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Executive Summary 

This deliverable – Deliverable D3.3 – has the main objective of presenting the technical and functional specification of the 

module responsible for the Electric Vehicle (EV) charging management. This module will be integrated in the microgrid 

management system, developed within DEMOCRAT project scope.  

The technical specification present in this document has been carried out not only with the aim of endowing the microgrid 

with the ability to efficient operate EV charging in order to promote energy savings and costs reduction but also enabling its 

management as a flexible asset for the microgrid operation.   

Finally, it is worth to mention that this public report aims at providing a general overview over the EV charging management 

capabilities in a microgrid environment. 
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Glossary 

BESS Battery Energy Storage System 

DER Distributed Energy Resources 

DMS Distribution Management System 

DR Demand Response 

DSO Distribution System Operator 

ESCOs Energy Services Companies 

EV  Electric Vehicle 

EVSE Electric Vehicle Supply Equipment 

HV High Voltage 

LV Low Voltage 

MV Medium Voltage 

SCADA Supervisory Control and Data Acquisition 
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1.  Introduction 

DEMOCRAT – DEMOnstrator of a miCro grid integRAting sTorage – is a demonstration project resulting from 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 and Inverters solutions, allowing the development of a turnkey micro-grid solution for wide-scale application 

for electrical power systems. More than a solution that enables the on-grid and off-grid grid operation, DEMOCRAT 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 Distributed Energy Resources (DER), such as charging 

stations infrastructures for Electric Vehicles (VE).  DEMOCRAT 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, while deferring investments in network infrastructures. 

This deliverable, D3.2, belongs to the Activity 3 – Technical Specification of the solution and its components -, as depicted in 

Figure 1.  

 

 

 Figure 1 – Position of the deliverable D2.3 within DEMOCRAT activities structure. 

 

This document consists of two main chapters: 

• Chapter 3, which describes the assets involved on the EV Charging Management and the data structures used to 

proceed with the optimization of the EVs. 

 

• Chapter 4, which details the operation modes of the EVCPMS and respective logic functions by performing a step by 

step explanation of the main processes carried out. 
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2. Assets’ Characterization and Related Data Structures for 

EV Charging Management 

This chapter comprises an overview of the assets that are typically associated to the functionality of managing EV charging. It 

also addresses their role in the charging management and presents the related data structures that shall be available for 

computing the optimal planning for the EV charging. This module is hereinafter named as Electric Vehicle Charging Point 

Management System (EVCPMS). 

 

The management of the EV charging management, will be carried out considering the presence of the following assets in the 

field: 

 

• EVSE (Electric Vehicle Supply Equipment) – this equipment is the interface between the grid and the EV being 

responsible for providing the power for charging purposes. In this category, can be found two major groups of EVSEs: 

 

o Controllable – those assets which can be used to change the typical baseload profile of the EV, and thus can 

change their output power through set points sent by the upper system. 

 

o Non-Controllable – these assets are not prepared to receive controls from the management systems and thus, 

their control is limited to an -off operation.   

 

• Energy Storage System (ESS) – this equipment will be used in such a way their output power can be controlled and 

thus, capable of providing flexibility to the grid. Nevertheless, it is worth to mention that this asset can be used under 

different modes, i.e., solely working as buffer of EV charging or being shared with other functionalities, such as the 

participation in the overall grid management. 

 

• EV / EV owner – the EV owner is responsible for providing information about its charging preferences, which shall 

also be considered for the EV charging management -the EV owner has typically an EV charging card that contains all 

of the information. On the other hand, each EV has its own properties which may impact on the charging control as 

well. 

 

• Electrical infrastructures – electric characteristics of the network element that is used to supply a certain EVS. 

 
Following are detailed the main variables of each of the previous assets that are used to carry out the operation of the EV 

charging control. 

 

Table 1 – Main variables to be considered on EVCPMS regarding the EVSE. 

