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ABSTRACT 

Delivering reliable electric power and high-quality 
services is a mission for Hydro-Quebec, a generation, 
transmission and distribution company. In order to 
maintain those high quality services, some studies have 
been conducted to evaluate the impact of the electric 
vehicle charging stations, belonging to “The Electric 
Circuit”,  on Hydro-Quebec's distribution network. 
This paper focuses on the assessment of the impact of 
charging stations on the power quality (PQ). The tests 
were performed by Hydro-Quebec’s Research Institute 
(IREQ) in its laboratories. 

INTRODUCTION 

The contribution to transportation electrification is a 
commitment for Hydro-Quebec. The company is 
providing guidance for initiatives to be carried out as part 
of the sustainable development goals. These goals 
include: 
• Reducing GHG emissions in Quebec, by generating 

98.8% of electricity from a clean, renewable source 
and through initiatives such as “ The Electric 
Circuit” . 

• Contributing to the energy transition, by 
implementing transportation electrification and 
gradually abandoning fossil fuels globally as part of 
the fight against climate changes. 

Hydro-Quebec, with its energy and expertise is 
revolutionizing the transportation industry by developing 
advanced technologies for electric vehicle engines and 
batteries as well as a charging stations network “The 
Electric Circuit”, specifically for electric vehicles. 
The company also participates in feasibility studies and 
pilot projects. In one of these activities, attention was 
focused on the impact of electric vehicle charging 
stations on Hydro-Quebec's distribution network. 
This paper addresses “The Electric Circuit”  project 
implemented in Quebec and discusses the results of the 
tests performed in IREQ’s laboratories on the impact on 
Power Quality of two different models/vendors of fast 
charging stations (DCFC) (50kW/400V). 

THE ELECTRIC CIRCUIT 

“The Electric Circuit” , an initiative of Hydro-Quebec, is 
Canada’s first public charging network for electric 
vehicles (EVs). It offers both 240V and 400V charging 
stations, which are installed in the parking lots of the 
electric circuit’s numerous partners across Quebec and in 
the North-East of Ontario. The Figure 1 shows the web 
application used to identify the network and locate the 
charging stations. “The Electric Circuit”  establishes a 

major initiative in the deployment of the charging 
infrastructure to support the arrival of the electric 
vehicles in Quebec. Since his inauguration in March, 
2012, more than 300 private and institutional partners 
have joined the electric circuit, and the network now has 
over 35000 members. 

 
Figure 1. “The Electric Circuit” network 

The number of “The Electric Circuit”  charging stations 
and the number of the areas served are continually 
increasing. At the present time, the network counts more 
than one thousand seven hundred (1700) charging 
stations (approximately 90% of them are level 2 EV 
chargers 7,2 kW at 240V and 10% are DCFC EV 
chargers 50kW at 400V), essentially situated in the 
province of Quebec. In the near future, ultra-fast-charging 
stations (DCUFC) with capacities from 150kW to 350kW 
will be added. Lately “The Electric Circuit”  has been 
deploying double stations with two fast-charging stations 
and superstations offering up to 4 fast-charging stations. 

 
Figure 2. The superstation (source HQ web site) 
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The state-of-the-art superstation (see Figure 2) offers four 
50kW fast-charging stations that can simultaneously 
charge one vehicle each. Designed by a Quebec firm, the 
superstation has an adaptable configuration that renders 
its installation optimizable, making possible both the 
addition of charging stations and the integration of new, 
more powerful technologies. The concept also offers an 
attractive, easily recognizable visual signature with a lit-
up background. 

CHARGING STATIONS 

There are three EV charging setups [1]: 
1. Level 1 Charging: Charging from a 120V outlet 

which provides between 2 and 5 miles of range per 
hour of charging. 

2. Level 2 Charging: Using an EV service equipment to 
provide power at 220/240V and up to 30 amps for 10 
to 25 miles of range in an hour of charging at home 
or at a public station. 

3. DC Fast Charging (DCFC) (Level 3 charging): Using 
a charging station with standards such as: 
Supercharger (Tesla), CHAdeMO and CCS 
(Combined Charging Systems) for about 50 miles of 
range per 20 minutes.  

Two vendors have won the last bidding to supply DCFC 
(50kW/400V) fast-charging stations to “The Electric 
Circuit” . One of them has started adding stations to the 
network in the fall of 2017, and the second one, as of 
spring 2019, once technical modifications to align the 
stations with the charging network integration are 
completed. 
As part of the technical evaluation during the bidding 
process, environmental and power quality (PQ) tests on 
the charging stations were performed. 

