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a European-wide focus to support and push its homogeneous development and implementation at the 
whole EU-level is strongly advised. 
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Table 3: Enel X Way Waybox Pro Cellular Technical Characteristics as installed at the E-Mobility Lab 
Brand Enel X Way 
Model Waybox Pro Cellular 

Market Availability Commercial Product 
Electrical Configuration AC single phase (1-p) 

Max. Nominal Charging Power 7.4kW  
Power Flow Management V1G only 

Back-end Physical Connection Wireless (4G SIM) 
Back-end Communication Protocol OCPP 1.6J 
Front-end Communication Protocol EN/IEC 61851-1 AC (PWM) 

Input Voltage 230VAC 
Charging Mode Mode 3 

Operating Temperature From -30°C to +50°C  
Energy Readings Accuracy ±1% (at ambient temperature) 

 

 

Figure 4: Enel X Way Waybox Pro Cellular 7.4 kW charger installed at the E-Mobility Lab (Testing Post #10) 
 

1.2.2. EVs Tested 
For the FLOW task 6.1 tests, 4 different EVs were used in combination with the 2 chargers described 
in Paragraph 1.2.1.1 and 1.2.1.2. However, these 4 EVs were provided not by FLOW partners, but from 
external third companies that had previously joined the experimental activities at the E-Mobility Lab 
through the ESI E-Mobility Initiative, and therefore their specific company brands cannot be disclosed. 
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2.1.1.1. Voltage Dips (Class 2-Class 3-Class X) 

 

Figure 5. Voltage Dips class 2 test profile 
 

The Figure 5 illustrates a Voltage Dip test per IEC 61000-4-11, applied to a three-phase system at 230 
V nominal and 50 Hz. The voltage drops in steps, holding each level briefly before recovery. This 
corresponds to Class 2, with a 0% for 1 cycle and 70% voltage reduction for 25 cycles before returning 
to normal. 

 

Figure 6. Voltage Dips class 3 test profile 

The Figure 6 corresponds to Class 3, with a 0% for 1 cycle, 40% for 10 cycles, 70% for 25 cycles and 80% 
voltage reduction for 250 cycles before returning to normal. 
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Figure 7. Voltage Dips class X test profile 

The Figure 7 corresponds to Class X, with a 0% for 1/8 cycle, 10% for 1/4 cycle, 45% for 10 cycles, 65% 
for 25 cycles and 90% voltage reduction for 250 cycles before returning to normal. 

 

2.1.1.2. Voltage Variations (Level 1-Class X) 

 

Figure 8. Voltage Variations level 1 test profile 

The Figure 8 illustrates a Voltage Variation test per IEC 61000-4-11, applied to a three-phase system at 
230 V nominal and 50 Hz. The voltage initially drops to a lower level, maintains it for a short duration, 
and then gradually recovers to the nominal value. This corresponds to Level 1, with a 70% voltage 
reduction for 1 cycle, followed by a smooth ramp-up before stabilization. 
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Figure 9. Voltage Variations class X test profile 
 

The Figure 9 corresponds to Class X, with a 95% voltage reduction for 1 cycle, followed by a smooth 
ramp-up before stabilization. 

2.1.2. IEC 61000-4-13: Harmonics and Interharmonics 
This test assesses the device's response to the presence of harmonics and interharmonics in the supply 
voltage. The emulator introduces specific harmonic distortions in the voltage signal to evaluate the 
device's susceptibility to these disturbances. The following tests have been carried out: 
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Figure 14. Harmonic Combination overswing class 2 test profile 
 
The Figure 14 corresponds to Class 2 and Figure 15 corresponds to Class 3, with the peak overshoot 
and more deviations of the shape. 
 

 
 

Figure 15. Harmonic Combination overswing class 3 test profile 
 
The Figure 16 corresponds to Class X, with the peak overshoot and much more deviations of the 
sinusoidal shape. 
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Figure 18. Sweep In Frequency class 2 test profile 
 
This Figure 18 corresponds to Class 2 and Figure 19 correspond to Class 3, with incremented voltage 
steps. 
 

 
 

Figure 19. Sweep In Frequency class 3 test profile 
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Figure 22. Meister Curve class 3 test profile 

The Figure 22 corresponds to Class 3, with one additional voltage step. 

