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Disclaimer 

The content and views expressed in this material are those of the authors and do 
not necessarily reflect the views or opinion of the ERA-Net SES initiative. Any 
reference given does not necessarily imply the endorsement by ERA-Net SES. 

About ERA-Net Smart Energy Systems 

ERA-Net Smart Energy Systems (ERA-Net SES) is a transnational joint programming 
platform of 30 national and regional funding partners for initiating co-creation and 
promoting energy system innovation. The network of owners and managers of 
national and regional public funding programs along the innovation chain provides 
a sustainable and service oriented joint programming platform to finance projects 
in thematic areas like Smart Power Grids, Regional and Local Energy Systems, 
Heating and Cooling Networks, Digital Energy and Smart Services, etc. 

Co-creating with partners that help to understand the needs of relevant 
stakeholders, we team up with intermediaries to provide an innovation eco-system 
supporting consortia for research, innovation, technical development, piloting and 
demonstration activities. These co-operations pave the way towards 
implementation in real-life environments and market introduction. 

Beyond that, ERA-Net SES provides a Knowledge Community, involving key demo 
projects and experts from all over Europe, to facilitate learning between projects 
and programs from the local level up to the European level. 

http://www.eranet-smartenergysystems.eu/  
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EXECUTIVE SUMMARY 

The plan for the demonstration part of the project has been reiterated in the course 
of the project work. For the reasons of the increased interest from the DSO to 
implement a technical solution as part of business-as-usual network operation 
scheme, the demonstration has quickly been reclassified from a limited-time trial 
into a full-scale system implementation of the ANM system from Smarter Grid 
Solutions.  

This has added a level of complexity given a more extended list of technical 
requirements that the technical system had to fulfil. As a result, implementation 
process has taken longer than anticipated originally and has limited the opportunity 
to operate the system within the project timeline. The originally planned 
demonstration was no longer  a pilot, but rather a preparation for the full-scale 
operation and commissioning of the system with the consideration to fulfil 
additional safety criteria for the real network operation. 

The Low Voltage (LV) asset controller, capable of controlling residential generation 
assets, has been fully developed and commissioned for demonstration purposes. 
The LV asset controller has passed the conducted tests and has been proven to 
provide according to the requirements. 

The LV asset controller is intended to operate in larger scale to be able to add, with 
aggregated effect, to the ANM tasks orchestrated by the ANM4L Operational Tool, 
which is the common denominator and links the ANM system with the LV asset 
controller where LV asset controller receives commands via a cloud platform.  
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INTRODUCTION TO ANM4L 
The ANM4L (Active network management for all) project, anm4l.eu, will develop 
solutions to enable integration of renewables with the agility required from 
developments in demand and production.  

Alternatives to traditional network expansion are needed to ensure sustainable 
development of the power grids. New technologies, methods, and markets are 
emerging to provide increased flexibility in consumption, generation, and power 
transfer capacity. 

ANM4L aims at demonstrating innovative active network management (ANM) 
solutions to increase integration of renewable energy sources (RES) in electricity 
distribution systems. 

ANM solutions will consider management of active and reactive power to avoid 
overload situations, maintain voltages within limits, minimise the need of RES 
curtailment, and enable further RES uptake above the theoretical design limit of the 
electricity network. 

Core research and development activities include the development of: 

• Active network management methods for local energy systems. 

• Business models to provide decision support for market players. 

• An integrated toolbox to support the planning and operation of the 
distribution system. 

The toolbox, methods and business models for ANM will be demonstrated in 
Sweden and Hungary. The project will also prepare solutions and recommendations 
for replication in other local and regional energy systems. 

The ANM4L project is an international cooperation with a consortium consisting of 
partners in Sweden, Germany and Hungary:  

• RISE Research Institutes of Sweden (coordinator) 

• Municipality of Borgholm 

• Lumenaza GmbH 

• Lund University 

• RWTH Aachen University 

• E.ON Energidistribution AB 

• E.ON Észak-dunántúli Áramhálózati Zrt. 

