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2Information Sciences and Technology, Penn StatesB@tkpehocken Road, P.O. Box 7009, Reading, PA 18600; United States

Abstract: Traffic congestion significantly increases £@ well-known greenhouse gas) emissions of vehiitle
road transportation and causes other environmensts as well. A road-based delivery company cdooe its
CO, emissions through operational decisions suchfasestft vehicle routes and delivery schedules hysidering
time-varying traffic congestion in its service aréa this paper, we study the time-dependent vehioliting &
scheduling problem with CO emissions optimization (TD-VRSP-GO and develop an exact dynamic
programming algorithm to determine the optimal e&hischedules for given vehicle routes. A hybritligon
approach that combines a genetic algorithm withetkeect dynamic programming procedure (GA-DP) igppeed
as an efficient solution approach for the TD-VRSB-OComputational experiments on 30 small-sized ista
and 14 large-sized instances are used to studsfficency and effectiveness of the proposed hybgtimization
approach with promising results. Contributionsto$ tstudy can help road-based delivery companigsédnty for a
low-carbon economy and also help individual vehdri@ers make better vehicle scheduling plans Vaitter CQ
emissions and fuel consumption.
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1. Introduction

The 2014 National Climate Assessment report (Meldt al, 2014) unambiguously reaffirms that thebglo
warming of the past 50 year has been caused bigutman activity, particularly burning of coal, dadind gas that
leads the concentration of heat-trapping gasesilyndie carbon dioxide (C in the atmosphere. The keeling
curve in (http://keelingcurve.ucsd.edu/), which bagn perpetually measuring the concentration of iB@&arth's
atmosphere since 1958, has reached the highestpadrsetting level and indicates an accelerategase in the
past decade. If the World continues along a busiasaisual energy path, the Intergovernmental Ram&llimate
Change predicts that there is a fifty-fifty chanbat the temperature will exceed 5 degrees by ttecd this
century, and many species, including Humans, vélléha hard time in adapting to the changing clinf@teu,
2009). The world economic development should beretetowards a more sustainable model.

According to a report published by the InternatidBaergy Agency (IEA, 2015), the transportationtseevas
the second-largest contributor of €@missions, counting for 23% of the global £émissions in 2015, road
transportation sector was responsible for almasgtiguarters of the total emissions due to tramapon activities.
In urban areas, traffic congestion is one of tletdis that substantially increase £€nissions by vehicles. Based
on the results of an empirical study to investighate impact of traffic congestion on @®@®missions in Southern
California, Barth and Boriboonsomsin (2008) poiant that CQ emissions can be reduced by up to 20% through
congestion mitigation strategieSupply chain researchers suggest that commerchitlgeemissions can be
significantly reduced by implementing operatione@gh techniques to avoid traffic congestion anobeeation
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