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Driverless multipurpose vehicles (DMVs)

Fig. 2: Leopard by REE Automotive (2022)

Fig. 1: Leopard by REE Automotive (2022)

Fig. 4: U-Shift by DLR (2020)

Fig. 3: U-Shift by DLR (2020)

Fig. 6: NEXT (2022)

Fig. 5: NEXT (2022)
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Response to urban challenges

CARGO

To handle

Higher transport demand

To minimise

Energy and resource wasteMultipurpose

Pollution and noise

To reduce

Electric and silent

Self-driven
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Research approach

Driverless multipurpose vehicles

City transport

Vehicle level Transport system level
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Aim of study

The aim of this study is to analyse the total fleet 
energy consumption of DMVs for specific transport 
operations in urban logistics compared to heavy-duty 
battery and combustion vehicles

BEV fleet

CV fleet

DMV fleet
Driverless Multipurpose Vehicle (DMV)

Battery Electric Vehicle (BEV)

Combustion Vehicle (CV)



Model overview
Transport system level:

• Mission

• Road

• Traffic

• Weather

• Supply

Vehicle level:

• Configuration

• Design

• Performance

MODEL

Solution approach: 
Exact

Microscopic vehicle model

Simple network
representation

• Routes 

• Fleet size

The model finds the most favorable transport routes and
fleet size to satisfy network transport demand while
minimizing total fleet energy consumption.

Electric vehicle routing
problem

INPUT OUTPUT
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Modelling flow diagram

1) Network 2) Fleet 3) Driving cycle 4) Coefficients

5) Formulation6) Solution process7) Solution8) Post-processing
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- Visualisation
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- Analysis 

- Exact
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- Meta-heuristics
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Pre-processing

Solution processPost-processing
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Modelling flow diagram

1) Network 2) Fleet 3) Driving cycle 4) Coefficients

5) Formulation6) Solution process7) Solution8) Post-processing
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Network size

40 km

20 km



Title and Content

13

Transport operations

1. Simultaneous freight delivery and waste 
pickup at each customer in the network

2. Business-as-usual scenario with separate 
delivery and pickup operations

• Random transport demand at each 
customer, within case-study limits

• 4D2P – Max 4000 kg freight delivery 
demand and max 2000 kg waste pickup 
demand at each customer

1

0

3

2

Depot

(3532 kg, 890 kg)

(2230 kg, 1831 kg)

(541 kg, 1473 kg)

Case-study limit: 4D2P

Transport demand measured in (kg)
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Case-studies – 96 cases
6C-20KM DMV(7.5)-L DMV(7.5)-H BEV(7.5)-L BEV(7.5)-H CV(7.5)-L CV(7.5)-H

01D01P

3D1P

1D05P

12C-20KM DMV(7.5)-L DMV(7.5)-H BEV(7.5)-L BEV(7.5)-H CV(7.5)-L CV(7.5)-H

01D01P

3D1P

1D05P

1D0P

0D05P

12C-40KM DMV(18)-L DMV(18)-H BEV(18)-L BEV(18)-H CV(18)-L CV(18)-H

1D1P

8D1P

4D2P

4D0P

0D2P

6C-40KM DMV(18)-L DMV(18)-H BEV(18)-L BEV(18)-H CV(18)-L CV(18)-H

1D1P

8D1P

4D2P

20 km 6 customers3 demand types 7.5 tons

20 km 12 customers5 demand types 7.5 tons

40 km 6 customers3 demand types 18 tons

40 km 12 customers5 demand types 18 tons
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Network properties

• All vehicles start and end at the depot

• No terrain considered

• Speed limits on edge (30, 50, 70 km/h)

• Same road pavement on all edges

• Ambient temperature at 20 degree Celsius

• No charging stations or service time considered

1

0

3

2

30 km/h

70 km/h

50 km/h50 km/h

70 km/h

30 km/h
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Modelling flow diagram

1) Network 2) Fleet 3) Driving cycle 4) Coefficients

5) Formulation6) Solution process7) Solution8) Post-processing
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𝑗

- Visualisation

- Validation

- Analysis 

- Exact
- Heuristics
- Meta-heuristics
- Hybrid 

s.t. 𝐴𝑥 = 𝑏
min 𝑧

𝑥 ≥ 0

𝑖 𝑗
𝑑

𝑣
DMV

BEV
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Fleet classes

DMV
18 tons

BEV
18 tons

CV
18 tons

DMV
7.5 tons

BEV
7.5 tons

CV
7.5 tons
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Fleet information derived from OEMs
BEV
18 tons

CV
18 tons

Volvo Trucks (2023). Volvo Trucks (2023). 
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Fleet class 18 ton performance levels