• E.ON Group Innovation GmbH 
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DOCUMENT INFORMATION  
This deliverable is part of Work package 5 (WP5) “Demonstrations in Sweden and 
Hungary” and Work package 6 (WP6) “Replication”. The main objective of WP5 and 
WP6 is to demonstrate, through field trials, the functionality of the ANM4L toolbox 
developed in WP2, 3 and 4, and to validate the replicability of the developed toolbox 
and approach to other locations and DSOs.  

This deliverable reports the work carried out within T6.3 "Recommendations for 
standardisation actions" and T5.5 "Lessons learnt from the demonstrations and 
recommendations for replication". The objective of this report is to summarize the 
recommendations on standardization and replication and lessons learned while 
working with the demonstration of Active Network Management systems in the 
project. 

The report is structured as follows. First, chapter 1 defines the scope of work and 
outlines relevant notations, abbreviations and acronyms used in the report. Chapter 
2 outlines relevant definitions used throughout the report. Chapter 3 provides 
background information about the demonstration of Active Network Management 
systems and the experience and implementation in the real setting of existing 
energy networks. Chapters 4 introduces the requirements for standardization and 
replication of the systems and chapter 5 summarizes lessons learned during the 
demonstration process. Chapter 6, the final chapter and the discussion section of 
the report.   
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 INTRODUCTION 

1.1 Notations, abbreviations and acronyms 
Table 1 below provides an overview of the notations, abbreviations and acronyms 
used in this report. 

Table 1: List of notations, abbreviations, and acronyms 

ANM Active Network Management 
ANM4L Active Network Management for all (project 

name) 
DG Distributed Generation 
DR Demand Response 
DSO Distribution System Operator 
DSM Demand Side Management 
ERA-Net SES ERA-Net Smart Energy Systems 
RES Renewable Energy Source 
WP5 Work Package 5 
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 DEFINITIONS 
The definitions below are used throughout the ANM project: 

ANM (Active Network Management): is the exploitation of flexible network assets for 
the purpose of providing secure means of increasing grid utilisation.  

ANM solution: is the concept of a control system, integrated with ICT and the power 
system, with the ability to manage generation, load and electrical tolerances for 
DSO-driven purposes. 

Flexible resource: resources in the power system (load, production, and other 
controllable equipment) with the ability of being controlled to support grid needs.  

Demand Side Management (DSM): the control of flexible resources performed 
directly by the DSO for operational network security purposes.  

Demand Response (DR): the control of flexible resources performed via market 
procurement (e.g., direct from supplier or via aggregators), not directly controlled 
by the DSO itself as it would cause market distortions.  

https://risecloud-my.sharepoint.com/personal/emil_hillberg_ri_se/Documents/01%20Projekt/ANM4L%20%C3%96land%20case%20-%20REGSYS%20-%20EON/ANM4L-RISE/ANM4L%20consortium%20folder/WP3%20-%20ANM%20-%20Lund/D3.1/anm4l.eu
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 BACKGROUND 
The energy system is currently undergoing a radical transformation minimising 
greenhouse gas emissions and maximising the share of renewable energy sources 
(RES) in the energy mix. The electricity market is a key enabler of this transformation, 
creating new opportunities and challenges for market participants while recent 
technological development provides opportunities for active consumer 
participation. 

The recent technical developments have allowed RES to be economically viable. This 
has resulted in a paradigm shift forcing the traditionally one-directional distribution 
grids to be utilised in a bi-directional manner with an increased amount of 
distributed generation (DG). [3] 

The main challenge with this transformation is managing intermittent electricity 
generation by weather dependent sources such as wind and solar that are not 
adaptable to demand, [4] and often located at the edge of the grid. Grids are 
commonly structured similarly to a spiderweb, adapted to centralised generation 
with heavy lines close to the generation facilities and lighter lines further out. 
Fluctuations caused by intermittent generation in the periphery can therefore have 
a larger impact on the grid compared to if the intermittent generation facility had 
been placed at the centre. 