EVSE 

Variable Rationale 

Maximum and Minimum Power of Charging 
The EVCPMS needs to limit the setpoints to the admissible 

power range of the EVSE; 

Control capabilities Controllable or Non-Controllable 
The EVCPMS needs to know how the control of a particular 

EVSE can be performed; 

Type of Phase Connection to the grid (single phase -including 

phase of connection -, or three phase) 

The EVCPMS needs to perform a per-phase analysis as 

distribution networks are not balanced 

Baseline Demand Profile 
If an EVSE is not controllable the EVCPMS needs to know the 

baseline of demand for this kind of charging. 
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Table 2 - Main variables to be considered on EVCPMS regarding the ESS. 

Energy Storage System 

Variable Rationale 

Maximum and Minimum Power of Charging and Discharging 
The EVCPMS needs to limit the setpoints to the admissible 

power range of the ESS 

Energy Capacity and SOC 
The EVCPMS needs to know the max energy capacity of the 

ESS to estimate the energy available based on a certain SOC 

Operation Mode (buffer of EV, shared mode) 

The EVCPMS needs to know the operation mode of the ESS in 

order to calculate the flexibility that can be used for 

managing EV demand 

Type of Phase Connection to the grid (single phase -including 

phase of connection -, or three phase) 

The EVCPMS needs to perform a per-phase analysis as 

distribution networks are not balanced 

 

 

Table 3 - Main variables to be considered on EVCPMS regarding the EV. 

EV 

Variable Rationale 

Maximum and Minimum Power of Charging  
The EVCPMS needs to limit the setpoints to the admissible 

power range of the EV 

Energy Capacity and SOC 
The EVCPMS needs to estimate how much energy will be 

required for the EV charging 

Type of Charging (AC or DC) 
The load shape of EV is different depending on the type of 

charging 

 

 

Table 4 - Main variables to be considered on EVCPMS regarding the EV owner.  

EV Owner 

Variable Rationale 

User’s Priority - Users may have different priorities (1-High 

Priority; 2- Medium Priority; 3 Low -priority) 

The EVCPMS will distribute the energy for charging according 

to the priority of the user) 

Start and End Time of charging 
Users may schedule the EV charging and thus, the EVCPMS 

will plan the operation accordingly 
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Table 5 - Main variables to be considered on EVCPMS regarding the Electrical infrastructures. 

Electrical Infraestructures 

Variable Rationale 

Type of point connection of the EVSEs (1- feeder; 2 – 

secondary substation) 

The EVCPMS needs to take into account the connection point 

of the EVSEs in order to compute the locals impacts on the 

microgrid 

Power Limits 

The EVCPMS needs to ensure there is not any constraint 

violation from the standpoint of the technical limits of the 

microgrid 

Local Energy Generation Forecast 
The EVCPMS needs to consider the local energy produced to 

plan the operation of the EV charging 

Demand Forecast 
The EVCPMS needs to consider the local power demand 

forecast for computing the operation of EV charging  

Energy Prices 
The EVCPMS may plan the operation of EV charging attending 

energy prices. 
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3. Operation Modes and Respective Logic Functions 

 

This chapter comprises a description of the operation scenarios foreseen for the control and management of the Electric 

Vehicles (EVs), which is one of the key functionalities of DEMOCRAT solution. In fact, the presence of EV charging can be rather 

challenging for the operation of electrical distribution networks, particularly in a micro-grid environment, since these assets 

typically require the availability of large amounts of power in short periods of time. 

 

The operation and management of EV charging can be enclosed under two major scenarios of the micro-grid: operation in 

islanded mode and on grid connected. The  

 

Therefore, the EV Charging Management Module of DEMOCRAT solution will be capable of tackling the impacts of EV demand 

on the following scenarios: 

 

1. Normal Operation Mode 

 

This operation mode consists of computing the operation for the EV charging considering the micro-grid is operating under 

normal conditions (either in grid connected or islanded mode). This is default operation mode, as the EV charging management 

system will compute the operation of the EV charging considering the current and forecasted operation conditions for the 

micro-grid. This management can be performed considering different factors and different functions. The table below, Table 

6, summarizes the two key functions.  

 

Table 6 – Objective Functions for EV Charging Management. 

Function Name Description 

EV Load Balancing  

This function will compute the operation of the EV charging 

with the aim of maximizing the power availability for 

charging purposes and distributing it through all the EVs 

users, according to their priority and time of charging 

requested. It is to point out that in this function, the 

operation is only performed on a real-time basis, and the 

schedule of EV charging is not enabled.  

