
power flow can run based on the simplified network work model (as defined in network model 
construction), to validate voltage and power flow constraints of the network.  

As an alternative to state estimation a possibility might be to use load allocation techniques together 
with current measurements at secondary substation level. This algorithm is applicable to radial 
networks and basically consists of scaling the expected power profiles to match the value of the 
measurements, this method is described in IR3.4.   
 
4.1.3.6 Volt/Var Control 
The DSO has to detect, evaluate and mitigate the deviations using the on-line validation in order to 
avoid that such violations create problems in network. In case of real time detected violation events, 
which could have been caused by partially (or totally) not delivered AD products (regardless of the 
service is being provided to the DSO or to any other player), the DSO may apply internal emergency 
procedures, such as the reconfiguration of the network or the setting of regulators. In real time 
operation, both the procurement of AD products and the activation of available CRP ones may restore 
the network operation within secure and reliable conditions.  

If the results of the state estimator are used for the purpose of detecting abnormal states of the 
network, such as voltages or power flows out of limits, a feasible solution could be to use information 
or events coming from the smart meters in order to detect such problems. Smart metering 
infrastructures are being currently installed in several places and in the future it is expected that major 
deployment of smart metering will occur. These smart meters are able to measure certain parameters 
such as voltage and power.  

An approach could be to develop at secondary substation level applications able to detect when the 
voltage and power measurements coming from smart meters are out of limits, generating alarms and 
sending them to the MV control centre where the management algorithms will take the necessary 
actions. 

Usually, voltage control of distribution network can be achieved centrally. The centralized controller 
would require voltage, power flow and equipment status measurements at selected locations in the 
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network. The controller would use state estimation to estimate network power flow and voltage 
profiles. The disadvantages of this approach are high investment in sensors, communications and 
dedicated controllers as well as the high requirement for accurate state estimator. 

In the distributed approach, the power and voltage measurements in LV network will be gathered and 
processed at substation before they are sent to MV Control Centre. With distributed control, the data 
in each substation are sent to the local Control Centre. The communications is much simpler and the 
data transmission distances are much shorter.  

The saving can be used to set up the distributed control centre. However, the main advantage of 
distributed control strategy is not cost-saving, it is to enhance the reliability, flexibility, and efficiency of 
power system monitoring and control. Much more work is needed in order to provide a thorough cost 
benefit comparison of the centralized and distributed control approaches to network voltage 
management.  
4.1.3.7 The application of local intelligence 
The demand side management is the essential point in the future smart grid set-up. The question is 
raised here: what’s the role of substation level intelligence in contributing for the demand management 
strategy. In general substations are equipped with basic devices such as transformers, circuit breakers 
and protection devices. In most cases of today’s network configuration, many secondary can’t be 
remotely controlled and monitored. With the increasing requirement of smart, this is to be changed. 
More devices with local intelligence will appear in distribution network, at secondary sub-stations.  

At HV/MV substations, the current and voltages are usually monitored. The states of circuit breaker, 
feeder disconnector and some fault locators are also under monitoring as well. The integrating of DG 
at low voltage level, and the deregulated market constraints will lead to a wider monitoring in the grid, 
covering the public MV and LV.  

An ongoing change is the Advanced Meter Infrastructure (AMI), which create a network between 
advanced meters and utility business systems. The AMI collect and distribute the metering information 
to customers, the utilities and other parties if required. AMI can be seen as a transformative 
application towards smart grid. The infrastructure built for AMI can also be used to facilitate 
communications for other emerging smart grid applications.  

The AMI system installed nowadays are based on centralized intelligence. However, with the number 
of smart meters growing in the near future, there will be thousands or millions of them. The amount of 
data will be enormous; it might be difficult therefore to handle by the centralized intelligence. In case of 
low transmission capacity of the telecommunication infrastructure, the control  degree of MV and LV 
networks is high and when the data computational performance of the centralized intelligence is not 
sufficient, the distributed intelligence will be necessary. Secondary sub-station with some intelligence 
devices can act as data hubs in the network – to collect, filter and process the ‘raw’ data, and then 
transmit the locational dependent information to the central system.  

Another important application is state estimation, which can be performed in distributed way.  

The problem of locating communication and certain computation power at secondary substation rather 
financial than technical issue, various products and technologies are already available for applications. 
First, the technical solutions have to be profitable in order to encourage the investment. Secondly, the 
question of who is going to pay for the cost and how to split the cost has to be solved. On the other 
hand, calculating the profit is never a easy job, the benefits are shown in various aspects, which are 
difficult to price, e.g. they depends on the competitive projects, or country regulations.  
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4.2. Identification of data exchanged (Data flow) between 
algorithms and concentrator/RTU at secondary substations 
or any other relevant node at MV or LV networks 

Regardless of the field measurement data are processed by the MV/LV local intelligence or the 
upwards control level, the RTU at the MV/LV substation may accomplish the function of data 
concentrator. The local intelligence can function as the decentralized intelligence of HV/MV substation. 
The basic frame of MV/LV substation with decentralized intelligence is shown in Figure 22.   
 

 
 

Figure 22, MV/LV substation decentralized intelligence 

To enable DMS monitoring and control application function, it is important for utilities to ensure that 
correct data is provided to the systems. Basically, the input data requirements include these four major 
data categories: 

° As-built and as-operated electric distribution network connectivity and facility model. 

° Customer information, including customer name, premises address, phone number, electrical 
location (meter or transformer location), priority indication, etc. 

° Metering data for statistics and reports; Measurements data for on-line or steady state 
network monitoring and control applications.  

° Devices status, e.g. RTU status, switch status 

The location of the measurements can be shown as in Figure 23: 

° The MV/LV substation: voltage (magnitude, phase angle), power flow through transformer 

° The measurements equipment installed at the relevant node of the LV network (e.g. that 
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probably delimit load areas): the current, voltage, flow measurements (if possible) 

° Energy measurements from smart meters: Energy consumptions, (if available) 

° Sensors: the state of switches, state of tap changes. 
 
 

 
Figure 23, LV network layout 

4.2.1. Data Exchange between Algorithms and RTUs 
From the system point of view, all data needed for monitoring, controlling and billing should be 
collected, processed and communicated between all related actors in a systematic way. One way of 
the data exchange between the LV consumer and DMS is shown in Figure 24: 
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Figure 24, Data flow between the applications 

 
Figure 6 focuses on the data flow between the applications regardless the physical links. For example, 
the Aggregator may communicate with DMS through the communication infrastructure at MV/LV 
substation (exiting RTU etc.) The data from LV network has to be considered and taken into account 
for AD applications.   

The detailed data flow between all the algorithms developed for AD application can be found in IR3.1.  

4.2.2. Measurements Data from State Estimation Point of View 
The state estimator makes use of the measurements coming from the devices installed in the network 
and calculates the state of the network. The state of the network comprises all the voltages and angles 
in all the nodes of the network (known as state variables). Having these state variables, it is 
straightforward to calculate all the active and reactive power flows over the branches in the network 
and power (active and reactive) injections in nodes. These powers can be also calculated by the state 
estimator application. 

One of the key points of the state estimator is that it takes into account the accuracy of the 
measurements giving more weight to the most accurate ones and less to the ones that are less 
accurate. 

In transmission networks the usual case is to have a lot of measurements in different points of the 
network. In this case the state estimator has more data than necessary to perform the state 
estimation. 

 
4.2.2.1 Minimum set of measurements needed in a radial network 
Generally speaking, the higher the number of measurements in the network the better the accuracy of 
the estimation is. 
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Anyway, the case of distribution networks is very different from the transmission networks in the sense 
that there is a lack of measurements. There is a minimum set of measurements needed by the state 
estimator in order the algorithm to converge to a solution. When the available measurements quantity 
and type is enough the network is called observable and the state estimator can produce results. 

In radial networks (as it is the case of the majority of distribution networks), the minimum set of 
measurements is the following: 

° Voltage at the starting node of the distribution feeders. 

° P and Q injections at every node where a generator is connected 

° P and Q withdrawals at every node where a load is connected (secondary substation in case 
of MV networks and consumers in LV networks) 

 

As explained before the higher the number of measurements the better the estimation will work. This 
means that if for the same price more than one measurement value can be obtained, it will be better. 
For example, if it makes no difference in cost to have a “voltage + P + Q” measurement device instead 
of only a voltage measurement device it is better to have the first one. 

Taking the minimum set of measurements, the results of the state estimator are the same as the ones 
of a Power Flow application. The added value is that the state estimator can also provide the accuracy 
of the state variables giving an idea of how good these results are. 
4.2.2.2 Use of consumption profiles instead of measurements 
In MV distribution networks is difficult to find measurements at secondary substation level. A way to 
overcome this issue is to use fixed consumption profiles instead of real measurements. 

Consumption profiles can be obtained by the DSO by doing load research studies, typically these 
include measuring certain secondary substations, making surveys about the type of consumers 
connected to them etc. Then the DSO can create typical consumption profiles for different secondary 
substations based on the number of consumer types (residential, commercial, industrial), the season, 
etc. 

The problem of using fixed consumption profiles is that the accuracy of them is usually very bad and 
as consequence the results of the state estimation will have also be very low. Anyway, these results 
give a rough estimate of the status of the network that might be enough for the applications needing it. 
In case a the higher level of accuracy is needed, the smart meters use can be evaluated, but the real- 
time smart meters data handling can require the AMI upgrade.  
4.2.2.3 The case of the LV network 
In the LV network the situation is even worse, the number of consumption points can be more than 
one hundred in a single feeder. In this case the use of measurements could be not feasible because of 
the high number required. The low accuracy of the profiles at consumer level makes them not very 
useful. 

Because of this, it is preferable to consider other techniques to detect network problems instead of 
state estimation, for example the use of  alarms coming from smart meters to detect problems or the 
installation of measurements in specific points where problems are most likely to occur. 
4.2.2.4 Use of current measurements to improve accuracy of profiles 
Current measurements are not valid to make the network observable, but they have two advantages: 

° Installing them in secondary substations can improve a lot the accuracy of the consumption 
profiles. 

° Current measurements are the cheapest to install. 
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4.2.2.5 Impact of adding redundant measurements 
In the case where there is a certain part of the network where higher accuracy levels are required 
(considering that the accuracy of consumption profiles are not enough), real measurements are 
needed. The following points deal with installing redundant voltage, active and reactive power 
measurements. 

Take into account that every network is different in terms of network topology, loads, and generation 
and that the following statements may not be true in all the cases. Anyway, these are some general 
guidelines that work well in the most common distribution networks: 

° Installing new voltage measurements: improves the accuracy of voltage estimations in all the 
nodes of the feeder where the measurement is installed. Anyway, the use of a single voltage 
measurement at the beginning of the feeder is usually enough for obtaining good accuracy in 
voltage estimations (not in power estimations). 

° Installing active and reactive power measurements: has a local impact in the accuracy of 
power estimates (the voltage estimates are also improved). This means that the accuracy is 
improved but only in the node where the measurement is installed and in the surrounding 
nodes and branches. The conclusion is that P/Q will be needed at all those branches and 
nodes where the accuracy given by the use of profiles is not enough. 

° Installing current measurements: Installation of redundant current measurements can be a 
way to improve the accuracy of consumption profiles in the absence of real P/Q 
measurements as mentioned before. 

4.2.3. Measurements Data from Network Analysis Point of View  
Network analysis usually has the responsibility to process network data to form the network model for 
applications such as power flow, state estimation, and voltage control. Network data should include 
the parameters of line, the parameter of transformers, capacitors and controllers. The topological data 
refers to the connectivity of the network, which is decided by the open/close status of switching 
devices.  

The network analysis tools are applied in ADDRESS set up for the optimal organization of the 
distribution network into LAs and MLAs. The DSO divide LV network into different LAs, one LA can 
include an entire LV feeder or one part of the feeder. The same approach should be used in MV 
network as well. The definition of LA aims at characterizing the AD product both from the point of view 
of the DSO operation and the fulfilment of the technical constraints. The definition of LA must 
aggregate the consumers with similar impact on the network operating constraints. There are two 
constraints to consider here: overload constraints and voltage constraints.  

The LA must be observable, in the sense that enough measurements are available at the boundary of 
the LA to determine its operating status. In the MV network, usually there will be enough existing 
measurements, the calculation of MLA will not produce further problem for the state estimation or 
other functionalities which need the measurements at boundary nodes.  

 
4.2.3.1 The overload constraints and over-voltage constraints 
When the overload constraints rule is applied, the method searches through the whole network to find 
the path with overload component – line and transformer. In this case, the status indication data 
(binary data which indicates the open or close status of electrical switching equipment) is essential for 
the algorithm. Errors of topological measurements (switching device statuses) result in erroneous 
network models. In case of over-voltage constraints, the admittance matrix is built based on the load 
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consumptions. Therefore the real and reactive power measurements must be known.  

In order to monitor the status of the switch, advanced sensor devices have to be used in the network. 
Local automation scheme can be applied to MV and LV network; communication modules are 
available to transfer the status of switch devices in real time.  
4.2.3.2 The case of the LV network 
At LV network, there are still many lines protected by fuse devices. The status of these fuses is not 
known to all the network operators. For switch operations, there are scheduled ones, which the 
open/close operation is planned at control centre; therefore their status can be updated in the relevant 
data base. When the switching devices are operating under emergence cases, the status of these 
devices can be update manually when the fault situation is made to be known.  

Network analysis can keep a table with all the possible network topology and parameter stored. But in 
any case, the changing from one case to another still requires the network topology status indicator. 
Some estimation technology can be used. Parameter estimation can be applied to include the switch 
as an estimating vector. However, the state estimator will demand sufficient measurements in order to 
make the network observable, that raise other problems in the LV network.  The other possibility is to 
use the smart meters which gives more reliable information of the fuses status.  
4.2.3.3 Measurements requirement for network analysis 
In the case of missing measurements for the network, consequences would be the loss of 
observability, or the wrong calculation of voltage control result. In order to perform network analysis 
successfully, sufficient measurements would be required, online measurement data should be 
transferred to control centre.  

The minimum measurements for the network analysis are: 

° The measurements at the boundary nodes, which should include real and reactive power 
measurements, as well as voltage measurements. These measurements are essential for 
network monitoring and control applications go forward. Since it is proposed all these 
application will be based on the LA analysis, these measurements are the must-be. 

° The measurements of topology, in the case of a switch open, the network will change its 
profile, and load area definition will be changed, and then the network model will be changed. 
Therefore, real-time monitoring devices should be installed where switching devices are. 
Especially, when there is only fuse available, its status should be monitored in real-time 
application. 

4.3. Evaluation of different strategies of centralized or 
decentralized functions at the MV/LV substation level 

The new functions of DSO Control Centres, as well as the installation of decentralized intelligence 
throughout the distribution network (HV/MV substation, MV/LV substation, nodes…), have to 
substantially improve or enable: 

° The Real-time network operation: this consists of monitoring in real-time, the voltage level 
and the power flow by means of field data acquisition, state estimation, and very short-term 
forecast (on which to base the very short-term load flow computation). The possible detected 
network violations could be faced with a set of remedial actions (network reconfiguration, 
real-time DGs set point change …). The “real-time decision-making process” will drive DSO 
towards the optimum solution. One of the new possibility offered by AD products to solve 
real-time contingencies, and which could be added to the set of the remedial actions, is the 
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real-time triggering of CRP AD products by directly sending volume signals to the 
aggregators (the activation time is however no shorter than 15 minutes). 

° Evaluation of the feasibility (technical validation) of the intra-day, day-ahead, 
medium/long-term market requests combined with the forecast of load/generation of not 
“aggregated” consumers and programs of active/reactive power exchange with the 
transmission system (e.g. the validation phase for the secure operation of the distribution 
network). 

° Answer the requests of TSO in the possible context of direct interaction for the network 
operation. 

° Operational planning, implying the forecast of the aggregated and not-aggregated Load and 
Generation, load flow computation to estimate the network state, the decision making process 
which would determine whether use AD products and the relevant optimum price and volume 
signal to be sent to the intra-day, day-ahead, or long-term AD markets. 

In the following the centralized and  decentralized functions at MV/LV substation level are compared.  

Whilst the measurement equipment, in order to acquire analogue (voltage, current …) and digital data 
(switch on/off position,…) at the MV/LV substation, will be devices which have to be installed 
regardless of the decentralized or centralized control strategies (in order to improve the network 
observability), the local intelligence functionalities are determined from the decentralization degree of 
functions from the upper control levels (MV control level and HV/MV control level). 

Since AD products provide the opportunity of a more active control of the network, some LV nodes 
relevant to the network operation point of view (e.g. nodes delimiting load areas) may need to be 
monitored in real-time. The field measurement acquisition have to be sent to upwards control levels 
(SCADA master station at the MV control level and/or at the HV/MV control level) or eventually even to 
the MV/LV control level, as long as some algorithms for network operation/operational planning are 
performed by the eventual local intelligence installed at the MV/LV substation (decentralized 
approach). 

Those data may be processed for real-time operation, operational planning and forecast purposes. 

The RTU at the MV/LV substation may accomplish the function of data concentrator (e.g. to receive, 
record and send the field measurement/status data) and to send them to the upward control levels. 

The alternative solution is that the field measurements/status data from the LV nodes are transferred 
to the RTU at the HV/MV substation level or even at the central SCADA. All these solutions require 
local RTUs at LV nodes and the appropriate communication protocols. In order to extend the 
supervision to the LV network, the central SCADA/DMS architecture may need the appropriate 
modifications (e.g. to add the threads for the LV network). Other modification may be required with 
regard to user interfaces (for the SCADA operator). 

Table 15 summarizes the three different solutions in order to transfer the data from the LV nodes and 
MV/LV substation to the upward control levels.  
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Solution A (decentralized) Solution B (decentralized) Solution C (centralized) 

They are collected by the MV/LV 
substation’s RTU, (acting as data 
concentrator) and then sent to the 

upwards control levels (HV/MV 
controller, MVCC) 

Sent directly to the HV/MV 
substation RTU (processed 
locally by the HV/MV substation 
local intelligence) 

Sent directly to the central 
SCADA (and processed b 
the DMS) 

Table 15, Solution for the field data transfer from the LV nodes to the upwards control levels (HV/MV 
controller, MVCC)   

  

The first solution (solution A) could bring advantages in terms of: 

° Communication for the data transfers from the LV nodes to the upward control levels. 

