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Executive Summary 

This document – Deliverable D3.1 – aims at specifying the energy storage systems under the scope of the DEMOCRAT 
project. It presents the main requirements and the technical aspects of the energy storage components. This 
document is constituted by several sections related with the technical specification of the Battery Energy Storage 
System (BESS) of the DEMOCRAT project regarding its main components such as the batteries, the power 
conversion system, the ES Controller and the ES Manager. The document also presents the key functionalities of 
the BESS that must be provided in the demonstrator, namely: the  operation in off-grid mode when the micro-grid 
is isolated from the main grid; load/generation following; smoothing of the power output of the photovoltaic (PV) 
power plant; as well as the reduction of demand charges related with an industrial prosumer; and the participation 
in flexibility markets.  

The integration aspects of energy storage with the other components and assets of the demonstrator will be 
specified, taking into account the power grid. The ES Controller, as a core equipment for the local control and 
monitoring of the battery storage system needs to be capable of managing different communication protocols 
that will be presented. The specification will also include the energy storage control and supervision dashboard 
in order to guarantee its use in a safe, efficient and integrated way in the micro-grid, including efficiency 
monitoring and analysis of degradation and expected life, for various operating modes. 
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Glossary 

BESS – Battery Energy Storage System 

BMS – Battery Management System 

DER – Distributed Energy Resources 

DTC - Distribution Transformer Controller 

ECP – Electric Connection Point 

ESC – Energy Storage Controller 

EV – Electric Vehicle 

HMI – Human Machine Interface 

HVAC – Heating, ventilation and air conditioning 

IED – Intelligent Electrical Device 

KPI – Key Performance  

LV – Low Voltage 

MBMS – Master Battery Management System 

MG – Micro-grid 

MV – Medium voltage 

MGMS – Micro-grid Management System 

PCC – Point of Common Coupling 

UPS – Uninterruptible Power Supply 
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1. Introduction 

 The DEMOCRAT project aims at demonstrating an integrated and innovative micro-grid concept, applied to Low 
Voltage (LV) networks, as a suitable solution for efficiently managing their Distributed Energy Resources (DER) 
(eg.: PV micro-generations), working simultaneously as a flexible asset of the distribution networks. Considering 
that this management is performed close to the majority of the end users, its effects are spread to the voltage 
levels above, improving substantially the overall system’s operation – leveraging the transition of the electrical 
power systems to the Smart Grids paradigm – enabling, among others, the increasing of the networks capacity to 
host new DER, to increase the penetration levels of renewable energy in the energy mix and the improvement of 
the quality of service and energy. 

This project is the result of an integration process of a set of individual solutions and technologies developed by 
Efacec Energia within the scope of Smart Grids, jointly with its Storage solutions, allowing the development of a 
turnkey micro-grid solution for wide-scale application for electrical power systems. The scalability of DEMOCRAT 
results from the fact that it is not only a solution for LV networks operated by regulated entities (Distribution 
System Operators) but also for customers, such as industrial hubs. 

This document constitutes the technical specification of the energy storage system necessary for the development 
and implementation of functionalities related to their integration in the field of micro-grids, associated with the 
DEMOCRAT project, under the scope of task 3.1. This deliverable, D3.1, belongs to the Activity 3 - Technical 
specifications of the solution and its components. 
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2. Technical specification of the energy storage system 

2.1 Energy storage main components 

The BESS for the DEMOCRAT project can be divided in different main components, the battery system, the power 
conversion system, the energy storage controller and the energy storage management system. The requirements 
and details of each component of the solution are presented in the following sections. 

2.1.1 Battery system 

The battery cells connected in series or parallel assembled to modules and optional pack configurations allow 
achieving the voltage and energy capacity target values. Currently, for the type of application considered in the 
Democrat project, the most commonly used battery technology is the lithium ion technological family. Since 
lithium-ion batteries have a cell voltage relatively high, the number of cells used can be lower to achieve the 
target voltage value, compared to other battery technologies and. It presents a technological degree of maturity 
compatible with the objectives of the project, level of energy density and economic factor, among other aspects.  