Distribution system operators (DSOs) are monopolists and therefore heavily 
regulated to protect consumers. There are multiple approaches for the DSOs to 
manage the issues brought by the increasing share of RES. Feedback from a real life 
implementation of solutions to manage integration and operation of small- and 
large-scale RES within the energy networks design limits would help DSOs to choose 
the most cost-effective solution. 
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 RECOMMENDATIONS FOR STANDARDIZATION 
This chapter describes the technical requirements that were considered in the 
implementation of the Active Network Management system in the energy network 
of the island Öland in Sweden. To the extent possible, these requirements have been 
aligned with the standard network protection regulation for the E.ON Energy 
Networks in Sweden, making the system replicable to other network locations with 
similar needs as in the demonstration site. The requirements specified in this 
chapter, including experience acquired during system implementation process, are 
the foundation for standardizing the technical requirements. 

4.1  Distribution Network Description 
A following simplified single line diagram represents the island’s network: 

 

Figure 1. A simplified single line diagram - medium voltage network on the island of Öland 

For the scope of the Request for Proposal process this diagram should be 
considered when defining the complexity of the network modelling process. Further 
details will be given for the design and implementation preparation processes after 
contract award. 

The main overhead lines between the 48MW windfarm and a connection to the 
mainland have a dynamic line rating (DLR) system with 4 dynamic line rating points 
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as shown in the figure below. The ANM system should be assembled in the Föra 
substation and will collect the DLR calculations, as well as other network monitoring 
data to optimize the reactive power flow in the point of connection to the TSO 
network via a subsea cable. 

 

Figure 2. Simplified grid network scheme of the island of Öland 

4.1.1 Remote Terminal Unit (RTU) 
One of the main components of the existing system is a remote terminal unit (RTU) 
and substation gateway. These are located in the Föra substation in the island of 
Öland. RTU provides communication of local measurement points in the substation, 
central SCADA and other local subsystems located in the substation. E.ON SCADA is 
a process IT system for monitoring and controlling the electricity network operated 
by E.ON Energy Networks, including 50 kV system on the island of Öland in Sweden. 
The central E.ON SCADA-system, which goes by the name Eldorado, also includes 
network failure management, both for planned and unplanned interruptions, as 
well as network documentation and operating history. 

4.1.2 Wind turbine generators’ SCADA (WTG SCADA) 
The Kårehamn Windfarm is equipped with its own SCADA system to monitor and 
control several parameters (e.g., active and reactive power setpoints) of the WTGs. 

It allows combining, in a single point of control, all the information about WTGs, 
meteorological mast and substation, serving as the primary interface between the 
wind plant operator and the wind farm equipment, sending control signals from the 
wind plant operator to the wind park controller, retrieving and storing operational 
data from the WTGs and interrogating alarm signals. 

The Kårehamn Offshore Windfarm is located in the Swedish part of the Baltic Sea, 
approximately 7 km away from the coastal town Kårehamn. The 48 MW wind park 
is operated by RWE Renewables (formerly E.ON Climate & Renewables). The park 
consists of 16 Vestas V112 wind turbines of 3 MW each. Windfarm is connected to 

https://risecloud-my.sharepoint.com/personal/emil_hillberg_ri_se/Documents/01%20Projekt/ANM4L%20%C3%96land%20case%20-%20REGSYS%20-%20EON/ANM4L-RISE/ANM4L%20consortium%20folder/WP3%20-%20ANM%20-%20Lund/D3.1/anm4l.eu
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the island’s network via Föra substation as two identical wind turbine groups, each 
consisting of 8 wind turbines of total 24 MW installed capacity. Thus, an external 
setpoint control command for the windfarm must be equally distributed between 
two wind turbine groups. 

