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Introduction

The majority of West Chester UniversityOs students, and all of its faculty and staff, commute to
school; and most comnertstudents come to the University each weekday. Most commuters
drive a car. As a result, the difficulties of commuting and parking are a substantial part of
everyday campusO life. Not only is commuting a trial for commuters but it also has
environmentbeffects which extend to the global scale. The focus of Humans and the
Environment (ESS 102) in spring 2004 was energy use and its implications for energy supply
and global climate. Teams of students studied how, and how much, energy is used at WCU.
Quantitative information on electricity use and combustion of coal, fuel oil, and natural gas were
readily available; but very little was found about the effects of commuters.

A survey by two students in the course provided important information and imgight

commuting. As a result, it is now known that each week the average commuter travels about 137
miles, and that all commuters to WCU use about 34,000 gallons of gasoline and generate about
82 metric tons of carbon (as carbon dioxide) each week. Ctrgwcarsmit over 40% of the

carbon dioxide generated by West Chester Univerditye survey showthat carpooling has the
potential to reduce carbon emissions anttipg lot congestiorby 35% For example,

increasing the average number of persompemuter car from 1.03 to 1vould have a

greater effect than increasing the fuel efficiency of the average car by 10 miles per gallon.

Most studentommutersurveyed73%)are interested in incentives for carpooling that would
encouragehem to pdicipate. Research by other studentshe courseshows thatelatively
low-costcarpoolingincentives aravorking at other universities in the U.S. and Canada.
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The Survey
Kimberly Pelosi and Elissa Piscitetlarried out an interesting pieoéorigind research Kim
and Elissavanted to investigate the characteristics of our commuting population, to establish
whether there was a potential réde carpooling andto determine commuter interest in possible
ways to increase carpoolin@hey constructed survey for commutemshich consisted of four
guestions:
1. Do you drive alone and, if not, how many passengers do you have?
2. a. How many minutes do you drive to school?
b. How many miles do you drive to school?
3. How many days a week do you drive to campus?
4. If WCU were to set up a program that would connect commuting students to a regulated
carpool system, which incentive would make you consider carpooling?
A. Free parking for the semester.
B. Parking in a designated spot.
C. Priority scheduling.
D. | wouldn®t participate

Kim and Elissaspent 7 hours at Sykes Student Union Building on the afternoons of Ayil 18
19", and 21'2004asking students if they were commuters. If students said they were, they were
asked the survey questions. There were a total of 307nsgpo0

Commuting time, distance,speed and cost

Responses to questions 2 and 3 made it possible to estimate the statistics of student commuter
travel. The distribution of commuting days per week (question 3) shows that the majority (over
70%) travel tahe University five days per week (Figure 1).

Figurel. Commuting days per week (question 3).
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Eight respondents were unable to estimate how many miles they traveled to school. The paired
responses of the other 299 students are shown in Figure 2. §Nimte:points represent many
superimposed data.) The responses form a fairlydedihed array which is fit by a cubic

model (dashed line? = 0.88), and which generally indicate average driving speeds between 25
and 50 miles @r hour (mph).

Figure2. Commuting distance and time from survey question 2.
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The distribution of driving speeds (Figure 3) is bimodal, which is consistent with the hypothesis
that there are two populations of commuters: one that drives only on secondary roads and streets,
and awother that drives partly on highways tladlow higher average speeds.

Figure3. Commuter speeds from survey question 2.
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Multiplying the distance traveled (question 2b) times the commuting days per week (question 3)
times two (for roundrip travel) yidds the distribution of miles driven per week (Figure 4).

Nearly 40% of commuters drive from 50 to 100 miles per week. However, the distribution is
strongly skewed toward longer distances. For example, when plotted as an exceedance
distribution (Figureb), the data show that 25% of commuters travel more than 150 miles per
week, and nearly 15% travel more than 200 miles per week. The average commuting distance is
137 miles per week.

Figure 4 Miles driven per week from survey questions 2b and 3.
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Figure 5 Miles per week distribution (Figure 4) as percent exceedance.
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The results for the respondents can be extended to the entire commuting population assuming
that the respondents are typical of commuters. (We have no definite information to either
sypport or dispute this assumption.) According to information given to the ESS 102 class by
Christina Brenner (Assistant Director, Sykes Student Union), the number of parking passes sold
to commuters (3130) and employees (1370) total about 4500. Thisataaslude passes sold

to campus residents or for use on Q & R lots (821), nor does it include commuters who-use non
University parking or who park illegallyln this report we base our estimates on 5000
commutersalthough this maydsan underestimate

In 2001, according to the EPA (Ref, the average light vehicle in the U.S. had a fuel economy

of 20.4 miles per gallon (mpg). This figure had been steadily declining since 1988, reflecting an
increasing share of light trucks (e.g., SUVs; ~17 mpgjiveléo cars (~24 mpg)ln this report

we will estimate gasoline usage and carbon emissions at four different fuel economy ratings: 17
mpg (average light truck), 20 mpg (average light vehicle), 24 mpg (average car), and 30 mpg
(better fuel economy car)rf6000 commutersResults in the following table include estimates

of the cost of gasoline &l commuters; average light vehicle valuesizot:

