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[2]

Projected powertrain distribution of new truck registrations >12 t gross vehicle weight, 

including rigid trucks and tractor-trailers, in MMS and MWMS
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For a fixed fleet operator’s order book, how do fleet composition and prospective 

techno-economic developments affect the operational feasibility and total cost of mixed 

ICEV / BEV / FCEV fleet operation?
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Objective

Function

min 𝑐𝑜𝑠𝑡

min 𝑒𝑛𝑒𝑟𝑔𝑦

min 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

Extensions

Time Windows

Pickup and 

Delivery

Capacitated

Multi-Period Partial 

Charging

Mixed Fleet

H2

Hydrogen 

Refueling

H2
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Exact Methods

Pros

• Guarantee optimal solution

• Provable bounds on solution 

quality

Cons

• Computationally expensive

• Struggle with complexity

Best for

• Small instances

• Benchmarking

Heuristic Methods

Pros

• Fast execution

• Simple to implement

Cons

• No solution quality guarantee

• Problem-specific design 

needed

Best for

• Initial solution generation

• Real-time decisions

Metaheuristic Methods

Pros

• Good balance of quality and 

speed

• Can escape local minima

Cons

• No optimality guarantee

• Require parameter tuning

• Stochastic (results vary)

Best for

• Large-scale real-world 

problems

• Complex constraints
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Implementation Framework
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Implementation Framework
Locations
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Vehicles

Location 

Mapping

Route Network 

Creation

Route 

Simulations

                   
                 

Lookup-Tables: 
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Lookup-Tables: 

Charging Times

Optimization
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Optimization

Post-Processing

Ant Colony 

Optimization 

Algorithm

Charging 

Simulations

TCO Model

H2

Lookup-Tables: 

Refueling Times

Refueling 

Simulations

H2



19

Theo Koch

Hausfarbe

Schwarz Magenta

Gelb Violett RotMaigrünTürkis

Petrol GrünOrange BordeauxLila

ika:



20

Theo Koch

Hausfarbe

Schwarz Magenta

Gelb Violett RotMaigrünTürkis

Petrol GrünOrange BordeauxLila

ika:

Typical Constant Current – Constant Voltage (CC – CV) Charging Profile
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Exemplary Refueling Process with 85 kg Hydrogen Transferred
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routes

Solutions are 

evaulated

Learning 

parameters are 

adjusted based 

on solution 

quality
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Ants construct 

routes

Solutions are 

evaulated

Learning 

parameters are 

adjusted based 

on solution 

quality

𝑇𝐶𝑣 = 𝐶𝐶𝐴𝑃𝐸𝑋 + 𝐶𝑒𝑛𝑒𝑟𝑔𝑦 + 𝐶𝑡𝑜𝑙𝑙 + 𝐶𝐶𝑂2 + 𝐶𝑙𝑎𝑏𝑜𝑟 + 𝐶𝑖𝑛𝑠𝑢𝑟𝑎𝑛𝑐𝑒

Total Costs per Vehicle

𝑇𝐶 =෍𝑇𝐶𝑣

Total Costs

Objective Function Value

𝑂𝐹𝑉 = 𝑇𝐶 + 𝐶𝑝𝑒𝑛𝑎𝑙𝑡𝑦

[2]
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[3]
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Sim World Optimizer

send plan

30 min

• Traffic

• Weather

• Loading/ 

unloading delays

• Dynamic prices

virtual FMS
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   min ⁡   ( c o s t )


   min ⁡   ( e n e r g y )


   min ⁡   ( d i s t a n c e )


    T C v =  C  C A P E X +  C  e n e r g y +  C  t o l l +  C  C O 2 +  C  l a b o r +  C  i n s u r a n c e


  T C =  ∑    T C v


  O F V = T C +  C  p e n a l t y
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