° Data synchronization of the all signals acquired by the measurement equipment installed on 
the LV network supplied by one MV/LV substation. 

The solutions B and C can be used when the network has a limited size (in term of the nodes number) 
and data transmission and synchronization can be managed without particular difficulties.   

However, the data concentrator function of the MV/LV substation might be just not necessary as long 
as the communication system allows to transfer the field measurements/status data directly to the 
upwards control levels and the synchronization is properly managed. This may depend also by the 
extension of the network under control and the number of the LV nodes where to install 
measurements equipments. 

 

Regarding the local intelligence (or MV/LV controller) an evaluation of the possible decentralization of 
some intelligence may be done with reference to different functions. The requirements to the MV/LV 
local intelligence in order to perform those functions, with focus on the application of possible AD 
products, will be analyzed. 

The real-time network operation and the operational planning for the underlying LV network would 
require a large set of models and tools, as it was indicated in section 4.1.3: 

° Network model construction 

° Network configuration (on/off position of the switches…) 

° Network topology in terms of loads areas (network analysis tools) 

° Location information management (LIM) 

° Flexibility table calculation 

° Load forecast (the very short-term, intra-day, day-ahead, medium/long-term forecasting tools) 

° Generation forecast 

° Off-line validation 

° On-line validation 

° Volt VAr control 

° Power flow 

° Distribution State Estimator 

° Interface with the local RTU for data exchange. 
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The model and the tools enlisted above would enable this local intelligence only to detect a possible 
constraints violation and to calculate the possible ΔP and/or ΔQ needed to solve the problem. 

The decision making process both for real-time network operation and operational planning, seems 
difficult to be implemented by the MV/LV intelligence because this would requires, among other 
issues: 

° The supervisory control of the network to evaluate AD products with other alternative 
solutions (both real-time network operation and operational planning). 

° The tools to evaluate the AD market prices (e.g. historical data and so on). 

° The software for the decision making process itself (to determine the best possible solution 
and the conditions (e.g. AD volume/price signals to be sent to the market 

° The tools for the interaction with the market 

 

Another aspect that may be worth being considered is the interface with the aggregator for the use of 
CRP products (used for real-time purposes but evaluated in the operational planning context). The ΔP 
and/or ΔQ needed to solve the real-time problem could be interpreted as the triggering volume signals 
to the aggregator. It is straightforward that this requires an appropriate communication interface 
between each (of a potential large set) MV/LV controller and the aggregator in order to exploit this 
potential solution. 

However, for secure network operation purposes, the supervision of the central SCADA is advisable. 

The interaction between DSO and aggregator for e.g. the real-time activation and triggering of CRP 
could be done at upwards control levels (e.g. central level). 

Therefore it may be summarized that, due to the: 

° Difficulty to perform the decision making process at a decentralized (MV/LV substation) level, 
as identified by the above listed. 

° Potential replication of a large set of tools, software and relevant IEDs to be installed to a 
potential large set of MV/LV substations (with all the relevant operational and maintenance 
costs). 

The centralized solution (e.g. the Central Control Level) seems to be more appropriate to perform 
these functions.  
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Centralised control Decentralised control 

Advantages Drawbacks Advantages Drawbacks 

the decision making 
process both for real-time 
network operation and 
operational planning can be 
easily implemented at 
central level since the  
supervisory control to 
evaluate AD products with 
other alternative solutions 
(both real-time network 
operation and operational 
planning) 

additional threads 
implemented into 
the DMS 

the DMS can be 
lightened from the 
computational point of 
view 

Potential replication of a 
large set of tools, software 
and relevant IEDs to be 
installed (with all the 
relevant operational and 
maintenance costs). This 
will depend  upon the 
network size to be 
controlled, the 
communication 
infrastructure capability and 
the DMS capability  

interaction with the 
Aggregators facilitated (e.g. 
activation of CRP products, 
validation) since managed 
by the Active Demand 
Management System 
(ADMS). Therefore, no 
need to transfer data from 
the central level to the 
MV/LV substation level 

Modification to the 
central SCADA 
System (e.g. with 
respect to the 
operator interface) 
to extend the 
supervision to the 
LV network 

the field data transfer 
from the LV nodes are 
facilitated, thus 
requiring simpler 
communication 
networks  

the decision making 
process both for real-time 
network operation and 
operational planning, 
seems difficult to be 
implemented by the MV/LV 
intelligence. This would 
require an information 
exchange with the Market 
Tool (at central level) 

Table 16, Comparison between the centralised and the decentralised solution 

Some tools for the ex-ante validation (assessment/settlement) might be foreseen for the HV/MV 
substation and the MV/LV substation levels as data storage and/or data concentrator. This solution is 
however to be further investigated. 

The situations of distribution systems can be quite different across different countries or even across 
different network operators within one country, and the requirements towards analysis and control 
tools can depend strongly on these situations. The DSO functional architecture may not be necessarily 
decentralized for certain small DSOs (e.g. municipalities), while might be an alternative solution to 
improve the network controllability for largest DSO. The possible functions that can be decentralized at 
substation level are strictly dependent upon the network’s situation and their existing distribution 
management equipment.  

Within the ADDRESS project the field tests to validate the DSO algorithms for the AD management 
will be carried out on a limited network, and therefore the solution adopted for the prototypes 
development has been the centralized functional architecture, where the advanced SCADA/DMS 
master station is implemented with the algorithms developed for the AD management. 

However, some functionality which seems to be more adapted to be decentralize are described in the 
section 4.4.2.  
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4.4. Equipment at the secondary substations and at the LV 
network. Functional specifications 

The distribution of these functions between the equipments will be done following a flexible, modular 
and industrial approach. As a consequence of this approach, system to be developed will adopt the 
open international standards and the latest technologies that better fit to the objectives of the project 
and the application. 

In the following sections, the types of devices needed are described, highlighting the main 
characteristics they will have to fulfil the requirements imposed by AD services. 

4.4.1. RTU at secondary substations 
RTU centralizes the majority of functionality at MV/LV substations. This equipment provides the typical 
functions of a conventional RTU.  

Summarizing the functions of RTU at MV/LV substations, these are: 

° The monitoring and control of MV/LV substation and relevant node of the LV network. To 
carry out these functions, these devices receive as inputs the measurements and signals 
from sensors and auxiliaries installed at MV/LV substation and at relevant nodes of the LV 
network. RTU can not only receive measurements done by other measurement devices, but 
also measure currents and voltages acquiring the information directly from the secondary of 
sensors. 

° RTU communicates to send and receive data at three levels: 

o Upwards, with SCADA master station, DSO MV Control Centre, HV/MV substation’s 
RTU, and with the local intelligence at HV/MV substation. Some of these 
communication links varies if functions are centralized or de-centralized. 

o Downwards, with different actors in the LV network, basically LV consumers and 
prosumers.  

o At the same level, inside MV/LV substation, with the local intelligence in case of 
existing. 

Flow of data is basically an exchange of measurement values, digital signals for status and 
alarms, analog commands for set points and digital signals to control switches and other 
elements which can receive commands. 

 

4.4.2. Local Intelligence (local controller) at MV/LV substation 
The main functions are concerned with the local intelligence assigned to the MV/LV substation 
controller in order to carry on a part of the whole control of the LV network fed by that MV/LV 
substation. First of all, it needs to be highlighted that local intelligence has to be placed either within 
the MV/LV substation’s RTU, or in a separate device if performance requires a specific HW/SW 
platform. These functions are described in detail in the section 4.1.3. The main functionalities 
contained or implemented in the MV/LV local controller are established in order to support the 
operation of the DSO Control Centre. 

It is assumed that the MV Control Centre has the mission to perform the real-time operation as well as 
the operational planning of the underlying distribution network. Following a scalable approach, the 
same functionalities may be implemented at the MV/LV local intelligence (assuming the choice of one 
decentralized control architecture). The tools and models needed in MV/LV substation comprise the 
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following: 

° Forecasting tools (short-term, intra-day, day-ahead, medium/long-term). 

° Load flow calculation to compute the network state at different time frames. 

° LV network model. 

° Actual LV network configuration. 

 

The MV/LV local intelligence interfaces: 

° Locally with the MV/LV RTU to receive data from the lower control level, e.g. measurement 
data (voltage, current…) or switch position on/off status by some relevant nodes on the LV 
network. 

° And remotely to send and receive data to/from the hierarchical upper levels (MV Controller 
and/or the HV/MV local intelligence). 

 

On the other hand, the identified standards for any communication (local or remote) are IEC 61970, 
IEC 61850 and IEC 60870-5-104. As consequence, the LV/MV intelligence must support at least all 
the listed protocols. 

The MV/LV local intelligence could be interfaced at the physical level with the communication node 
inside the MV/LV substation by means of one Ethernet port (10/100BaseTx). This link belongs to the 
local area network in the MV/LV substation. This interface will be the entry point for all the 
communications needs in the MV/LV local controller and it will not introduce any bottleneck in the 
communication bandwidth. 

As stated before, the local intelligence would house a set of models, tools and algorithms providing the 
knowledge about the real-time topological and electrical state of the controlled LV network, as well as 
the necessary information for the operational planning in a given time horizon. As an outline of what, it 
is needed: 

° Electrical network model allowing a dynamic reconfiguration (on/off position of switches). 

° Load Flow calculation tool based on the electrical network model. 

° Load Prediction calculation tool (based on meteorological information, historical data, etc). 

4.4.3. Measurement equipments, sensors and auxiliaries 
Analog data and status signals have to be monitored at secondary substations as well as along 
relevant nodes at the low voltage network. According to table 6 of IR3.1, we consider four different 
locations where to acquire statuses and measurements: 

° Location 1 - HV/MV substations, that it is out of the scope of this document 

° Location 2 - MV/LV substation 

° Location 3 - MV/LV transformers 

° Location 4 - Consumer premises. Any measurement point relevant to monitor a LA, if it is not 
the MV/LV substation itself, is considered of this type. 

 

In the following sub-sections, the specific characteristics of each location are analyzed in detail, except 
for Location 1.  
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4.4.3.1 Location 2 - MV/LV substation 
At the secondary substations and at the MV side, algorithms developed in Task 3.4 and Task 3.5 need 
measurements and status signals in real-time to carry out their functions. 

Regarding measurements, basically the ones required are: 

° Busbar active and reactive power. 

° Busbar voltages. 

° Currents. 

And regarding the status signals, at least the switch/breaker on/off position (binary data) of LV 
feeders, or MV/LV transformers or MV input/output lines are required. Although the status of the 
communication between the concentrator and the meters could also indirectly enable to know which 
part of the LV network is off-line. 

This measurement equipment uses the same principles than in the primary substation from the point 
of view of measurements algorithms. They measure currents and voltages applying algorithms like 
Discrete Fourier Transform (DFT), and calculate other analog magnitudes like active and reactive 
power using the phasors of currents and voltages. Nevertheless, at the secondary substations we 
don’t usually find instrument transformers (CTs or VTs), basically because there is no space for them 
and because traditionally secondary substations have lacked of measurements.  

So, this measurement equipment needs sensors to measure currents and non-conventional sensors 
to measure voltages with accuracy. 

At the same time, this equipment can need capacitive or inductive couplers, when using PLC (Power 
Line Carrier) technology across the medium voltage cables, in order to inject the high frequency 
signals in the conductors. 

The sensors and couplers installed in secondary substations must fulfil all the standards and existing 
regulations which apply to elements subject to high voltages and currents. They must be adapted in 
each situation to the available space, which differs greatly from one secondary substation to another, 
depending on its type, such as those of masonry, metallic air cabins or SF6 gas cells. However, there 
is currently no sensor solution for many of the existing switchgear in the distribution network. As a 
result of this, a careful analysis of the requirements and existing scenarios, and available sound 
technology must lead us to the development of the required sensors. 

 
The diversity of the MV distribution network 
One of the main obstacles faced by the introduction of Smartgrid functionalities in the existing 
distribution network is the diversity of the MV distribution network. The network has evolved over time, 
and for any given area there are coexisting secondary substations whose age may differ by several 
decades. The network has grown additionally at different speeds over time and with different budgets.  

Another major drawback of the MV distribution network is that it has usually received a reduced 
degree of investment, so the minimal enhancements for keeping it up and running have been carried 
out. Inventory data may be obsolete for some regions, and no supervision or communications may be 
present at all. 

The most important factor which determines the type and requirements for sensors to be used at the 
time of upgrading the network to add advanced functionalities like AD services is the type of 
switchgear used in secondary substations. The most popular types are the following ones: 

° Masonry switchgear. These are the oldest type, where the switchgear is mounted on masonry 
constructions. Space is not as restricted as in other types of substations, and different gear 
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can be usually mounted within the MV cells. 

° Open-air switchgear. This is an intermediate version, switchgear is mounted on a metallic 
framed cabinet using air as insulator (the switchgear is visible and can be “touched”). This 
kind of secondary substations have limited space available and tight requirements on safety 
isolation spacing. 

° Gas insulated switchgear (GIS). In these secondary substations the switchgear is isolated in 
a closed container filled with SF6 gas (sulphur hexafluoride), which safely contains arc 
discharges. In these secondary substations space availability is very limited. Sensors must be 
closely tied to the T-connectors which introduce the MV lines into the switchgear. On the 
other hand, there are also several types of T connectors with different dimensions. 

° Pole mounted transformers. 

 

Each type of secondary substation requires a different sensor solution in order to guarantee a certain 
precision or performance, and comply with the existing limitations. This requires the development of a 
set of tailored sensors for every kind of substations, as the following sections will describe. 

 
Voltage sensors 
Voltage sensors are an indispensable component for properly monitoring a MV network. There are two 
different types of voltage sensors for this application: 

° Transformer-based voltage sensors (Voltage Transformers), which are usually heavy, bulky, 
expensive and difficult to install. 

° Resistive or capacitive voltage dividers. These sensors allow an easy adaptation to the 
different facility locations, depending on the medium voltage switchgear type, as described in 
the previous section. 

 

Solution selected for ADDRESS project is the resistive divider, because it provides a very good 
accuracy in amplitude and angle, is basically temperature non-dependent, and can be sized for even 
the worst conditions of physical space that arise with SF6 insulated switchgear technology. These 
sensors are valid up to 36kV, and the accuracy provided by the set (sensor plus measurement 
equipment) is ±1%. 

 

As an example, using the space available in the separable Tconnector used in GIS switchgear, and 
replacing the so called basic plug tap, it is possible to install a resistive divider. This kind of divider 
provides an accuracy of up to class 1, maintaining a reasonable balance between accuracy and price. 
At the same time it is very simple to install, and requires no extra space in the switchgear, as seen on 
Figure 25. 
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Figure 25, Voltage sensors for MV masonry and gas switchgear                          

 

 

The grounding of the outer semiconductive part of the Tconnector in GIS switchgear guarantees that 
the electric field is confined inside the divider. As a result of this one additional benefit is that the effect 
of the near adjacent phases over the high impedance of Z1 can be minimized. 

In order to guarantee the required system-level accuracy, a strategic choice and placement of the 
impedance Z1 within the plug tap divider and phase compensation introduced by Z2 could be required 
to achieve the desired accuracy, both in amplitude and phase, avoiding unwanted parasitic effects. 

Additionally, individual parameters like exact phase and voltage ratio values can be supplied for every 
divider, in order to improve the accuracy class of the total system using software based compensation 
in the electronic device processing the analog readings. 

Resistive voltage sensors have the following advantages: 

° They are not subject to voltage transformer saturation effects, their response being very 
lineal. 

° Their output terminals can be permanently short-circuited with negligible change in the power 
consumption, which is a great advantage over voltage transformers. 

 

When secondary substations use masonry or open-air switchgear technologies, there are lower space 
constraints. So, keeping the same measurement principle, we use resistive voltage dividers packed 
within a bigger resin body. 

 

These voltage sensors can be easily installed in existing MV switchgear, and thus they enable the 
network monitoring systems to do their job with the required accuracy. 
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Current sensors 
As with voltage sensors, different types of sensors can be used in medium smart grid applications like 
AD services, depending on the available space, the required accuracy, the expected ambient 
temperature variation and the availability of an external power supply to feed the electronic elements 
in the sensors (based in Hall Effect, for instance). In addition to this, installation difficulty and cost may 
have big differences from some solutions to others. 

For instance when analyzing the existing SF6 or masonry switchgear, where no external dc power 
supply is available, Rogowski coils and inductive ferromagnetic current transformers are the most 
widely used sensors. They are installed directly over the bushings or clamped on the MV cables. The 
output of the sensors is connected to an external electronic unit which performs the real current 
calculation based on the analog signal coming from the coils. Usually inductive ferromagnetic 
transformers provide better accuracy, at the cost of a more difficult installation process, as Rogowski 
coils are flexible and can be opened. 

There are other technologies that may be used, for example current measuring based on the Faraday 
Effect: the polarization of light in fibre optics is rotated proportionally to the magnetic field generated by 
the conductor carrying a current in the vicinity of the fibre. The effect in the phase on the reflected light 
is measured and transduced into a current value. The installation is very easy, isolation and safety are 
excellent, and the current can be measured over bare conductors surrounding them with some turns 
of fibre optics. 

The solution has been selected for test fields of ADDRESS project is the use of inductive 
ferromagnetic current transformers, that are the traditional toroidal CTs. They provide a very good 
accuracy in amplitude and angle, are basically temperature non-dependent, and can be small enough 
for SF6 insulated switchgear technology. With these sensors, the accuracy provided by the set 
(sensor plus measurement equipment) is ±1%. 

 
Coupling devices 
The mission of a PLC coupler is to provide an access to the network to the communications 
equipment. In this particular case the network is the MV distribution network formed by overhead lines, 
underground cables, transformers and switchgear. 