4.1.3 Dynamic Line Rating (DLR) system 
The existing 50 kV system in the island will in some situations be loaded very close 
to its capacity limit. The normal principals for operation that are used for thermal 
capacity are therefore not sufficient. Installation of dynamic line rating in the weak 
spots has made it possible to increase the rating on the overhead lines and thereby 
operate the lines closer to their physical limit.  

The system that is constructed is calculating the ratings of the overhead power lines 
in the distribution grid and controls their current in real-time. In case of a too high 
current the system will automatically reduce the maximum output from the 
windfarm Kårehamn. 

As part of current DLR system operation it calculates the maximum available 
capacity in four locations (two in Köping and two in Linsänkan) of 50 kV overhead 
lines throughout the island between Föra substation (connection point of windfarm 
to the island’s system) and Linsänkan substation (connection point of subsea cable 
between the island and mainland Sweden). 

4.2 Technical requirements: Active network management system for the 
medium voltage assets 

Table 2. Expected quote based on the requirements 

Quote Functional, non-
functional, 
communication 
interfaces and data 
requirements 

Available capacity limits 
consideration (overhead 
lines, land cables and a 
subsea cable) 

Active 
network 
management 
(ANM) 
system 

x Static ratings for the cables 

Static or dynamic overhead 
line ratings 

(dynamic line ratings are 
provided by the existing 
DLR equipment) 

4.2.1 Functional requirements 
Develop and implement a modular ANM system that can optimize the use of the 
subsea cable between island and mainland as well as overhead lines and cables on 
the island. The ANM system should be integrated as part of a separate individual 
cubicle in the E.ON substation on the island, called Föra, and be connected to the 
local and remote RTUs, local dynamic line rating system/equipment and distributed 
wind turbine generators (WTG) via WTG SCADA.  
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The following functions shall be provided by the ANM system: 

• Create (P, Q) setpoint commands to wind turbine generators in real-time to 
preserve the ratings (static or dynamic) of the overhead distribution lines, 
static ratings of the distribution cables on the island and a subsea cable, and 
to optimize the reactive power flows in the point of subsea cable connecting 
50 kV island’s network system to the mainland TSO network.  

• Create setpoint control commands to the windfarm equally distributed 
between the 2 controllable groups of wind turbine generators. 

• The input from ANM-system is to be prioritized by the wind park controller 
in the following order: 
1. Manual signal from Föra RTU 
2. Automatic signal from ANM-system (Normal operation) 
3. Hard coded levels based on date of year (Communication loss with ANM-

system) 

Table 3. Seasonal static maximum power generation limits - Wind park 

Period Maximum Power, MW 

June - August 30 

March - May, September - November 40 

December - February 50 

• Perform real-time network analysis and optimal power flow calculations 
based on the current network topology to determine the optimum power 
setpoint commands. 

• Dynamically adapt in real-time to the latency/availability of communication 
system with the various existing components in the network. 

• Collect and utilize input (e.g. calculated available capacity in the overhead 
lines) from the existing DLR system/equipment. See further description 
below and in the subsection ANM-system – DLR-system communication. 

• Read the operational state for the ANM-system defined in the local Föra RTU: 
automatic control is active or blocked. 

• Initiate a power reduction command to the WTGs which will be enforced the 
earliest after the ANM-system has detected a continuity in measured 
network values so that the system does not act in the events handled by 
ordinary fault disconnection systems. This delay in WTG power production 
limitation will be calibrated in the design phase and in the 
commissioning/operation phase to avoid fluctuations in curtailment setpoint 
commands. 

• If the ANM-system sends a limit signal to the wind farm and the wind farm, 
after a time limit, is not decreasing the output power, then after the 
measured current in the most overloaded line has reached 130% (of the 
maximum calculated dynamic capacity) and a time limit the ANM-system will 
send a “Quick power reduction command” signal to the Föra RTU dedicated 
to the wind farm. 
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• If the wind farm, after a limit time, has not reduced the output power and the 
current in the network has reached 140% of the maximum capacity, then 
after a time limit the ANM-system will disconnect the wind farm from the grid 
by tripping breakers of the wind park connection to the network and parallel 
to that will send an indication signal to the Föra RTU that wind farm 
connection breakers have been tripped. 

