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ABSTRACT 

This paper addresses the increasing challenges behind 

distribution networks’ operation resulting from the fast-

scale integration of Distributed Energy Resources (DER), 

such as Electric Vehicles and renewable generation, by 

proposing an adaptive energy resource management 

solution. This solution, leveraged by a combined energy 

storage and microgrid management system aims at 

providing a flexible and straightforward way of scaling out 

microgrid based solutions in existing electrical power 

systems, as a mean of effectively tackling these challenges 

while enabling the efficient and safe increase of networks 

capacity to host new DER. This solution is being built 

under the DEMOCRAT demonstration project scope, 

which enables an adequate validation of the solution as it 

comprises a real field environment in an industrial 

campus. 

INTRODUCTION 

The ever-growing deployment of Distributed Energy 

Resources (DER), typically from renewable energy 

sources such as PV generations across distribution 

networks and at the customer level as well, can potentially 

boost the transition towards more sustainable electrical 

grids and improve grids reliability, as the production of 

electricity becomes more redundant, i.e., spread across 

wide areas, rather than being centralized on the power 

supply system. However, besides the impacts of large DER 

deployment – such as reverse power flows, voltage rise, 

increased load profiles volatility thoroughly presented in 

the literature [1,2], it is typically deployed to be operated 

on grid connected mode, and thus it is not suitable for 

improving grids reliability during grid outages. On top of 

that, the nominal power of these assets is typically not 

dimensioned to supply all the nearby load, during 

contingency situations.  

 

This paper presents an adaptive energy resource 

management solution which, based upon on a joint Energy 

Storage (ES) Manager and Microgrid Management System 

(MGMS), is capable of building an innovative microgrid 

based solution that enables the on-grid and off-grid grid 

operation. Furthermore, it extends these functionalities by 

endowing the micro-grid with advanced management 

capabilities, in such a way it works as a flexible asset of 

distribution networks, by aggregating and coordinating 

their energy resources, flexible loads and other assets such 

as charging stations infrastructures for Electric Vehicles 

(EV) and street light circuits. Additionally, this solution 

has been designed to be fully compatible with existing 

distribution networks, namely Low Voltage (LV) 

networks, in which most of the times there is not available 

a real-time Advanced Metering Infrastructure (AMI) and a 

fully technical characterization of the grid, namely the 

branches’ impedances [3] – allowing a large-scale rollout 

of this solution. 

 

This solution is being developed under the scope of 

DEMOCRAT [4] – DEMOnstrator of a miCro grid 

integRAting sTorage – which is a demonstration project of 

the microgrid solution from Efacec Energia. As a result, 

the adequacy of solution will be assessed using a real 

demonstrator installed on Efacec’s industrial campus in 

Maia (Porto), and thus representing a real end-customer 

behaviour. To accomplish this, the microgrid demonstrator 

will be built with Efacec’s equipment and solutions, 

ranging from Energy Storage and Network Management 

solutions to smart sensing and other devices such as PV 

generation and EV fast chargers. 

SOLUTION’S DESCRIPTION 

The general architecture of the adaptive energy resource 

management solution is illustrated in Figure 1. It has been 

designed with a high modularity as it targets its application 

in different market segments. On one hand, it can be used 

on private applications such as industrial prosumers, 

condominiums and other facilities to optimally manage 

their assets (e.g. specific algorithms for managing private 

shared charging stations with PV and storage assets, 

aiming to reduce energy costs while guaranteeing power 

availability). On the other hand, it can be used on public 

sectors, such as LV networks (e.g. remote, islands and 

weak grid-connected grids) that are typically operated by 

a formal entity, namely a Distribution System Operator 

(DSO) or an electric cooperative. 

 

The core of this solution lays on a straightforward 

coordination between its two main components: i) 

Microgrid Management System (MGMS) on a higher 
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level (e.g. typically on a cloud) and ii) Energy Storage 

(ES) Manager installed on the field, creating a 

hierarchical but redundant control structure. This approach 

is used with the aim of enhancing network resilience and 

creating mechanisms for tackling the absence of a real-

time communication infrastructure in most of today’s LV 

networks.  

 
Figure 1 – Architecture of the solution developed within DEMOCRAT project.