As these couplers must share the installation location and electrical parameters with the 
aforementioned current and voltage sensors, PLC couplers, which may be of inductive or capacitive 
type, are subject to the same electrical and safety standards. Dielectric strength, lightning impulse, 
partial discharges, etc. are electrical parameters that depend directly on the maximum voltage level of 
the secondary substation. 

Frequency, bandwidth and the characteristic impedance of lines and cables play a fundamental role in 
the performance of couplers. 

Capacitive couplers use a HV voltage capacitor in order to pass the high frequency PLC signals over 
the MV conductor. This capacitor is tuned at the required frequency band, effectively isolating the AC 
mains frequency 

Pass Band and High Pass are the most common LC coupler filter structures. In all cases the LV side 
of the coupling capacitor is connected to ground by means of a low value inductance and transient 
protections like surge arresters, for increased security. An insulating signal transformer is used to 
match the cable characteristic impedance and the equipment side impedance, and thus maximize the 
energy transfer. Figure 26 represents a typical LC coupler of this type. 
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Figure 26, Capacitive coupler schematic example                          

 

Capacitive couplers can be easily installed into the available space of the separable T connector plug 
tap (in GIS switchgear). This provides a very low loss connection through the MV conductor, and 
requires no extra space in the switchgear. 

Inductive coupling is another coupling method based on current induction on a conductor or on the 
outer shield screen of underground cables. The installation procedure of the split cores is very easy 
and the inductive couplers can be a good substitute of capacitive ones, whenever there is no access 
to the MV plug tap, or it is just simpler to install a core around the existing conductor. Figure 27 
represents an inductive coupler. 

 

 
 

Figure 27, Inductive coupler on the conductor (2MHz to 30MHz range)                          

 
The magnetic cores must not saturate with the high values of 50 Hz mains current in order to avoid 
introducing intermodulation distortion in the HF (in-band) range. 

In Figure 27 Zt represents the transformer impedance that closes the current loop between both end 
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secondary substations of the PLC link. This impedance consists of the parasitic capacitance of the 
cable to ground and that of the other two phases’ impedances, and it effectively closes the circuit, 
allowing the communication. 
4.4.3.2 At LV network: Location 3 - MV/LV transformers and Location 4 - Consumer 

premises 
Location 3 and location 4 shares one parameter, both locations belong to the LV network. This is 
relevant from the perspective of how to measure currents and voltages. 

In both locations current and voltage measurements are a must, and with them, active and reactive 
power are required too. 

In comparison with measurements in MV, intermediate sensors are not needed to measure voltages. 
Measurement equipment, like meters, can be connected directly to the measuring point because they 
are dealing with values around 400Vac phase-to-phase. 

And concerning current measurement, we use the same solution than in MV that is to use toroidal 
CTs. 

The monitoring of MV/LV transformers, at LV side, is done by a smart meter or by the concentrator 
itself. This concentrator has analog inputs that can be used to measure currents and voltages per 
each transformer in the substation. 

In the case of consumer premises, the basic infrastructure for the monitoring is the infrastructure of 
an AMI. Additionally, this system will need to exchange information with the MV/LV substation 
intelligence or RTU about the management of own local systems, in order to involve LV generation 
and LV storage in AD functions of LV network. 

 
Advanced Metering Infrastructure  
Automatic Meter Reading (AMR) has evolved towards the Automatic Meter Management (AMM) 
through the Advanced Metering Infrastructure (AMI). 

This evolution has only been possible through the progressive development of the communications 
subsystems which have made possible that this important infrastructure is being used not only for 
meter reading purposes but in efficient active demand management policies and the distribution 
network automation. 

 
 

Figure 28, Advanced Metering Infrastructure                          
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Smart Meters 
The meter is the main component in the AMI concept since it is the interface between the customer 
and the AMM system. 

Apart from the accuracy, the reliability, and the robustness, required traditionally for these devices, 
smart meters must be provided with a reliable communication towards both the concentrators and the 
user (when the meters are installed altogether in groups). It is proposed to use PLC technology 
through the LV network employing open, public domain and interoperable standards such as PRIME 
(www.primealliance.org) or PLC G3 as stated in the FP7 European project OPEN METER 
(www.openmeter.com). Both technologies guarantee a total interoperability between all the equipment 
supporting them. 

 
Concentrator 
The concentrator will be the intermediate element between MV Control Centre or local intelligence at 
secondary substations and the smart meters. Within both PRIME and PLC G3 architectures, these 
concentrators are interoperable with all the measuring devices. The communication with the meters is 
made via PLC, and with the MV Control Centre or local intelligence at secondary substations through 
different media options, the same options than for RTU, because is the same device. Within the PLC 
G3 technology, a robust mode communication mechanism is included enhancing the MV direct 
communication through the transformer. 

Both technologies enable the use of Internet Protocol (IPv4 in the case of PRIME and Ipv6 in the case 
of  PLC G3). 
 
Supervision of the Low Voltage Network 
In case RTU/Concentrator has measurements from LV side of the power transformer in the secondary 
substation, it is possible to have the following additional supervision functions: 

° Open Fuse detection and alarm. 

° Voltage unbalances detection and alarm. 

° Measuring and recording the transformer’s load. 

° Measuring and recording power quality values: Sags, short voltage interruptions, and voltage 
variations. 

Telecom Networks 
Secondary substations, where MV to LV transformation occurs need to be integrated into existing 
utilities Telecom infrastructure. 

Many options are already available to provide connectivity of secondary substations over MV 
networks: 

- Wireless Industrial Routers (EMR). Enable a cost-effective Out-of Band channel using mobile 
operator data services (GPRS, UMTS, HSPA…) 

- Gigabit Ethernet Switches (SWT): If existing Fibre Optic infrastructure is available in the secondary 
station. 

- Real Time Router (NRTR), with broadband PLC interfaces: It requires special coupling units to adapt 
PLC Based telecom signals into MV infrastructure. 
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5. Active and reactive power control in MV active 
distribution grids and validation of Active Demand 
products 

The scope of this chapter is to provide a description of the algorithms and systems used by the DSO 
to control the active and reactive power flow in the distribution grid and to validate (or check feasibility) 
of Active Demand (AD) products to be activated in the network. These algorithms were designed to be 
comprised in two major systems deployed at the Medium Voltage Control Centre (MVCC) of DSO: 

1. the Active Demand Management System (ADMS), which includes all the necessary 
algorithms for managing the information related to Active Demand and interfaces with other 
actors (e.g. Aggregator, TSO, Market, etc); 

2. the Distribution Management System (DMS), which comprises all the algorithms related to 
network control. 

5.1. Active Demand Management 
To manage all DSO’s activities related to Active Demand, a new system called Active Demand 
Management System has been introduced in ADDRESS project. At a higher level of abstraction, and 
with regard to the business processes the DSOs perform within the AD system, the ADMS can be 
subdivided into three main sub-systems: 

1. the ADMS/Location Information Manager 

2. the ADMS/Flexibility Table Manager 

3. the ADMS/Validation Manager 

Figure 29 highlights this abstract perspective of the ADMS structure, where the data exchange with 
the TSO is for coordination purposes, while the Aggregator is the final user of the results processed by 
the ADMS through the data exchange with the TSO and the DMS. 
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Figure 29,  ADMS with the three different sub-systems 

In order to approach the modelling description of these sub-systems from the users’ perspective, the 
main activities which can be carried out by the different actors/systems interacting with the ADMS are 
enlisted below. 

The Location Information Manager enables:  

• the TSO to enter the Macro Load Area organisation, to be integrated into the Location 
Information database 

• the DMS System to enter the location information database, containing the customers ID 
associated with the relevant Load Area and Macro Load Area 

• the Aggregator to acquire the relevant Location Information of its own customers 

The Flexibility Table Manager enables: 

• the TSO to enter the Flexibility Table of the transmission network (TSO Flexibility Table) 

• the DMS System to enter Flexibility Table on the distribution network (DSO Flexibility Table)  

• the Aggregator to acquire the Flexibility Table 
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The Validation Manager enables: 

• the Aggregator to process its Supply Bid Validation Request, entering the request and 
acquiring the validation response 

• the Aggregator to process the validation for the activation of a CRP product 

• the TSO to exchange data with the DSO when processing the validation on the transmission 
network 

• the DMS System to exchange data in order to process the validation on the DSO’s distribution 
network 

These interactions activated by the actors/systems are functional to the business processes (meant as 
processes bringing value to the AD business model) described in the Sections 5.1.1, 5.1.2, and 5.1.3. 

Additionally, some algorithms are incorporated into the ADMS to elaborate data and to implement the 
required interfaces for the data exchange between the DSO and the TSO. A brief description of these 
is given in Section 5.1.4.  

5.1.1. Location Information Manager 
As already mentioned, the Location Information Manager is a tool that DSO provides to the 
Aggregators in order to enable their planning of the bid for a specific services of Active Demand. If the 
DMS defines a new Load Area configuration, the new information is published. The Aggregators can 
acquire it and can also update it with new own customers that can be involved in a service of AD in a 
specific load area. 

Table 17 presents the common definitions related to location information: 

 

LoadArea List of the customer divided by: geographical position and 
common electrical characteristics 

MacroLoadArea Configuration 
List 

Matrix with node list for each MLA (list of Primary 
substations code) 

MacroLoadArea Setting List Matrix with LA list for each MLA (list of LAs code) 

Location Information DataBase Repository with AD Code list. LIM stores in LIMDataBase 
the definition of every LAs 

AD Code Code to identify a customer and relevant LA and MLA: 
MLAcode+ LAcode+ Commercial Code (POD) 

Commercial Code List List of the customer portfolio of a specific Aggregator 

Location Information AD Code List with customers belonging to a specific 
Aggregator. It is the information that LIM provides to a 
specific Aggregator 

Table 17, Common definitions in the Location Information Management  

5.1.2. Flexibility Table Manager 
The Flexibility Table is a facility to Aggregators operation when addressing AD programs over different 
network areas, since it provides an indication of both the upper and lower limits of the power variation 
(flexibility) allowed in different network (load) area. The long term Flexibility Table, providing the upper 
and lower margins for long time frames (e.g. seasons),  gives less precise information, but makes the 
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Aggregators able to pursue operational planning optimisation policies. 

The aim of the Flexibility Table is therefore to give information to Aggregators when they prepare their 
supply bid for the markets, to be validated by SOs, in order to manage the risk of possible 
curtailments. Since the response of the validation of the Aggregators’ bids consists of the AD re-
profiling allowed over the Load Areas, the Flexibility Table is organised in terms of Load Areas16.      

The Flexibility Table is published in the ADMS/Flexibility Table Manager, from which it can be acquired 
by the Aggregators. The final Flexibility Table is provided to the Aggregators in terms of allowed power 
re-profiling per load area. The details of the algorithms for the Flexibility Table Manager can be found 
in Section 5.2.4.  

The Flexibility Table is updated (i.e. the algorithm is run)  

 before the market session gate opens (day-ahead, intra-day,…), so that the Aggregators can 
optimally determine the location of the customers to involve in their AD programs    

 periodically (e.g. seasonally): as mentioned above, long term Flexibility Tables are published 
to give information useful for the long term Aggregators’ operational planning, to optimise their 
AD customers portfolio. The long term Flexibility Tables are updated seasonally (e.g. each 3 
months) and contain values per working days, week end, in turn separated per day and night. 

 

 
Figure 30,  Flexibility Table: interaction of the ADMS with the TSO, Aggregator and the DMS 

5.1.3. Validation Management 
The validation process is compliant with the ADDRESS technical and conceptual architecture. The 
process is here detailed in order to enhance the sub-activities performed by the ADMS/Validation 
Manager and its interactions with the external players (Aggregators, TSO) and with the MVCC 
systems (e.g. the DMS). 

The first issue is the validation process of the market clearing results. This phase takes place, as 
foreseen by the AD business model, as soon as the Aggregators submit to the DSO (ADMS interface 

                                                 
16 There is no commitment for the Aggregator to respect the Flexibility Table when submitting any AD validation 

requests as well as the SOs have no commitment to fully validate single AD programs even if the respect the 
Flexibility Table. 
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system) their AD program validation requests (or Supply Bid Validation Requests). 

The output of the process (see also the activity diagram of Figure 31) is the Validation Response to 
the whole set of bids sent by the Aggregators (and relevant to the same market gate, e.g. day ahead, 
intraday, etc.). In order to provide this output, a new algorithm called Off-Line Validation (described in 
Section 5.2.5) had to be developed for DSO.  

The second issue is the process taking place when any Aggregator is going to activate any CRP 
Product. This process may occur at any time of the day. The actor initializing the process is the 
Aggregator, who sends the AD Program (or CRP Activation Request), while the output is the 
Validation Response to that request. To facilitate this response, DSO needed an additional tool 
entitled Real-Time Validation (described in Section 5.2.6).  

Additional details about the ADMS and its subsystems can be found in IR 3.4.  

5.1.4. Coordination with TSO 
DSO has to ensure a strict coordination with the TSO within the framework of the AD business model. 
This coordination has to be extended to the three processes: 

1. Location Information Management: once the DSO defines the Load Area network, the 
coordination with the TSO takes place in order to organise the Macro Load/Load Area 
association. In order to enhance such an interaction, the TSO should have access to the 
ADMS to enter, for each identified Macro Load Area, the list of the points of connection (e.g. 
HV/MV substations) with the DSO. As soon as any change in the Macro Load Area occurs, 
the TSO should guarantee the updating in the ADMS. This allows the DSO to properly 
associate each Load Area to the corresponding Macro Load Area. 

2. Flexibility Table definition: the Flexibility Table from the transmission network has to be taken 
into account for the definition of the final Flexibility Table. The DSO rearranges the Flexibility 
Table for the distribution network so as to comply with the margins set by the TSO Flexibility 
Table. In order to respect the margins declared by the TSO Flexibility Table, the DSO checks 
whether the sum of the margins set for the load areas belonging to the same Macro Load 
Area does not exceed the value set by the TSO. If it is the case, a proportional (to the initial 
margin value) curtailment is applied on the margins values of the Load Areas 17. In order to 
enhance the coordination, the TSO could have access to the ADMS to enter the transmission 
network Flexibility Table. 

3. Validation Management: the Aggregators’ Supply Bid validation response is a combination of 
the DSO and TSO validation. Therefore, the ADMS will aggregate the allowed re-profiling 

                                                 
17 The power capacity of the transmission networks is usually planned to bear within certain security margins 

the power demand form distribution networks. Under normal transmission network configuration and 
operation (without any particular contingency to face with), the Macro Load Area margins declared in the 
TSO Flexibility Table may be very unlikely to be lower than the total margins of the relevant Load Areas 
computed in the distribution network. 

Furthermore, the Flexibility Table calculation algorithm for the distribution network accounts for the HV/MV 
transformer loading limits.  Nevertheless, since the flexibility tables deal with load variation profiles, 
contingencies where the TSO can allow load variation at Macro Load Area level lower than normal 
conditions shall be accounted for. Some examples of these situation can be maintenance (or after a fault) 
work plan execution or tertiary reserve margins preservation.    
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patterns per Macro Load Area (after having possibly applied DSO curtailment factor) and send 
the patterns (per Macro Load Area) to the TSO. The TSO will  then reply either the 
acceptance or the curtailment factor per Macro Load area. The ADMS will apply a combined 
curtailment factor accounting for both the transmission and distribution network. 

 
Figure 31, Activity diagram of the Validation Process 

 

5.2. Distribution Management System (DMS) 
A set of functions necessary to be deployed at the MVCC are described in the following sections. 
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Some of these functions exist already today, but implemented at HV level. Others are newly 
developed for the purpose of ADDRESS project in order to meet the necessities to manage the 
network in presence of distributed generation and active demand.  

5.2.1. State Estimation 
Current distribution networks are not controlled in real time. At the planning stage, distribution 
networks are designed such that they allow delivering energy in the worst case scenario; so there is 
no need of a real time control. The situation changes in a scenario with high penetration of distributed 
generation, increasing demand levels and the possibility of actively managing demand. In the latter 
case, the control of distribution networks becomes necessary, and technologies that are new in 
distribution networks must be implemented. 

 
5.2.1.1 State estimation problem formulation 
The objective of the state estimator is to minimize the overall squared difference between the 
measured values and the real values of the involved electrical quantity. In order to take into account 
the different accuracies of the measurement devices, a weighting for each measurement is included 
as the inverse of the variance. This allows  more weight to be given to the measurements coming from 
devices with higher accuracy. 

The problem to solve is the following: 
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where meas
iz  is the value of measurement i, )(xfi is the representation of measurement i as a 

function of the state variables, 2
iσ  is the variance of measurement i and mN  is the number of 

measurements available in the system. 

The solution of the above optimization problem will give the best set of state variable values that 
minimizes the error of the measurements taking into account the accuracy of the measurement 
devices. 

Functions )(xfi contain the information about how the electrical quantities are linked among them 

and to  the measured values. These functions are non linear functions;  because of that, iterative 
algorithms must be used to solve the problem. The best technique for solving the problem is to 
calculate the gradient of J(x) and then use the Newton-Raphson method to bring its value to zero. The 
solution to the following equation is the one that will give the set of state variables that minimize the 
optimization problem: 

0)( =∇ xJx  

5.2.1.2 State Estimation for distribution networks 
Since distribution networks are neither remotely operated nor monitored, there has not been the need 
to employ state estimation techniques in them. In order to adapt the state estimation algorithm to the 
distribution network, their particular characteristics must be taken into account. 

This section describes the differences between transmission and distribution networks in relation to 
state estimation and the changes needed in the algorithm in order to develop a state estimator for 
distribution networks. 

The particularities of distribution networks are the following: 
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• Few measurement devices. Contrary to the transmission network where a high number of 
measurements are available, distribution networks are hardly monitored. This implies that the 
available measurements are not enough to solve the state estimation problem. In addition to this, 
the most used measurement type in distribution networks are current measurements. This last 
point raises some issues that will be discussed later in this section. 