• Report current control setpoints to the local RTU in the substation. 
• Monitor and report ANM-system faults to the local RTU in the substation. 
• Monitor communication status with local RTU and WTG SCADA through 

watchdog functionality.  
• ANM-system should be capable to support a fast reaction logic when 

triggering a signal to trip local or remote breakers as part of instantaneous 
grid protection functionality. Based on the data input from the available 
interfaces in the grid the activation commands should be generated and 
activated within the timeframe of <100ms after the fault has been detected. 
If there are any limitations to this supplier should provide a description on 
that. 

• Incident data storage requirement. E.ON requires ANM-systems to record 
interference/disturbance files in connection with system events. It must be 
possible to configure the event that initiates recording of 
interference/disturbance files in each project. Examples of such events: the 
network guard trips a switch, the network guard detects loss of line, 
production control is initiated, etc. 

• The format of interference files must be conform to the COMTRADE IEEE 
C37.111 2013 standard or similar. The recording time must comprise 5.0 s 
before the event to 5.0 s after the event (the recording time must be 
adjustable). The sampling frequency should be 500 Hz at 10 s recording time, 
i.e., 5000 samples per recording. The device memory must be able to handle 
storing at least 20 events. When the fault detector's memory becomes full, 
the oldest record should be deleted and make room for the next one. 

Suppliers shall state as part their response to this RFP whether all or part of the 
above functional requirements are fulfilled and a description on how that is done. 

4.2.1.1 Dynamic line rating (DLR) system integration 
ANM system performs optimal power flow calculations based on the dynamic 
capacity limits (dynamic line ratings) of the overhead lines of the 50 kV system. 
Dynamic line ratings are provided by the existing DLR system. 

If no communication is existing with DLR system at any moment, the ANM system 
defaults to pre-defined fixed ratings of the lines dependent on the season of the 
year (4 sets of values). 

Data of available line capacity (A) calculated by the existing DLR system is to be 
retrieved primarily from a local Modbus RTU interface with DLR equipment. 

The equipment should be ready to retrieve these values in the future from the 
IEC101 interface with Föra substation. 
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4.2.2 Non-functional requirements 
The following list presents general non-functional requirements related to the 
integration of an ANM-system in the Föra substation in the island of Öland. 

• The system must be built on industrial components, be robustly built, and 
meet requirements according to IEC 61850-3 and IEEE 1613. 

• The system must be installed in a separate cubicle and integrated in the 
existing substation. 

• The system must follow implementation in the existing substations and 
integrations with standard DLR-system, RTUs in the substations and WTG 
SCADA, i.e. the ANM-system should be compatible with the available 
communication interfaces. This will make the ANM-system standardized for 
implementation in other sites in Sweden. 

• The system must be modular to accommodate various number of 
controllable distributed generation assets. In this project there are two 
controllable groups of wind turbine generators with total installed capacity 
of 24MW each. 

• All included hardware products in the system must be powered from the 
station's 110 V DC system. Any DC/DC converters for the formation of other 
DC voltages must be monitored. 

• Local physical Human Machine Interface is required for the maintenance and 
any manual setup that might be required during ANM-system system 
implementation. 

4.2.3 Communication interfaces and data points 
This chapter provides an overview of standard communication interfaces available 
for the ANM-system to establish communication with existing assets in the 
controlled network. 
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Figure 3. ANM-system communication interfaces 

4.2.3.1 ANM-system – DLR-system communication 

4.2.3.1.1 Static or dynamic line ratings (Quote A) 

ANM-system must consider in its real-time optimization model the ratings for the 
overhead lines (static or dynamic), cables (static) and a subsea cable (static). 

The readings for the data points concerning static capacity limits of the overhead 
lines, cables and a subsea cable will be provided as hard-coded values during the 
implementation phase or will be available for retrieval via RTU in the substation 
where the ANM system is to be implemented. 