As a result, the MGMS will be responsible for computing 

the microgrid operation on a macro-level, while the ES 

Manager will be responsible for locally ensuring the 

network operation and to cope with the unexpected 

variations in quasi-real time. In addition, for facilitating 

the integration of this solution with existing metering 

devices and sensing (field equipment), this solution also 

comprises the use of other equipment, such as a 

communication gateway, capable of using multiple 

communication technologies (e.g. Bluetooth, LoRa, 4G, 

Modbus) and several standard protocols, while being 

featured with data concentrator functionalities.  

 

Finally, this solution is also prepared to interface with 

external systems/entities, as Energy Services Companies 

(ESCOs), which enables to adequate the operation of the 

micro-grid to external signals, such as variable energy 

prices and/or Demand Response (DR) events. Below are 

detailed the main characteristics of the MGMS and ES 

Manager, as well as the main interactions between each 

other. 

Microgrid Management System Functions 

 

The MGMS will be responsible for the optimal grid 

management and control by interacting with the ES 

Manager and with other existing controllable devices. In 

such a way, the MGMS, has been designed with a high 

modularity to be fully customizable to each application. 

The detailed architecture of the MGMG is depicted in 

Figure 2. 
 

 
Figure 2 – Modules available in the MGMS. 

Following, are described the main modules and respective 

functions: 
 

Load and Generation Forecast Module: includes different 

algorithms for computing the forecasts for the local energy 

generation, from renewable energy resources, and the load 

consumption. For this purpose, this module receives 

information from third-party services, such as information 
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regarding weather forecasts. In addition, this module 

receives historical data from the AMI module. 

 

AMI module: Comprises all the algorithms used to manage 

the raw data and extract relevant features for supporting 

the other microgrid management modules. It handles the 

large amounts of data resulting from the IEDs, smart 

meters and other measurement sensors, with 

communication capabilities, installed at the microgrid. It 

performs among others the verification of the consistency 

of data by identifying outliers (erroneous measurements), 

performing data imputation (replacing missing values) and 

selecting the most observable periods, so that the operation 

of the microgrid is not jeopardized. 

 

Operation Management Module: can be considered as the 

central module of the MGMS as it will be responsible for 

coordinating the execution of the other modules. It is 

responsible for autonomously triggering the execution of 

all the tasks involved in the microgrid operation and 

management. This module will be responsible for 

distributing the control actions by the different devices 

available in the microgrid, in the right data model and 

protocol structure. It will also be responsible for 

computing the control actions to be sent on near to real-

time considering the observed operation conditions of the 

microgrid. It is therefore used for the reactive operation of 

the microgrid as its actuation scope is focused on the 

calculation of corrective measures to the planned operation 

provided by the Optimal & Planning Module.   

 

Optimal & Planning Module:  represents the component in 

which most of the algorithms for computing the microgrid 

operation under different scenarios are comprised. It is 

assigned to the calculation of control actions for the 

different controllable systems available in the microgrid, 

attending to the forecasted conditions in terms of demand 

and generation. Its actuation scope is therefore focused on 

planning the operation of the microgrid in a short to 

medium term (up to 24h) with the aim of, using the 

forecasted operation conditions, to optimize the microgrid 

operation. This module has the following functionalities: 

• Demand Flexibility Management: will be 

responsible for managing existing controllable 

assets in the microgrid under the presence of an 

advanced energy services market context, such as 

Demand Response (DR). Within this purpose, on 

public operated microgrid this module can be used 

by network operators to release DR events with the 

aim of requesting flexibility from consumers (e.g. 

Direct Load Control) that have subscribed the 

participation in this kind of energy services. On the 

contrary side, in private microgrid applications, this 

module will be responsible for computing the 

required control actions so that is possible for a 

certain customer to participate in DR events. 

• EV Charging Management: component that will be 

responsible for computing the operation of the EV 

charging stations depending on the planned 

operation of the microgrid. In addition, this module 

will be called whenever the need of providing 

flexibility to the microgrid is observed. 

• Street Light Management: component that will 

oversee and control the street light infrastructures: i) 

automatically scheduling the operation over the 

time, depending on lighting needs and other settings 

(e.g. timetables) ii) providing flexibility to the 

network namely during network contingencies in 

the network (particularly in islanded operation 

mode). 

 

Energy Storage Manager   

 

The ES Manager corresponds to an advanced management 

system of the overall energy storage solution and 

combined assets. 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 Electrical 

Connection Point (ECP) with the storage system.  

