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Research Questions

ÅWhat emissions reductions can be expected from 
operational changes?

ÅWhat cost impact can be expected?

ÅWhat service quality impact can be expected?

ÅHow are these results differentiated across

ÅFleet characteristics

ÅGeographic characteristics

ÅHow can these results inform policy making?
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Fleet Operational Planning Model
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AVERAGE SPEED PROFILE FOR THE 3 LANES DURING MORNING PEAK. HIGHWAY IN SANTIAGO, CHILE. 
OCTOBER 9TH, 2007

SOURCE: LOOP DETECTOR MANAGED BY HIGHWAY ñAUTOPISTA CENTRALò

Traffic conditions can change 
quickly, and patterns are expected
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Constraints to ensure continuity, truck capacity, hours of service, etc..



Objective Function Modifications

ÅMinimize cost

ÅMinimize emission and cost
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Other strategies

ÅEnterprise choices

ÅNot coming between 7 and 9

ÅReducing truck number 

ÅAgency policies

ÅProhibiting traffic on certain roadways at certain 
times

ÅTime of day tolls
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Passenger analysis

ÅBased on PDVRP with Time Windows

ÅBased on the Time Dependent VRP with Time Windows

ÅBased on Recker (1995, 1999)
ÅModel & analysis for passenger vehicles and activity

Åмффп tƻǊǘƭŀƴŘΩǎ !ŎǘƛǾƛǘȅ ŀƴŘ ¢ǊŀǾŜƭ {ǳǊǾŜȅ

ÅRescheduling of household activities

Åол҈ ǊŜŘǳŎǘƛƻƴ ƻŦ /h ōȅ ǊŜǎŎƘŜŘǳƭƛƴƎ Χ

ÅΧ ǿƘƛŎƘ ǿŀǎ ŜǉǳƛǾŀƭŜƴǘ ǘƻ ǳǇƎǊŀŘŜ ŀƭƭ ŎŀǊǎ ǘƻ мффу ǎǘŀƴŘŀǊŘǎ

ÅUp to 60% if both rescheduling and upgrading vehicles

9



Our Model 

ÅRepresentsemissionsfor different speedvalues, ambient
temperature, and enginetemperatureusingEmissions
Factor (MOBILE 6 / MOVES by EPA)
ÅHydrocarbons(HC)

ÅCarbonMonoxide(CO)

ÅCarbonDioxide(CO2) (whenusingMOVES)

ÅParticulateMatter (PM)

ÅAir Toxics

ÅDifferentspeedsduringdifferent traffic periods

Ą different emissions
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Network without Congestion
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Congestion
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3 Traffic Periods
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Travel Time on link i

6:30 7:30 9:00 10:00

Period 1
Period 2 

(congestion)
Period 3



Assignment
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Pickup 2

Pickup 1

Delivery 2

Delivery 1

Pickup 4

Pickup 3

Delivery 4

Delivery 3

Dark veh, which pollutes more, 

is assigned to a shorter route

Minimal Cost Solution: Veh 

assigned differently (+2% 

emissions)



8:12

Results: Vehicle 1 (Green Vehicle)
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6:30 7:30 9:00 10:00

Period1 Period 2 Period3

Travelling Waiting Serving

Pickup C22 Delivery D21Pickup C21 Delivery D22

*Model makes 
veh wait but 
ƛǘΩǎ ƴƻǘ 
neccesary. It 
wants to make 
sure vehs 
arrives at 
10:00:00

7:23 9:00 9:56

7:27

7:326:43 8:20 9:16

9:04



8:15

Results: Vehicle 2 (Gray Vehicle)
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6:30 7:30 9:00 10:00

Period1 Period 2 Period3

Travelling Waiting Serving

Pickup C12 Delivery D11Pickup C11 Delivery D12

*Model makes 
veh wait but 
ƛǘΩǎ ƴƻǘ 
neccesary. It 
wants to make 
sure vehs 
arrives at 
10:00:00

7:23 9:00 9:56

7:25

7:356:43 8:20 9:16

9:02



Case Studies

Å¦Φ²ΦΩǎ aŀƛƭƛƴƎ {ŜǊǾƛŎŜ

ÅOregon based regional carrier

ÅSeattle based grocery delivery company

ÅEvaluate possibilities to reduce fleet size

ÅReduce cost

ÅReduce emissions
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