2.1.3. IEC 61000-4-14: Voltage Fluctuations (Flicker) 
This test measures the immunity of the device to slow voltage fluctuations, commonly known as 
"flicker." The emulator generates periodic variations in voltage to determine their impact on the 
device's performance. The following test have been run: 

2.1.3.1. Voltage Fluctuations (Class 2-Class X) 

 

Figure 23. Voltage Fluctuations class 2 test profile 
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Figure 24. Voltage Fluctuations class X test profile 

The Figure 23 corresponds to Class 2 and Figure 24 corresponds to Class X. The test induces periodic 
voltage variations over an extended duration, simulating real-world fluctuations (flicker).  

2.1.4. IEC 61000-4-28: Variations of Power Frequency 
This test evaluates the ability of the device to operate correctly under grid frequency variations. The 
emulator adjusts the output frequency within a defined range to observe the stability and functionality 
of the device under test. The following test have been carried out: 

2.1.4.1. Variations of Power Frequency (Class 2 Level 2) 

 

Figure 25. Variations of Power Frequency class 2 level 2 test profile 

Figure 25 illustrate the frequency fluctuation in discrete steps, deviating above/below the voltage. 
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Figure 35: E-Mobility Lab Control System general plant scheme 

 

3.1. IREC Smartlab 
The laboratory setup at IREC Smartlab, where the tests on the EV charger, supplied by a power grid, 
were conducted under disturbances, and consisted of the following systems and equipment: 

 

Figure 36. Scheme of test systems and equipment deployed in the Smartlab. 
 

Microgrid. - The microgrid included a set of maneuvering switch disconnectors housed within an 
enclosure and busbar system, allowing for the isolation of different sections. It incorporated three 
three-phase AC/DC power inverters, which were connected to a modular battery pack, enabling 
controlled energy storage and supply. 

Grid Emulator. - The 15 kW CINERGIA all-terrain grid emulator was utilized to simulate various grid 
faults and disturbances to assess the behavior and resilience of devices powered by its generated 

�(�Q�H�O���;���:�D�\�¶�V���:�D�\�E�R�[
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output. In addition to its essential functionalities, this emulator was instrumental in recreating real-
world grid anomalies. The AC EV charger was connected to the output of the grid emulator for direct 
testing. 

AC EV Charger. - The Eaton Green Motion Home AC EV Charger, with a maximum power rating of 22 
kW, was installed on a vertically mobile test bench, simulating a wall-mounted configuration with 
appropriate safety protections. Due to hardware limitations imposed by the EV Emulator, the EV 
charger was configured to operate at 16 A three-phase using its internal DIP switch settings. 

EV Emulator. - The Metrel EV Emulator, capable of handling charging tests up to 13 A, was 
implemented as an interface between the EVSE and the microgrid. The emulator was connected 
through a Type 2 connector (EN/IEC 61851-1) and featured dedicated test terminals for charge 
evaluation. It also incorporated Control Pilot (CP) and Proximity Pilot (PP) functionalities, along with 
manual selectors for vehicle connection, charging state, and stop modes. 

SCADA Control and Monitoring Centre. - All equipment with Ethernet connectivity and data logging 
capabilities was mapped into the SCADA system of the IREC Smartlab. This enabled real-time 
monitoring, control, and data recording throughout the testing phases. 

 

 
Figure 37. Grid Emulator and AC EV charger setup 

 
Figure 38. Microgrid with AC/DC converters and 

battery box setup 
 

 





https://iportal2.schneider-electric.com/Contents/docs/SQD-METSEION92030_DATA%20SHEET.PDF
https://iportal2.schneider-electric.com/Contents/docs/SQD-METSEION92030_DATA%20SHEET.PDF
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4.1.1. IEC 61000-4-11: Voltage Dips and Interruptions 

4.1.1.1. Voltage Dips 

 

Figure 44. Graph of results obtained with Voltage Dips class 2 profile 

 



 
Deliverable 6.1 
Component level characterization results  

  

 

 
Page 50 of 93 

  

   

 

Figure 45. Graph of results obtained with Voltage Dips class 3 profile 
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Figure 46. Graph of results obtained with Voltage Dips class X profile 
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Figure 44 and Figure 45 depict the voltage, current, and power behavior of the AC EV charger, showing 
minor differences in magnitude between the input and output due to installation infrastructure, 
protection devices, and inherent system losses. 