For this project, it is expected a battery storage solution based in lithium-ion technology with approximately 
200kW/200kWh, high lifetime (more than 3500 cycles) and a relatively low self-discharge process. The system 
should integrate the Battery Management System (BMS) and the Master Battery Management System (MBMS) if the 
system is composed by 2 battery pack or more and should be defined to occupy the least space possible. This 
equipment is planned to be comprised inside a metallic standard container (20’ High Cube Container). Beyond the 
battery system, this container shall comprise all the auxiliary systems that enable a safe, secure and reliable 
operation of the battery system, namely the fire detection and extinction system, an intrusion detection system 
as well as a properly sized Heat, Ventilation and Air Conditioning (HVAC) system for the thermal management of 
the energy storage solution. 

The technical specification for the battery system is presented on Table 1. 

Table 1-Technical characteristic of battery system 

System Electrical characteristics  

Type Li-ion  

Capacity 200 kWh 

Power 200 kW 

Nominal voltage 736 V 

Voltage range 690 … 828 V 

Current 148 A 

Cycles number 3500  

Depth of discharge 80 (10~90) % 

BMS Integrated into rack  

   

Protection   

Protection Index IP20  
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Environment conditions   

Ambient temperature 15 … 30 ºC 

Ambient temperature with 
deterioration 

0 … 50 ºC 

 

2.1.2 Power Conversion System 

Power electronics is the key enabling technology facilitating the connection of BESS with the grid. The conversion 
system is based on power electronics and it is necessary for the conversion of Alternating Current (AC) from the 
grid side to the Direct Current (DC) input/output that the battery system presents, while providing a set of 
features and controls. 

The main requirements for the battery inverter is the capability of allowing a bidirectional power flow, 4-quadrant 
operation, grid support capability, extended grid support and reactive compensation module. The battery inverter 
needs to be adapted to the used battery packs: the inverter DC voltage range should be wider than the battery 
voltage range and the inverter maximum DC current should be bigger than the battery maximum current 
considering the charging and the discharging of the batteries at 1C rate. The DC minimum voltage shall correspond 
to the peak of the voltage grid assuming, in the worst case, an overvoltage of 15%, thus being: 

𝑈𝑑𝑐𝑚𝑖𝑛 = 𝑈𝑎𝑐1𝑛√2 × 1.15 ≅ 683 𝑉𝑑𝑐 

This value is lower than the expected minimum voltage value of the battery racks (690V) being respected the 
worst-case operating condition.  

The technical requirements for the battery inverter are presented on Table 1. 

Table 2- Technical characteristics of Battery Inverter 

Input – DC bus   

Minimum voltage 480 V 

Maximum voltage 880 V 

Maximum current 542 A 

   

Output – AC bus   

Rated power 250 kVA 

Rated voltage  315 V 

Rated current 458 A 

Frequency 47 … 52 Hz 

Maximum current 509 A 

cos(φ) 1,0 ind … 1,0 cap  

THD <3 % 
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Supply of auxiliary services   

Maximum consumption 800 W 

Stand-by consumption <100 W 

AC voltage of auxiliaries 230 ± 10 % V 

   

Performance   

Efficiency >98,0 % 

   

Protections   

Overvoltage arrester on AC 
side 

yes  

Overcurrent protection on 
DC input 

yes  

Overcurrent protection at 
AC output 

yes  

Emergency button yes  

Low voltage ride-through yes  

High voltage ride-through yes  

   

Interfaces   

Communication RS-485, Ethernet  

Communication protocols Modbus (RTU, TCP)  

Human machine interface HMI with display 
touchscreen 

 

Protection  

Protection Index IP43  

 

2.1.3 Energy Storage Controller 

The ES Controller (ESC) corresponds to a smart local control unit that enables the adequate and very fast response 
of the energy storage system. The controller should enable the continuous monitoring of AC and DC magnitudes 
from the electric grid and battery system, providing the interfaces with the battery management system and the 
battery inverter. Its control features ensure the fulfilment of technical and economic criteria that is customizable 
by the storage system user. It performs basic functions such as control and monitoring, the ability to save historical 
metering data logger and the management of electric connection and disconnection of the battery system that 
support the operating modes of the system.  

