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Abstract 
With the objective to reduce the environmental pollution, alternative initia-
tives have favored the evolution of the electric vehicle (EV). As the electric ve-
hicle depends solely on battery, the grid electric power is need for charging it. 
This new electric load can cause concern due to the impact of consume on 
power system. The behavior of main electric parameters is analyzed during 
the recharge of EV considering an actual condition of diary charge. In se-
quence, the data of these electric parameters obtained during EV charging 
were included on residential consumer energy from Brazil. The results con-
tribute to the understanding of the recharge of EV in different time of the day 
which can affect the curve of residential consumer energy and consequently 
will affect in different way on Power System. 
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1. Introduction 

In these days, it is impossible to think in urban mobility without considering the 
automobile, which has become an indispensable asset. The Electric Vehicle (EV) 
has represented significant parts of automobiles markets. Since Kyoto protocol, 
occurred in 1997, environmental initiatives have favored the evolution of the 
electric power train, with objective to reduce the environmental pollution [1]. 
Electric vehicle has no emission of pollutants into the atmosphere and also any 
noise. Due to these features, various governments are proposing strong policies, 
including legislations, benefits and rebates and consequently making reality the 
adoption of EV like way of urban mobility. Therefore, the less autonomy and the 
long time to recharge remain the EV great disadvantages. As this vehicle de-
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pends solely on battery, electric power is needed from the grid for charging [2]. 
The rapid growth of electric vehicle, associate with less autonomy, impacts defi-
nitely in increases of energy demand. The extra energy, demand of EV, can cause 
the distribution circuit congestion and affects the power quality [3]. However, 
before to think about the increase and quality of energy, it is necessary to inves-
tigate the impact on power system. The study reported in this paper presents the 
behavior of main electric parameters, like voltage (V), current (I), harmonic dis- 
tortion (THD), active power (P), reactive power (Q), apparent power (S) and 
power factor (FP) during the recharge of VE. Thus, after to know the behavior of 
electric parameters, it is possible to discuss the general effect on distribution 
systems caused by the spread of EV. In sequence, these electric parameters will 
be included on residential consumer energy of Brazil. The recharge of EV in dif-
ferent time of the day can affect the curve of residential consumer energy and 
consequently will affect in different way on Power System.  

2. Literature Review 

The researches associated with EV present different aspects, especially about so-
lutions due the less autonomy and studies about the impact of consume on 
power system. Regarding the less autonomy of EV, the main researches include 
analyses of new technologies and tests of batteries and chargers. It was proposed 
by [4], a new configuration for a Hybrid Energy Storage System (HESS). Utiliz-
ing the combination with battery, ultra-capacitors and bi-directional DC/DC 
converter, it was possible to achieve a better overall performance as well as ex-
tend the battery life. Concerning chargers, it was studied a method to provide 
automatic positioning of the charging stations by service area division by [5]. 
They assume that the electric car owners are always looking for the nearest 
charging station and the premise of the popularity of EV is to solve the posi-
tioning of the charging stations. The need to increase the number of chargers is 
due the introduction of EVs in scale. As a consequence, it comes with an in-
crease in electricity demand. According to [6], in most of the cases, the distribu-
tion grid transfers energy without any kind of control mechanism. In a study 
done by [3] it was proposed an Advanced Metering Infrastructure (AMI), where 
it is possible to introduce a charging schedule system to advice the charging 
mode to avoid the peak consumption. The objective is to reduce the peak con-
sumption, to relocate the EV energy demand to “off peak” consumption and to 
reshape the load profile. One of the concerns about the issues regarding EVs pe-
netration in power grid is about quality power of electric system [6]. In [2] it was 
found a research about how EV can affect the quality power of electric system. It 
was done measurements and analyses of harmonic propagation during EV 
charging, especially when a group of EVs is connected to the grid simultaneously 
for charging. The founded harmonic contamination values were lower than the 
limit set by utility and the EV charging on electrical grid is not as critical as 
thought by most of power system researches and engineers. It also proves that 
the THD for both voltage and current from a group of EVs are not found the di-
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rect summation of the THD from a single vehicle [2]. The impact of EV’s con-
sumption on power system is totally related with the less autonomy of the ve-
hicle. The lower the efficiency, more power energy will be necessary and more 
time will be spent to recharge the EV. From the studies realized, this paper ana-
lyzes the impact caused by the recharge of EV on a residence in Brazil. This pa-
per is organized as follows: First it is presented the materials and methods used 
to get the electric parameters data during EV charging. Then it is presented the 
electric parameters obtained data during EV charging. Finally, the behavior of 
the residential load curve and the impact of the EV charge in it is analyzed and 
discussed. 