The readings for the data points concerning the dynamic state of the overhead lines 
are available either via local interfaces with the existing DLR-system equipment in 
the local Föra substation or from the remote DLR equipment performing 
calculations of the overhead line ratings and/or from the E.ON central SCADA via 
RTU in the local Föra substation. 

Dynamic line ratings of the overhead lines are provided from four locations in the 
island (two in Köping and two in Linsänkan). These ratings are calculated in the so-
called dynamic line ratings (DLR) system/equipment, currently in operation on the 
island. 

Communication interface available to read the data from DLR equipment is a serial 
Modbus interface. 
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Figure 4. Communication interface between ANM-system and DLR-system 

4.2.3.2 ANM-system - RTU communication 
This subsection describes communication interfaces between ANM-system with 
RTUs in local and remote substations. To ensure communication with both local and 
remote RTUs ANM-system must have at least two serial ports available for 
communication with IEC101, at least one Slave port to establish a communication 
with the local Föra RTU and at least one Master port for the communication interface 
with the remote RTU in Linsänkan. 

4.2.3.2.1 Föra RTU 

 

Figure 5. Communication interface between ANM-system and RTU in the Föra substation. 

The ANM-system must comply with a local communication interface to the existing 
RTU in the Föra substation where theANM-system will be installed. It is a serial 
interface based on the IEC101 communication protocol. 

This local interface with RTU allows the ANM-system to read data 
points/measurements available in the local substation as well as send control 
signals to the wind farm in cases when the wind farm is not responding to the 
setpoint commands sent through the direct communication interface between the 
ANM-system and the WTG SCADA. Moreover, the interface with local RTU will allow 
to communicate status data from the ANM-system to the central E.ON SCADA. 

4.2.3.2.2 Linsänkan RTU 

 

Figure 6. Communication interface between ANM-system and RTU in the Linsänkan substation. 

As for the data points from remote substation(s), e.g. in Linsänkan (connection of 
subsea cable), a serial interface based on the IEC101 communication protocol will 
be provided for the communication between ANM-system and RTUs of that remote 
substation. The function of this interface is to retrieve the measurements of the 
subsea cable state (measured active and reactive power exchange with mainland). 
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A list of required network monitoring data and measurements from the remote 
substation Linsänkan shall be defined by the supplier. This list should be based on 
the parameters required to operate supplier’s ANM optimization algorithm. 

4.2.3.3 ANM-system – WTG breakers communication 

 

Figure 7. Communication interface between ANM-system and WTG breakers in Föra substation. 

As described in the functional requirements for the ANM-system in the above 
sections. ANM-system can send trip signals to the breakers connecting two groups 
of wind turbines with the island’s network in Föra substation. These signals should 
be sent as discrete/digital output commands via hard-wired interface with the 
Control Unit of two breakers. 

Table 4. Control signal – WTG breakers 

Signal State Signal description 

Breaker WTG Group ON/OFF Trip breaker for WTG Group 

4.2.3.4 ANM-system – WTG SCADA communication 

 

Figure 8. Communication interface between ANM-system and WTG SCADA. 

A communication interface for the data collection and automatic control of wind 
turbine generators is provided via WTG SCADA. It is an IP based communication 
interface with Modbus TCP/IP protocol. ANM-system will be a Master/Client and 
WTG SCADA is a Slave/Server. 

4.2.4 Additional technical requirements  
The following requirements have been derived from the implementation process 
with an active involvement of operational personnel of distribution system operator 
(DSO). 

Additionally, to the described requirements the ANM-system must be able to 
support changes in network topology during planned and unplanned outages in the 
network. Moreover, the ANM-system must automatically recognize changes in the 
standard topology during operation and automatically adjust control strategy of the 
distributed energy assets to that. For this, the ANM-system needs to read the status 
of the key network switches for the network locations defined as critical for network 
operator. 
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Potential outages and topology changes have to be defined by the DSO, considering 
the most critical scenarios that the DSO prefers to be handled by the ANM-system, 
reducing the need for manual intervention, which is especially important during 
extreme weather conditions, since personnel in the control room is usually 
overloaded in those occasions with many tasks to enable resilient operation of the 
energy networks.  