This component monitors the battery device, communicating with the BMS or MBMS and with the power conversion 
system. In addition, the ESC is able to monitor electrical measurements at the Electric Connection Point (ECP) to 
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achieve an adequate control of the BESS. The ESC is responsible for sending active and reactive power set-points 
to the power conversion system in order to perform different services. Moreover, by communicating with systems 
of other electric sector stakeholders (e.g. Distribution System Operator, electricity market operator) it is capable 
of optimising the behaviour of the BESS both in technical and economic terms, as well as allowing the BESS to 
respond to external functional requests. The optimisation of the behaviour of the BESS consists of defining the 
schedule of the battery system i.e. the most adequate periods of time, considering the objectives of the 
integration, to charge and to discharge the BESS. 

Apart from these two devices, inverter and MBMS, whose are controlled by the ES Controller, this controller 
communicates with the remaining components of the demonstrator, such as the auxiliary services like the fire 
suppression system and the HVAC, the metering and power quality systems, the transformer(es) and with the 
active assets of the grid.  

Regarding the auxiliary services, the ES Controller plays a very important role in the ventilation and HVAC 
regulation strategy since lithium-ion batteries have a limited range of temperatures in which the system can 
operate safely. The optimum temperature range for battery operation must be between 18°C and 28°C in order 
to guarantee a long operating lifetime to the batteries and more efficiency to the system. 

2.1.3.1 Electrical Connection Point and Functional Architecture Design 

In a simple BESS configuration, there is only one ECP between the BESS and the utility power system (main power 
system). In this case, the ECP always corresponds to the Referenced ECP as well as it corresponds to the Point of 
Common Coupling (PCC). However, different ECP may exist, particularly in a microgrid (MG) application. In fact, 
the ECP of a BESS may be the point of electrical connection to any power system (local or main grid). This point 
connection often presents a switch and a circuit breaker, and/or a meter. Therefore, when the BESS is connected 
within a microgrid or with other Distributed Energy Resources (DER) systems, different ECPs exist (the points of 
electrical connection of the different systems). In such case, a common ECP may be present, corresponding to 
the PCC, interconnecting the local systems to the utility power system (if it exists). 

These ECPs can be hierarchical, and their importance consists of the identification of electrical points from which 
the BESS, and particularly the ES Controller, may need to use measurements or other information. These ECPs 
may be the point of electrical connection of, for instance, several loads, of PV or wind generators, from which 
measurements will be needed to perform functionalities such as peak shaving and renewables intermittency 
response. 

In simpler applications, one Referenced ECP may be configured to all functions and operational modes. Therefore, 
the referenced ECP must be configurable in the ES Controller  

The functional architecture design presented in Figure 1 shows that each ECP defines a Local Control Area, while 
the ECP that corresponds to the PCC (if it exists) defines the Global Control Area. The ES Controller will need to 
provide lower-level control and monitoring of the local control area in which it is connected (e.g. a conversion 
station connected to a battery container), with high availability and fast response. 
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Figure 1- Functional Architecture of storage solution 

2.1.4 Energy Storage Manager 

The Energy Storage Manager, ES Manager, corresponds to an advanced management system of the overall storage 
system. The ES Manager should have a detailed view not only of the storage system, but also of the other active 
elements that can share the same grid ECP with the storage system. The active elements in the demonstrator are 
the photovoltaic power plant, the diesel genset and the controllable loads like the Electric Vehicle (EV) charging 
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stations that, by working together, constitute a MG. The acquisition and processing of a significant quantity of 
data allows the implementation of advanced algorithms in order to maximize the benefits of the storage system 
during its useful lifetime, gaining a more comprehensive view of the entire system.  

On one hand, the ES Manager has the responsibility of optimize the integrated system coordinating as the same 
time the useful life cycles of the batteries (useful lifetime and degradation rate), i.e. the optimization process 
considers not only the battery system operation as well as some internal variables associated with the health of 
the batteries, which may limit both the overall performance of the system and its lifetime.  

