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ABSTRACT

This study analyzed the impact of the intersection control types on energy savings in the era of
electric vehicles (EVs). Three types of intersection control (signalized, roundabout, and unsignalized
intersections) were examined by comparing energy consumption between EVs and internal
combustion engine vehicles (ICEVs) through VISSIM simulations and energy consumption models.
Various scenarios, including traffic volume, approach speed, and left-turn ratios, were simulated to
assess energy consumption. The results showed that signalized intersections were the most
energy-efficient under most traffic conditions at an approach speed of 30 kph, while roundabouts
showed excellent performance at 60 kph. EVs showed up to 83% energy savings compared to ICEVs.
An analysis of regenerative braking in EVs highlighted the benefits of roundabouts and signalized
intersections in energy recovery. This study provides valuable policy insights for developing
intersection management strategies as EV adoption increases.

Key words : Electric vehicle, Energy saving, Regenerative braking, Intersection control
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Signal Roundabout Stop
<Fig. 1> Intersection modeling in VISSIM
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<Table 1> Simulation settings <Table 2> Optimal cycle used for signalized intersections
Classification Value Traffic volume [veh/h] Signal cycle [s]
Intersection control type Singal, Roundabout, Stop 100 30
Approach length [m] 60 200 40
Number of Lanes 1

300 50

Approach speed [kph] [30, 60]
Traffic volume [veh/h] | [100, 200, 300, 400, 500, 600] 400 80
Left tum ratio [%] [10, 20, 30, 40, 50] 500 100
Right turn ratio [%] 10 600 100
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AT &% 60kphe] AUE] 25 AW EH, AP vAls g 49 kg o® T &5 30kpho]
Alug e} B }04 FH =2 Hd dUA AEFE Hole ZoE BAHJOY, IHuaRe] A4
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5% 29 Aoz BHHU Heb] A SE Okphl AT HARAR 290l oA ZHAA
5% 202 UEhgor], 1713 A8l e ojuA) 87 Eds Ak 75%04 A 83%2 7Pg B3t
2 Ao 2=,

AU ed mAR) AAE AEF AnE AHRY A7)0 Y| BE gAHoR FAT aE
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<Table 3> Energy consumption and delay results by intersection control type

(Unit: kWh/veh, sec/veh)

Signal Roundabout Stop
Approach| Traffic Absol A Absol A Absol A
et | vt v v olute | Average v v olute | Average v v olute | Average
pe BEV | ICE difference | delay BEV | ICE difference | delay BEV | ICE difference | delay
100 | 0.06 | 0.26 0.20 14 0.07 | 028 0.21 9 0.04 | 0.19 0.15 4
200 |0.06 | 0.28 022 19 0.09 | 0.37 0.28 25 0.08 | 0.36 0.28 32
30kph 300 |0.06 | 031 0.25 28 0.13 | 0.60 0.47 68 0.15| 0.85 0.70 134
400 |0.06 | 035 029 43 0.13 | 0.64 0.51 76 0.16 | 0.87 0.71 138
500 |0.06 | 0.36 0.30 53 0.13 | 0.64 0.51 77 0.16 | 0.87 0.71 137
600 |0.06 | 0.36 0.30 54 0.13 | 0.64 0.51 77 0.16 | 0.88 0.72 139
100 |0.13| 0.38 0.25 15 0.04 | 0.23 0.19 6 0.08 | 0.27 0.19 4
200 |0.13| 039 0.26 19 0.06 | 028 0.22 11 0.14 | 045 0.31 27
60kph 300 |0.13| 043 0.30 28 0.09 | 036 0.27 25 022 | 0.95 0.73 132
400 |0.13 | 043 0.30 35 0.11 | 046 0.35 43 022 | 098 0.76 137
500 |0.11 | 040 0.29 37 0.11 | 0.49 0.38 47 022 | 099 0.77 140
600 |0.11 | 041 0.30 44 0.11 | 0.49 0.38 49 023 | 099 0.76 139
. 85% . 85%
w0 80% o 80%
£ £
> >
& 75% & 5%
> >
%“ 70% g? 70%
& &
<l oll T
% 60% % 60%
o 100 200 600 o 100 200 500 600
Traffic Volume [veh/h] Traffic Volume [veh/h]
W Signal mRoundabout M Stop m Signal mRoundabout m Stop
Approach speed 30kph Approach speed 60kph

<Fig. 2> Differences in energry consumption between BEV and ICEV
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<Fig. 3> Energy consumption and speed of BEV

<Table 4>+ AU M= YA FOE TR E A9 ¢S Uehli =, A2 £ 30kph A
U oolM Alzwatze] 49 wE5SF2 100t/ oA 82Whivehe] 3AA%E o7} dA3 Aow Ur]:)r
T3 & &HIg oA 0.06kWhiveh 5 13.7% 5 AR dUAE A A0 2 et 1%
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Tt SHETE YA TR A o}—— NUA G AT v BT Aadte] 2FFQ 600t/A9

Ay Lo A 3| A F O Z 48Wh/veho] AHAE AAYste] A HIES 80%SE LEMGTH
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<Table 4> Regenerative braking energy for BEV

Signal Roundabout Stop
Approach | Traffic Regenerative Regenerative Regenerative Regenerative Regenerative Regenerative
speed volume braking braking ratio braking braking ratio braking braking ratio
[Wh/veh] [%] [Whyveh] [%] [Wh/veh] [%]
100 82 13.7 74 10.6 6.6 16.4
200 89 14.8 62 6.9 8.8 11.0
300 9.0 149 33 2.6 3.1 2.1
30kph
400 6.9 115 2.6 2.0 29 1.8
500 49 82 25 1.9 2.8 1.8
600 4.8 8.0 25 1.9 2.8 1.7
100 152 11.7 23.8 59.5 18.6 232
200 14.7 113 162 27.0 16.4 11.7
300 129 9.9 10.6 11.8 34 1.6
60kph
400 10.6 82 62 5.6 3.0 14
500 89 8.1 4.8 4.3 2.8 1.3
600 92 84 4.1 3.8 27 1.2
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