• Small number of loops compared to transmission networks. Distribution networks are mostly 
radial. This implies that the links between electrical quantities are weaker. In a radial network, the 
degree of interdependence of the electrical parameters among them (voltages and currents) is 
lower. Having the same number of state variables and measurement devices a meshed network 
can be observable while a radial network not. This is because in a meshed network each 
measurement provides more information about the state of the network. This can be seen in 
power injections and power flow equations where the number of adjacent nodes in the sum will be 
higher in a meshed network than in a radial one. This means that the location of measurements 
must be carefully selected in order to make the network observable.  

• High R/X ratios, even above unity. This fact prevents the use of decoupling methods for the 
solution of the state estimation algorithm. 

• Line susceptances are almost zero. This issue may carry in some situations numerical instability 
problems when solving the matrix equations present in the state estimation algorithm. 

In order to overcome the above mentioned issues, the following points must be taken into account and 
implemented in the distribution state estimation algorithm: 

• Installation of measurement devices in optimal  positions. Due to the cost of the installation and 
the  operation of measurement devices, if new measurements are needed care must be taken 
about where and which devices  need to be installed. Choosing a good placement for new 
measurement devices allows optimizing the accuracy of the results while minimizing the number of 
devices to install (and consequently the costs).  

• A complementary option is to use consumption and generation forecasts or profiles in those nodes 
where power injections occur. Even if the use of profiles and forecasts reduces  the accuracy of 
the state estimator results, it might be enough  to have at least a rough estimate of the state of the 
network  in order to control it.  In any case, the use of profiles and forecasts will depend on the 
degree of accuracy  required by the management tools that use the results of the state estimation 
as input. These profiles and forecasts will be called pseudo-measurements form the point of view 
of state estimation. 

• Another possibility is to use fixed values in those nodes where the quantities are previously 
known. This is the case of those nodes without any load or generator connected to them. In these 
cases, the active and reactive power injections are known to be zero. These are called virtual 
measurements and they are included in the estate estimator as measurements with a fixed value 
(zero) and a very high accuracy. The value of the accuracy to set is a critical point, because very 
high values may cause numerical instability problems in the solution of the algorithm while  very 
low values will cause inaccurate results of the state estimation. This has been overcome with the 
constrained WLS, where exact measurements are treated as equality constraints and are not put 
in the objective function. 

Taking into account the above mentioned points, it is possible to have enough measurements (real, 
pseudo and virtual) so that the minimization problem is solvable. Anyway, care must be taken in order 
to adjust the number, type and characteristics of those measurements (real, pseudo and virtual) to be 
able to have a robust and reliable state estimator application. 
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Notice also that because of the scarcity of real measurements in distribution networks there is always 
a trade-off between the accuracy of the results of the state estimator and the installation and operation 
costs of the necessary measurement infrastructure. 

5.2.2. Power Flow 
The section defines the specifications of the Power Flow tool in the Distribution Management System. 
The Power Flow modelling and solving algorithm are described, using the results already presented in 
literature (refer to [31], [32], [33] and [34] for more details) and extended to the specific issues arising 
in ADDRESS architecture. In particular, Section 5.2.2.2 describes the Object-Oriented (OO) modelling 
that has been adopted for Power Flow modelling.  
5.2.2.1 Specifications of the PF tool 
In the MVCC the distribution system analysis is based on several tools, which are typically assigned to 
the DMS and whose functional specifications are described in IR3.1. The basis of all tools is the load 
flow of distribution system or PF. 

In distribution system operation, classical deterministic approach for PF is adequate to guarantee the 
required accuracy. In literature, as well as in recent DMSs, traditional PF modelling and solving 
algorithms have already been studied and developed. To effectively account for AD in ADDRESS 
architecture, additional functional specification have to be added to PF, regarding: 

• DG models, 

• load models, 

• LA models. 

The choice of the PF model and solving algorithm to be extended in ADDRESS has been based on 
the following two specifications. 

• The PF model and solving algorithm should present high flexibility in the implementation 
approach: both centralised and decentralised implementation should be possible. 

• The PF model and solving algorithm should be easily-extensible to include new models of DG, 
AD and LAs.  

Concerning the PF modelling, an object oriented approach has been chosen because it guarantees 
the fulfilment of both specification requirements. Concerning the solving algorithm, a Newton-Raphson 
technique is chosen, because of its high computational efficiency and robust convergence properties 
(especially for distribution networks operated in radial topology). 
5.2.2.2 Object-oriented PF modelling 
The PF algorithm developed for ADDRESS is based on an Object Oriented modelling. Classes are the 
key concept in the OO modelling of a system. They are set of objects that share the same attributes, 
properties, and behaviour. In the OO PF modelling, the base class is an abstract class named 
connection. It has ports and it represents some relations between port variables. Each port is 
characterized by four variables, which represent the active and reactive powers and the real and 
imaginary components of the voltage at the port. A connection port is referred to be incoming or 
outgoing according to whether the conventional direction of powers is assumed to be inwards or 
outwards oriented. 

From the connection class, all of the concrete classes needed PF modelling are derived: 

• branch is a connection with a single incoming port and a single outgoing port and it models a 
physical line or a transformer according to the equivalent circuit shown in Figure 32; 

• root is a connection with a single outgoing port and it models the supplying system at higher 
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voltage level; 

• fork is a connection with a single incoming port and multiple outgoing ports and it models a 
zero-impedance busbar; 

• terminal is a connection with a single incoming port and it models an end point of the 
distribution system; 

• switch is a connection with two incoming ports and it models a looping switch. 

The diagram in Figure 33 shows the class hierarchy with a higher generalization level (the class 
connection) and a lower specialization level (the concrete classes). 
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Figure 32, Equivalent circuit of (a) the branch object and (b) the Load Area 

 

 Connection

Root Fork TerminalBranch Switch  
Figure 33, Two levels class hierarchy for distribution PF modelling 

A specific distribution system is modelled by an oriented graph of object instances. The association of 
instances is obtained by connecting outgoing ports to incoming ports. The graph is built according to 
the following constraints: 

• an outgoing port can be connected to only one incoming port; 

• an incoming port can be connected to only one outgoing port; 

• no port can be left unconnected. 

Consequently, only root objects can be the origins of the oriented graph and only terminal or switch 
objects can be the ends of the graph. The oriented graph of object instances is divided into feeders. A 
feeder is defined as a sequence of connections, starting with either a root or a fork, ending with either 
a fork, or a terminal or a switch, and with only branches in between. For example, Figure 34 shows the 



 
  Prototypes and algorithms for network management, providing the signals sent 

by the DSOs to the aggregators and the markets, enabling and exploiting AD 
                    ADD-WP3-D3.1-ENEL DISTR-Active Distribution Grid-V1.2  

Final 1.2 
 

 

Copyright ADDRESS project page 115 of 163 

one-line diagram and the related oriented graph of instances of objects for a simple distribution 
system. The graph is composed of a main feeder (#0) which starts with the root and ends with a fork. 
Two subsequent feeders (#1 and #2) start with the fork and end with a switch. 

(a) 

root fork branch 

branch branch  

branch branch  

switch 

(b)

feeder #0 feeder #2 

feeder #1 

 
Figure 34, Example of a simple distribution system 

 (a) one line diagram;  (b) oriented graph of instances in the OO modeling. 

To include the DG devices, the OO modelling must be detailed. In fact, various DG configurations 
must be modelled with reference to the electrical machine, the interface to the distribution system and 
the control action that can be performed on DG. Consequently, from the parent class branch, specific 
classes are derived, each one modelling a specific DG device. In particular the following classes are 
considered. 

• AsyncBranch, modelling branches with asynchronous generators. 

• InvertBranch, modelling branches with line commutated inverters. 

• SyncBranch, modelling branches with synchronous generators with constant excitation 
(uncontrolled). 

• PQbranch, modelling branches with generators (synchronous generators, switching inverters) 
equipped with active and reactive power control as well as branches without DG devices. 

In addition, a new class, named PVbusbar directly derived from abstract class correction, is added to 
model DG devices which are capable of regulating busbar voltage, such as synchronous generators 
and four-quadrants switching inverters with active power and voltage amplitude controls. 

Finally, from the parent branch class, a new class can be derived to model Load Areas according to 
the equivalent circuit shown in . Its peculiarity is that the values of active and reactive powers derived 
from the LA, namely k

jLAP  and k
jLAQ , depend on: 

• some external parameters that account for the AD effects; 

• the voltage amplitude at the busbar the LA is connected to, so as to modelling the behaviour 
of a part of the distribution system with a cluster of different customers. 

The resulting class hierarchy is shown in Figure 35.  
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Figure 35, Three levels class hierarchy 

5.2.3. Voltage and Reactive Power Control 
5.2.3.1 Objective 
The objective of the voltage and reactive power control in (nearly) real time is to maintain the 
distribution network in an optimal operative state using the available controls to the DSO, i.e. to induce 
minimal costs to the network users and keeping necessary technical constraints. This is a corrective 
control which is necessary due to uncertainty in the planning stage associated with forecasts of load, 
AD output, activated CRPs, contingencies. 

We assume that the DSO is purely a network operator and has no responsibility for energy provision 
to consumers. Therefore, firstly in real time DSO shall keep to the agreement with TSO – keeps pre-
agreed reactive power reference and schedule for the active power at the primary substation. 
Secondly, DSO is penalized in accordance to contractual terms for deviations from the reference 
exchanges and these costs later shall be allocated to the responsible party which caused them, 
including the DSO itself for the deviations from losses which were forecasted and purchased in 
advance.  

To reduce penalties the DSO can employ, if it is economically efficient, scheduled demand 
modification or conditional control reserves.  
5.2.3.2 Algorithm 
The voltage and reactive power control algorithm is called at regular intervals and then determines 
optimal control actions using the network model and actual information on network state. 

 

 
Figure 36, Reactive power and voltage control algorithm 
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5.2.3.3 Mathematical formulation 
The objective described above can be formulated as a single-period mixed integer nonlinear (MINL) 
optimal power flow problem that shall determine the volume of each CRP and DG and references for 
other controls  (tap changers, shunts, reactors etc.) to be employed by DSO. 
Objective function 
In mathematical terms the optimization problem can be formulated as follows: 

 , , ,
min     ...

                           ,

DSO

CRPDG DSO
sh tr
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where , , , D SOC R PD Gs s Q Psh tr
 - are respectively the status of shunts (both capacitive and inductive) 

and status of the transformer tap changers, reactive power output DG and DSO’s own CRP products,. 
The terms of optimization objective are explained below. 

To be more flexible and to cover different setups in Europe, an agreement between DSO and TSO 
with regard to the power flows at primary substation is considered. Consequently, penalties when 
deviating from the agreed power flow are also considered in the formulation of the Voltage Controller.  

• + QzΔ  - penalty for the deviation from the scheduled with TSO reactive power exchange at the 
primary substation; 

• + PzΔ  - penalty for the deviation from the scheduled active power balance. 

The following four terms specify costs associated with the use of available controls to DSO. It is 
assumed a fixed payment per kVAr of the produced reactive power and that all DG with reactive 
power regulation capability provide this service.  

• + DSOCRPz - costs associated with DSO’s CRP products, i.e. active power; 

• + Qz  - costs associated with the use of VAr capability of DG; 

• + vz  - costs associated with the use of network voltage regulation devices: reactors, 
capacitors, tap changers. These costs are specified and accounted per change of the status; 

• - ez  - revenues received from electricity consumers for the network use, in accordance with 
the tariff; 

To fully reflect the operational costs, the objective function may include several constant terms - 
payment for the availability of CRP, purchased distribution losses, payment to be received from the 
TSO for reactive power provision – terms which were specified at the planning stage and do not 
influence decision variables:  

• - Qc  - constant term, a compensation to be received from TSO for reactive power provision; 

• + DSOCRPc - constant term, a payment for the availability of the CRP in this hour; 

• + Pc - constant term, a payment for the forecasted and contracted distribution losses; 
Equality constraints 

Power Balance in each node: 0ng =   
(except for the slack node, where voltage angle and voltage magnitude shall be kept constant) , 
ensures the feasibility of power flow. 
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Inequality constraints 

Voltage constraints: 0vh ≤   
define that the voltage at every node shall not deviate from the nominal by more than 5% or as 
specified by the operator. The value is country and/or SO specific.  

Branch capacity constraints: 0Sh ≤   
specify that the apparent power in the beginning of every line and transformer does not exceed its 
nominal capacity. 

The following constraint describes apparent power generation capabilities of flexible injection model 
that can be used for both DG and AD, i.e. coupling of AD power limits PQ: 
 , 0AD PQh ≤ ,  
which together with the bounds on active and reactive power output of a flexible injection of both load 
(due to AD) and generation allows to model all the necessary constraints of active and reactive power 
production/consumption, including contracted CRP limits. 

Besides, control variables are bounded to comply with physical nature of the problem.  

5.2.4. Flexibility Table Calculation 
5.2.4.1 Specifications of the FTC algorithm 
In the MV Control Centre (MVCC) the distribution system analysis and management is based on 
several tools, which are typically assigned to the DMS. Functional specifications of all the tools are 
described in IR3.1. 

Presently, in DMSs, the Flexibility Table (FT) is not calculated because this is a new tool introduced in 
ADDRESS to provide information on AD opportunities to the market. 

The FTC algorithm provides information about how much flexibility is allowed for each LA over the 
time. It refers only to distribution systems under the control of the DSO. The FT Provision tool in the 
AD Management System of the MVCC takes care of including TSO limits and publishing the final FT. 

The FT must be calculated before each market gate open (day ahead, intra-day,…) and periodically 
(weekly, monthly,…). Consequently, it will be distinguished between FT on a short term and on a long 
term. Indeed, such a difference is not in the algorithm but in the input data provided to the FTC. 

The specifications for the FTC algorithm are: 

• define simple and easy-to-read information, such as allowed margins (increasing/decreasing) 
for AD; 

• refer to LAs, that is to give the information on AD margins for each LA; consequently, 
equivalent LA representation is developed to model the effects of AD; 

• adopt simplifying assumption, because the values of the FT represent indications and are not 
binding: there is no commitment for the DSO to technically validate the AD requests that 
remain inside FT margins. 

The FTC algorithm can invoke the Power Flow tool to evaluate the nodal voltages and the feeder 
currents in the distribution system. The MV network is modelled with an equivalent single phase 
representation, assuming balanced operation. The LV network should be represented with three-
phase modelling to account for the typically unbalanced operation of its feeders. However, in many 
cases, simplified modelling of the LV feeders can be adopted using a single phase equivalent. 
5.2.4.2 Description of the FTC algorithm 
The FTC algorithm developed for ADDRESS performs the evaluation of the active power margins for 
each LA, for a given base case, that is the operating conditions of the distribution system in a settled 
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time in the future. The flow chart of the FTC algorithm is reported in Figure 37. 

The algorithm initialisation is performed by evaluating a Power Flow in the base case, that is without 
AD and representing the LAs with power injections equal to the forecasted values given as input data 
to the FTC algorithm.  Apart from the initialisation, the algorithm is structured in two phases according 
to a bottom-up approach. In the first phase a FT is defined accounting only for the constraints related 
to the LV systems and to the secondary substations. In the second phase the technical constraints of 
the MV system and of the primary substation are considered and, if a reduction of the margins defined 
in the first phase is needed, a balancing action on the FT is performed according to a simple rule. 
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Figure 37, Flow chart of the FTC algorithm 

5.2.5. Off-Line Validation 
5.2.5.1 Implementation of OLV 
The Off-Line Validation (OLV) tool validates the AD products for the day ahead and is called by the 
Validation Management System upon requests from Aggregators. The Validation Management 
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System aggregates all the AD products to be validated per load area and then calls the validation tool 
to check the feasibility of the products given the forecasted network state for the next day. In order to 
avoid complexity of the algorithm (multi-period optimization), the tool validates the products in fixed 
steps (15 minutes steps) rather than over the whole day ahead period; it means that if in a time slot 
the AD products are not feasible, they will be curtailed for that time slot with disregard of the results for 
another time slot. This also avoids DSO rescheduling the bids and getting involved into the business 
of the other actors.  

 
Figure 38, Flowchart of off-line validation algorithm 

  
5.2.5.2 Off-Line Validation algorithm 
For off-line validation, DSO does not employ any control to make the AD products to be validated 
feasible. Consequently, the Off-Line Validation (OLV) tool uses only Power Flow algorithm to check 
the feasibility of the AD products. To be able to do the validation for the day ahead, the OLV uses the 
load and generation forecasting together with the network topology planned for the day ahead. Within 
the ADDRESS project it has been decided to use the load forecasts without active demand. This 
allows a strait forward implementation since the AD products to be validated become the objectives of 
the optimization function. If the Power Flow algorithm detects no violations of voltage and congestion 
limits then an acceptance reply is sent to the Aggregator via the ADMS. In case some of the 
constraints are infringed, the OLV will curtail the AD products, until they become feasible.  
5.2.5.3 Mathematical formulation 
The objective described above can be formulated as a single-period mixed integer nonlinear (MINL) 
optimal power flow problem that shall determine output of each AD, i.e. indirectly SRPs and CRPs 
volumes to be curtailed by DSO. 
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Objective function 
In mathematical terms the objective function can be formulated as follows: 

min ADP   

where ADP   is the amount of power to be curtailed from the AD product to be validated.   

Equality constraints 

Equality constraints include power balance in each node except the slack node, where voltage angle 
and voltage magnitude shall be kept. These ensure feasibility of power flow. 

Inequality constraints 
Inequality constraints include voltage constraints, branch capacity constraints and power generation 
capabilities of flexible injection model that can be used for both DG and AD, i.e. coupling of AD power 
limits PQ as in Section 5.2.3.3. Besides, control variables are bounded to comply with physical nature 
of the problem.  
5.2.5.4 AD products to be validated 
Since the Off-Line Validation validates all types of AD products, i.e. SRPs, activated CRPs and non-
activated CRPs, it might be advantageous to prioritize some of the products. It shall be noted that 
validation tools check only those AD products traded on the Market. All other Ad products traded on 
bilateral (longer time) contracts will be reflected in the load forecasts. Due to the fact that non-
activated CRPs may or may not be activated in intraday, it might be a good approach to validate such 
products after the validation of SRPs and activated CRPs which will certainly deployed on day ahead. 
Moreover, for non-activated DSO may use (after some experience and learning) weighting factors in 
order to reduce the amount of network capacity reserved for these products and hence making that 
capacity available for other AD products.  