On the other hand, the ES Manager shall provide advanced algorithms able to optimize, for different time horizons 
(daily or intra daily based) the management of the cycles of charge and discharge, responding to multiple 
operation objectives and integrating forecasting algorithms of renewable generation and load. The ES Manager 
shall report the important data to the Microgrid Management System (MGMS).  

One other feature for the ES Manager is the monitoring and performance evaluation of the integrated storage 
system that goes up to performance analysis, generate and provide performance reports and report the 
performance analysis to the SCADA/EMS/MGCC. A dashboard to follow the performance management must be 
implemented. The dashboard specification will be present on a section bellow – section 2.4 of this document. 

2.2 Functionalities 

In this section it is presented the main functionalities and multiple services of the storage system that should be 
performed and provided in the demonstrator. The implementation of the ES Controller, as the lower-level 
controller of the BESS, needs to support three mutually exclusive operational states: the normal operation where 
the ESC needs to ensure the response of the system to commands from superior systems, the lockout operation 
that it is only set when the ESC is powered up for the first time or when restarted and the maintenance operation 
that occurs during an upgrade of the software or firmware. 

In addition to the basic functions such as the monitoring, historical information, the galvanic connect and 
disconnect function, cease to energize and thermal management, the ES Controller has four types of operating 
modes, such as the Active Power Modes in which the active power is controlled at a referenced ECP, the Reactive 
Power Modes in which the reactive power is controlled at a referenced ECP, the transition modes that only affect 
the behavior of the BESS when an extreme event occurs and the emergency modes that should be activated in the 
ESC so that the BESS responds to triggers from fast fluctuations of fundamental measurements. 

In the DEMOCRAT project, the BESS shall be able to operate on-grid, i.e. connected to the main distribution grid, 
operate in off-grid mode, i.e. disconnected from the main distribution grid.  

Within the demonstrator, the energy storage system has to be capable of performing the subsequent 
functionalities: 

• Generation/Load following 
The Generation/Load following within the ES Controller functional architecture corresponds to a function that 
will be available only in the Normal Operation State and belongs to the Active Power Modes. The fast operation 
of the storage system either to charge or discharge the batteries allows the possibility of following a certain 
generation/load profile predicted for the Transformer Substation or for an Electric Connection Point (ECP). The 
ES Controller shall be capable of receiving the generation/load profile with a time resolution of 30 minutes and 
for the maximum period of one week. These signals may be provided through a data file containing time-stamped 
data values (day, hour, minutes, setpoint of active power and ramptime) directly to the ESC or through higher-
level control and management systems (e.g. Microgrid Management System, SCADA, ES Manager). With this ability, 
the BESS can compensate the actual upwards/downwards power deviations from the forecasted profile. The 
system can use this functionality either to follow the generation (for example, the PV power plant production) or 
to follow the electric demand, i.e., loads.  

• Reduction of demand charges 

The reduction of load charges is applicable both for active and reactive power. Regarding the active power, the 
ESC only sends the active power setpoints to the power conversion system, defining the charging or discharging 
of the BESS. To choose the best periods of time to charge or discharge the batteries and, consequently, reduce 
the load charges is responsibility of the ES Manager or the Microgrid Management System. In relation to reactive 
power, the ESC has an operating mode that allows to fix a value for the power factor, optimally near to 1 and 
consequently the value of reactive power is decreased to achieve the optimum power factor. This mode is the 
Fixed Power Factor Mode within the ES Controller functional architecture that corresponds to a function that will 
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be available only in the Normal Operation State and belongs to the Reactive Power Modes. The purpose of this 
operating mode is to ensure the provision by a control area of the ES Controller or the BESS of a constant power 
factor at a Referenced ECP. In this operating mode, maintaining a fixed power factor is achieved only by adjusting 
the reactive power exchange (kvar) of the control area or the BESS at the Referenced ECP. This function is relevant 
to comply with Grid Code requirements and/or to decrease demand charges related with reactive power 
absorption/injection.  

