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Executive Summary 

 

CommONEnergy investigated ways to make more effective the use of ICT (information and 

communication technologies) for the communication among sub-systems in shopping malls. Focusing on 

this goal, a prototyping installation for what we called BIEM (Building Integrated Electric Mobility system) 

has been performed and evaluated. Through this installation, the communication between different sub-

systems has been evaluated and tested. The prototype of BIEM mainly consists of hardware and software 

provided within CommONEnergy project by partners Schneider Electric and Nilar: 

 Automation Server: it is the central control unit that monitors and controls the sub-systems and 

the interaction between them through algorithms and control rules. 

 Human Machine Interface (HMI): with an HMI specifically designed for the electrical charging 

station, where it is possible to monitor the operation of the system (power provided, data of the 

customer related to the id card, type of scenario selected)  

 Electrical Vehicle (EV): charging station with two plugs (EVLink): in the prototype a monophase 

charging station with two plugs of 7 kW maximum will be installed. 

 Card readers: in the prototype two card readers are implemented (with two different technologies) 

for the identification of the user and for the invoicing of the service or to add (or take) loyalty points 

according to the specific adopted retail chain marketing policy. 

 Electric battery storage: it includes a battery stack of 3.24 kWh, a mono-directional rectifier for 

the battery charging, a DC/DC-converter for DC-loads (48 VDC), an inverter for the conversion of 

DC to AC for the EVlink (230 VAC), and a BMS (Battery Management System) for monitoring and 

controlling of this subsystem. 

 Photovoltaic system: it will be delivered to Bolzano test lab to be used as a source of energy 

production to test the electrical scenarios proposed in D4.5 that involve also electrical mobility. 

 DC load simulator: to simulate the electrical consumption of the commercial center. 

 

Through this installation, we performed tests for running the EV charger combined with the Nilar Battery 

when required, in order to evaluate control rules for the later installation in Grosseto demo case.  
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1 BIEM Installation 

The aim of this deliverable: “Prototype of BIEM components” is to present the integration of different 

components from CommONEnergy project partners to a single prototype which will demonstrate the 

operation of a charging station as part of a mall smart grid. The purpose of the BIEM is to evaluate 

different scenarios for the integration of the EV chargers in the power grid of a shopping mall with 

Renewable energy sources. 

To reach this target, a part of the Eurac Facilities located in Bolzano (Via G. Brida) has been dedicated 

to this test. The PV plant has been connected to the inverter inside a cabin. In the same cabin, all other 

devices have been installed. The architecture of the BIEM is demonstrated bellow. 

 

 

1.1 BIEM architecture description 

 

The Building Integrated Electric Mobility (BIEM) system is composed from different parts available from 

the projects’ partners: 

 the Battery storage system  

 the EV-Link 

 the PV plant  

 the building load simulator 

 the EV-simulator 

 the iBEMS 

 the oscilloscope  

  

The aforementioned subsystems exchange power either in alternating or direct current voltage. The 

iBEMS communicates with the components in order to acquire measurements and send commands to 

the available actuators. For the communication the Modbus/RTU protocol over a RS-485 (two wire) cable 

has been chosen. 

Similarly, the iBEMS controls the building load simulator affecting the current flow from the energy storage 

under 48 Vdc. 

The next chapters will be dedicated to a detailed description. The installation of the required 

photovoltaic field is illustrated in Figure 1, with a total maximum power of 1 kWp. The inverter of the 

installation is illustrated in Figure 2. 
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Figure 1: Installed pv panels of the BIEM. 

 

 

Figure 2: The inverter of the PV plant 

 

The installation of the BIEM is performed in cabinet, illustrated in Figure 3. Inside the cabinet are located 

the components which are required for the operation of the BIEM, which are described in more details 

bellow. 
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Figure 3: Cabinet for the installation of the BIEM components. 