 

The active elements can correspond to renewable energy 

sources, diesel generators and controllable loads like 

Electric Vehicle (EV) charging stations that, by working 

together, constitute the microgrid. The acquisition and 

processing of a significant quantity of data allows the 

implementation of advanced algorithms in order to 

maximize the benefits of the energy storage system during 

its useful lifetime, gaining a more comprehensive view of 

the entire system. 

 

The ES Manager enables the optimization of the whole 

energy storage system. The main functionalities are listed 

below. However, more functionalities or features can be 

added. 

• Supervisory module: all data, current and historical, 

from the main equipment of the energy storage 

installation is processed and may be displayed in the 

comprehensive manner by the ES Manager. This 

allows the user the complete knowledge of the 

current and past behaviour of the storage system, 

providing the register of events and alarms of the 

different equipment of the installation, ensuring the 

compliance with warranties of the battery system 

and other equipment. 

• Operational optimization: optimization algorithms 

are embedded in the ES Manager with the objective 

of selecting the most suitable periods for charging 

and discharging the energy storage system 

according to the application of concern. Namely, 

these optimization algorithms include demand 

charges minimization, most suitable for industrial 

prosumers, renewables firming and renewables 

smoothing, most suitable for renewable plant 
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owners, generation cost minimization and reserve 

provision, most suitable for micro-grid developers, 

as well as market participation algorithms, most 

suitable for renewable plant owners or independent 

storage operators. 

• Battery life extension: a detailed model of the 

battery system can be implemented in the 

management of the energy storage solution. The 

purpose is to, taking into account the inherent 

characteristics of the battery system, much 

associated with the battery technology itself, 

optimize the battery usage and, consequently, 

maximize its useful life. The optimization process 

considers not only the battery system operation as 

well as some internal variables like the depth of 

discharge (DoD), the state of charge (SoC) and the 

cells temperature, associated with the health of the 

batteries, which may limit both the overall 

performance of the system and its lifetime 

• Multiple service provision: the utilization of the 

energy storage resource can be performed to provide 

more than one service to the system user. The ES 

Manager is capable of optimizing the schedule of the 

energy storage system in order to perform multiple 

functionalities simultaneously, and therefore 

maximize the added value of the storage asset. 

• Performance assessment: a dashboard with the most 

relevant Key Performance Indicators (KPI) can be 

provided with the objective of providing the energy 

storage owner a detailed quantification of the 

technical and economic impact of the system during 

its useful time. 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. 

 

The ES Manager will operate in coordination with the 

MGMS but, due to its fast response capability and 

observability of the network, it will be able to take its own 

decisions to charge and discharge the battery system. Any 

change to the scheduled operation will be reported to the 

MGMS so that a new optimization of the microgrid 

operation can be performed. 

MICROGRID OPERATION  

The microgrid operation can be divided into the Operation 

Planning Mode in which is computed the foreseen 

operation for the following hours, and the Real-Time 

Operation Mode that is characterized by ensuring the near 

to real-time operation of the microgrid. For this purpose, 

the rea-time operation considers, on one hand, the planned 

operation and, on the other hand, the information gathered 

from the different devices installed on the field. 

 

Operation Planning Mode 

 

This planning of the microgrid operation is performed on 

a daily-basis, with a cyclical intraday mode with the aim 

of adjusting the previous planning with updated 

information from the field. The timeline of microgrid 

operation planning is exemplified in Figure 3. 

 

 
Figure 3 - Exemplification of the timeline for microgrid 

operation planning. 

The first planning is performed for the day ahead - Day Y 

-, with the aim of providing the main guidelines for the 

microgrid operation, especially for the ES Manager. This 

planning is entirely sent to the ES Manager so that, in case 

of any communication failure during the intraday mode, 

the ES Manager has a baseline for operating. Since the real 

micro-grid operation may present some discrepancies 

when comparing with the initial planning, namely due to 

the existence of non-controllable and forecastable 

variables, the planning of the micro-grid will be 

recalculated on an cyclical basis – TInt (e.g. 15 minutes’ 

periods that are defined based on the reporting capabilities 

of the existing assets) to cope with these uncertainties 

(intra-day planning). The intra-day planning will be 

performed for the remaining hours of the day – Day Y. 

Before performing the intraday planning, the ES Manager 

informs the MGS about the current State of Charge (SoC) 

so that the operation plan can be updated accordingly.  