CHARGING STATIONS UNDER PQ TEST 

The charging stations/devices under test (DUT) came 
from two preselected vendors (see Figure 3). They 
require a 3-phase 480V a.c. power supply. The main 
component of the DUTs is a power convertor (or several) 
providing power at a voltage between 200 to 500V d.c. to 
the EVs. The DUTs were equipped with CHAdeMO and 
CCS handles. 

 
a) b) 

Figure 3. Fast charging stations DCFC (50kW/400V): 
a) Vendor X; b) Vendor Y 

The EVs (see Figure 4) available for the tests were: 
1. SPARK from GM 
2. LEAF from Nissan 

 
Figure 4. EVs: SPARK from GE and LEAF from Nissan 

EVALUATION OF CHARGING STATIONS 

All models of DCFC stations (50kW/400V), which were 
proposed by vendors, underwent a rigorous climate 
testing at Hydro-Québec’s Research Institute (IREQ). 
These equipments face an unfriendly climate in Quebec, 
mostly in the winter season when they have to withstand 
very cold weather and icing conditions. 
They also were submitted to a power quality impact 
evaluation. Equipped with power electronic (PE) 
interfaces, these charging stations are causing voltage 
waveform distortions whose levels were measured during 
the PQ tests to asses if they exceed or not the thresholds 
suggested by the international standards (IEC, IEEE). 
The evaluation of the charging stations impact on power 
quality is a three phase process scheduled over several 
years, which includes laboratory and field tests: 
• Phase 1 (2018): Laboratory tests on DCFC 

(50kW/400V): 
o Environmental 
o PQ impact 

• Phase 2 (2019): Field tests on DCFC (50kW/400V) 
o PQ impact 

• Phase 3 (2020 and +): Field tests on DCUFC (100, 
150 and 350kW/400V or 800V) 
o PQ impact 

These tests are part of the project to set up the afore 
mentioned public network of charging stations for 
electric vehicles in Quebec.  

Laboratory tests 
The laboratory tests have been conducted in 2018 and 
included environmental and power quality tests. 
Setups 

  
Figure 5. Test setup - Supplying circuit 

For performing the tests, two setups have been built, one 
for the environmental tests and another one for the PQ 
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impact tests. Both of them used the same supplying 
circuit (see Figure 5) including: 
• Fused switch 600V/400A 
• 3-phase autotransformer (600/480V and 225kVA) 
• Fused switches (480V/125A and 480V/100A 

 
Figure 6. Climate chamber for environmental tests 

The setup for the environmental tests also included a 
climate chamber (see Figure 6). 

 
Figure 7. PQ analyzers, HIOKI 3196 and 3198 

The PQ monitoring and disturbance recording was 
performed with two PQ analysers, HIOKI 3196 and 3198 
(see Figure 7) equipped with current clamps HIOKI 9661 
(500 A) and HIOKI 9694 (5 A). 
Environmental tests 
The environmental tests were conducted in April and 
May 2018 by the “Mechanical and environmental Tests 
Laboratory” from IREQ. They included: 
• The rain test (Nema-250-2003) (see Figure 8a), 
• The ice test (from IEC 62271-102) (see Figure 8b),  
• The dry and cold heat test (IEC 68-2-1/2-2007), 
• The wet heat and frost test (IEC 68-2-38-1974). 

 
a) b) 

Figure 8. Environmental tests: a) Rain test; b) Ice test 

The environmental test program was customized and 
optimized according to the request of the project analysis 
committee. Charging stations from different vendors 
were submitted to environmental tests [2]. Afterwards, 
two of them, those from vendors X and Y also underwent 
the PQ tests. 
Power Quality tests 
The PQ impact evaluation tests included the monitoring 
of the power supply of each charging station during idle 
periods (no EV charge) and during EV charging periods 
based on a three-stage process: 
• Start-up, 
• Full charge, 
• End of charging process. 
For reasons of coherence, homogeneity, uniformity and 
regularity, several EV charging sequences, of either 
SPARK or LEAF electrical vehicles have been carried 
out and monitored. 

Table 1. Max and Min voltage and current rms values 
recorded during idle and on-charge periods 

 

All voltage and current measurements were taken from 
the primary side of the autotransformer to evaluate the 
impact on the quality of the voltage waveform on HQ’s 
distribution network side. Max and Min voltage and 
current rms values recorded during idle and on-charge 
periods are shown in Table 1. The phase-to-neutral 
voltage levels, recorded during the inactive and active 
periods of the charging stations, are stable with 
fluctuations up to 4V between Min and Max values.The 
Max currents measured during on-charge periods did not 
exceed 51.2A rms, which represents around 25% of the 
capacity of the autotransformer in normal operation. The 
Min values of currents corresponding to idle periods were 
lower than 2A rms but their harmonic content was 
significant. Voltage and current waveforms recorded in 
the idle periods of the charging stations are illustrated in 
Figure 9. They are similar for both DCFC stations. 

 

Figure 9. Voltage and current waveforms during idle 
periods of DCFC station (vendor X) 

Initial sequences of charging start-up corresponding to 
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DCFC station from vendor X are presented in Figure 10. 

 
a) b) c) 

Figure 10. Charging start-up (DCFC station X) 

The charging start-up associated with the charging station 
from vendor Y, in terms of waveform distortions and 
current magnitude elevation, is illustrated in Figure 11. 

 
a) Start-up initial moment 

 
b) Charging current magnitude elevation (15A rms)  

 
c) Charging current magnitude elevation (20A rms) 

Figure 11. Charging start-up (DCFC station Y) 

According to Figure 11, the start-up involves specific 
operations of the power electronics interface of the 
charging station, which probably include a capacitor bank 
engagement. The peak of the current transient reached 
250A (crest value). The elevation of the charging current 
is controlled and it is done sequentially.  