4.3 Technical requirements: ANM system controlled Low Voltage Assets 

4.3.1 Functional requirements 
From the perspective of a modular ANM system that can optimize the use of the 
grid, low voltage assets can play a part and if aggregated provide partial/local grid 
stability. 

Low voltage assets at Öland included in the ANM4L Demonstration is heat pumps 
and inverters for rooftop photovoltaic panels, where the latter has been replicated 
to the partial demonstration in Hungary. 

The functional requirements for the low voltage assets that are controlled is to limit 
either export or import of power and change the Power Factor of the inverter, to 
support the grid in its current state depending on the P, Q setpoints adopted by the 
ANM-system. The ANM4L Toolbox collects required data from the ANM-system (or 
SCADA/EMS), and via a developed algorithm creates setpoints for the LV asset. The 
setpoints are then to be sent to the LV asset via a cloud API the a local asset 
controller that end the command to the asset. See Figure 10. Schematic view of the 
grid including ANM-system and controlled LV assets below. 

 

 

Figure 9. Schematic view of the grid including ANM-system and controlled LV assets 

 

The LV “control system” is designed as a multi-tier solution having a Cloud API 
(Device Cloud) and a local controller (Device Controller), as described in Figure 11. 
Low Voltage controller architecture below. 
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Figure 10. Low Voltage controller architecture 

 

4.3.2 Non-functional requirements 
The following list presents general non-functional requirements related to the 
integration of an LV asset (inverter) in the LV grid, which in this case is on the island 
of Öland. The list below is split between three parts of the architecture presented in 
Figure 10 above. 

• Toolbox (The ANM4L Toolbox) 
o Support Standard Open Data Access protocol (Swagger) 
o Support Standardized IT security together with Open Data Access 

(OAuth2) 
 

• Device Cloud (API and central storage) 
o Provide an IT security framework for outbound communication and 

also management. 
o Provide data storage and ability to serve assets (and store data) with 

10 seconds interval 
o Manage and store data according to a standardized protocol, i.e. 

DLMS/COSEM 
 

• Control Device (aka Asset controller) 
o The controller must be able to measure power at the point-of-

connection at the promise. 
Either with its own electricity meter, or communication with the 
residential electricity meter, via the HAN-port. 

o The Control Device should be low cost and easily installed in order to 
be relevant from a business case perspective 

o For communication/integration with the local asset standardized 
industrial protocols must be used. For this Modbus RTU, Modbus TCP 
is implemented. For inverter communication the deFacto standard 
SunSpec is implemented as a layer on top of Modbus. 

o All included hardware products in the Control Device must be 
powered from the premise 230VAC system (consumer unit). 

o The Control Device must be remotely configurable. 
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4.3.3 Communication interfaces and data points 
The ANM4L Toolbox analyses grid data, based on a model (simulation) or real assets 
(measurements). The analysis is consumed by a control algorithm to calculate 
control setpoints of residential heatpumps and PVs. Setpoints are sent to the cloud 
solution. See Figure 11 below. 

 

 

Figure 11. ANM4L Toolbox 

 

The cloud solution receives setpoints and acts as a dispatcher for the residential (LV) 
assets. The cloud solution also receives meter data from assets (i.e. both the asset 
and the meter installed at the premise). See image Figure 12 below. 

 

 

 

Figure 12. Device Cloud 
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The asset controller acts as a transceiver. It transmits asset data and receives 
setpoints for the asset. Currently, Swedish, Hungarian and Dutch standard 
residential meters’ P1/HAN port are supported by DLMS/COSEM.  

The asset controller also supports SunSpec (for PV inverters) and can be configured 
for misc. Modbus communication (variable assets). 