 

After each planning, the MGMS computes the available 

power in the network infrastructures to accommodate 

further load. As a result, and considering the EV charging 

load is not known, as it depends on users’ needs, the 

MGMS has an embedded functionality – smart charging. 

This functionality will be used to cope with the EV 

charging demand considering both power availability 

restrictions previously calculated during the microgrid 

planning and the EV owners needs and preferences (e.g. 

user’s priority, EV battery SOC). In the end, this 

functionality will release charging profiles to the EV 

chargers. Then, on the next operation planning of the 

microgrid the load forecast will also be updated with the 

new EV charging profiles, so that a more accurate 

operation state of the network can be considered. This 

process is depicted in Figure 4. 
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Figure 4 - Process used to cope with the uncertainty associated 

to EV charging needs. 

Real-Time Operation Mode 

 

Since there may be discrepancies between the planned 

operation and the real operation, this mode is mostly used 

to ensure the operation is kept under safety conditions. For 

this reason, and considering that fast control actions are 

required, the ES Manager which will have intrinsic real 

time measurements from different locations will be the 

main intermediate for accommodating the variations in the 

network operation. Nevertheless, in case of significant 

differences or the occurrence of some unexcepted network 

contingency (e.g. transition from grid-connected to 

islanded mode), the MGMS is requested to compute an 

updated plan of operation for the microgrid, i.e., to cope 

with these differences.   

Tackle Non-feasible solutions and/or Network 

Contingencies 

 

During the microgrid planning there may occur the 

occurrence of non-feasible solutions considering the 

expected forecast conditions for the network or due to 

network contingencies. As a result, it may be required to 

find ways of providing flexibility to the network. In order 

to address these technical restrictions (e.g. voltage 

violations, congestions) the micro-grid management 

system can use the following strategies following a merit-

order defined by the microgrid operator: 

• Demand Response flexibility: request flexibility 

services from consumers.  

• EV charging flexibility: recalculation of the 

charging profiles to tackle the foreseen operation 

problems.  

• Street Lighting flexibility: MGMS may change 

street light operation to support grid operation. 

• ES Manager: on the microgrid planning the Energy 

Storage is managed in such a way the SOC in the 

hour 24 is the approximately the same of the hour 0, 

so that there is a rational usage of the storage over 

the time. In case of necessity, the MGMS will 

temporary recalculate different SOC planning to 

tackle the operation problems identified. 

CONCLUSIONS 
 

With this solution, a large-scale deployment of micro-grids 

is facilitated as it does not require to proceed with 

significant changes on the existing equipment and systems 

already deployed. In addition, its modularity enables a 

straightforward customization to each particular 

application.  

 

It enables, 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 – namely 

by enhancing grid resilience and helping mitigate grid 

disturbances –, while deferring investments in network 

infrastructures. Furthermore, it leverages the return on 

investment of the deployed assets as it works in such a way 

their operation point is optimized constantly over the time 

in both technical and economic aspects. 

 

The adequacy of this solution will be assessed on a real 

demonstrator, under DEMOCRAT project will be used to 

validate the added value of the solution while enabling its 

continuous improvement. 

ACKNOWLEDGMENTS 
 

This work has been partially funded by national funding 

from COMPETE 2020 through the “DEMOCRAT - 

DEMOnstrator of a miCro grid integRAting sTorage” 

project, under the PORTUGAL 2020 program. 

 

REFERENCES 

 

[1] P. D. F. Ferreira, P. M. S. Carvalho, L. A. F. M. 

Ferreira, and M. D. Ilic, "Distributed Energy 

Resources Integration Challenges in Low-Voltage 

Networks: Voltage Control Limitations and Risk of 

Cascading," IEEE Transactions on Sustainable 

Energy vol. 4, pp. 82 - 88, July 2012. 

[2] Djapic, P., et al., Taking an active approach. IEEE 

Power and Energy Magazine, 2007. 5(4): p. 68-77. 

[3] N. Silva, et al. LV SCADA - How to Effectively 

Manage LV Networks with Limited Topology and 

Electrical Characteristics Data. CIRED2015-23rd 

International Conference on Electricity Distribution. 

2015. 

[4] Ribeiro, M., et al., Democrat: Demonstrator of a 

micro-grid integrating storage. CIRED Workshop, 

2018. 