 

The required electrical panel for the BIEM (Figure 4) installed in the cabinet is used for the Schneider’s 

system (Automation server & card reader (ACX). Moreover, the equipment used for power monitoring is 

also installed in the cabinet for organization purposes. In general, all the required components of the 

BIEM that can be installed in a cabinet are integrated as shown in Figure 4. 
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Figure 4: Electrical cabinet for the Automation Server (a),key card reader module (b) and electrical meters. 

 

Moreover, equipment required for monitoring the electrical production of the photovoltaic modules are 

illustrated in Figure 5. Finally in Figure 6, the electrical storage system from Nilar with its energy 

distribution system is illustrated. The Nilar battery storage built for the EURAC test facility is illustrated in 

Figure 6. It is composed of 3 series-connected battery packs. The nominal battery system voltage is 324 

VDC with a total capacity of 10 Ah, i.e. 3.24 kWh. The batteries are charged from the PV panels via the 

0-450 VDC charger inside the cabinet. The battery storage system also contains a DC/DC-converter from 

nominal 324 VDC to 48 VDC and a DC/AC-inverter for conversion of 48 VDC to 230 VAC, 50 Hz. 

The electrical emulator used for consuming the stored energy in the batteries is illustrated in Figure 7. 

The BIEM is designed to be part of a mall building which has its own power demands during the course 

of the day. During the demonstration phase the mall building is represented by a load simulator which 

consumes energy under constant voltage. The model of the DC Load simulator is EL 9080-200 (Figure 

10) which can absorb up to 42 A under 48 V. The connection between the DC Load simulator and the 

battery storage is illustrated in Figure 8. 
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Figure 5: Smaller electrical panel for the monitoring of the electrical production 

 
Figure 6: Electrical cabinet with battery storage and internall distribution system. 

 
Figure 7: Electrical load emulator 



 
 
 
 
 

 
 

 

 

D4.11 - BIEM components  

10 

  
Figure 8: Control of current drawn externally 

 

 

Figure 9: EV Link and EV simulator as part of the BIEM 

The BIEM prototype is composed of the aforementioned components which exchange information for 

monitoring and for control. All the information is collected in the Automation Server (AS), basic 

component of the BIEM, located inside the central cabinet (Figure 4, part a) which executes control and 

monitors the operation of the system. The AS communicates with the sub-system of the card reader the 

ACX, located also inside the central electrical board (Figure 4, part b) to read if a valid customer has 

entered the BIEM system. The information about the customer’s card are transferred to the central AS 

using web services, as described in deliverable D4.4 in chapter 4. 

In case the information of the users are within the list of customers of the AS, the Electrical vehicle charger 

is activated and the energy is drained from the Electrical load emulator. The energy drain quantity is 

controlled by the AS using direct contacts directly connected to its communication board as illustrated in 

Figure 8. 
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The amount of energy drained from the storage system depends on the applied control rules and the 

state of the battery. 

 

Figure 10, illustrates the functional diagram between the components: 

- The orange arrows that link the blue squares represent the electrical power flow; 

- The green lines, that connect the devices to the iBEMS, represent the information flow. 

-  

The PC is used for the monitoring of the whole system operation or if new scenarios are required to be 

executed. Although a dedicated software can be used, the user can simply monitor the operation of the 

system by a web browser. The AS, communicates with the inverter, the power meters, the EV link and 

the Nilar cabinet by Modbus protocol over serial cable. Also as aforementioned it gives commands to the 

electric emulator by direct contacts. The EV simulator is connected to the EV-Link to demonstrate its 

operation. EV-Link is the Schneider Electric line of product for electric vehicle charging. In this prototype 

a wall mounted mono phase model with 2 sockets and 7.4 kW each of maximum power () has been 

chosen.  Furthermore, it can be connected to an oscilloscope to measure the current and voltage signals. 

The tests that EV simulator runs are valid on EV-link stations, complying with the IEC 61851-1 standard. 

- Test on the electrical installation and wiring upstream of the station (detection of absence of 

neutral or phase-neutral inversion). 