3. Materials and Methods 

To analyze the EV autonomy in Brazilian cities, some reference data is used. As 
the average travelled distance by each vehicle in Brazilian cities is 15.000 
km/year [7], consequently the travelled daily distance is approximately 41 
km/day. The measurement was performed on a commercial type EV with Li-ion 
battery within 24 kWh of energy. Due to sensitive issues, the name of the brand 
of this EV is not disclosed. The performance of this VE is 121 MPGe (miles per 
gallon), which correspond 5.78 km/kWh [8]. After travelled 41 km, considering 
the discharge condition in 5.78 km/kWh, in the end of day the battery of EV will 
be with 70% of state of charge (SOC). According to [2], one of the concerns with 
electric vehicle charging is the harmonic contamination to the electric grid. 
Harmonic limits are recommended by nationals and internationals standards [9] 
[10] [11]. The IEEE 519-2014 and IEC 61000-3-2:2014 are the major interna-
tionals standards on harmonic emission that are widely used. In Brazil, the most 
important standard is the PRODIST Module 8. The IEEE 519 recommends lim-
its for both voltage and current only at the point of common coupling (PCC) 
where others equipment are, or could be, connected. The PCC is a point located 
upstream of the considered installation and for bus voltage at PCC less than 1 
kV, the total harmonic voltage distortion (THDv) is 8 %. For users connected to 
systems where the rated voltage at the PCC is 120 V to 69 kV the maximum total 
harmonic voltage distortion (THDi) is 5% [9]. Even though that standard should 
not be applied to either individual pieces of equipment, the limits recommended 
will not be considered. The IEC 61000 sets limits of equipment whose input cur-
rent is equal or less than 16 A and differs from the IEE 519 because it does not 
stipulate a limit on the harmonic current emission from the individual loads, ir-
respective of their characteristics or topology. The IEC 61000 classifies the loads 
in four classes A-D [10]. 
 Class A: Three phase equipment, fixed tools, audio equipment and other 

equipment that is not classified as class B, C or D; 
 Class B: Portable tools, non-professional arc welding equipment; 
 Class C: Lighting equipment; 
 Class D: Equipment with power less than 600 W like personal computers, tab-

lets, television receivers. 
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The EV will be considered on class A due to it was not included in other 
classes. For class A the standard sets the harmonic current in the absolute limit 
of 2.3 A [10]. 

The main standard about quality power in Brazil is PRODIST Module 8 [11] 
where establishes limits for harmonic voltage distortion and power factor. For 
current there is no distortion limit set. The standard has set the limit on the per-
centage of total harmonic voltage distortion (THDv) of 10% and for power fac-
tor the limit is between 1 and 0.92 (inductive or capacitive) [11]. Figure 1 is the 
wiring schema used to measurement the electric parameters during EV charging. 
The measurement was performed using an energy analyzer which has the capa-
bility to display the measurements in real time and to save the measurement data 
into the memory [12]. Thus, the EV charging was realized on voltage level 220 
V/60 Hz between two phases, L1 and L2. 

The measured electric parameters data during the EV charging are presented 
on Table 1. Using the meter it were possible to measure electric parameters at 
each phase (L1 or L2) and phase-to-phase (L1-L2) and the obtained results are 
presented on the next section. 
 

 
Figure 1. Digital multimeter measurement schema [12]. 

 
Table 1. Measured electric parameters data during the EV charging. 

Electric Parameters Symbol Unit 

Voltage V V 

Current I A 

Total Voltage Harmonic Distorcion THDv % 

Total Current Harmonic Distorcion THDi % 

Active Power P W 

Reactive Power Q VAR 

Apparent Power S VA 

Power Factor PF Dimensionless 
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4. Electric Parameters Behavior during EV Charging 

The EV charging was monitored by the meter since 70% SOC until 100% SOC of 
battery. Every time that the charge of battery increased in 10% of state of charge 
(SOC) a new measurement was done. This information was obtained through 
the state of charge present in vehicle cluster. The total time to recharge was 3 
hours and 4 minutes. Table 2 shows the interval time to achieve each increase of 
10%, since 70% until 100% SOC. 

Figure 2 shows the voltage and THDv measured phase-to-phase (L1-L2) dur-
ing EV charging. During EV charging, the voltage has presented small variation 
and the maximum THDv found was 0.90%. The voltage and THDv on phase L1 
and L2 to ground are shown on Figure 3 and Figure 4, respectively. In both fig-
ures, the measured value of voltage also have presented small variation.  
 

 
Figure 2. Voltage and THDv, phase-to-phase, during EV charging. 
 

 
Figure 3. Voltage and THDv, on phase L1, during EV charging. 
 