Higher performanceLower performance

Vehicle type DMV(18) - L BEV(18) - L CV(18) - L

Vehicle mass (tons) 6.5 8.3 6.2

Payload mass (tons) 11.5 9.7 11.8

Energy content (kWh) 200 200 1800

Power auxiliary (kW) 5.0 4.0 0.4

Powertrain efficiency (-) 0.6 0.6 0.1

Acceleration (m/s^2) 0.6 0.6 0.6

Braking (m/s^2) -0.7 -0.7 -0.7

Drag coefficient (-) 0.9 0.9 0.9

Frontal area (m^2) 10 10 10

Vehicle type DMV(18) - H BEV(18) - H CV(18) - H

Vehicle mass (tons) 5.5 7.3 5.2

Payload mass (tons) 12.5 10.7 12.8

Energy content (kWh) 375 375 2200

Power auxiliary (kW) 3.0 2.0 0.2

Powertrain efficiency (-) 0.9 0.9 0.3

Acceleration (m/s^2) 1.0 1.0 1.0

Braking (m/s^2) -1.1 -1.1 -1.1

Drag coefficient (-) 0.6 0.6 0.6

Frontal area (m^2) 7 7 7

DMV BEV CV DMV BEV CV



Title and Content

20

Fleet class 7.5 tons performance levels

Higher performanceLower performance

Vehicle type DMV(7.5) - L BEV(7.5) - L CV(7.5) - L

Vehicle mass (tons) 4.0 4.5 4.0

Payload mass (tons) 3.5 3.0 3.5

Energy content (kWh) 60 60 500

Power auxiliary (kW) 5.0 4.0 0.4

Powertrain efficiency (-) 0.6 0.6 0.1

Acceleration (m/s^2) 0.6 0.6 0.6

Braking (m/s^2) -0.7 -0.7 -0.7

Drag coefficient (-) 0.9 0.9 0.9

Frontal area (m^2) 10 10 10

Vehicle type DMV(7.5) - H BEV(7.5) - H CV(7.5) - H

Vehicle mass (tons) 3.0 3.5 3.0

Payload mass (tons) 4.5 4.0 4.5

Energy content (kWh) 100 100 900

Power auxiliary (kW) 3.0 2.0 0.2

Powertrain efficiency (-) 0.9 0.9 0.3

Acceleration (m/s^2) 1.0 1.0 1.0

Braking (m/s^2) -1.1 -1.1 -1.1

Drag coefficient (-) 0.6 0.6 0.6

Frontal area (m^2) 7 7 7

DMV BEV CV DMV BEV CV
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Innovative consolidation within vehicles



Title and Content

22

Modelling flow diagram

1) Network 2) Fleet 3) Driving cycle 4) Coefficients

5) Formulation6) Solution process7) Solution8) Post-processing

𝑖

𝑐!"#

𝑗

- Visualisation

- Validation

- Analysis 

- Exact
- Heuristics
- Meta-heuristics
- Hybrid 

s.t. 𝐴𝑥 = 𝑏
min 𝑧

𝑥 ≥ 0

𝑖 𝑗
𝑑

𝑣
DMV

BEV
CV



Title and Content

23

Modelling flow diagram
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Modelling flow diagram
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Modelling flow diagram
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Solutions
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Modelling flow diagram
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Results – 12C-20KM-01D01P-7.5T
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Results – 12C-20KM-3D1P-7.5T
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Results – 12C-40KM-1D1P-18T
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Results – 12C-40KM-8D1P-18T
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Findings based on 96 case-studies

• CV fleets consumed the most energy for all case 
studies

• CV fleet consumed 2 to 5 times more energy for 
the same operation compared to BEV fleet and 
DMV fleet

• DMV fleet and BEV fleet consumed similar amount 
of energy for most case-studies

• In a few but important cases DMV fleet consumed 
less energy and required a smaller fleet size

• Business-as-usual scenario consumes around 50-
80% more energy compared to the same operation 
with simultaneous pickup and delivery
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Conclusion

• This study highlights the potential benefits of 
DMV fleets in urban logistics operations in terms 
of reducing total fleet energy consumption and 
fleet size in cases with more than six customers 
and higher vehicle utilisation operations

DMV BEV CV
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Fig. 2: Leopard by REE Automotive (2022), https://ree.auto/leopard/tps://ree.auto/leopard/

Fig. 3: U-Shift by DLR (2020), https://verkehrsforschung.dlr.de/en/projects/u-shift

Fig. 4: U-Shift by DLR (2020), https://verkehrsforschung.dlr.de/en/projects/u-shift
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