EV Charging Price Minimization 

This function consists of planning the operation of the EV 

charging for the following hours, with the aim of minimizing 

energy costs, considering the price variation throughout the 

time. This function enables the EV charging schedule.  

 

 

In the following picture,  Figure 2, is depicted the flowchart with the representation of the logic functions to be carried out 

under this operation mode. Following are further detailed the rationale of each step present on the flowchart: 

 

Step 1 – The EVCPMS starts by reading the optimization request that is sent by the microgrid management system. This 

optimization requests can be triggered under different conditions. In case the objective function is the EV Load Balancing, the 

optimization request is triggered every time there is a new charging request from the field or when there is the need of 

recalculating the operation of the EV stations. In case the objective function is EV Charging Price Minimization, there is a 

programmed routine that calls on a cyclical basis, such as twice a day, this module. 
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Step 2 – In this step the EVCPMS will be responsible for gathering all the data for proceeding with the optimization. First of 

all, it starts by acquiring information about all the EV charging processes. Then it reads the network configuration, such as the 

topology, in which is expressed the location of the plugs and the type of connection to grid. Afterwards it verifies which other 

assets shall be considered on the optimization: local energy resources, related loads and presence of energy storage system 

and respective operation mode. Finally, it gathers information regarding generation forecast and load forecast. It is worth to 

mention that the electrical infrastructure can be dedicate for an EV charging station.   

 

Step 3 – Once the information has been all collected, the EVCPMS builds the model to be executed by the optimization 

algorithms. In such a way, the EVCPMS starts by building the model for the constraints associated to the problem, which are 

given by the combination of the technical limits from the electrical infrastructures, EVSE, EV and energy storage system. A 

feasible solution requires none of these limits are surpassed. Then, the objective function model is built. In case the function 

is the EV Load Balancing, the objective function is expressed as the difference between the energy of charging (result of the 

optimization) and the energy required (energy that is required to satisfy all the demand) for each EV with a penalization 

attending to the priority of the user. In case the objective function is the EV Charging Price Minimization, the model will also 

include another objective function which is given by the sum of the energy costs. The optimization is then started, and the 

process ends when the maximum number of iterations is reached. 

 

Step 4 – After the optimization ends, the EVCPMS will build the response to the optimization request. This response comprises 

a list of setpoints to be sent for all the EVSEs and for the energy storage system, in case it can be used for supporting the EV 

charging.  
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Figure 2 - Flowchart during normal operation mode. 
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2. Flexibility Mode 

 

This operation mode is characterized by the fact of being used to support grid operation during unexpected contingencies – 

particularly during islanded operation of the microgrid -, in which the fast actuation over the controllable assets is critical for 

not jeopardizing the safety of operation and within the technical limits. For this reason, the EVCPMS will be responsible for 

adjusting the operation of the EV charging in order to provide flexibility to the microgrid. 

The flowchart with the main processes carried out on the street light management module are detailed in Figure 4 Error! 

Reference source not found.. The steps are thoroughly detailed below. 

Step 1 – The module starts by gathering the flexibility request from the microgrid management system responsible for the 

microgrid operation. This request contains among others the duration period of the flexibility event and the network zone 

which requires demand flexibility.  

    

Step 2 – Based on the network zone that needs demand flexibility, the EVCPMS will get the data of all the EVSE that can be 

used provide flexibility.  

 

Step 3 – After the target assets to be controlled have been identified, this module identifies the control actions to be applied. 

First of all, and based on the priority of each user, the EVCPMS will start by adjusting the output power on those EVSE with 

lower priority. Then this process is performed for the users with higher priority in case the previous load control is not enough 

to achieve the flexibility request. It is to point out that in extreme conditions, the EVCPMS may decide to remove temporarily 

the EVSE from service.  

 

Step 4 – This step is used to send the list of action controls to the microgrid management system and to inform about the 

amount of flexibility that was possible to provide as a result of the control over the EVSEs. This report will also allow the 

microgrid management system to validate the power variation and to move on with other flexibility mechanisms, if the controls 

performed were not enough to bring microgrid back to the normal operation.  
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Figure 4 – Flowchart during flexibility mode. 
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