• Back-up power/off-grid mode 
Back-up power/off-grid mode corresponds to the normal operation and it belongs to the transition modes. In this 
operating mode, the BESS provides active and reactive power to the local power systems loads when the local 
power system is not connected to the main distribution grid. In this case, the battery inverter acts as a voltage 
source, responsible for the grid forming, maintaining the frequency and voltage within specified limits. After 
operating in this mode, the BESS shall be capable of controlling the reconnection of the local power system with 
the main Power System, in case certain conditions are met, which the ES-Controller shall ensure. The ES-Controller 
shall perform theses operating modes without surpassing any technical limits of the battery inverters. In case any 
battery limits are being reached, the ES-Controller shall send a partial stop to the inverter. 

• Participation in flexibility markets  
Flexibility markets make possible to use local flexible generation provided by the energy storage system which 
can adapt their electricity demand or production, meaning an increase/decrease in consumption/production. The 
end users can also participate on flexibility markets through Demand Response Programs, enabling to the markets 
an end-user access eligibility. On this functionality the ESC only sends the active power setpoints after a superior 
hierarchic entity makes the request for it. The ESC sends the setpoint to the power conversion system for charging 
and discharging the batteries.  

• Smoothing of the generation profile of the photovoltaic power plant 
The ES Controller is the main responsible for the performance of this functionality. The Active Power Smoothing 
operating mode may be enabled in applications where the BESS is connected to the same ECP as a renewable 
generator (PV power plant) and/or electric loads. The objective is to utilize the BESS to absorb or produce 
additional Watts to counteract local variations of generation and/or demand, and consequently smoothing the 
active power exchange at the referenced ECP. This mode requires acquiring measurements from the ECP. This 
operating mode consists in the computation by the ESC of the instantaneous difference in the active power 
measurement at the ECP and a moving average of the active power level over a rolling time window. When this 
active power difference exceeds a defined deadband, the ES Controller needs to respond adequately so that the 
BESS can contribute to smoothing the active power profile at the Referenced ECP. When an upward deviation is 
identified, the BESS needs to charge in order to maintain the active power exchange within the threshold 
deviation. When a downward deviation is identified, the BESS needs to discharge in order to maintain the active 
power exchange within the threshold deviation. 

 

2.3 Energy Storage system and its grid integration 

For the demonstration of the solution, it will be designed a pilot installation at Efacec premises (in Maia), since 
it has all the necessary conditions for the demonstration of the proposed functionalities. It will be selected one 
of the 11 secondary substations that respect the requirements. In Figure 1 it is possible to see the electric 
interaction between the main components of the demonstrator: the two containers, one for the battery system 
(Battery Block) and other for the power conversion system (PCS Block). Figure 1 also comprises the connections 
with the Low Voltage (LV) or the Medium Voltage (MV) grid, through the LV/LV transformer or through the LV/MV 
transformer, the control cabinet and the main connections to the active assets of the grid, such as flexible loads 
(EV’s charging stations and street lighting), genset and load bank. 
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Figure 2- Network integration 

2.3.1 Battery Block 

In regard to the Battery Block, the battery system itself was already specified on section 2.1.1. However, this 
container comprises other components. The main requirements of each component belonging to the container are 
described below: 

• The fire detection and extinction system: A system based on an inert gas or fluid type, which is a fire 
suppressor without water, shall be considered. The fluid stops the combustion process, absorbing the 
heat. It corresponds to a sustainable alternative replacing hazardous gases, it has a low, almost null 
global-warming potential and it does not remain in the atmosphere nor depletes the ozone layer.  

• The intrusion detection system: shall be a typical system that monitors the container detecting and 
alerting in case of human/ animal intrusion so that the BESS can stop operation in a safe way.  

• The HVAC system for thermal management: the HVAC system aims at keeping the battery cells within the 
optimal temperature range, allowing the batteries to operate within a safe and optimum temperature 
range with the purpose to maximize the useful life of the system and ensure the performance 
requirements. Therefore, the application of the battery system must be known as well as the possible 
utilization profile of the BESS. While the HVAC system enables the operation of the batteries in the optimal 
temperature range, it shows meaningful impacts in the global efficiency of the system. In order to 
decrease the impact of the HVAC system several factors besides the batteries efficiency and the 
application should be considered, such as: location inside the container, direction of the airflow, the 
airflow, air temperature, electrical consume (Coefficient of performance – COP) and isolation of the 
container. 