 
Figure 12. Full charging current (DCFC station Y) 

The full charge current is reached after about 25 seconds 
and varies slightly around 50A rms (see Figure 12) 
during the full charge period. 
Ending the charging process can be done by the operator 
at any moment, and the magnitude of the current drawn 
by the DCFC station decreases sharply within a cycle 
(see Figure 13), or by DCFC station microprocessor 
when the EV battery is fully loaded (see Figure 14). 

 
Figure 13. End charging by operator (DCFC station Y) 

Then the decrease rate is slower and the third stage takes 
0.5 to 1 second. 

 
Figure 14. End charging controlled by the DCFC station Y 

The voltage and current waveforms recorded during the 
full charge period (see Figure 15) show very small 
harmonic distortions on the voltage side and higher 
harmonic distortions on the current side. 

 
Figure 15. Voltage and current waveforms during the full 

charge period (DCFC station Y) 

However, neither one exceeds the harmonic limits 
suggested by the standards [4],[5],[6],[7]. 

 
Figure 16. THD/phase A (Min, Avg, Max) (DCFC station X) 

THD Min, Avg and Max values plots from Figure 16, 
representing measurements taken at the primary of the 
autotransformer, are quite linear over the charging 
process. Slightly lower values were measured during the 
idle periods before and after the charging process. The 
THD is less than 1.12% when the charging station is 
inactive and lower than 1.27% when it charges the EV. 

 

Figure 17. TDD/phase A (Min, Avg, Max) (DCFC station X) 
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The TDD Min, Avg and Max values plots from Figure 17 
are very linear over the full charge stage. On the contrary, 
significantly higher values, up to 94%, were recorded 
during idle periods before and after the charging process. 
The reason is the extremely low magnitude of the current 
fundamental when the charging station is inactive and the 
much higher magnitude when it is active. 
The inrush current calls of the charging stations have no 
noticeable impact on measured rms voltages. Dominant 
harmonic orders are 5th, 7th and 11th (see Table 2). 

Table 2. PQ indices levels measured at the PCC of DCFC 
stations during on-charge periods 

 
When the stations are on-charge, the voltage imbalance is 
lower than 0.9% and the flicker does not exceed 0.34. 
Communication between charging stations and EVs 
The charging process is a controlled process involving 
communication between the microprocessors of the 
charging station and of EV, which exchange information. 
Several times at the beginning of the charging process, 
there were communication errors forcing the charging 
station microprocessor to stop the process. There were 
five such events involving both charging stations. 
The solution used to solve this problem includes 5 steps: 
1. Disconnect the connector from the charging station, 
2. Start the electric vehicle, 
3. Stop the electric vehicle, 
4. Reconnect the connector of the charging station, 
5. Restart the recharge. 
It is possible that rapid successions of charging stops and 
starts may have contributed to communications errors. 

Field tests 
The field tests will be performed in phase 2 and phase 3. 
The phase 2 tests, performed in 2019, will evaluate the 
two models of DCFC stations in the field. Each of them 
will be supplied by a dedicated 3-phase autotransformer 
(600/480V). A PQ monitoring system PQube will be 
connected between the primary side of the 
autotransformer and the secondary of a 3-phase delta 
connected (25kV/600V) MV power transformer. It will 
measure and record PQ disturbances related to charging 
stations, including the harmonic emissions (<2kHz) and 
also the high frequency or supraharmonic emissions (2 to 
150kHz). Permanently installed, the PQube’s will 

communicate wireless (cellular) with the PQ server 
located at IREQ’s facility. 
The phase 3 test will be performed in 2020. The DUTs 
will be the ultra-fast charging stations of 100kW, 150kW, 
350kW and ultra-fast charging infrastructures of 150kW 
and 350kW, each including two charging stations sharing 
the power. The PQ monitoring systems to be used in 
phase 3 will be selected early in 2020. 
Three demonstration sites will help to better understand 
the need for public charging infrastructure for future 
generations of EVs, for both individual transportation and 
public transit (bus) and freight (light trucks, trucks) for 
more effective deployment in the future. 

CONCLUSIONS 

The tests conducted as part of “ The Electric Circuit” 
project focused on the impact of two DCFC stations on 
the quality of the electrical supply provided by Hydro-
Québec's distribution network. The tests were carried out 
in IREQ’s laboratories. 
The analysis of the results from PQ tests indicates that: 
• Levels of PQ current indices related to harmonic 

distortion, TDD and individual harmonics 
magnitudes exceed the thresholds suggested by 
standards, during idle periods of charging stations 
when the fundamental current is very low (<2A). 

• Those levels decrease to acceptable values during 
on-charge periods when the fundamental current is 
much higher (>50A). 

• Levels of voltage PQ indices are lower than the 
standards limits during both active and passive 
periods. 

The field trials will be conducted in 2019 and 2020. 
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