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A Simulation Study on Efficiency Improvement and CO2 Reduction of Home Delivery Logistics by Drones

Noritaka Matsuo

In recent years, home delivery services have been rapidly increasing, and the problems on inefficiency and high CO2 emissions

by truck delivery have been highlighted .  This paper reports on the simulation of improving delivery efficiency and reducing

CO2 emissions by the hybrid delivery system of trucks and drones.
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Table — 1 Mileage Data of Home Delivery Trucks?

Area Mileage/Mth Luggage/Mth | Mileage/Luggage
Depopulated 340,000km 300,000 1.2km
City 370,000km 1,600,000 0.2km
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Fig.1 Possible Configurations of UAV for Home Delivery Work
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<Parameter List>
Force e
Velocity =

F:
\'H
A: Acceleration — >
R:
H:

Forward

Rotor Arm Length

Distance b/w Rotor Plane and G.C.

G.C.: Gravity Center

V: Vehicle Velocity
G:Gravity

W: Wind Velocity i
A: Vehicle Acceleration  D:brag

8: Angle Db: Body Drag

/ X g: Angle of Attack f Fr_mtS'dE_ .

/ m: Middle Position
B : Pitch Angle r: Rear Side

X,Y,Z: 3D Axes in Ground Coordinate System

Fig.2 Dynamics of Drone Flight
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Fig.4 The Motor Efficiency Map
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Fig.3 Flight Route in 2D
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Fig.5 The Battery Open Terminal Voltage

2) Fr—r& b7 v OiETEMERE
T21F5EOY I 2 b — g 2 OREEICHWZ 4 D R
71— D5, D10, D30, D60 Dtz R

Table-2 Specification s of Drones

Specifications ps | b0 | D3 D60
Rotors Hexa-copter (6-Rotors)
Weight(k; 5 10 12 20
Vehicle ghtke)
Max. Payload(kg) 5 10 30 60
“'Frame Size (mm) 530 625 1500 1600
Size(mm) 300x300x300 | 300x300x300 | 600x600x600 | 700x700x700
Cargo Box
Cd 0.45 0.45 0.45 0.45
Diameter(mm) 430 588 720 760
Rotor 21 (1=0) 0.1 0.1 0.1 0.1
“Efficiency(%) 82 82 82 82
Max. Torque (Nm) 3 4 8 20
Motor Max. Power (kW) 0.43 0.7 1.6 3.35
Max. Speed (rpm) 6000 4000 4000 4000
Type Lipo (Lithium Polymer)
Nominal Voltage(V) 12S-44.4v
Battery =
Capacity(mAh) 9000
“Weight (kg) 2 (Energy Density=0.2kWh/kg)
Inverter Efficiency (%) 90

*] Maximum Distance between Rotor Centers

*2 Coefficient of Thrust for Hovering (Advance Ratio J=0)
*3 (Aerodynamic Power of Rotor) / (Motor Output Power)
*4 per Battery Pack

Table-3 Specifications of Trucks

Specifications Data
Power Type EV Diesel
Weight(kg) 2250 2200
Width(mm) 1830
Height(mm) 2320
Max. Power(kW) 70 110
Max. Torque(Nm) 280 375
Battery Capacity(kWh) 28
Transmission - 6MT
Final Gear Ratio 15:1 3.909:1
Tire Size 205/70R16 195/75R15
Cd 0.45
Coet. Rolling Resistance 0.012
Accessories(kW) 1.5
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Fig.6 Delivery Performance of Trucks and Drones

Gross Weight: 2420kg

Payload: 60kg Mileage:16km

g 0 L Accessories
>
|- Gross Weight:54kg
5]
2 Motor Loss Payload: 30kg
g 6 Rotor Turbulence
£ Drag I Votor Loss
3 a4l Drag
s
© oL Rolling Resistance . Lift Power
0
EV Truck Drone D30

Fig.7 Energy Loss Factors of the EV Truck and the Drone
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Fig.8 Economic Flight Speed of the Drone
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Fig.9 The Plain View of the Model Area for the Delivery Service
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Fig.10 The Delivery Route for the Whole Area
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Table-4 The Address and the Loads Delivered

Total

Loadl | Load2|Load3 . Loadl|Load2|Load3| Total
M e | G | do | e | o | o |Weishiko
1 10 10 12 5 5
2 2 5 7 13 2 2
3 5 10 15 14 15 15
4 15 2 17 15 2 10 12
5 10 10 16 5 2 7
6 2 2 17 10 5 2 17
7 15 5 20 18 2 2
8 5 5 19 5 5
9 2 2 20 10 10
10 5 5 21 5 5

11 10 10 20
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Table-5 Flight Route and Mileage (Manual DP)

Drone Gr;)up F]fht Route M(illii)ge

1 P1-14-8-12-13-18-P1 12.96

| 2 P1-19-17-P1 5.59

3 P1-15-20-16-P1 5.34

D30 4 P1-11-10-9-P2 10.1
5 P2-6-7-P2 7.9

) 6 P2-3-P2 5.04

7 P2-21-1-2-P2 13.24

8 P2-4-5-P2 6.78

| 1 P1-16-17-15-11-9-P1 11.54

D60 2 |P1-14-20-19-18-10-12-13-8-P2| 17.08
) 3 P2-5-4-7-6-P2 10

4 P2-3-2-1-21-P2 13.53
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Table-6 Delivery Time and Energy Consumed (Manual DP)

Group| Flight [ Time | Energy | Battery
Drone 1,71 4 | (min) | ) | Packs
1 35 4846 5
1 2 15 2044 2
3 18 2263 3
4 24 3809 4
D30
5 17 2846 3
5 6 10 1514 2
7 27 4889 5
8 16 2600 3
| 1 33 9355 10
2 51 12629 12
D60
) 3 28 7034
4 31 9416 9
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Fig.12 The Time Table of Delivery

Table-7 Delivery Performance of D30 and D60

Number of DP's 2 (Manual DP) 1 (Auto DP)
Model Name D30 D60 D30
Delivery Time (min) 480 420 390
Flight Mileage (km) 67 522 86.7
Consumed Energy (MJ) 24.8 38.4 334
CO2 Emissions (kg) 2.76 4.27 3.71
30 720
W Diesel Truck
25 | 2357 ) 570 570 4 600
B Diesel Truck+Drone _
EV Truck 480 480
20 [m] ruc or 480
_ OEV Truck+Drone
2
o 15 1 360
8 11.72
10 -1 240
6.73
5.32
5 | “_| 1 120
0 0

C0O2(kg) Delivery Time(min)

Fig.13 Comparison of CO2 Emissions and Delivery Time
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Table-8 Running Cost of Delivery

Transportation Energy Cost | Maintenance |Total Running
po JPY) Cost(JPY) Cost(JPY)
Drone 1138 *33,444 3,582
Truck 2703 126 829

*1 Electric Power=6.89kWh Electric Bill=20JPY/kWh 3-phase AC
*2 Fuel Economy=8km/L Mileage=45km Diesel Oil Cost=125JPY/L
*3 Battery Consuming Cost=500JPY/kWh

*4 Tire =60KJPY/30Mm=2JPY/km Oi=5KJPY/10Mm=0.5JPY/km
*4 Battery Cost=0.3JPY/km
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Table-9 Loaded Battery Weight vs. Endurance of D30

Gross Vehicle

Energy Density(kWh/kg) | Battery Weight(kg) Weight(ke) Endurance(km)
12 54 16
0.2
28 (Takeoff Limit) 70 26.6
0.6 12 54 48.2
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