5.2.6. Real Time Validation 
The Real-Time Validation (RTV) tool verifies, in real time18, the feasibility of an AD product to be 
activated. The idea is to recheck the feasibility of both the CRP products previously validated by the 
Off-Line Validation (OLV) and the SRP products traded in the markets with close – to – deployment 
gate closure, using updated information about the network status. As a result of the RTV, a previously 
validated CRP product by OLV, can be curtailed or even rejected if the network constraints do not 
allow its deployment. The RTV is designed to use and adjust all the control options (including own 
CRPs) the DSO has in order to make feasible the CRP product to be validated. This way, the RTV tool 
maximizes the AD volume to be deployed on the network, subject to the network state.  

Since the SRP products already validated by OLV are considered activated (see IR 3.1), the RTV 
validates only CRP products (whose activation is required) or the close – to – delivery SRP products. 
The ADMS aggregates all the CRP products to be validated and then calls the validation tool. If a 
curtailment factor is applied to the AD products, the ADMS shall distribute this curtailment 
proportionally to the AD products aggregated per that load area.   
5.2.6.1 Implementation of RTV 
There are a few issues to be considered when implementing the Real-Time Validation tool: 

• The validation process shall start prior the activation of the AD product under consideration, 
to give the possibility of communicating to the Aggregator the result of the validation 

• The product to be validated may span over a long period of time, hence short term forecasts 

                                                 
18 Real time in ADDRESS concept means 15 minutes.  
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may be necessary 

• There might be other AD products already validated for this period of time or/and other 
waiting to be validated. The validation process considers that already validated AD products 
cannot be invalidated by a later validation process, hence the validation is done on the first 
come, first served basis.  

5.2.6.2 RTV algorithm 
This section gives a brief explanation of the algorithm for validating AD products in real time. The 
algorithm uses on the Power Flow and Voltage Control to check against network constraints and 
identify possible control actions respectively. The flowchart of the algorithm is presented in Figure 39. 
Using the network model and the output of State Estimator, the Power Flow algorithm is run to 
evaluate if the network constraints are met (congestion/overload and voltage limits). If no constraint is 
infringed, the acceptance is replied to the Aggregator via the ADMS. In case some constraints are 
violated, the Voltage Control is called to identify possible corrective actions (changing tap ratio, 
switching shunts or SVCs and/or re-dispatch available DGs) in order to make the AD product feasible. 
In case a corrective action is possible, the acceptance is communicated to Aggregator. If there is no 
control measure which makes the AD product feasible, the algorithm curtails the AD product the least 
possible for it to become feasible. The results (curtailment factor and new flexibility table) are sent to 
the Aggregator via the ADMS system.  

 
Figure 39, Flowchart of real time validation algorithm 
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5.2.6.3 Mathematical formulation 
The objective described above can be formulated as a single-period mixed integer nonlinear (MINL) 
optimal power flow problem that determines output of each AD, i.e. indirectly SRPs and CRPs 
volumes to be curtailed and controls employed by DSO as well as references for other controls  (tap 
changers, shunts, reactors etc.). 
Objective function 
The objective of RTV is to maximize the volume of AD product to be validated and to reduce the 
curtailments of AD products. To do that, the RTV can use the available controls of the DSO, e.g. on 
line tap changers, shunts, DGs and even DSO’s own CRPs.  

In mathematical terms the objective function can be formulated as follows: 

 
, , ,

min     
CRPDG DSO

sh tr

AD

s s Q P
P   

Equality constraints 
Equality constraints include power balance in each node except for slack node, where voltage angle 
and voltage magnitude are specified.  
Inequality constraints 
Inequality constraints include voltage constraints, branch capacity constraints and power generation 
capabilities of flexible injection model that can be used for both DG and AD, i.e. coupling of AD power 
limits PQ as in Section 5.2.3.3. Besides, control variables are bounded to comply with physical nature 
of the problem.  
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6. New operational planning applications for the MV 
Control Centre 

This chapter is concerned with the new operational planning applications needed by the DSO for the 
management of active grids exploiting DG and AD in LV distribution networks. In particular, the 
following tools are described (between parentheses the corresponding DSO functionality): 

• network analysis and calculation of Load Areas and Macro Load Areas (DMS); 

• load forecasting including Active Demand (DMS); 

• forecasting of distributed generation (DMS); 

• market tools for the DSO decision making process (Market Tools). 

Since the availability of measurements is fundamental to enable forecasting tools, a section of this 
chapter is also dedicated to data acquisition, together with a pre-processing phase to cope with 
inaccurate and missing data. 

6.1. Load areas and network analysis tools 
Network Analysis tools are concerned with the optimal organisation of the distribution network into LAs 
and MLAs. In [D1.1], a LA is defined as follows: 

“…several consumers whose loads are equivalent from the electrical point of view. A Load Area may 
be extended to a LV feeder or to a MV/LV substation as a whole in case of fragmentation in smaller 
areas brings no benefits…”  

In this section the above definition is carried out from the DSO point of view. The structure of the 
network is analysed with respect to overload and voltage constraints. The impact factor of each 
consumer on the chosen set of network constraints is evaluated, and consumers having comparable 
values of the impact factors with respect to the considered constraints are grouped together into 
Overload LAs (OLAs) and Voltage LAs (VLAs), respectively. Since VLAs and OLAs are sets of 
network components, LAs are finally obtained by the intersection of these sets. 

6.1.1. Procedure for the definition of LAs 
According to the ADDRESS vision, in view of the market effective and network compliant deployment 
of AD products and services, the DSO groups consumers into LAs. On the one hand, the definition of 
LAs should put together consumers presenting similar impact on the network operating constraints.  
The grouping should be such that no significant additional information on the relevant issues of the 
network operation would be gained with a smaller grouping. In principle, a LA might be a part of a LV 
feeder, an entire LV feeder, or even a MV/LV substation as a whole. On the other hand, the definition 
of LAs should: 

• avoid determining LAs that are too small and generating too many LAs; 

• define LAs that are observable, in the sense that enough measurements are available at the 
boundaries of the LA to determine its operating status. 

The latter issue will be addressed in Section 6.2.1. Here the focus is only on the impact on network 
operating constraints, without accounting for the observability characteristics. In this respect, a  three-
step procedure for the calculation of LAs has been proposed: 

1. definition of the set of key constraints; 
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2. evaluation of the impact factors of consumers on constraints; 

3. clustering of consumers based on impact factors. 

The first step is to define the key constraints that are to be considered. The analysis can use: 

• historical data: the MVCC database can be queried to provide the problems that arose in the 
past, in terms of emergency signals referring to under/overvoltage situations and to 
component overloading conditions; 

• load flow analysis applied to medium and long term forecasts of loads and DG: the techniques 
that can be used are either deterministic (based on maximum/minimum load values) or 
probabilistic (associating probability distributions to loads and DG from renewable energy 
sources) [37]-[38]. 

The second step is to assign to each consumer specific values representing their impact on the 
chosen set of network constraints. The algorithm analyses the structure of the network with respect to 
one constraint at a time. In particular, the following constraints are considered: 

• overload constraints; 

• voltage constraints; 

• sensitivity constraints.  

The final step is to group consumers having comparable values of the impact factors with respect to 
each constraint. The second and third step of the proposed procedure are detailed next. 

6.1.2. Voltage constraints and calculation of Voltage LAs 
The Inherent Structure Theory of Networks (ISTN) is applied to study the sensitivity of the voltage 
variations in the whole grid to the power variations in each node of the network. This activity allows for 
the classification of the nodes on the basis of their impact on the voltage profile. A LA evaluated only 
with respect to the voltage constraints is called Voltage LA (VLA). 

The ISTN is based on the reformulation of the admittance and impedance modal matrices at the 
fundamental frequency with respect to their eigenvalues and eigenvectors. The ISTN has been 
applied to analyse the behaviour of power systems at fundamental frequency [39], [40], harmonic 
frequencies [41] and in unbalanced operating conditions [42]. Moreover the ISTN proves to be very 
effective for radial networks [43]. This theory can be easily applied to both balanced and unbalanced 
distribution systems. For simplicity, only balanced systems are considered here. Details about the 
extension to unbalanced system can be found in [IR3.5]. 

Referring to a balanced system, nodal voltages and injected currents in the nodes are related by: 

( ) IYV ⋅= −1 , (6.1)

where V  is the vector of nodal voltages, I  is the vector of the injected currents in the nodes, and Y  
is the admittance matrix. The admittance matrix can be represented in terms of its eigenvalues and 
eigenvectors: 

( ) 1−⋅⋅= TDTY , (6.2)

where D  is the diagonal matrix of the eigenvalues hλ  of Y , and T  is a matrix whose columns are 

the corresponding eigenvectors of Y . By assuming that the eigenvalues are all distinct and non-zero, 
and k  is the index of the eigenvalue of Y  with minimum modulus, the relationship that links the L2-
norm of the bus voltage vector to the vector of the injected currents at busbars is: 
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where kΓ  is the reciprocal eigenvector of Y  corresponding to kλ ; kiΓ  and iI  are the i th elements 

of kΓ  and I , respectively; hS  is the h th eigenvalue sensitivity matrix, and bn  is the number of 

considered busbars. The h th eigenvalue sensitivity matrix is defined in [40] as: 
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where ijy  is the element ),( ji  of the admittance matrix. It is apparent that each element of the 

matrix shown in (6.4) represents the sensitivity of the h th eigenvalue with respect to the elements of 
the admittance matrix. 

The derived approximate relations are useful in order to classify the grid nodes by exploiting the 
elements of the k th eigenvalue sensitivity matrix (recall that k  denotes the index of the eigenvalue 
of Y  with minimum modulus). Having in mind from (6.3) that the voltages at all busbars are 
approximately inversely proportional to kλ , and that the variation of the consumer load at any system 

busbar causes a variation of only one self-admittance term of the admittance matrix, the classification 

of the grid nodes can be obtained by classifying the values 
ii

k
k y

iiS
∂
∂

=
λ),(  in (6.4). A VLA must 

contain only those nodes i  having similar normalized sensitivity values )(iS kr :  

),(max
),()(

iiS
iiSiS

ki

k
kr = , (6.5) 

where ),(max iiSki
 is the maximum value of ),,( iiS k  over all the nodes. Several clustering 

techniques can be adopted to this purpose. The technique considered here can be applied to an entire 
MV/LV transformer area, or even to a single feeder (e.g. in case recalculation of LAs only along this 
feeder is needed). The discrete value )(iS kr defines the weight associated to node i . The nodes 

can be ordered for decreasing values of the weight. Then, )(iS kr  can be represented as a 

decreasing function (see Figure 40). By studying the derivative of this function, it is possible to identify 
the points with highest derivative: 

1)()( lkrkr SySxS >− , (6.6) 

where x  and y  are consecutive nodes in the classification, and 1lS is a given threshold. The 

boundaries of the VLAs are between these nodes (see Figure 40).  

Note that, depending on another threshold 2lS , all the nodes that have 2)( lkr SiS >  can be 

classified to belong to high sensitivity VLAs (hsVLAs), while the other ones belong to low sensitivity 
VLAs (lsVLAs). In case of LA calculation by considering one feeder at a time, there is no physical 
reason to distinguish the lsVLAs, since they contain nodes having low sensitivity which cannot be 
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conveniently used in voltage regulation. They can be just used to obtain effects in MV networks or in 
the MV/LV transformer. It turns out that the lsVLAs of each feeder can be merged (see the left part of 
Figure 41, where the three lsVLAs in blue are merged to form the lsVLA in green, while the red 
hsVLAs remain separated). 

 
Figure 40, Plot of node weights in decreasing order 

           
Figure 41,  VLAs (left) and OLAs (right) in a MV/LV transformer area 

The parameters [ ]1,01 ∈lS and [ ]1,02 ∈lS  can be used by the DSO to modulate VLA 

consistency and take into account other issues. For instance, the DSO can impose a minimum 
number of LV consumers per LA. 

Note that, by applying the above described clustering technique, subsets of nodes in a VLA could turn 
out to be not topologically connected to the rest of the VLA. Therefore, a topology analyser has to be 
adopted in order to possibly split a VLA into several VLAs having similar sensitivity but no internal 
topological connection. With reference to the electrical connection between two VLAs, the topology 
analyser has to find the electrical components that connect those VLAs. 

6.1.3. Overload constraints and calculation of Overload LAs 
A reliable Worst Case Power Flow (WCPF) is used to find the most probable overload events in the 
network. This activity allows one to classify the nodes on the basis of their contribution degree to the 
overload events. A LA evaluated only with respect to the overload constraints is called Overload LA 
(OLA). 

The WCPF is a power flow with the reliable worst case for the input power data. Since LV distribution 
systems are sometimes unbalanced due to the presence of single-phase and double-phase lines and 
loads, only a three phase load flow can emphasize the overload problems. 
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Overload problems occur when the current ratings for line and transformer are exceeded. In order to 
find the reliable worst case, the following four values are necessary: 

1. for each consumer evaluate the 90th percentile of the absorbed active power; 

2. for each consumer evaluate the 90th percentile of the generated active power; 

3. for each consumer evaluate the 90th percentile of the inductive reactive power; 

4. for each consumer evaluate the 90th percentile of the capacitive reactive power. 

The WCPF is made by four PF having the following inputs (numbered as above): 

• value 1 for active power, value 3 for reactive power; 

• value 2 for active power, value 3 for reactive power; 

• value 1 for active power, value 4 for reactive power; 

• value 2 for active power, value 4 for reactive power. 

The voltage in the supplying nodes is the nominal one. The overload problems (and corresponding 
sections) are those found in at least one of the four PFs. 

After the WCPF, the overload sections are known (see the right part of Figure 41). The OLAs are the 
parts of the network between those sections and the corresponding end points of the network (the 
network is radial). Note that the electrical connection between two OLAs is simply assured by the 
components that were in overload during the OLA calculation. 

6.1.4. Calculation of LAs and MLAs and structure of the codes  
The LAs are calculated by combining the VLAs and the OLAs. Since the VLAs and the OLAs are sets 
of network components, it follows that the LAs are obtained by the intersection of these sets (compare 
Figure 41 and Figure 42). This action preserves the original classifications: two components that were 
in different VLAs (or OLAs) cannot be in the same LA. 

 
Figure 42, LAs in a MV/LV transformer area 

The calculation of MLAs can be done via a simple technique: 

• find all the boundary elements between transmission and distribution network; 

• for each boundary element, find all the MV network parts which are fed by the considered 
boundary element. 

It follows that a MLA is the part of the network (MV and LV) that is fed by a boundary element (see 
Figure 43, where MLAs and LAs are delimited by blue and red boxes, respectively). 
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In radial networks, thanks to the unique correspondence between a LA and its secondary substation, 
and between a secondary substation and its MLA, a LA has a unique correspondence also with its 
MLA,  hence, a LA can belong only to one MLA. 

In the mesh network with all switches closed, the correspondence may not be so straightforward, 
hovewer, it will be always possibly, due to the analysis of the power flow, to identify the “main” 
secondary substation feeding a specific LA.  

Summarizing, the following codes are sufficient to identify a LA: 

• code of the MLA (MloadareaID); 

• secondary substation code (SubstationID); 

• code distinguishing the LA within the secondary substation area (loadareaID). 
Hence, the complete code of a LA is: MloadareaID|SubstationID|loadareaID. 

After a new LA calculation, the code of a LA is preserved only if the perimeter of the LA does not 
change. The codes of the LAs that are changed are not assigned anymore. 

 
Figure 43, Representation of MLAs and LAs  

6.2. Data acquisition and pre-processing 
In the AD framework, reliable forecasts of load and distributed generation at LA level are needed both 
for validation of AD products and network operation. This requires the availability of real-time 
measurements concerning load and suitable meteorological variables in order to compute the 
forecasts and tune the forecasting models on-line. 

The term “data acquisition” is used to describe the collection of real-time measurements from electrical 
components in the MV and LV network. In this section, some aspects related to data acquisition are 
addressed. A pre-processing phase is also described in order to cope with inaccurate/missing data 
and to perform additional checks. 
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6.2.1. LA observability 
As specified in Section 6.1.1, a LA is observable by definition, i.e. enough measurements are available 
to determine the LA operating status. Here it is stressed here that this concept of observability applies 
not only to electric variables (active/reactive power, etc.), but also, at large, to meteorological variables 
needed for load and DG forecasting.  

For the purposes of load forecasting (see Section 6.3), measurements of active/reactive power are 
needed. To collect such data, suitable measurement devices have to be placed in appropriate 
locations at the boundaries of the considered LAs. For instance, in the configuration shown in Figure 
42, a measurement device has to be placed downstream the MV/LV transformer, while additional 
measurement devices have to be placed along the LV feeders, at the boundary between two adjacent 
LAs. Note that the use of measurements provided by smart meters located at consumers’ premises 
does not appear to be a practicable solution, since it would require the management of a huge amount 
of data in real-time. In any case, to guarantee LA observability, electric load measurement devices at 
LA level are mandatory, together with the communication technology needed to transfer the acquired 
measurements to the central system in real-time. It stressed that LA observability has to be ensured 
even when LAs are recalculated. This means that the location of available measurement devices has 
to be used as an additional constraint when forming LAs as explained in Section 6.1.1. 

For DG forecasting, measurements of generated power are needed from wind and solar plants. Small 
size (e.g. domestic) installations can be discarded (it is assumed that generation is included in the 
typical load profile of a consumer), while measurement devices are mandatory for medium and large 
size installations. Acquired measurements must be transferred to the central system in real-time. 

The following meteorological data could be necessary (both measured and forecasted): 

• temperature; 

• solar irradiation; 

• cloud cover percentage; 

• wind speed and direction. 