In ANM4L Demo PV inverter is controlled to support the grid by settings a maximum 
limit for generation (WMaxLim) and by setting PowerFactor to adjust the reactive 
power. See Figure 13 below. 

 

 

Figure 13. Control Device 

Each asset is read every 10 seconds, and in each reading loop any command that is 
applied to the Device Cloud (and not yet executed) is sent to the asset. The command 
result feedback (ACK/NAK) is sent back to the cloud solution for the asset. 

All communication with the Device Controller is encrypted using the SHA 256 (and 
HMAC). 
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 LESSONS LEARNED 
• ANM is a system to optimize the network, typically via control of distributed 

generators 

• It can’t work faster than the available network telemetry and the 
generator response time 

• Separate systems for network protection and ANM (optimized control of 
distributed generators) 

• ANM systems can integrate control of protection relays and circuit 
breakers 

• ANM can be integrated with current & virtual DLR systems 

• Optimization is provided by OPF algorithms – can be implemented in the ANM 
equipment in different ways 

• Direct OPF implementation requires ensuring that the algorithm will 
always have enough data to converge 

• Extraction of sensitivity coefficients simplifies the convergence problem 
and minimizes convergence time, especially for large network areas 
(thousands of nodes and hundreds of controllable distributed generators 

Table 5. Brief comparison of evaluated ANM solutions available on the market 

Supplier 

 

Criteria 

Smarter Grid 
Solutions, SGS 
(UK) 

ZIV Automation 
(UK) 

Opus One 
Solutions 
(UK/Canada) 

Siemens 
(Sweden/Austria) 

Technical 
solution 

Tech 

requirements 

ANM control 
loop – 500 ms; 
with 50ms direct 
execution 
at ”Element Grid” 

ANM control loop – 
seconds 

ANM control loop 
– seconds 

-  

Algorithm Real-time, 
preconfigured 
generator 
sensitivity factors 
(fast 
convergence) 

Real-time, 

iteration-based 

(Fast-to-slow 
convergence) 

Forecast-based 
with PQ setpoint 
schedules 

(Fast-to-slow 
convergence) 

Preconfigured 
regulating 
concept/PLC-logic 

Implementation Network 
topology for off-
line analysis 

Network model 
(PSSE etc.) required 
in ANM 

Network topology 
required 

Network topology 
required 

Scalability Reconfiguration 
of the algorithm 

Reconfiguration of 
network model 

Reconfiguration 
of network model 

Reconfiguration of 
the algorithm 

Future 
configurations 

Direct SCADA 
integration or via 
Central Platform 

Direct SCADA 
integration or via 
Central Platform 

Central control 
via Control 
Center 

N/A 
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 DISCUSSION 
Active Network Management solutions will become an essential part of enabling 
energy transition at a higher pace than it has been planned originally. It is driven by 
the need to reduce the reliance on Russian natural gas the shortage of which has 
caused an ongoing energy crisis. The ANM technology provides a tool for the DSO 
to continue the integration of renewable energy sources at high pace in the 
constrained networks, while managing the operation of networks within their design 
limits, without the need to block new RES projects until network reinforcement is 
introduced. 

The market of ANM solutions is still under development, but it does offer reliable 
systems that have been proven by the decade of research and development and 
field projects with systems implemented in the real setting of network operators. It 
was identified during demonstration process that it does take more effort when a 
system is integrated in the specific network for the first time. Every network operator 
in different countries has its own specific standards for system commissioning as 
well as requirements on the operational scenarios that have to be automatically 
covered by the ANM system. All requirements are driven by providing the support 
to the operational personnel in the control room in the way that would require a 
limited intervention from the operator. The consecutive projects would take less 
effort from the system implementation team on both sides (DSO and system 
provider) and would be the question of defining the interfaces with assets in the 
new location and implementation of new network model or performing new optimal 
power flow calculations. 

Experience from this project suggests that the involvement of experts from different 
departments of DSO is key component that would facilitate the definition of system 
requirements that would enable system replication within wider network areas. 
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