- Test on tripping of the residual current circuit breaker for each station phase. 

- Check on the strength of the customer's charging cable connector. 

- Check on the charging-cable pilot wire and check on the station by simulation of the various 

standardized statuses of an electric vehicle. 

- Test on the station contactor upon the triggering of charging by communication signals. 

 

 
Figure 10: Connection of components of the BIEM prototype 
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1.2 Electrical connections  

The electrical connections of the BIEM are used to transfer energy from / to the different components. At 

first, the PV plant provides the required power to charge the battery storage system using inverters and 

if power is not required by the battery storage system, the PV plant provides the available power to the 

grid. The energy transfer in the BIEM is illustrated in Figure 11. 

  

 
 

Figure 11: Energy transfer within the BIEM 
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2 Software features 

This chapter describes the software properties of the Machine to machine interface (M2M) and human to 

Machine Interface (HMI) concerning the battery storage and overall BIEM and the communication 

between them.  

Schneider’s struxureware Building Operation (SBO) is the suite to manage iBEMS for the 

CommONEnergy project. Inside this suite the user can find SBO Workstation a software to interact with 

aforementioned installed AS. The workstation will be used for reading information from the AS and 

extracting data for further analysis. In parallel the AS basic component of the BIEM communicates with 

other components using the Modbus over serial communication protocol. 

 

2.1 Communication between Battery storage and iBEMS  

2.1.1 Exchange of data signals 

The iBEMS communicates with the inverter of the PV-plant in order to accumulate data of its performance 

using Modbus/RTU protocol over a RS-485 (two wire) cable. In the same way, the iBEMS communicates 

with the battery storage.   

The data exchange between the battery storage system and the iBEMS is illustrated in Table 1. 

 

. 
Table 1: Data exchange between iBEMS and storage system 

Commands from iBEMS  Inputs from storage system 

Discharge Discharging 

Charge Charging 

enable EV-link EV-link enabled 

enable 48V load 48V load enabled 

enable charge discharge charging complete 

 

State of charge 

True current 

True voltage 

Ambient temperature* 

Maximum battery pressure 

Maximum battery temperature 

* Temperature inside the cabinet. (measured at the top of the cabinet) 

 

Furthermore, the iBEMS reads warnings (Table 2) from the storage system in order to inform authorized 

personnel using a Human Machine Interface. 
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Table 2: Main alarms from Battery storage to iBEMS 

Main alarms 

Bus voltage high 

Bus voltage low 

Pack voltage low 

Pack voltage high 

High pressure 

High pack temp 

Low soc 

Tripped mcb 

High temp cabinet 

LMU Comm fault 

Emergency stop tripped 

No charge criteria selected 

2.2 Control logics 

The Control Logic implemented for Bolzano demo case has been developed by EURAC based on the 

simulation results and is depicted in Figure 12. The logic is integrated in the Automation Server of the 

BIEM. 

 

Is 
Time = Time_full_charge?

 Full charge battery 
with the grid and 

reset timer

SOCbatt  SOCmaxSOCbatt>SOCmin

Battery chargingBattery discharging

Input:
PPV, PL-AC,  PL-DC, Time, 

SOCbatt

YES

YES
NOYESNO

YESNO

Legend

PPV : power produced by photovoltaic
PL-DC, L-AC: power required by load
Time: current time
SOCbatt: state of charge of battery
Time_full_charge: Time that correspond to full charge 
SCOmin: 20%
SOCmax: 80%
Pn: current power 

iBEMS verifies condition and 
decides to make full charge or 

compare production/consumption

iBEMS controls production and 
sends proper signal to BMS

BMS controls SOC and 
charging or discharging 

battery

Info to iBEMS

PPV>(PL-AC+PL-DC) 
NO

Disconnect load and 
charge battery only 

with PV

Battery discharging

Check if current is on the 
allowed range

Check if current is on the 
allowed range

 
Figure 12: Developed control logic for the Bolzano demo case 
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2.2.1 Control rules 

The control rules for load management for Bolzano demo case depend on the total power of Nilar power 

converter, which in this case is 2.5 Kw. As aforementioned the Nilar system can provide two outputs, one 

DC and one AC. The maximum DC load is 2.5kW and the maximum AC load is 2.2kW. The Nilar system 

can provide simultaneously AC load and DC. In this case the maximum total power is estimated by the 

following equation.  