While temperature affects electric power consumption and its knowledge is often useful to enhance 
the accuracy of load forecasts, solar irradiation and cloud cover percentage mainly affect photovoltaic 
generators. Availability of the latter is then mandatory only for LAs containing this kind of distributed 
generators. Wind speed and direction is required in case of LAs containing wind power generators.  

It is assumed that measured and forecasted meteorological data are provided by a meteorological 
service. It is stressed that, due to local characteristics of wind, solar irradiation and cloud cover, such 
information is to be provided for the specific point where the generation plant is located. 

In the ADDRESS framework, all the aforementioned data (both measured and forecasted) must be 
available with a sampling time of 15 minutes, to enable real-time load and DG forecasting. Such 
sampling rate has been established to meet the frequency of AD management activities. 

6.2.2. Management of invalid, missing and incoherent data 
Data pre-processing refers to the preliminary processing performed on raw electric and meteorological 
data to prepare it for the load and DG forecasting procedure. Indeed, pre-processing of meteorological 
data is assumed to be in charge of the meteorological service providing the data. Hence, the focus 
here is on measured electric load data. 

Collected electric load data should be processed to discover and manage invalid/missing/incoherent 
data. To this purpose, the following actions should be performed: 
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• outlier detection; 

• outlier and missing data management; 

• coherence control. 

A preliminary check is aimed to detecting the presence of inconsistent measurements in the recorded 
data set. It may indeed happen that some data points are outliers, due for instance to inaccurate 
reading of the measurement device, transient malfunction, errors in data transmission, etc.  

Detection of inconsistent data is in general an awkward task, and no method exists which guarantees 
exact classification. However, if one is interested in finding evident faulty data (outliers), several 
techniques can be applied depending on the availability of prior knowledge about the data. 

• if no knowledge about the data generation mechanism is available, a possible approach 
consists in assuming the data as a static distribution, identifying the extreme observations and 
marking them as potential outliers; 

• if data are known to be generated by a (noisy) model, statistical techniques related to mean 
value and standard deviation can be used to find out faulty measurements. 

In the considered AD framework, mathematical models of electric power consumption/generation are 
available to the purposes of load and DG forecasting. By exploiting such models, the latter approach 
for outlier detection seems more suitable. For instance, an electric load measurement can be 
considered to be inconsistent if it falls outside the σ3  interval (assuming a Gaussian distribution) in 
the associated residual time series (see Section 6.3.2). 

When an outlier is discarded, it leaves a “hole” in the recorded sequence. Similarly, it may happen that 
whole sequences of data points are missing, e.g. due to faults of the measurement device. In both 
cases, the problem is how to deal with those data. In general, it is possible to take one of the following 
actions: 

• leave inconsistent/missing data unspecified. In this case, the prediction algorithm will have to 
cope with the missing information; 

• replace inconsistent/missing data. In this case, faulty data are replaced by newly generated 
ones. Several techniques can be applied to accomplish this task, from very simple to more 
sophisticated ones. For example, an inconsistent data point might be replaced by the previous 
available one, or by a value computed on the basis of a given prediction model. 

As a general criterion for replacing outliers and missing data, assuming that M  contiguous data 
points have to be replaced, one can use the n -step ahead predictors devised in Section 6.3.2 for 

Mn ,,1K= . 

Finally, coherence control can be performed whenever load data at different locations of the network 
are available. In this case, it could be possible to validate measured data by evaluating their 
coherence. Of course, all data must refer to the same time instant/interval. 

For instance, assuming that electric load measurements at a MV/LV substation are available, since 
LAs form a partition of the downstream LV feeders, it is possible to perform a coherence control 
between incoming power (from MV network) and outgoing power (through LV feeders). In this 
operation, transformer power losses should be taken into account. 

If such computation shows a significant inconsistency, an appropriate action should be taken to 
discover the reason of it. Possible reasons may range from faulty measurement devices to 
unauthorized power withdrawals. 
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6.3. Load forecasting 
In the current operation of power networks, load forecasting typically represents a relevant application 
in TSO’s control centres, used to aid planning and operational decisions at the transmission network 
level (HV). However, fluctuations in supply and demand consequent, for instance, to more and more 
widespread distributed generation and use of plug-in electric vehicles, are making load forecasting 
increasingly important also for the (real-time) operation of distribution networks.  

In addition to the motivations described above, in the ADDRESS framework the need for load 
forecasts at LV network level also arises due to the concepts of Active Demand (that can change the 
“typical” behaviour of consumers) and Load Area (see Section 6.1). The Aggregator makes its 
business by offering load flexibility of its consumers in a LA. The DSO has the role to validate the 
supply bids sent by Aggregators by checking that they are compatible with the network constraints and 
operation. To do this, the DSO needs new forecasting tools able to take into account the load 
modifications determined by AD. This brings a new dimension to the problem of load forecasting, 
which is classically addressed by considering the temperature as the only exogenous input (see [44]-
[48] and references therein). 

Load forecasting including AD can be tackled by both a black-box approach (i.e. not exploiting any 
physical insight) and a grey-box approach. The latter approach tries to exploit the characteristics of the 
variable to be forecasted (the load) and other available knowledge in order to improve the prediction 
accuracy and possibly reduce the computational burden of the forecasting algorithm. It is always 
assumed that the LA is observable according to Section 6.2.1. 

6.3.1. Notation and preliminaries 
The power consumption in a LA is denoted by y . Due to the presence of distributed generation, it is 
assumed that y  is calculated as follows: 

K+++= )()()( sgwgdn yyyy . (6.7)

where )(dny  is the power exchanged with the distribution network, )(wgy  and )( sgy  are the wind and 

solar power generation in the LA, etc. Assuming that M  Aggregators operate in the LA, the nominal 
and the actual (including payback effects) AD profiles supplied by the m th Aggregator are denoted by 

mad  and true
mad , Mm ,,1K= . Indeed, mad  and true

mad  may differ due to consumers not behaving 

according to the schedule. Positive (negative) values for mad  and true
mad  mean a load increase 

(decrease) with respect to the baseline (i.e. the typical load consumption profile under no AD request). 
Finally, the temperature in the LA is denoted by u . 

Let sT  be the sampling time. It is assumed that sh Tn /60=  is an integer number, representing the 

number of samples per hour. It follows that hd nn ⋅= 24  is the number of samples per day, while 

dw nn ⋅= 7  is the number of samples per week. Typical values in ADDRESS are reported in Table 

18. 

sT [min] hn  dn  wn  

15 4 96 672 

Table 18, Typical values in ADDRESS for sampling time and number of samples 

Conventionally, some Monday at 00:00 is chosen as the time origin. Hence, if one lets K,2,1,0=k  
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be the time index, a new day starts when k  is a multiple of dn , a new week starts when k  is a 

multiple of wn , and so on. The sample of a variable x  at time skT  is denoted by )(kx . The forecast 

of the value of x  at time sThk )( +  made using all the available information at time skT  is denoted 

by )|(ˆ khkx + . 

6.3.2. Load forecasting with Active Demand 
In order to compute )|(ˆ khky + , one has to consider all the information available at time skT . In 

classical load forecasting, the information used is typically the past history of load and temperature. If 
available, temperature forecasts are also used. In the ADDRESS framework, AD is another factor 
which critically affects the actual load consumption in a LA, and must be considered as an exogenous 
input in the forecasting process.  

It turns out that the information available at time skT  to predict )( hky +  is the following: 

• Past load observations: K),1(),( −kyky  

• Past temperature observations: K),1(),( −kuku  

• Temperature forecasts: )|1(,),|( kkukhku ++ K  

• AD profiles: K),1(),( −++ hkadhkad ii , Mm ,,1K= . 

In the following, two approaches for computing )|(ˆ khky +  given the available information are 

proposed. The first one is a black-box approach, where no physical insight is used. The second one is 
a grey-box approach which tries to exploit the features of the variable to be forecasted (the load 
consumption) and the available knowledge about the mechanism generating the load data. 

6.3.2.1 Black-box approach 
In the black-box approach one looks for a (possibly nonlinear) mathematical relationship of the 
following type: 

)())(()( kekzfhky +=+ , (6.8)

where )( hky +  is the future load output, )(kz  is a finite-dimensional vector of fixed dimension, 

called regression vector, and )(ke  is the error process. The regression vector )(kz  contains in 

general a subset of the information available at time skT  (past load and temperature observations, 

temperature forecasts, AD profiles). In this framework, the choice of the prediction model is split into 
two partial problems: 

i) choice of the regressors, i.e. of the components of )(kz ; 

ii) choice of the mapping )(zf . 

Regressor selection can be performed via classical statistical tests. For the mapping )(⋅f  a large 

number of alternatives have been proposed in the literature, ranging from simple linear structures to 
nonlinear ones (neural networks, kernel methods and support vector machines, etc.). All these 
alternatives should be tested on real data in order to point out which one achieves the best 
compromise between prediction accuracy and computational complexity.  

6.3.2.2 Grey-box approach 
In model estimation, exploiting prior knowledge is typically expected to improve the accuracy of the 
estimated model and to reduce the computational burden of the estimation procedure. In the problem 
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under study, two types of knowledge are available: 

• AD is expressed as load variations with respect to a baseline, i.e. a typical load consumption 
profile under no AD request. This implies that the load can be decomposed as follows: 

∑
=

+=
M

m

true
mb adyy

1
, (6.9)

where by  is the baseline, and the sum of true
mad  terms represents the total load variation with 

respect to the baseline determined by AD. 

• Classical load series (i.e. not including AD effects) show a strong seasonal behaviour. For 
instance, Figure 44 shows the load profile of four consecutive Mondays (left) and four 
consecutive Saturdays (right) extracted from a time-series representing the average power 
consumption of 50 commercial consumers in the area surrounding Siena (Italy). It can be 
seen that the load profile is very similar from one Monday (Saturday) to the next. Extracting 
known patterns (daily, weekly, yearly) from a load series helps the estimation procedure, 
which can spend all its “power” to “explain” the really unknown contributions. Based on this, 
the baseline can in turn be decomposed as follows: 

bb rby += , (6.10)

where b  is the daily load pattern and br  is the residual. 

 
Figure 44, Analogous weekday behaviour in typical load time series 

By substituting (6.10) into (6.9), one obtains: 

∑
=

+=++=
M

m

true
mb rbadrby

1
, (6.11)

where the load residual ∑
=

+=
M

m

true
mb adrr

1
 takes into account all perturbations to the daily load 

pattern b  determined by both statistical fluctuations and AD. 
According to (6.11), the problem of forecasting y  is now decomposed into two subproblems: 

• computation of b ; 

• forecasting of r . 

These two subproblems are addressed in the following. 

Computation of the daily load pattern b  

For simplicity of exposition, in the following it is assumed that there are no special days such as 
holidays. These days have to be treated separately. 
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The daily load pattern b  can be obtained by applying an exponential smoothing to the by  load 

series. Exponential smoothing assumes a model of the following type for by : 

)()1()()1( keqkyq ww n
b

n −− +=− θ , (6.12)

where )(ke  is a zero mean white process, θ  is a parameter, and the shift operator 1−q  satisfies 

)1()(1 −=− kykyq . The minimum variance one-step-ahead predictor for the process described by 

(6.12) is  

)(
1

)1()1|(ˆ ky
q
qkky bn

n

b w

w

−

−

+
+

=−
θ
θ

. (6.13)

By defining )1|(ˆ)( −= kkykb b , i.e. the daily load pattern is a smoothed version of by , and setting 

1−= αθ , with 10 << α , one obtains the following formula for updating b : 

)()1()()( wwb nkbnkykb −−+−= αα . (6.14)

The parameter α  is called the smoothing parameter. Values of α  close to one have less of a 
smoothing effect and give greater weight to recent changes in the data, while values of α  closer to 
zero have a greater smoothing effect and are less responsive to recent changes. Concerning the 
choice of α , it can be initially selected via standard optimization techniques by minimizing the sum of 
the squared residuals )(krb using a training data set. During the normal operation, the value of α  

can be adapted on-line. 

The effect of applying an exponential smoothing to a load time series is illustrated in Figure 45: the 
upper part shows (in blue) the average load profile of 50 commercial consumers in the area 
surrounding Siena (Italy), and its smoothed version (in red) obtained by applying the exponential 
smoothing . The time series of residuals (i.e. the difference between the blue and the red curves) is 
shown in the bottom part of the same figure. It can be seen that the periodic features of the load time 
series are eliminated through the exponential smoothing. Moreover, the daily load pattern represents 
the dominant component of the actual load profile. 

 

Figure 45, Extraction of daily load patterns from load time-series 
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Note that, according to (6.14), the daily load pattern is computed on a weekly basis, i.e. different daily 
load patterns are obtained for each day of the week. This means that variations of the load level due 
to, e.g., sudden temperature variations reflect in the daily load pattern with one week delay. In order to 
make the responsiveness of the exponential smoothing faster with respect to temperature variations, 
model (6.12) can be modified as follows: 

)()1()()1()()1( 21 keqkuqkyq www nn
b

n −−− ++−=− θθ . (6.15)

Here the parameter 01 >θ  represents the average load increase per unit of temperature increase. It 

turns out that the formula for updating b  becomes as follows: 

[ ])()()()1()()( wwwb nkukunkbnkykb −−+−−+−= βαα , (6.16)

where βθ =1  and 12 −= αθ . 

Note that, in (6.16), )(kb  depends on )(ku , which is not known at the time the forecast of )(kb  is 

computed. Therefore, in (6.16) )(ku  must be replaced with its forecast provided by the 

meteorological service. 

Another implementation issue is concerned with the fact that the baseline by  is not exactly known, 

since it corresponds to the hypothetical consumers behaviour under no AD request. A possible way to 
overcome this problem is to roughly estimate by  as follows: 

∑
=

−=
M

m
mb adyy

1

ˆ , (6.17)

i.e. by subtracting the nominal AD profile to the actual load. Then, an estimate b̂  of b  can be 
obtained by substituting by  with bŷ  in (6.14) or (6.16). 

Forecasting of the load residual r  
From (6.11), the time series of load residuals is computed as follows: 

byr −= . (6.18)

The aim is to estimate a forecasting model for r , so that the load forecast can be finally obtained as  

)|(ˆ)()|(ˆ khkrhkbkhky +++=+ . (6.19)

By applying a black-box approach, one looks for a mathematical relationship of the following type: 

)())(()(ˆ kkghkr εϕ +=+ , (6.20)

where )(kϕ  is a regression vector containing a subset of the information available at time skT  (past 

load residual and temperature observations, temperature forecasts, AD profiles), and )(kε  is the 

error process. Concerning the choice of the mapping )(ϕg , one may range from linear structures to 

nonlinear ones (neural networks, kernel methods and support vector machines, etc.). All possible 
alternatives should be tested on real data in order to point out which one achieves the best 
compromise between prediction accuracy and computational burden. A simple solution based on 
linear models is proposed next. It represents a starting point to highlight critical modelling issues and 
figure out more involved solutions. 

The following model generating the load residuals is assumed: 
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∑
=

++=
M

m
mmu ke

qD
qCkadqFkrqBkr

1
)(

)(
)()()()()()( , (6.21)

where )(qB , )(qC , )(qD , and )(qFm , Mm ,,1K= , are polynomials in the shift operator 1−q , 

)(ke  is a zero mean white process, and )(kru  is the temperature residual obtained by applying an 

exponential smoothing to u : 

)()1()()( dudu nkbnkukb −−+−= γγ , (6.22)

with 10 << γ ,and then subtracting the smoothed value )(kbu  to )(ku . The reason for using ub  

instead of u in (6.21) is that the periodicity of the load due to the daily temperature profile should be 
captured through (6.16), while (6.21) should explain the load variations due to intra-day temperature 
fluctuations. Concerning the polynomials )(qB  and )(qFm , Mm ,,1K= , the following 

assumptions are made on the basis of a priori evaluations: 

• 1
10)( −+= qbbqB  (indeed, longer dependence on past temperature values is typically not 

needed);  

• 2
2,

1
1,0,)( −− ++= qfqffqF mmmm  (this corresponds to assuming that true

mad  is the sum of 

a finite number of shifted and scaled copies of mad , due to delayed and/or partial responses 

of the consumers with respect to the nominal AD profile). 

By rewriting (6.21) in the standard transfer function form, it is possible to derive the one-step-ahead 
( 1=h ) predictor for the process described by (6.21) by applying well-known formulae. The predictor 
has the minimum variance, provided that the future input values ( )(ku  and )(kadm , Mm ,,1K= ) 

are perfectly known. In practice this is not the case, and forecasted input values are used in the 
predictor formula. If 1>h , formulae for the h -step-ahead predictor, which are based on recursive 
evaluations of (6.21), can be found in the literature [49] 

Note that the main limitation of the proposed model could be that the response of the consumers to 
AD requests is assumed to be time-invariant, i.e. the type of response is the same no matter the 
period of the day when AD is activated. Such an assumption can be verified only on real test data. If 
needed, more involved models can be easily devised to deal with time-varying AD responses. 

6.4. Forecasting of distributed generation 
Power forecasts of Distributed Generation (DG) systems will be one of the inputs needed by the DSO 
for network verification and AD validation. This is an activity of paramount importance, due to the 
intermittency of several DG power sources, and since an increasingly widespread DG might result in 
possible over-generation at the distribution level.  

Forecasting of wind and photovoltaic (PV) power generation are the main topics of this section. An 
extensive review on wind and PV power forecasting methods can be found in [50]-[66] and references 
therein. Here the chosen approach is to develop two-stage forecasting algorithms, based on weather 
forecasts. The power curve relating the power generated by a DG system to the corresponding 
meteorological variable (wind speed or solar radiation) is estimated by historical data of the plant. 
Then, the power prediction is obtained by plugging the proper meteorological forecast into the 
equation of the curve. It turns out that the forecasting and monitoring of meteorological variables plays 
a crucial role in the adopted forecasting scheme. It is assumed that weather forecasts are available via 
an agreement with a meteorological service (see Section 6.2.1). 