• Electrical boards: are components of an electric supply system that divides a power feed into subsidiary 
circuits, while providing a protective fuse or circuit breaker for each circuit in a common enclosure. In 
this scope, a specific electrical board serves the DC distribution circuit, interconnection the power 
conversion system with the battery system. 
 

2.3.2 PCS Block 

Regarding the PCS Block, the requirements for the inverter were described in the section 2.1.2 of this document. 
The specifications for the remaining components of the PCS container are the following: 

• Since the demonstrator has been thought with the ability of being connected to the LV grid and also to 
the MV grid, it is necessary to specify the transformers that allow these types of connections (see Table 
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3). Although these connections are mutually exclusive, they bring a flexible operation of the solution.  

Table 3- Transformers specification 

Transformer Type Transformer configuration Primary winding Secondary winding 

LV/LV YNd11 420 315 

MV/LV Dyn11 15kV 315 

 
For the LV/LV transformer it is expected one with the YNd11 configuration. This topology has a star-
connected primary winding with neutral and a delta-connected secondary winding. The voltages for this 
transformer corresponds to 420V and 315V as primary voltage and secondary voltage respectively. In 
regard to the MV/LV transformer the topology for this transformer is Dyn11, which means a delta-
connected primary winding and a star-connected secondary winding with neutral. The voltages correspond 
to 15kV at the MV side and 315V at the LV side. Both of the transformers should have 250 KVA. 

• The connection to the MV grid requires 3 MV Cells, which perform the connection, protection and switching 
between the MV grid and the step-up transformer. It is needed a MV cell switch-disconnector (IS) for 
incoming/outgoing of cables equipped with ISF switch-disconnector. One other MV cell is needed (DC MV 
cell) for the MV/LV transformer protection and shall be equipped with a DIVAC-type vacuum breaker. It 
is required one last MV cell for voltage measuring (TT MV cell). The voltage transformers present on the 
TT cell shall be protected by fuses. It should be noted that one protection unit (TPU) and a MV qualimeter 
shall have their connections inside the DC cell.  

• The control cabinet is provided with electronic devices, capable of monitoring and controlling several 
components of a storage system. The control cabinet comprises the ES Controller and the ES manager that 
were already specified. It shall also comprise a GPS capable of synchronizing any IT device with a global 
time reference. This synchronization is needed in order to assure that all events and alarms are suitably 
time-tagged. A LAN Switch should be also comprised on the control cabinet since provides switching 
between different IT devices and a common local network. 

• Regarding the IEDs, a storage system may comprise IED’s (protection relays, qualimeters, smart meters 
and meter concentrators). The system has to comprise: 

o A smart meter capable of monitoring the circuit that it is connected to and communicate 
information about electric energy consumption or injection into the grid. 

o Two qualimeters (one for LV and one for MV) able to evaluate data trending and forecasting, while 
performing the calculation of active, reactive and apparent power. Moreover, may provide THD 
readings, being able to trace voltage and current sags and swells, with the ability to trigger 
events. The MV qualimeter has its connection inside the DC cell.  

o A Distribution Transformer Controller (DTC) that can provide low voltage network control and 
monitoring features, as well as metering data measurement and aggregation. It can also work as 
a smart meter. 

o A protection unit, such as the TPU S220-S that can trip protection equipment such as circuit 
breakers, as a result of anomalies of voltage, current and frequency. This unit also performs the 
synchronism-check. The TPU must be connected to the DC MV cell and acts over the MV breaker. 

• The UPS may ensure that in case of failure or emergency, the system’s critical components have another 
source of backup power. The IED’s, ES Controller, remote controlled equipment must be fed by the UPS. 

2.3.3 Constructive aspect 

The energy storage system for the DEMOCRAT project will be comprised in two different containers. One container 
is defined for the batteries, named Battery Block and the other is for the power conversion system - PCS Block. 
These metal containers may have the standard size (20 feet container) to be suitable for storage and transport. 
The Battery Block may be designed to accommodate further storage capacity during the battery system lifetime, 
up to 10 battery packs and the extended batteries can be from other manufacturers.  

