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ABSTRACT 

This paper presents a methodology to calculate the daily 

load curve per city by taking into consideration a 

charging station for electric vehicles, which easily 

determines the effect of the load owing to the charging of 

electric vehicles in Seoul, South Korea. In particular, we 

calculate the charging power of uncontrolled plug-in 

electric vehicles (PEVs) in terms of the daily running 

characteristics of vehicle travelling between homes and 

workplaces, with respect to PEV charging stations in the 

city, according to the market share of PEVs. Furthermore, 

we calculate the load curve for the simultaneous 

charging strategy of controlled PEVs in terms of the 

vehicles’ daily running characteristics between homes 

and workplaces and a time-of-use (TOU) price plan of 

the Seoul Metropolitan Government under uncontrolled 

and controlled charging types. Thus, we are able to 

analysis the effect of the total existing electricity load and 

the abovementioned daily load on the grid. Because we 

can precisely determine the effect of the hourly charging 

load of PEVs on a power grid in Seoul using these study 

results, we can establish a PEV charging load 

management plan to prevent power grid reinforcement 

and expansion while satisfying the overload constraint of 

the power grid in Seoul using an appropriate TOU price 

plan. 

INTRODUCTION 

Various studies have been conducted to estimate the 

power demand for PEV battery charging, and to establish 

an accurate assessment of whether existing distribution 

systems can cope with the increasing charging power 

demand. These studies were supported by governments 

through technical standards and transaction regulations in 

relation to PEVs, to prepare for PEV expansion around 

the world. However, most studies have concentrated only 

on the effect of PEV charging in residential areas on the 

power grid [1]–[5].  

According to various study results on PEV energy 

consumption (i.e. the load owing to PEV battery 

charging), the expansion of PEV usage could have a 

significant effect on the national power grid and  

 

 

residential power distribution systems. In contrast, other 

studies reported that the increasing number of PEVs has 

no significant effect on the national power grids. 

Therefore, deriving a definite conclusion is required, with 

regard to the effect of PEVs on national power grids, 

according to the unique characteristics of each country [6] 

[7]. 

To resolve these issues, assessing the PEV charging 

effect on large urban regions in national grids is essential. 

To this end, effect-assessment modeling according to the 

PEV charging per charging station must be developed.  

This study calculated the daily load curve of PEV 

charging in Seoul, South Korea, based on PEV charging 

conditions (i.e. at the workplace in the morning and at 

home in the afternoon after work) and the number of 

PEVs predicted by a market share increase of PEVs in 

Seoul in 2030. We also classified the PEVs into 

uncontrolled (considering the number of hours the 

vehicles are driven) and controlled [considering a time-

of-use (TOU) price plan + the number hours the vehicles 

are driven] types to include or exclude a TOU charging 

price plan.  

We obtained a total daily load curve of the uncontrolled 

and controlled types in Seoul per year, by adding the 

abovementioned daily load curve to the existing daily 

load curve.  

MAIN SUBJECT  

 Charging model per charging station of PEVs 

 To analysis the effect of a PEV charging station on the 

power grid, data from the Seoul Metropolitan Police 

Agency Traffic Information Center [8] were used to 

determine the entry and exit traffic to and from 

downtown Seoul. Figure 1 shows the result, which 

indicates that the entry of vehicular traffic into the 

downtown area for work peaks from 7:00 am to 9:00 am, 

whereas the exit traffic from downtown going home after 

work is evenly distributed after 5:00 pm to late at night.  

The entry traffic data for downtown Seoul can be used as 

traffic data for work in the morning; thus, they can be 

used to calculate the probability density function of PEV 

charging start times upon arrival at the workplace. In 

contrast, the exit traffic data from downtown Seoul can 
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be used as traffic data for going home after work; thus, 

they can be applied to calculate the probability density 

function of the PEV charging start times upon arrival at 

home. Furthermore, when the probability density function 

of the PEV charging start times per charging station is 

calculated, the effect on the power grid can be analyzed 

by dividing the PEVs into controlled and uncontrolled 

types, where the hourly charging price (TOU)[9] is 

considered and not considered, respectively.  

 

 
Fig. 1 Entry and exit traffic data of vehicles in downtown 

Seoul, South Korea 

 

 Probability density  function of PEV charging start 

time at the workplace 

The probability density function of the 

uncontrolled PEVs’ charging start time at the workplace 

is shown in Figure 2, as calculated using formula (1), 

which takes into account the hourly entry traffic into the 

downtown area for work in the morning, and a 1-h 

driving time from home to the workplace. In addition, the 

probability of the charging start time for controlled PEVs 

is calculated by formula (2), by taking into account the 

vehicle entry traffic and TOU charging price, as shown in 

Figure 3. 

  

- Probability of charging start time at workplace 

(uncontrolled type): The number of running PEVs 

(Number of PEVs travelling from home to the 

workplace, plus 1h driving time)                               (1) 

- Probability of charging start time at the workplace 

(controlled type): The number of running PEVs ÷ TOU  

price  

(Number of PEVs travelling from home to the 

workplace, plus 1h driving time ÷ TOU price)           (2)  

 

 
Fig. 2 Probability density function of uncontrolled 

charging start time in workplace 

 
Fig. 3 Probability density function of controlled 

charging start time in workplace 

 

 Probability density function of PEV charging start 

time at home 

Figure 4 shows the probability density function of 

the uncontrolled PEV charging start time at home 

calculated using formula (3), which takes into account the 

hourly exit traffic from downtown after work in the 

afternoon, plus a 1-h driving time from the workplace to 

home. In addition, the probability of the controlled PEV 

charging start time at home is calculated by formula (4), 

which takes into account the hourly vehicle exit traffic as 

well as the TOU charging price, which is also shown in 

Figure 4.  