𝑃𝑡𝑜𝑡,𝑚𝑎𝑥 =  𝑃𝑑𝑐 + 1.1 ∗ 𝑃𝑎𝑐 

The following equation considers the conversion losses from DC to AC. For the distribution of the load 

among the DC and AC outlet a strategy has been deployed. The strategy is illustrated in Figure 13 

 

 
Figure 13: Strategy for using DC and AC load 

The previous strategy can be more complicated if it is assumed that both DC and AC loads need a 

minimum power to work. In that case the regulation of Pdc and Pac should be (Pdc,min<Preg<Pdc,maxTOT 

and Pac,min<Preg<Pac,maxTOT).  

 

2.3 HMI 

Apart from the data exchange between the sub-systems and the AS the control of the systems can be 

performed by the personnel, too. Human to Machine Interfaces are available on the storage system and 

the iBEMS. The battery system has its own H2M interface which is demonstrated bellow. 

 

Battery storage system H2M 

The H2M of the battery storage is used to demonstrate on site the properties of the batteries and their 

charging rate and to give commands to the Nilar battery system when the iBEMS is in override mode. It 

is composed of a touch screen with several tabs to read values and send commands to the actuators of 

the system as illustrated in Figure 14. 
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Figure 14: HMI of the Battery storage system 

 

iBEMS HMI 

 

In this section a list of pictures necessary to understand how the iBEMS HMI works will be presented.  

In Figure 15 the main graphical envirnoment of the iBEMS is presented. Clicking on Home the user will 

be addressed to the page shown in Figure 16. 

 

 
Figure 15:  Main toolbar of iBEMS 
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Figure 16: Logical Architecture of the system 

On this page the user can see the architecture of the system and by clicking on a single element all the 

relative information will be displayed (see Figure 17 & Figure 18). 

 

 
Figure 17: monitoring parameters from the Inverter 
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Figure 18: monitoring parameters from the Nilar Batteries 

 

Remaining on the Main Toolbar the user can select the Monitoring button to see an overall information 

on the Electrical Power that is flowing (Figure 19) on the system. 

 

 
Figure 19: Monitoring View 

Furthermore, a button named “Trends” has been inserted, directing to a page with all the data recorded, 

to be downloaded for further analysis. In Figure 20 for example a trend chart of the current from a PV 

panel after the inverter conversion is shown. As a starting point, the data collected are available in table 

form but they could be easily shown also as chart where the user can select the live view, the historical 

data (with dedicated time stamp) and also compare more logged variables and their relative trends on 

the same chart. 
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Figure 20: Example of Trend Chart of a Logged Variable 
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Conclusions  

 

The integration of the BIEM components has been completed with success, although some technical 

problems occuried but they have been solved. Currently the various Human to machine interfaces 

constantly keep the users informed about the condition of the system where also potential issues can be 

simply identified and solved. The system is running in the proper way and it can be verified also by remote 

control. 

The system guarantees reliabity and efficiency in energy use, it could be easily replicated or even 

enlarged when necessary; in order to have the perfect combination from energy production, energy 

storage and energy consumption with a single central intelligence with a user friendly H2M. Moreover, 

the BIEM can be integrated in the iBEMS environment since the AS is the core of both systems. 

For Schneider Electric the specific demo case will be used in the future for demonstrating remotely to 

shopping mall managers the efficiency of the installation showing live the collected information and the 

operation of the system. Also by the continuous operation of the system, potential bugs in the execution 

of the control rules and the communication procedures can be identified making the solution of the 

BIEM more and more reliable for the final customer. 

 