Apart from the containers, the DEMOCRAT includes a diesel genset and comprises some active elements, such as 
the electric vehicle charging stations, load bank and the interaction with a photovoltaic power plant. Regarding 
the photovoltaic power plant, Efacec has one installed in its infrastructures (250kWp) connected to the MV grid, 
allowing to consider during the demonstration, real production diagrams and, therefore, to effectively test the 
capacities proposed. With respect to flexible assets, they have their connections inside the PCS Block, but they 
are physically outside the container. These assets have a physical connection to the ES Controller by digital inputs.  
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2.3.4 Communication Protocols 

The ES Controller, as a core equipment for the local control and monitoring of the battery storage system needs 
to be capable of managing different communication protocols. 

The ES Controller ensures communication through several standard protocols such as Modbus, IEC 61850 and IEC 
60870-5-104. These protocols ensure a wide range communication capability, complying with the standard 
communication protocols of all equipment mentioned before. The communication network infrastructure could 
be with fiber optics or Ethernet or other communication cables.  

The ES Controller communication interfaces with the main equipment is presented on the DEMOCRAT are present 
on the following table. 

Table 4- Communication Interfaces 

 

2.4 Control and management dashboard 

The dashboard will consist in a software solution integrated in the ES Manager, which will play an important role 
on the management and monitoring of the micro-grid, and particularly the BESS. Apart from serving as an HMI for 
the operator/user, it comprises algorithmic capabilities able to calculate the control signals that must be 
performed by the equipment present in the field.  

The HMI shall have the representation of the electric grid of the demonstrator, the points where the main 
components and the principal protection units are, such as circuit breakers and relays and shall show if they are 
open or close. In the grid, the main representative values should appear side by side to the principal 
equipment/elements such as the batteries, the inverter, the current transformers and voltage transformers that 
acquire the electric measurements from the grid. The values that shall be represented shall be configurable.  
Figure 2 presents an example of the demonstrator electric grid that can be shown on the HMI. If part of the grid 
is disconnected from the rest, i.e. if the battery system is working connected to the MV grid or to LV grid, the LV 
or MV grid, respectively, should appear with less strength (e.g. considering 50% of transparency). The same should 
be considered when the storage system is operating on isolated mode, disconnected from the grid. 

In Figure 2, which corresponds to an illustration of the main grid of the demonstrator, it is possible to see the 
state of each battery rack, its voltage, current, SOC and the remaining energy capacity. It can be detailed if the 
batteries are charging or discharging, showing the flow direction. In each current transformer the value of the 
actual current is presented as well as in the voltage transformers the actual voltage is detailed. The resulting 
active power and reactive power should also be represented. Regarding the active assets (EV charging, public 
lighting, genset and load bank) the power flow and its direction should be displayed next to themselves. In Figure 
2, the pop-up values are showed in grey. 

 

Equipment/ Protocols IEC 61850-8-1 Modbus Serial Modbus TCP IEC 60870-5-104 Web services 

Battery Inverters   x   

Battery Management System  x x   

Measurements   x   

Protection relays x     

Fire Suppression System   x   

ES Manager    x x 

Meters   x   

HVAC   x   

Utility SCADA/DMS    x  

MGMS    x  
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Figure 3 - Demonstrator electric grid 
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Apart from the main representative values that pop up in the electric grid, the dashboard shall also comprise 
several tables with more detailed information related with different components (see Table 4).  

The dashboard shall include the most relevant Key Performance Indicators (KPI) that can be feature with the 
objective of providing a detailed quantification of the technical and economic impact of the system during its 
useful time. The KPIs result from an exhaustive modeling and simulation of the storage system, in its different 
constituent elements such as batteries and the conversion system, either in steady state or in dynamic regime, in 
different operating scenarios, therefore also allowing to obtain reference values for the performance of the 
solution. These KPI may include energy throughput, type and duration of different cycles, temperature effects, 
global efficiency, alarms analysis, and potential revenues resulting from the defined operating strategy, etc. 

 

 

 

 

Δ 

Table 5 – Example table from HMI dashboard 