 

- Probability of the charging start time at home 

(uncontrolled type): The number of running PEVs 

(Number of PEVs travelling from the workplace to 

home, plus 1-h driving time)                                 (3) 

- Probability of the charging start time at home 

(controlled type): The number of running PEVs ÷ TOU 

price  

(Number of PEVs travelling from the workplace to 

home, plus 1-h driving time ÷ TOU price)        (4) 
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Fig. 4 Probability density function of 

controlled/controlled charging start time at home 

 

 Calculation of the initial SOC of a PEV battery 

The initial battery SOC at the time of going from 

home to work or from work to home can be calculated 

using formula (5), which considers the mean driving 

distance predetermined for the PEV charging, i.e. 

 

                                          (5) 

   

where α is the daily driving distance, and dR is the 

maximum driving distance of the PEVs. 

To calculate the initial battery SOC0 by a charging 

station at the workplace or at home in Seoul using 

formula (5), a daily driving distance of 46.2 km from 

home to the workplace and vice versa was used. This was 

obtained from the 2010 Vehicle Driving Distance 

Analysis Report [10] published by the Seoul 

Metropolitan Police Agency. Meanwhile, the maximum 

driving distance of the PEV was set to 180 km according 

to a PEV efficiency of 0.16 kWh/km [11] using a Nissan 

Altra 29-k·Wh lithium-ion battery.  

Therefore, using the 46.2-km daily driving distance 

from home to the workplace and vice versa, the initial 

battery SOC0 at the time of going from home to the 

workplace or vice versa was calculated as 0.74. 

Therefore, assuming that the initial battery SOC0 is high 

enough to not require recharging after one day of driving 

from home to the workplace and vice versa, and needs 

recharging after two days of driving the same distance, 

the initial battery SOC0 after two days of driving would 

be 0.49.  

Accordingly, the charging time Tc (h) at the workplace 

or at home for a given condition of the Nissan Altra 

lithium-ion battery charging characteristics can be 

calculated using formula (6) according to the initial 

battery SOC0 and final battery SOCF. In summary, SOCF 

of the PEV battery was set to 1, indicating a full charge, 

whereas Pc was set to 6.0 kW considering the hourly 

charging power characteristics of the Nissan Altra lithium 

ion-battery used in this work. Therefore, Tc(h) at the 

workplace and at home was determined to be 2.5 h. 

 

    (6)  

 

where SOCF is the final battery charge state, and Pc is the 

hourly battery charging power (kW).  

 

 Analysis of the effect of PEVs per charging station 

on the power grid  

A daily load curve for a single PEV battery charging 

was calculated according to the probability density 

function of the uncontrolled and controlled hourly 

charging start times at the workplace and at home, the 

initial battery SOC of the PEVs, the charging time, and 

hourly charging power. In addition, the predicted market 

shares of PEVs in 2030 was set to 30% of the total 

number of vehicles to calculate the number of PEVs. 

These data were then used in the previously calculated 

daily load curve of a single PEV charging to calculate the 

daily load curve of the total uncontrolled and controlled 

PEV charging at the workplace and at home in Seoul.  

Furthermore, the existing daily load curve in Seoul 

was calculated on the basis of the electric load pattern by 

customer[12], as published by the Korea Energy 

Management Corporation in 2010.  

From existing daily load curve in Seoul, the load-

increase trend technique was applied to estimate the 

existing daily load curve in Seoul in 2030. Subsequently, 

this projection was added to the daily load curve of the 

uncontrolled and controlled PEV charging at the 

workplace and at home calculated on the basis of the 

charging probability density function per PEV charging 

station, as shown in Figures 2–4. The result was then 

used to predict the daily load curve of the total 

uncontrolled- and controlled-type PEVs in Seoul in 2030, 

as shown by the graphs in Figures 5–6. Figure 7 shows an 

overall flowchart.  

CONCLUSIONS  

This paper presented the calculation of a daily load curve 

of PEV charging per charging station in Seoul, and 

presented a methodology of adding it to the existing daily 

load curve. 
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Fig. 5 Daily load curve of total uncontrolled-type PEVs 

in Seoul in 2030 

 

 
Fig. 6 Daily load curve of total controlled-type PEVs in 

Seoul in 2030 

More specifically, this study calculated the daily load 

curve of PEV charging in Seoul according to PEV 

charging conditions (i.e. at the workplace in the morning 

and at home in the afternoon after work), and the number 

of PEVs predicted on the basis of the market share 

increase in PEVs in Seoul, South Korea, in 2030. We also 

classified the PEVs into uncontrolled and controlled 

types, which include or exclude a TOU charging price 

plan. Further, we obtained the total daily load curves of 

the uncontrolled and controlled types in Seoul per year by 

adding the abovementioned daily load curve to the 

existing daily load curve.  
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