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Development and Empirical Validation of an Electric Vehicle Battery
Consumption Analysis Model
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Abstract

In popular tourist destinations such as Jeju and Gangwon, electric rental cars are increasingly adopted. However, sudden
battery drain due to weather conditions can pose safety issues. To address this, we developed a battery consumption analysis
model that considers resistive energy factors such as acceleration, rolling resistance, and aerodynamic drag. Focusing on the
effects of ambient temperature and wind speed, the model's performance was evaluated during an empirical validation period
from November to December 2023. Comparing predicted and actual state of charge (SoC) across different routes identified
ambient temperature, wind speed, and driving time as major sources of error. The mean absolute error (MAF) increased with
lower temperatures due to reduced battery efficiency. Higher wind speeds on routes 1 and 6 resulted in larger errors,
indicating the model's limitation in considering only tailwinds for aerodynamic drag calculations. Additionally, longer driving
times led to higher actual SoC than predicted, suggesting the need to account for varying driver habits influenced by road
conditions. Our model, providing more accurate SoC predictions to prevent battery depletion incidents, shows high potential
for application in navigation apps for electric vehicle users in tourist areas. Future research should endeavor to the model by
including wind direction, HVAC system usage, and braking frequency to improve prediction accuracy further.
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Fig. 2. Electric vehicle OBD installation.

Columns Specifications
Vehicle type IONIQ EV
Quantity 2
Collection period 2017.11.8. ~ Current
Battery capacity (Ah) 78
Energy capacity (kWh) 28.0
Weight (kg) 1,445
Range per charge (km) 191
Fuel efficiency (km/kWh) 6.3
Time resolution 5 second
Table 2. Status of OBD data collection
Columns Data Columns Data

1 Vehicle type 9 Latitude
2 Modem number 10 Longitude
3 Year 11 Terrain elevation
4 Month 12 Vehicle speed
5 Day 13 Distance traveled
6 Hour 14 SoC
7 Minute 15 Driving range
8 Second 16 Temperature
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Fig. 3. OBD data preprocessing flowchart.
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Table 3. Validate battery consumption analysis that account for resistive energy (using 2022 IONIQ EV OBD data)

Data count Measured value SoC Predicted value SoC Error (MAE)
Spring 11,493 60.02 59.23 6.91
Summer 12,279 63.07 65.18 3.30
Autumn 6,209 61.83 63.98 5.09
Winter 9,261 64.57 61.06 10.98
Total 39,242 62.29 62.27 6.45
Table 4. IONIQ EV driving paths
Path Departure Arrival Distance Direction
1 Jeju International Aircport P1 Parking Lot Jusangjeolidae Parking Lot 39 kn N—S
2 Jeju Shilla Hotel EV Charging Station Jeju Folk Village Museum 44 km S
3 Haevichi Hotel Surface Parking Lot Seopjikoji Parking Lot 19 km E
4 Phoenix Island Electric Vehicle Charging Station ~ Sangumburi Small Parking Lot 24 kn E
5  Sangumburi Small Parking Lot Ramada Plaza Jeju Hotel 21 km E—-N
6  Jeju International Airport P1 Parking Lot Hyeopjae Beach Electric Vehicle Charging Station 29 kn N—-W
7 Jeju Shinhwa World A Parking Lot Seogwipo Maeil Olle Market EV charging station 27 kn W—S
Table 5. Battery consumption analysis model validation results considering resistive energy
Driving Temperature(C) Wind Measured value Predicted value
Path Case” distance(km)/ Error (MAE)
Driving time(min) ~Mean AT speed(%) SoC SoC
1 39/ 64 14.42 9 4 87.52 86.78 0.74
2 39/63 20.30 7 1.5 32.30 28.43 3.87
1 3 39/ 64 10.40 11 3.6 57.94 51.24 6.70
4 39/ 64 14.56 9 2.4 23.11 21.02 2.09
5 39 /68 12.72 10 3.5 50.97 47.66 3.30
1 44/ 67 19.40 3 4.2 82.80 82.23 0.57
2 44 / 66 23.26 1 2 26.41 27.15 0.74
2 3 44 /70 15.88 2 4.4 51.76 49.91 1.85
4 44 /71 17.72 3 2.7 38.04 35.87 2.17
5 44 /63 17.42 3 2.6 43.82 43.56 0.26
1 19/28 18.57 1 3.7 76.50 76.54 0.04
2 19/26 23.07 1 2.4 20.49 20.69 0.2
3 3 19/26 14.47 1 1 46.20 44.55 1.65
4 19/30 15.65 1 2.1 32.38 31.01 1.36
5 19/22 16.63 1 2.8 36.39 35.58 0.82
1 24 /37 17.07 3 3.8 70.22 70.29 0.07
2 24 /34 21.67 4 1.4 14.99 15.07 0.08
4 3 24 /35 12.93 3 4.4 40.58 38.25 2.33
4 24 /34 13.02 5 3 27.06 25.26 1.79
5 24 /35 15.62 3 2.7 30.26 29.53 0.73
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Driving Temperature(C) Wind Measured value Predicted value
Path Case”  distance(km) ——or Error (MAE)
Driving time(min) ~Mean AT speed(%) SoC SoC
1 21/43 15.16 3 3.9 66.07 64.17 1.89
2 21/45 21.10 3 1.4 10.32 10.2 0.12
° 3 21/52 11.39 3 3 35.82 32.02 3.80
4 21/39 15.07 2 2.8 25.40 23.67 1.73
1 29/51 18.60 1 2.5 66.39 64.98 1.41
6 2 29 /53 10.29 2 7 94.29 90.69 3.60
3 29/ 51 13.28 2 2.3 91.16 88.08 3.08
1 27/ 42 19.66 1 2.1 57.26 57.36 0.1
7 2 27 /39 11.40 3 2 84.55 80.66 3.89
3 27/ 38 15.04 4 3.6 81.65 79.44 2.21
D Case: Iteration count
MAE 25
Path
Fig. 5. Average value of error per driving path.
. Temperature vs MAE for Each Path . Wind Speed vs MAE for Each Path
Temperature (°C) Wind Speed i

Fig. 6. MAF variation due to environmental conditions (temperature, wind speed).
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