Table 2. Measurement interval of EV charging. 
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Figure 4. Voltage and THDv, on phase L2, during EV charging. 
 
The higher measured value of THDv was 1%. Therefore, all the presented results 
are low of the set limit of standard PRODIST Module 8 used by this paper [11]. 

Concerning the current analysis, the measured current and THDi, on phase 
L1 and L2 are shown on Figure 5 and Figure 6, respectively, since an analysis 
about the current is also very important. It can be seen that during EV charging, 
current and THDi presented low values, much smaller than the regular elec-
tronic loads. The maximum value found was 6.5% what represent 0.37 A, a value 
lower than the set limit of standard IEC 61000 used by this paper [10]. 

The behavior of the active, reactive and apparent powers (P, Q, S) and power 
factor during EV charging, phase-to-phase, can be observed in Figure 7. The 
same variables, but now in each phase (L1 and L2), can be observed separately in 
Figure 8 and Figure 9. Analysing Figure 7 it can be observed that the total ac-
tive power of the EV is almost equal to the apparent power. This occurs because 
the reactive power has presented a low value causing a very high power factor. 
As a consequence the power factor stayed inside the standard limit of PRODIST 
Module 8. However, when each phase is analysed separately it can be seen that 
the reactive power presents high values. As a consequence the power factor val-
ues stay out of set limit. In this case, one of the phases presents a capacitive reac-
tive power and the other phase presents an inductive reactive power. As the 
reactive power compensation between the phases is obtained, the total reactive 
power achieves power quality standard. 

5. Electric Vehicle Recharge on Residential Consumer 

The adoption of EV like way of urban mobility impacts definitely in increases of 
electric energy demand. Due to the insufficient public charge infrastructure, the 
expectation is that 60% of EV is recharged at home [13]. When a EV is re-
charged at home, this charging behavior affects the residential consume and also 
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Figure 5. Current and THDi, on phase L1, during EV charging. 
 

 
Figure 6. Current and THDi, on phase L2, during EV charging. 
 

 
Figure 7. Powers P, Q, S and power factor, phase-to-phase, during EV charging. 
 

 
Figure 8. Powers P, Q, S and power factor, on phases L1, during EV charging. 
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Figure 9. Powers P, Q, S and power factor, on phase L2, during EV charging. 
 
per class [15] what in Brazil correspond to class B and A, respectively. The in-
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Figure 10. Residential daily load curve of class B-Workdays. 

 

 
Figure 11. Residential daily load curve with EV charging at seven p.m. 

 

 
Figure 12. Energy demand on phase L1 during EV charging at seven p.m. 

 

 
Figure 13. Energy demand on phase L2 during EV charging at seven p.m. 
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kWh and the maximum power demand jumped to 2.052 kW (142% bigger than 
the normal case value). As observed in Figure 10, the EV is a significant load 
and it causes a great modify on residential load curve behavior due to the EV 
energy demand. In Figure 10, the reactive power remained in low values. How-
ever, it is possible to observe high values of reactive power between the phases 
L1 and ground and L2 and ground, with inverse values to compensate the im-
balance between the phases. When the recharge starts at seven p.m., the EV uses 
the energy simultaneously with the period of the day with higher consumption 
in the house. A group of houses is connected in transformers in the distribution 
net. Each transformer is designed to feed the consumers considering their typical 
load curves. If the residence load curve changes, the energy company has to re-
locate loads to avoid peak demand out of the limit. This kind of scenario (C1) is 
the worst one as the standard peak load (before EV introduction) occurs around 
7 pm. Consequently it can cause overload on transformers. Whenever possible, 
it is important to relocate the consumption of main devices to periods out of the 
peak energy interval, to avoid overload on electrical system.  

5.2. Condition 2 of EV Charging 

The second analysis was done considering that the EV starts it charging at eleven 
p.m., out of the peak energy period. Figure 14 present the new load curve and 
the behavior on phase L1 and L2 to ground are shown on Figure 15 and Figure 
16, respectively. 
 

 
Figure 14. Residential daily load curve with EV charging at eleven p.m. 

 

 
Figure 15. Energy demand on phase L1 during EV charging at eleven p.m. 
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Figure 16. Energy demand on phase L1 during EV charging at eleven p.m. 
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supports other houses with the same consumption behavior. On C2, the monthly 
energy consumption increased to the same value observed in C1, because the 
consume of EV is the same, but the maximum energy demand was lower than in 
C1 because C2 occurred in a time when it does not have high consume of ener-
gy. Analyzing the graphics it is possible to understand how it is significant the 
time to start the recharge of EV. It impacts definitely in increases of energy de-
mand on power system. Therefore, it is necessary to have specifics politics to 
stimulate the behavior of EV charging for off peak consumption periods. 
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