Figure 46 confirms correct operation under normal conditions until the voltage dip profiles are 
executed at different configuration levels. For Class 2, Class 3, and Class X, the test results indicate 
disconnection or shutdown of the charger, as voltage dips momentarily deprive the AC EV charger of 
power, leading to system shutdown. This response is also evident in Figure 47. 

It is essential to highlight that the test successfully validates the expected behavior of the EV charger, 
as it automatically reconnects and resumes charging once power is restored, provided that the load 
energy demand conditions are met. 

 

Figure 47. Grid Emulator supervision dashboard during voltage dips test 
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4.1.1.2. Voltage Variations 

 

Figure 48. Graph of results obtained with Voltage Variations level 1 profile 
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Figure 49. Graph of results obtained with Voltage Variations class X profile 

 

This test also confirms an adequate response of the AC EV charger, ensuring continuous energy supply 
to the load. 
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4.1.2. IEC 61000-4-13: Harmonics and Interharmonics 

4.1.2.1. Harmonic Combination Flat Curve 

 

Figure 52. Graph of results obtained with Harmonic Combination Flat Curve class 1 and class 2 profile 
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Figure 53. Graph of results obtained with Harmonic Combination Flat Curve class 3 profile 

 

Figure 52 demonstrates a stable response of the AC EV charger when subjected to the test profile 
under Class 1 and Class 2 conditions. The charger exhibits high tolerance to voltage and current 
distortions, continuing to supply power to the load without disruption. This response is further 
validated in Figure 54. 
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However, when the test severity increases to Class 3, the charging process is interrupted, and the 
system shuts down, as Figure 53. This disconnection is not caused by a failure in the AC EV charger 
itself, but rather due to the alarm thresholds set within the grid emulator, which limit voltage, current, 
and power conditions. 

 

Figure 54. Grid Emulator supervision dashboard during harmonic combination flat curve test 
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4.1.2.2. Harmonic Combination Overswing 

 

Figure 55. Graph of results obtained with Harmonic Combination Overswing class 1 and class 2 profile 
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Figure 56. Graph of results obtained with Harmonic Combination Overswing class 3 and class X profile 

 

Across all four test levels, the AC EV charger demonstrates excellent performance, without triggering 
any faults or alarms. This resilience to harmonic distortions is clearly visible in Figure 55 and Figure 56. 
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Notably, in Figure 55, there is a slight decrease in current and power, attributed to the BMS, which 
regulates the charge level as the SOC approaches its maximum limit. Figure 57 further illustrates the 
execution of the overswing test profile. 

 

Figure 57. Grid Emulator supervision dashboard during harmonic combination overswing test 
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4.1.2.3. Sweep in Frequency 

 

Figure 58. Graph of results obtained with Sweep in Frequency class 1 profile 
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Figure 59. Graph of results obtained with Sweep in Frequency class 2 profile 
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Figure 60. Graph of results obtained with Sweep in Frequency class 3 profile 

 

This test exposes the AC EV charger to voltage and frequency deviations at different levels. 

In Figure 58, the Class 1 test level demonstrates a successful response, with the charger maintaining 
stable operation. However, in Figure 59, a charging process disconnection occurs due to the activation 
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4.1.2.4. Individual and Interharmonics 

 

Figure 62. Graph of results obtained with Individual and Interharmonics class 1, class 2 and class 3 profile 
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process, demonstrating high resilience to interharmonic distortions. This behavior is further confirmed 
in Figure 64. 

 

Figure 64. Grid Emulator supervision dashboard during individual and interharmonics test 
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4.1.2.5. Meister Curve 

 

Figure 65. Graph of results obtained with Meister Curve class 2 profile 
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4.1.3. IEC 61000-4-14: Voltage Fluctuations (Flicker) 

4.1.3.1. Voltage Fluctuations 

 

Figure 68. Graph of results obtained with Voltage Fluctuation class 2 profile 
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Figure 69. Graph of results obtained with Voltage Fluctuation class X profile 
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Figure 70. Graph of results obtained with Voltage Fluctuation class X profile (2nd rep) 
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4.1.4. IEC 61000-4-28: Variations of Power Frequency 

4.1.4.1. Variation of Power Frequency 

 

Figure 72. Graph of results obtained with Variation of Power Frequency class 2 level 2 profile 
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4.2.2.2. Type 1_2: Self-discharge Test 
Test Type 1_2 results are explicitly listed in Table 12 below. 

