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Background
RoadRoad--based urban based urban freight transportfreight transport

Traffic congestionTraffic congestion
Negative environmental impactsNegative environmental impacts
Energy consumptionEnergy consumption

Urban freight transport schemes for City LogisticsUrban freight transport schemes for City Logistics
CoCo--operative freight transport systems (CFTS)operative freight transport systems (CFTS)
Advanced vehicle routing and scheduling systems (AVRSS)Advanced vehicle routing and scheduling systems (AVRSS)

-- ITSITS--based freight transport measuresbased freight transport measures

Access restrictions to the city centreAccess restrictions to the city centre
Road pricingRoad pricing

-- e.g. London Congestion Charge and the Singapore Area Licensing e.g. London Congestion Charge and the Singapore Area Licensing 
SchemeScheme



Objectives

To investigate and compare the effects 
obtained from freight transport schemes

Indicators: total travel times of delivery vehicles 
and delivery costs incurred by freight carriers
Simulation model: developed on the basis of the 
vehicle routing and scheduling problem with time 
windows (VRPTW)

- The behaviour of several stakeholders : incorporated 
within the model



Model structure - Case of CFTS -

Optimal location of logistics terminals (for CFTS)
Optimal rates for using the co-operative systems

Minimising the total travel time of all delivery vehicles

Location pattern of logistics terminals
Rates for using the co-operative systems

Travel times
Profitability of CFTS

Upper level problem : Behaviour of administrators 
(i.e. public sector)

Lower level problem : Behaviour of  users 

 Freight carrier

Co-operative freight organisation



Model structure (cont.)
Lower level problem : Behaviour of  users 

Minimising the total costs

 Whether or not using the co-operative systems
 Optimal departure and arrival times at customers and depot
 Optimal order of visiting customers for all vehicles owned

VRS procedures

Minimising the total travel time

 Optimal departure and arrival times at customers and depot
 Optimal order of visiting customers for all vehicles owned

VRS procedures

- Freight carrier

- Co-operative freight organisation

Amount of goods consigned
(Usage rate of the co-operative systems)



Formulation (for freight carriers) 
- Case of CFTS -
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r r =1=1 : advanced vehicle routing and scheduling (AVRS): advanced vehicle routing and scheduling (AVRS)

r r =0.32=0.32: practical vehicle routing and scheduling (PVRS): practical vehicle routing and scheduling (PVRS)
(*(*based on the surveys within urban areas in Japanbased on the surveys within urban areas in Japan))
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Formulation - Case of CFTS -
(for co-operative freight organisation)
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Constraint Constraint 
for profitabilityfor profitability



Test road network

Urban goods deliveryUrban goods delivery
20 km x 20 km road network: distances between nodes = 5 kilometr20 km x 20 km road network: distances between nodes = 5 kilometree
Link travel times : peak hours and offLink travel times : peak hours and off--peak hours,peak hours,

City centre:  relatively congestedCity centre:  relatively congested
Eight freight carriers: 1 depot and 20 customersEight freight carriers: 1 depot and 20 customers
Customers: mainly distributed within the city centreCustomers: mainly distributed within the city centre

Time windows designated by customers:  two hours length, a.m. (8Time windows designated by customers:  two hours length, a.m. (8:00:00--12:00) 12:00) 
or p.m. (13:00or p.m. (13:00--17:00), no time windows. 17:00), no time windows. 

Trucks: 2Trucks: 2--ton, 4ton, 4--tonton
Hypothetical, but based mostly on the results from recent studieHypothetical, but based mostly on the results from recent studies of goods s of goods 
movement and truck operations in Japan movement and truck operations in Japan 

candidate nodecandidate node
for logistics terminalfor logistics terminal

depotdepot

customercustomer
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Logistics systems investigated
Case ACase A :All goods are delivered directly to customers :All goods are delivered directly to customers 

by individual freight carriers without any by individual freight carriers without any 
schemes implemented. (i.e. using Practical VRS schemes implemented. (i.e. using Practical VRS 
procedures: PVRSS)procedures: PVRSS)

Case B Case B :: Case A + CFTSCase A + CFTS

Case C  Case C  :: Case A + AVRSSCase A + AVRSS

Case D  Case D  :: Case A + CFTS + AVRSSCase A + CFTS + AVRSS

Case ECase E :Case A + CFTS + :Case A + CFTS + Access restrictions of Access restrictions of 
delivery trucks to the city centredelivery trucks to the city centre

*city centre, between 7a.m. and 7 p.m.*city centre, between 7a.m. and 7 p.m.



Logistics systems investigated 
(cont.)

Case FCase F--11--11 : Case A + Road pricing: Case A + Road pricing
*Charge (1000 yen) is levied at each entrance to the *Charge (1000 yen) is levied at each entrance to the 

city centre between 7a.m. and 7 p.m. with the city centre between 7a.m. and 7 p.m. with the 
automatic tolling systemsautomatic tolling systems (Cordon pricing)(Cordon pricing)..

*Travel speed within the city centre increases by 15%.  *Travel speed within the city centre increases by 15%.  
(c.f. Congestion charging schemes in central London)(c.f. Congestion charging schemes in central London)

Case FCase F--11--22 : Case F: Case F--11--1 + CFTS1 + CFTS
*Co*Co--operative freight organisation can deliver goods operative freight organisation can deliver goods 

without paying the charge.without paying the charge.

Case FCase F--22--11 : Case A + : Case A + Road pricingRoad pricing
*Delivery vehicles can enter into the city centre as *Delivery vehicles can enter into the city centre as 

many times as they like, once the charge (1000 yen) many times as they like, once the charge (1000 yen) 
is levied at their first entranceis levied at their first entrance (Area pricing)(Area pricing)..

Case FCase F--22--22 : Case F: Case F--22--1 + CFTS1 + CFTS



Case comparison: Total travel time
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Case comparison: Average total costs
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Detailed analyses on road pricing

Case FCase F--11--1, F1, F--11--2, F2, F--22--1, F1, F--22--22
By varying the charge from 100 (yen) to 2000 By varying the charge from 100 (yen) to 2000 
(yen)(yen)
By increasing travel speed within the defined By increasing travel speed within the defined 
area from 5% to 35%area from 5% to 35%



Results (Case F without CFTS)
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Results (Case F with CFTS)
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Conclusions

CoCo--operative freight transport systemsoperative freight transport systems
Benefits to the whole community & freight Benefits to the whole community & freight 
carrierscarriers
CFTS < AVRSSCFTS < AVRSS

Access restrictions to the city centreAccess restrictions to the city centre
Decrease total travel time Decrease total travel time 
Increase delivery costs (likely to make freight Increase delivery costs (likely to make freight 
carriers in financial difficulties)carriers in financial difficulties)

Road pricingRoad pricing
Benefits to the whole community & freight Benefits to the whole community & freight 
carriers (more if implemented with CFTS)carriers (more if implemented with CFTS)