 
  Prototypes and algorithms for network management, providing the signals sent 

by the DSOs to the aggregators and the markets, enabling and exploiting AD 
                    ADD-WP3-D3.1-ENEL DISTR-Active Distribution Grid-V1.2  

Final 1.2 
 

 

Copyright ADDRESS project page 138 of 163 

The developed DG forecasting tools assume that the following information is available: 

• Plant information: information about the location, the type and the nominal values of the DG 
plant. 

• Plant historical data: historical data of the power generated by the plant, with hourly (or finer) 
time resolution. 

• Meteorological forecasts: forecasts of wind speed, temperature and solar radiation related to 
the location of the plant in hourly (or finer) time resolution. 

• Meteorological historical data: historical data of wind speed, temperature and solar radiation 
corresponding to the same points as the meteorological forecasts.  

Historical data are required for model estimation and validation. The developed DG forecasting 
techniques can be suitably modified in order to incorporate additional information possibly available in 
the future, such as forecasts and historical data of wind direction and cloud cover.  

6.4.1. Wind power forecasting 
By plotting the power generated by a turbine versus the corresponding wind speed, it can be observed 
that the power curve of a turbine can be satisfactorily approximated by a sigmoid. The equation of a 
sigmoid is as follows: 

w
xx

ed

babxf
0

)( −
−

+

−
+= , (6.23)

where the meaning of the parameters a , b , d , 0x  and w  is illustrated in Figure 46. For suitable 

values of the parameters, this function fits well the power curve of a wind turbine for moderate wind 
speeds. Specifically, the sigmoidal approximation is valid between the cut-in speed and a second wind 
speed value called 2S . For wind speed values between 2S  and the cut-off speed, the turbine 

operates at its maximum power. Outside these ranges the turbine does not produce electrical power. 
Summarizing, the power curve can be approximated as follows. 

• If the wind speed is smaller than the cut-in speed, then the output power is zero. 

• If the wind speed is between the cut-in speed and 2S , then the output power is approximated 

by (6.23). 

• If the wind speed is between 2S  and the cut-off speed, then the output power is maximum. 

• If the wind speed is greater than the cut off speed, then the output power is zero. 
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Figure 46, Plot of a sigmoid 

While the maximum power, the cut-in and cut-off wind speeds are taken from the datasheet of the 
turbine, the parameters a , b , d , 0x  and w  of the sigmoid and the wind threshold 2S  are 

estimated from data. 

Given a model of the generated power with one or more unknown parameters, the fitting process 
consists in estimating the model parameters from a set of input-output data (pairs wind 
speed/generated power), typically minimizing a suitable cost function of the error between the 
measured and the predicted power. Several cost functions can be adopted. For instance, the 
celebrated Least Squares (LS) method minimizes the sum of the squared residuals. The residual ir  

for the i th data point is defined as the difference between the observed power iy  and the predicted 

value iŷ : 

iii yyr ˆ−= . (6.24)

The sum of squared residuals is given by: 

∑
=

=
n

i
irS

1

2 , (6.25)

where n  is the number of data points included in the dataset. The main drawback of standard least 
squares fitting is its sensitivity to outliers. Outliers have a large influence on the fit because squaring 
the residuals magnifies the effects of these extreme data points. To minimize the influence of outliers, 
one can adopt a robust least squares regression scheme, such as the Least Absolute Residuals (LAR) 
or the Bisquare Weights method. 

The LAR scheme finds a curve that minimizes the absolute differences of the residuals, rather than 
the squared differences. Therefore, extreme values have a lesser influence on the fit. If iŷ  denotes 

the power predicted by the sigmoid (6.23) for a given wind speed ix , i.e.: 
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+= , (6.26)

then the LAR method estimates the sigmoid parameters by minimizing the cost function: 
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n 1
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, (6.27)

where iy  is the observed generated power corresponding to the wind speed ix , and iw  is the weight 

given to the pair ( )ii yx , . 

The Bisquare Weights scheme minimizes a weighted sum of squares, where the weight given to each 
data point depends on how far the point is from the fitted line. Points near the line get full weight. 
Points farther from the line get reduced weight. Points that are farther from the line than would be 
expected by random chance get zero weight. For most cases, the Bisquare Weights scheme is 
preferred over LAR because it simultaneously seeks to find a curve that fits the bulk of the data using 
the usual least squares approach, and it minimizes the effect of outliers. 

Robust fitting with Bisquare Weights uses an iteratively re-weighted least squares algorithm, and 
follows the procedure detailed below: 

1. Fit the model by weighted least squares. 

2. Compute the adjusted residuals and standardize them. The adjusted residuals are given by: 

i

i
iadj h

rr
−

=
1, , (6.28)

where ir  are the usual residuals (6.24) and ih  are leverages that adjust the residuals by 

down-weighting high-leverage data points, which have a large effect on the least squares fit. 
The standardized adjusted residuals are given by: 

Ks
r

u iadj
i

,= , (6.29)

where K  is a tuning constant equal to 4.685, and s  is the robust variance given by 
MAD /0.6745, and MAD  is the median absolute deviation of the residuals. The reader is 
referred to [67] for a detailed description of ih , K  and s . 

3. Compute the robust weights as a function of iu . The bisquare weights are given by: 

( )
⎪⎩

⎪
⎨
⎧ <−=

otherwise.

if 
0

11 22
ii

i
uuw  (6.30)

Note that if one supplies his own regression weight vector, the final weight is the product of 
the robust weight and the regression weight. 

4. If the fit converges, then the procedure is done. Otherwise, the next iteration of the fitting 
procedure is performed by returning to step 1. 

The approximation of the power curve of a real turbine is shown in Figure 47, where predicted power 
values (green dots) are compared with measured power values (blue dots).  
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Figure 47, Generated power (real and forecast) vs wind speed 

To evaluate the performance of a model, a number of indicators are usually adopted, the more 
common being: 

• Root Mean Square Error (RMSE): 
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(6.31)

• Mean Absolute Error (MAE): 

n

yy
=MAE

n

i
ii∑
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−
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ˆ
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(6.32)

More often, the above indicators are normalized as a percentage of the maximum power of the turbine 

maxy . In this case they are usually referred to as NRMSE (Normalized RMSE) and NMAE (Normalized 

MAE), and are defined as: 

%100
maxy

RMSENRMSE ⋅= , (6.33)

%100
maxy

NMAENMAE ⋅= . (6.34)

The latter, in particular, is regarded for its ability to weight uniformly all the errors, unlike NRMSE 
which gives more weight to larger errors. For this reason, NMAE usually takes values lower than 
NRMSE. 

Figure 48 compares the hourly generated power with that predicted by the estimated sigmoid. Actual 
(not forecasted) values of the wind are used to compute the prediction. In this case, the NRMSE is 
2.63%, whereas the NMAE is 1.48%. These results show that the sigmoidal approximation of the 
power curve is satisfactory, the error introduced being much smaller than that due to the wind speed 
forecasts. 
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Figure 48, Wind power output (real and forecast) 

6.4.2. Photovoltaic power forecasting 
Predicting PV power is much harder than wind power forecasting because the power generated by a 
PV plant is heavily dependent on cloud cover, as well as on solar radiation. For this reason, the 
evaluation of the prediction accuracy is always done only under the condition of clear sky. The 
frequency of occurrence of such a condition depends on the location and is commonly listed in a table 
(expressed in days per year).  

The algorithm implemented in the PV power forecasting module is inspired by [61] and is based on the 
correlation between the back-side temperature of PV modules, the irradiance and the generated 
electric power. From the forecast of the direct irradiance provided  by the meteorological service, the 
power output is predicted by using a set of equations accounting for the position, orientation, tilt angle 
and temperature of the PV modules. 

The basic steps of the algorithm are summarized below. 

1. Correction of the direct irradiance 

The value coming from the meteorological service is the direct irradiance. However, PV modules are 
usually installed on an inclined plane. Hence, it is necessary to correct the irradiance as follows: 

coeffEE directangle ⋅= , (6.35)

where angleE  is the corrected irradiance, directE  is the direct irradiance, and coeff  denotes a 

coefficient that depends on the geographical location and the tilt angle of the PV plant. The values of 
this coefficient can be found in tables, but can be also estimated for the specific plant using real 
measurements. This coefficient is also useful for correcting possible trends of the prediction error, e.g. 
due to the loss of efficiency of the modules. Just as an example, commonly used coefficients for 
Northern Italy (latitude 44 °N) are reported in Table 19. 

Tilt angle 
Orientation 

0° (South) ±15° ±30° ±45° ±90° (East, West) 
0° 1.00 1.00 1.00 1.00 1.00 

10° 1,07 1,06 1,06 1,04 0,99 
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15° 1,09 1,09 1,07 1,06 0,98 
20° 1,11 1,10 1,09 1,07 0,96 
30° 1,13 1,12 1,10 1,07 0,93 
40° 1,12 1,11 1,09 1,05 0,89 
50° 1,09 1,08 1,05 1,02 0,83 
60° 1,03 0,99 0,96 0,93 0,77 
70° 0,95 0,95 0,93 0,89 0,71 
90° 0,74 0,74 0,73 0,72 0,57 

Table 19, Northern Italy (44°N) correction coefficients for different orientations and tilt angles 

2. Computation of the cell temperature ( cT ) 

The temperature of the cell can be computed by using one of the following equations: 

Tac GkTT ⋅+=  (6.36)
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+= , (6.37)

where: 

• aT  is the ambient temperature (provided by the meteorological service); 

• k  is the Ross coefficient whose value depends on the PV array type as shown in Table 20; 

• TG  is the irradiance on the modules; 

• NOCTT  is the Nominal Operating Cell Temperature (NOCT) reported in the datasheet; 

• NOCTaT ,  is reported in the datasheet (default value 20°C); 

• NOCTG  is the irradiance at NOCT (default value 800 W/m2). 

PV array type k (km2/W) 
Well cooled 0.02 
Free standing 0.0208 
Flat on roof 0.026 
Not so well cooled 0.0342 
Transparent PV 0.0455 
Façade integrated 0.0538 

Table 20,  Ross coefficient 

3. Computation of the back-side temperature ( bT ) 

The next step is the computation of the temperature of the back-side of the modules. This can be done 
through the following equation: 

T
G
GTT

ref

T
cb Δ⋅⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
−= , (6.38)

where: 

• refG  is 1000 W/m2, the irradiance value at standard conditions; 
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• TΔ  is the temperature difference between the cell and the module back surface at an 
irradiance level of 1000 W/m2 ( refG ). Typical values are listed in Table 21. 

Module Type Mount ΔT (°C) 
Glass/cell/glass  Open rack  3 
Glass/cell/glass  Close roof mount 1 
Glass/cell/polymer sheet Open rack  3 
Glass/cell/polymer sheet Insulated back  0 
Polymer/thin-film/steel  Open rack  3 
22X Linear Concentrator Tracker  13 

Table 21, Typical values for ∆T 

4. Computation of the output power forecast ( ŷ ) 

Finally, the forecast of the generated power can be computed using the formula: 

( )[ ]00 1ˆ TTy
G
Gy bm

ref

T −+⋅⋅= γ , (6.39)

where: 

• 0my  is the nominal power of the module; 

• γ  is the maximum power correction for temperature (°C-1) from the datasheet; 

• 0T  is 25 °C. 

 

Figure 49, Generated power (real and forecast) vs solar irradiance 

Figure 49 compares the power predicted by using the described algorithm (red dots) with that actually 
generated by the plant (blue dots), for different values of the solar irradiance. The comparison of 
forecasted and actual power generated during five days is shown in Figure 50. 

Tests of the algorithm over one month of operation have given the following results for the NRMSE 
(6.33) and the NMAE (6.34): NRMSE=2.74%, NMAE=1.53%. These results are similar to those 
obtained for the wind power forecasting.  
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Figure 50, PV power output (real and forecast) 

It must be stressed that the accuracy of the prediction is achieved, in the presented test cases, by 
using as inputs the actual values of wind speed (for wind power forecasting) and of solar irradiance 
and temperature (for PV power forecasting). In the normal operation of these algorithms, the input 
values are replaced by forecasts provided by the meteorological service. Therefore, a significant loss 
of performance can be expected, especially for long prediction horizons (6-hour ahead or more). 

6.5. Market tools for the DSO decision making process 
This section describes the Market Tools for the DSO decision making process, including AD as an 
additional option with respect to conventional alternatives for distribution network operation. AD 
alternatives that may become available for DSOs are firstly identified and evaluated. Then, typical 
situations where DSOs need to perform some corrective or preventive actions to ensure network 
security are selected. Furthermore, the possible actions DSOs perform nowadays to solve the 
selected problems are enumerated. The collected information is used to develop a tool to help the 
DSO in the decision making process leading to the selection of the most suitable alternative based on 
economic criteria and an in-depth evaluation of the value of AD.  

6.5.1. AD procurement for distribution network operation 
DSOs have to face operational problems daily. For some of these problems, AD may become a 
potential solution. However, the appropriate mechanisms through which DSOs could engage AD are 
not in place nowadays. Two main alternatives to contract AD services for grid operation purposes are 
envisioned: 

i) Local markets for AD services;  

ii) Bilateral agreement between the DSO and an Aggregator. 

6.5.1.1 Local markets for AD services 
DSOs may purchase AD by means of a market where local Aggregators, and even DER such as DG 
units, may offer their services. In principle, the operator of these local markets could be a regulated 
entity different from the DSO. Nonetheless, this document assumes that the DSO is the market 
operator itself. The main reason to opt for this lies in the fact that the geographical areas where, and 
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the frequency of the situations when, the DSO may require AD can be very changeable and difficult to 
predict. Thus, the needs of the DSO are very specific and would hardly match with those of other 
agents willing to purchase AD products for other purposes. This is similar to the way TSOs manage 
certain markets for ancillary services. 

Regarding the type of AD products traded at these markets, in principle, both CRP and SRP products 
could be exchanged. Notwithstanding, SRP products are less flexible and they would in principle be 
traded more often. On the other hand, CRPs can be contracted on longer-term basis through bilateral 
agreements, which does not seem to be the case for SRP products. Furthermore, creating a market 
for CRP products presents several inconveniences mainly due to the fact that two prices exist in a 
CRP product (option and exercise prices). Consequently, hereinafter only local markets for SRP 
products are considered.  

The market design described in the following is not the only possible alternative. However, since none 
of these markets exist nowadays, some assumptions have to be made in order to develop the tool. 
These assumptions are based on the work carried out within WP5 of the ADDRESS Project. 

• Agents participating in the local AD market: As mentioned previously, DSOs are assumed to 
be the only buyers in these local markets. On the other hand, sellers could be mainly Aggregators 
having contracts with consumers located in the network of the concerned DSO. Additionally, the 
participation of “independent” DG units could be envisioned provided that their output is 
controllable. In this context “independent” refers to generation units that are not under the control 
of any Aggregator. In a more futuristic scenario, other DER could take part in these markets, such 
as specific Aggregators of EVs or operators of storage systems.  

• Information sent by the DSO to potential market participants: The DSO defines the SRP 
product with regard to the duration of the service delivery, the starting time, the amount of load 
required to be modified and the load area/s where this is needed. The DSO could set a cap on the 
resulting market price, which may be a single value or several for different bands of AD volume. 
Furthermore, DSOs could set a penalty for those market participants that fail to comply with their 
obligations. Finally, the DSO should be allowed to organise the market but not use the AD offered 
by Aggregators if a minimum share of the amount of power required cannot be satisfied by means 
of these local markets. This would occur when the use of other conventional solutions cannot be 
avoided unless a minimum amount of AD is provided.  

• Market price setting: Following the literature and given that agents in the electricity sector are 
familiar with it, a marginal pricing approach is proposed. Thus, all participants will be paid 
according to the amount of power they are assigned and the value of the highest bid accepted.  

• Price cap fixed by the DSO: The price cap could be set according to the cost of using the 
(cheapest) conventional measures used nowadays by DSOs. Thus, AD would only be purchased 
when its cost is lower than that of other solutions.  

• Penalty to those market participants failing to provide the service: The penalty set by the 
DSO should be such that to allow it at least to recover any extra cost related with the non-
compliance of market participants. These extra costs would be the ones associated with the 
corrective actions carried out by the DSO.   

• Market periodicity and gate closure: DSOs would organise local markets under very specific 
conditions whose frequency of occurrence will be mostly influenced by the characteristics of each 
distribution area. Thus, no pre-established periodicity is envisaged. With regard to the gate 
closure time, the most relevant factor would be the use that the DSO intends to make of AD, for 
example a maintenance work. This will determine the availability of time the DSO has to reach a 
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decision and undertake corrective/preventive actions.  

6.5.1.2 Bilateral agreements between DSOs and aggregators 
Sometimes DSOs face problems that take place on very short notice. Hence, purchasing AD through 
an organised local market is not a feasible option. In these situations, DSOs could directly engage in 
bilateral agreements with Aggregators. Since these situations cannot be known in advance, these 
agreements would be based on CRP products. The most relevant parameters of CRP products are 
shown in Figure 51 and Table 22. 
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Figure 51, Standardised CRP product 

Service negotiation gate 
closure 

Lead time to availability interval 

serT  Availability interval: time interval over which the service 
may be activated 

actT  Lead time to signal the Aggregator to start delivering the 
service 

durT  Amount of time the service has to be deployed 
po

serV  Volume range 
depRlim , endRlim  Deployment and ending ramping limitations 

tol
pbV  Tolerance on the amount of energy payback the product 

may generate 

Table 22, CRP product relevant parameters 

The decision process by which a DSO may end up using a CRP service can be divided into two main 
sequential activities: procurement and activation.  

Conditional services are procured well in advance before their activation is possibly requested (e.g. 
there is no need to procure in real-time a conditional service; if a service has to be procured in real 
time it is deemed to be used for sure, and then it would be a SRP based service). In addition, it can be 
assumed that the activation timing is shorter than the procurement timing; for example, a CRP service 
procured in a day-ahead market is supposed to be activated with a lead time Tact  no longer than a 
few hours. This is qualitatively illustrated in Figure 52. This figure summarizes the combinations of 
procurement and activation timings assumed to be meaningful. 
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Figure 52, Activation time versus procurement time of CRP products 

 

CRP procurement  
At the moment a CRP product is purchased, both the option price (in €/MW) and the exercise price in 
(€/MWh) have to be agreed together with the parameters previously mentioned.  