In general, as already anticipated in Section 2.2.2.2, it can be observed that the absorbed energy values 
(both at the CP and at the Grid meter) were found to be extremely small in all the 4 EVs tested, 
consequently determining practically negligible Self-Discharge Rates and Self-Discharged State of 
Charge values: the only exceptions were EV#2 and EV#4 which showed small but still appreciable Self-
Discharged State of Charge values at the end of the tests (approx. 2.10% and 2.18%, respectively). It is 
important to note that in some cases (EV#1 and EV#2) the energy absorbed by the vehicle at the end 
of the standard time interval set for the test was found to be approximately zero. These specific 
findings are confirmed by the empirical behavior of these EV# which, at the end of the set time interval, 
instantly interrupted the charging session without absorbing any appreciable quantities of energy (in 
one case, it was not even possible to start the charging session itself). 

 

 

 

Table 12: Test Type 1_2, Self-discharge Results 
  

Self-discharge Rate 
(CP) [kWh/day] 

Self-discharge Rate 
(GRID) [kWh/day] 

Energy absorbed 
during charge (CP) 

[kWh] 

Energy absorbed 
during charge 
(GRID) [kWh] 

Discharged SoC 
compared to 

nominal capacity 
[%] 

EV #1 
(V1G) 

Avg. ± Std. Dev ~ 0 ± 0 kWh/day ~ 0 ± 0 kWh/day ~ 0 ± 0 kWh ~ 0 ± 0 kWh ~ 0 % ± 0 % 

Test #1 ~ 0 kWh/day ~ 0 kWh/day ~ 0 kWh ~ 0 kWh ~ 0 % 

Test #2 ~ 0 kWh/day ~ 0 kWh/day ~ 0 kWh ~ 0 kWh ~ 0 % 

EV #2 
(V1G 
and 
V2G) 

Avg. ± Std. Dev 0,121 ± 0,17 kWh/day 0,088 ± 0,13 kWh/day 0,85 ± 1,202 kWh 0,883 ± 1,249 kWh 2,10 % ± 2,97 % 

Test #1 ~ 0 kWh/day ~ 0 kWh/day ~ 0 kWh ~ 0 kWh ~ 0 % 

Test #2 0,243 kWh/day 0,177 kWh/day 1,7 kWh 1,766 kWh 4,21 % 

EV #3 
(V1G) 

Avg. ± Std. Dev 0,097 ± 0,02 kWh/day 0,101 ± 0,02 kWh/day 0,8 ± ~ 0 kWh 0,831 ± 0,025 kWh 1,28 % ± ~ 0 % 

Test #1 0,114 kWh/day 0,116 kWh/day 0,8 kWh 0,813 kWh 1,26 % 

Test #2 0,080 kWh/day 0,085 kWh/day 0,8 kWh 0,849 kWh 1,31 % 

EV #4 
(V1G) 

Avg. ± Std. Dev 0,220 ± 0,15 kWh/day 0,202 ± 0,18 kWh/day 1,536 ± 1,044 kWh 1,414 ± 1,274 kWh 2,18 % ± 1,96 % 

Test #1 0,114 kWh/day 0,073 kWh/day 0,798 KWh 0,513 kWh 0,79 % 

Test #2 0,325 kWh/day 0,3302 kWh/day 2,274 kWh 2,3114 kWh 3,57 % 

 

Longer standard testing time internal (e.g., one month) could lead to much higher Self-Discharge Rates 
and Self-Discharged SoCs than those observed since the self-discharge phenomenon of an 
electrochemical battery is not necessarily linear. However, it is considered quite unlikely that there 
could be flexibility uses cases in which an EV remains systematically and periodically shutdown for 
periods longer than a week/ten days, therefore the measured self-discharge rates appear irrelevant in 
any discussion or assessment on flexibility provision by EVs. 




