The procurement of CRP services constitutes an optimization problem in which the DSO minimises 
the cost of acquiring and using a CRP product taking into account the cost of conventional solutions to 
operational problems and the uncertainties in the network configuration and the electricity 
consumption. Note that the impact of these uncertainties diminishes as the CRP procurement 
approaches the time of activation. Therefore, the optimization problem is to be formulated differently 
for the problem of long term procurement of a CRP-based service, and the one to be solved in the 
short term procurement. 

Note that the decision making support tool only takes into account the CRP products that are stored in 
the AD recording data base because they have been purchased beforehand. In case it is required, the 
activation signal is sent to the Aggregator.  

CRP activation  
Once the activation of the CRP product has been decided, the following information should be sent to 
the Aggregator: 

• The CRP product(s) code(s) to be activated. 

• The re-profiling pattern (volume over time) to be delivered by the Aggregator (e.g. through 15 
minutes samples). 

Once the initial pattern is given, a new pattern (overwriting the initial one) may be forwarded to the 
Aggregator; this is useful, e.g. to cope with either any unexpected network modification or little 
inaccurate forecast situations. 

6.5.2. Operational problems in distribution networks 
Distribution networks comprise several voltage levels that connect transmission substations to final 
electricity consumers. Broadly speaking, the lower the voltage level the larger the number of elements 
at that voltage level and the lower the degree of monitoring and control. The implementation of AD and 
smart distribution grids may change this paradigm and allow DSOs to resort to AD in the following 
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situations: 

• Failure in a network element: In this case, AD may be used to avoid overloads in surrounding 
network components during service recovering. It is particularly relevant to avoid overloads in 
transformers, since these elements are quite expensive and vulnerable. Furthermore, AD could 
allow DSOs to reduce service recovering time in case of interruption. AD could allow DSOs to 
avoid using stand-alone diesel generators in some cases or reduce the number or rated power of 
necessary generators. Given the short time horizon these problems arise and have to be solved, it 
is envisioned that CRPs based on bilateral agreements would be resorted to in these situations.  

• Planned maintenance works: In order to ensure system security and prevent interruptions, 
maintenance is frequently carried out during weekends or night. However, this implies an extra 
cost since people may have to work outside conventional working shifts. Therefore, AD could be 
used to reduce the costs of performing maintenance. Maintenance is usually planned 2 or 3 
weeks in advance, albeit daily adjustments to the schedule can be made. Consequently, both 
SRP and CRP products could be used in these situations. Nevertheless, SRP products could be 
tried first since they do not imply paying a premium and leave a larger volume of CRPs to cope 
with more sudden operational problems. 

• Load reduction commanded by the TSO: Under exceptional situations, e.g. proximity of a 
voltage collapse, the TSO may require to one or more DSOs to reduce the demand in their grids. 
In these circumstances, notice times are quite short (well under one hour). DSOs could activate 
CRP products in order to mitigate the social impact of these interruptions.  

6.5.3. Evaluating the cost of conventional alternatives 
Several conventional solutions to specific network problems imply additional costs for DSOs. 
Moreover, DSO would also face supply interruptions, which generally imply paying penalties 
proportional to the duration and frequency of the interruptions. The following conventional solutions to 
network problems are taken into account by the Market Tools: 

• Maintenance crews: Mobilizing maintenance crews does not constitute an additional cost unless 
this is done outside their normal working shifts. This may be necessary if the amount of work 
exceeds that which can be performed by regular crews and additional resources are needed to 
solve the problem. This cost can be modelled as a certain increase over the normal hourly 
remuneration. Different additional percentages on top of the normal hourly remuneration are 
applied for the daily timing, night timing of the normal working days and the daily timing, night 
timing of the holidays.  

• Mobile stand-alone generators: The mobile generator deployment is a traditional solution to face 
interruption of certain duration to re-supply the interrupted customers. The main costs of its 
deployment are associated with logistic aspects due to the transport to the site of where they have 
to be deployed, the work force cost and the operational costs. In order to simplify the computation, 
the cost of stand-alone generator deployment can be obtained as a function of the size and 
number of generators as well as the duration of their use. 

• Cost of interruptions: DSOs generally have to pay penalties due to the interruptions of 
consumers connected to their networks. These penalties can be compensations to individual 
consumers also due to the deterioration of some reliability indices, e.g. TIEPI and NIEPI in Spain 
or SAIDI and SAIFI in Italy, measured over a certain area during a period of time, typically of one 
year. These indices are generally related to the frequency of the interruptions and their duration, 
but this depend strongly on the existence approach of supply continuity regulation for each 
specific country. It is envisioned that AD may allow DSOs to reduce the penalties they pay due to 
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interruptions, especially those related with the duration of interruptions. 

6.5.4. Tool for DSO decision making support 
The tool supporting the DSO in deciding the least cost alternative, including AD, to cope with a specific 
network-related problem, is described in the following. The user provides in input all the information 
related to the problem to be solved. The tool analyses all the possible solutions and provides the cost 
associated with resorting to each one of them. Furthermore, the tool gives the user the option to 
activate a CRP product or purchase a SRP product in case these are deemed economical 
alternatives. The interaction with a market database storing all the AD products (AD recording 
database) available to the DSO is essential in this process. 

The decision support market tool comprises the following modules and functions: 

[1] Evaluation module: this module provides the operator with a list of possible solutions to a 
specific network contingency and the associated costs. It uses the information entered by the 
operator related with the network problem needing solution in order to select the viable 
alternatives, perform an economic assessment of each one of the possible alternatives and 
send the results to the user.  

[2] SRP product manager: the SRP product manager is in charge of receiving the SRP product 
requests from the grid operator through the operator interface (including Aggregator ID, load 
area-s, AD volume needed, settlement price, begin time and duration of the service delivery). 
Then, this module computes and sends the signal for the AD market participants. Moreover, 
the tool must be able to gather the bids submitted by the market participants, compute the 
results and communicate these to the grid operator and the market participants. Finally, the 
module must add the activated SRP products into the AD recording database.  

[3] CRP product manager: this module receives the activation request from the grid operator 
and checks with the AD database the requested product availability. If the CRP product 
requested is actually available, then the module must generate the activation signal and send 
it to the corresponding Aggregator. Finally, the CRP product manager must remove the CRP 
from the available products in the corresponding database table and add it to the table 
containing the historic record of activated products.  

[4] Database manager: this module allows the user as well as the Market Tool itself to interact 
with the AD recording database.   

[5] Internal data manager: this module allows the tool manager to modify the information stored 
in the AD recording database. The tool manager should have the options of adding a new 
element, modifying the attributes of an existing one or merely reading the internal data.  

[6] Market simulator: this module simulates the behaviour of the local SRP market so as to 
forecast the settlement price as needed by the evaluation module. Since time series are not 
available, some simulation seems required at the beginning of the Market Tools operation. 

[7] Operator interface: this module constitutes the visual interface through which the users of the 
tool can enter the required information and visualise the tool results and other information. 
More specifically, the grid operator shall be able to interact with the evaluation module, the 
database manager, the CRP manager and the SRP manager.  

In order to illustrate more clearly the potential application of this tool, two examples will be provided 
below. These examples correspond to the two most common types of contingencies that were 
previously identified: real-time operational problem and a planned maintenance work.  

– Example 1: Let us assume that as a result of the failure of a MV feeder, a MV/LV 
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transformer suffers an overload. Given that the local distribution grid is poorly meshed or that 
no more switching operations are possible, the excess of load cannot be transferred to a 
nearby transformer. The overload amounts to 50 kW and the operator expects this situation 
to last for five hours.  

Under these circumstances (assuming a sustained overload is not admissible), the DSO 
traditionally had the following options until the fault was cleared: mobilise a stand-alone 
generator or shed some load thus incurring some penalties. In a scenario where the 
ADDRESS architecture is in place, the DSO could additionally use a CRP product to deal 
with the contingency under discussion (note that owing to the time scales involved in such a 
problem, the purchase of a SRP product would presumably not be feasible). The decision 
making tool would support the grid operator in determining the most suitable solution by 
computing the cost associated with each one of the potential solutions mentioned above and 
facilitating the activation of AD in case it is the alternative finally selected. This is illustrated 
in the simplified numerical example provided in Table 23. In this case, the decision making 
support tool would allow the grid operator to determine that mobilizing a stand-alone 
generator would be the cheapest option. 

 
Size of stand-alone generators required [kVA] 50
Cost of stand-alone generator [€/kWh] 1.2
Time of use of stand-alone generator [h] 5
Total expected cost of stand-alone generator [€] 300

Consumers power interrupted [kW] 50
Number of consumers interrupted 15
Duration of the interruption [h] 5
Penalty a [€/customer interrupted] 2.5
Penalty b [€/kWh non-supplied] 2
Total penalty due to interruption [€] 537.5

Amount of AD to be activated [kW] 50
Duration of service delivery [h] 5
Price of available CRP product [€/kW] 10
Cost of activating a CRP product [€] 500  

Table 23, CRP product relevant parameters. Simplified example of decision making tool calculations 
number 1 

 
– Example 2:  Let us now assume that the DSO needs to perform maintenance actions on a 

MV/LV transformer. The expected duration of these activities is seven hours.  

– The conventional solutions for this were to schedule the maintenance work in a weekend 
morning when it is possible to transfer the transformer loading to nearby ones through 
reconfiguration. Nonetheless, this implies extra personnel costs as maintenance crews may 
need to work outside their normal working hours. Alternatively, the DSO may decide to 
perform these maintenance actions during a normal day. However, being this the case, 
either stand-alone generators or AD would be needed since the full loading of the 
transformer at this time cannot be supplied through alternative paths. A surplus of 25 kW 
would remain. Both SRP and CRP products could be used in this case.  

Again, a simple numerical example is provided in Table 24 to illustrate a potential outcome of 
the tool. It can be seen that in this example, the most economical alternative would be to 
purchase a SRP AD product from local aggregators.  
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Size of stand-alone generators required [kVA] 25
Cost of stand-alone generator [€/kWh] 1.2
Time of use of stand-alone generator [h] 7
Total expected cost of stand-alone generator [€] 210
Duration of the maintenance action [h] 7
Hourly extra cost of maintenance crew [€/h] 49
Total extra cost of maintenance crew [€] 343
Amount of AD to be activated [kW] 25
Duration of service delivery [h] 7
Price of available CRP product [€/kW] 10
Cost of activating a CRP product [€] 250

Amount of AD to be activated [kW] 25
Duration of service delivery [h] 7
Price of available SRP product [€/kW] 5
Cost of activating a SRP product [€] 125  

Table 24, Simplified example of decision making tool calculations number 2 
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7. Laboratory integration tests of prototypes and 
MVCC functions. 

 

The main objective of the laboratory integration tests of prototypes and MVCC functions is to prepare 
the functional components, which are to be used by the DSO in an active grid environment, for (the 
French and Italian) field tests using a laboratory setup. The assessment must warrant the ability to 
maintain a secure & reliable network management in a environment that includes active demand (AD). 
Furthermore it should ensure the usability and correct collaboration of (software) functions for use with 
AD. All functions and prototypes that are defined and build in WP3 are subject to these testing before 
application in field test can be undertaken.  

 

7.1. The scope and boundaries of the tests 
 

The tests will deal with all algorithms, functions and prototypes that are in the WP3 scope. The test will 
be conducted in a laboratory setting in order to prepare the said functions for application in field tests. 
Due to the nature of the laboratory setup the communication and performance issues are out of scope. 
Moreover, the prototypes at HV/MV and MV/LV substation level are excluded from the tests as these 
are not being built. The table below shows the extent of functionalities that will be tested in one of the 
lab tests. Due to the level of adaptation needed to apply these functions in the field environments and 
the varieties in the hosting software platforms it is decided to schedule two separate lab tests in 
preparation to both of the field test that use the DSO functions. Note however that the field test in 
Spain will not deploy DSO functions.  
 

Function/field test  Spain  Italy  France 

State Estimation  X  √  T.B.D. 
Voltage & Power Flow  X  √  X 
Flexibility Table Calculation  X  √  √ 
Validation (real‐time)  X  √  √ 
Validation (off‐line)  X  √  √ 
Location information Management  X  √  T.B.D. 
Flexibility Table Management   X  √  √ 
AD Validation Management   X  √  √ 
Coordination with TSO  X  √  X 
Load Area Definition  T.B.D.  √  T.B.D. 
Load Forecasting MVCC  T.B.D.  √  T.B.D. 
Distributed generation forecasting  T.B.D.  √  PV only 
DSO Market Tools  T.B.D.  √  X 

Table 25, Functionalities to be tested 

 
Note: √ = Included in the indicated field test; X = Excluded in the indicated field test  
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7.2. Additional functions required for testing 
 

The test environment will comprise of a number of workstations in a local area network (LAN) that 
exchange information. Not all of the real-life environment may be represented in this configuration. In 
order to enable functional testing some simulation of market parties and emulation of SCADA I/O may 
be needed. See Figure 53 below for a schema of the test environment. In some of the field tests some 
emulation or simulation of functions may be required in order to create realistic evaluation 
environments. These functions will also be assessed in the laboratory in order to assure valid field 
applications. 

 

 
Figure 53, Simplified test environment with data exchanges 

 

7.3. Description of the test subjects & test methods 
The laboratory tests will encompass the entire time frame of the active demand market with the focus 
on DSO functionalities and simulator functions that are required. The following phases will be 
addressed: 

• The market preparation phase 

• The market execution phase 

• The market settlement phase 

 

In the market preparation phase the main functions that the DSO executes in support of the AD 
market will be tested: 

• The assembly of location information (Load areas by the DSO)  

• The calculation of demand flexibility (Flexibility tables for each load area) 

The definition of macro load areas by the TSO will be out of scope. A set of files with appropriate 
MLA’s will be used to enable testing of functions that require this type of data. The assembly of load 
information and flexibility relies on various network management functions. In some cases alterations 
to these functions are necessary in order to allow for AD products in the network. Specific 
modifications due to these requirements must be tested in lab settings before field testing can 
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commence. The updated functions include; state estimation, load forecasting and network topography. 

 

The laboratory test required will encompass (simulated) data communication with all relevant external 
roles in the AD market place: 

• request of validations (from the market/aggregator to the DSO) 

• request of new AD services (from the DSO to the market) 

• activation of already agreed CRP AD services (from the DSO/TSO to the aggregator) 

• publication and updating of load areas and macro load areas (from the DSO to the market) 

• interaction between DSO-TSO for pre-screening and coordination 

 

The main testing focus will be on the validation of active demand bids. The timing criteria (15 minutes 
throughput) cannot be tested in the laboratory setup. But the validity and consistency of the validation 
functions will be assessed. The technical validation will be evaluated for realistic bid scenarios.  

 

For the evaluation of test scenarios various scripts will be created to emulate real-life conditions. 
These scenarios may include, for instance, variations of the loads or temperatures in a set time frame 
and feedback: DSO DMS/Marker tools algorithms activation and, finally, AD request to market. An 
expected outcome for any given scenario will be defined. The test will pass when the actual results are 
compliant with the expected outcome.  

 

The test scenarios will include various operating modes. These simulations aim to ensure that a 
secure and reliable network management can be maintained in active demand environments. 
Operating modes will include: 

• normal operating procedures (e.g. Forecasting and calculations on the grid load in an AD 
environment) 

• DSO market participation (Bid evaluation / preparation functions weighing against 
conventional options) 

 

An additional assessment needs to be made on the usability of the tested functions and prototypes for 
subsequent field tests. The aim is to re-use the prototypes and algorithms in all field tests, where 
applicable, and this ability and its limitations needs to be established in Task 3.6 during the laboratory 
tests. 

7.4. Tests organisation 
Laboratory tests requires a facilitator to manage the field test environment and scripting of the test 
scenarios. KEMA is responsible for coordination and the project management of the tests. The work is 
organised in subtasks as follow: 

 

1. Coordination and project management 

2. Creation of the test scenarios for MV CC functions & prototypes 

3. Creation of the simulators and data bases 

4. Management and host of the two test facilities (ENEL & EDF). 
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Finally, subtask 4 will take into account the results of all other subtasks and produce the final test 
results. The findings of the lab tests will be included in a second version of D 3.1.  
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8. Conclusions 
This document has provided the outcome of the work carried out within ADDRESS WP3 “Active grid 
operation” whose goal is to develop prototypes and algorithms for network management, providing the 
signals sent by the DSOs to the aggregators and the markets, enabling and exploiting Active Demand 
(AD).It includes the system architecture and functional specifications of control systems needed for the 
management of active grids exploiting distributed generation, storage flexibilities and Active Demand 
(AD) on distribution networks (Medium Voltage (MV) and Low Voltage (LV)) The DSO functional 
architecture is divided into three main Control Levels: the DSO Central Control level, the HV/MV 
substation level and the MV/LV substation level. The TSO functional architecture includes the 
interaction with the other players. 

The architecture of the MV Control Centre (MVCC) prototype, which enables the deployment of the 
new functionalities developed for ADDRESS project is defined. 

The devices that are needed in primary substations (HV/MV) to provide to MVCC data required to 
execute the functions and algorithms do enable and exploit AD have been defined as well.  

This report gives also the outcome of the work carried out in Task 3.4 whose goal is to design and 
develop the algorithms for network control in the presence of Active Demand. In addition, the Task 
shall also design and develop algorithms for validating the Active Demand (AD) products, both for day 
ahead and real time. 

This document describes also the results achieved by Task 3.5 concerning new operational planning 
applications for the MV Control Centre. Methodology, algorithm design and related implementation 
issues are illustrated. 

With reference to the laboratory tests to be carried out to validate the function and algorithms 
developed, this document provides only their scope, description and organisation. 
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