Fuel economy | Gallons/week | Gallons/28 Cost/28weeks @| Cost/28weeks @

weeks $1.75/gallon $2.00/gallon
17 mpg 40,000 1,100,000 $1,900,000 $2,200,000
20 mpg 34,000 960,000 $1,700,000 $1,900,000
24 mpg 28,500 800,000 $1,400,000 $1,600,000
30 mpg 23,000 640,000 $1,100,000 $1,300,000

The table for the@verage commuter (137 miles per week) is:

Fuel economy | Gallors/week Gallons/28 Cost/28weeks @| Cost/28weeks @

weeks $1.75/gallon $2.00/gallon
17 mpg 8.1 226 $396 $452
20 mpg 6.9 192 $336 $384
24 mpg 5.7 160 $280 $320
30 mpg 4.6 128 $224 $256

Carbon emitted and global consequences

Gasoline contains about 2.4 (&! Ibs) of carbon per gallon, almost all of which is emitted as
carbon dioxide. The mass of carbon emittegkiserally given irmetric tons (= 1000 kg 2205
Ibs). Estimates of the amount of carbon emittecdb®QOWCU commuters are:

Fuel economy | Galons/week | Metric tons/ Metric tong 28 | Differential tong
week weeks 28 weeks

17 mpg 40,000 96 2640 +340

20 mpg 34,000 82 2300 0

24 mpg 28,500 68 1920 -380

30 mpg 23,000 55 1540 -760
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How can we understardhat2300metric tons bcarbon mear¥s To visualize the amount,
consider a common solid form of carbon, graphite, which weighs 2.2 metric tons per cubic
meter. Therefore, 2300 metric tons would occupy about 1045 culecanet about 1366 cubic
yards:imagine solid carbon piled four feet deepthie footprint of Main Hall

A more important perspective on carbon emissions comes from the fact that carbon dioxide is a
constituent of the atmosphere asd greenhouse gasn 2002, the concentration of carbon

dioxide in theatmospherevasabout373ppm (Ref. 2). At this leveR300 tonf carbon, as

carbon dioxide, occupie€a8 cubic miles of airOf more significance is the fact thater the last

45 years the concentration in the atmosphere has been increasmguveyage of 1.3 ppm per

year, primarily as a result oburning fasil fuel Emitting 2300 metric tons of carbon per year
accounts for the annual 1.3 ppm concentration increase inub83riles of atmosphere.

Chester County has an area of 756 square rsib@ge can see that WCU conuters accourfor

the carbon increase amore than one mile thick section of atmospleress the entire county.

Carbon emissions aedsocreated by the UniversityOs use of electricity and by burning coal, fuel
oil, and natural gas. Howevegramuting is the UniversityOs largsstiglecontribution to

carbon emissions: it accounts for 41% of the average weekly release of 199 me{faogtanes

6).

Figure6. Estimates of carbon emissions from electricity generation and fuels based on data
providedby Greg CupraKFacilities). Conversions to carbamade by Tim Lutz based on data
and methods from the U.S. Energydrmation AdministratiorfRef. 3)andthe Greenhouse Gas
Emissiondnventory for Pennsylvania (Ref).4Carbon uptake from sequestrationtrees based

on assistance and information provided by Gerard Hertel and Harry Tiebout (Biology) and
measurements of trees made by Julie France, Jen Longwell, Kirstin Mosbruger, and Christine
Neal.
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Taking into accoundll the carbon emissiorend sequémation shown in Figure 6, the
UniversityOannualshare of carbon dioxide increase in the atmosphere extends to over 1700
cubic miles, equivalent to a layer one mile high covering the counties of Chester, Delaware,
Montgomery, and PhiladelphidMost impatantly, the carbon dioxide does not actually remain
local but isan integrapart of the global increas& herefore West Chester University has a
directinfluence on any outcomes of greenhouse gas incrieatgling the effects aflobal

climate changelt can be argued that the University has an ethical obligatiseetoto reduce
activitieswhich pose a serious and irreversible risk to others (e.g., Ref. 5).

Feasibility of carpoolingto reducegasoline consumption anetarbon emissions
Responses tquestion 1 of Kim and ElissaOs survey indicate that almost all cemsrdute to
WCU alone (Figure)? The average number of persons per car is 1.03.

Figure7. Responses gurveyquestion 1.
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If the average number of commuters per car could be setle# should lead to a corresponding
decrease in the number of cars driven. The following table shows how the gallons of gasoline
consumed per week would be affected Wiedent fuel economy ratingendby differentaverage
numbes of commuters per car
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Fuel economy | Gallons/week | Gallons/week | Gallons/week | Gallons/week
@ 1.03/car @ 1.2/car @ 1.4/car @ 1.6/car

17 mpg 40,000 34,000 29,500 26,000

20 mpg 34,000 29,000 25,000 22,000

24 mpg 28,500 24,500 21,000 18,500

30 mpg 23,000 20,000 17,000 15,000

The reductions in gasoline consumption resulting from increasing commuters per car from 1.03
to 16 would exceed that o&ising the average fuel economy from 20 mpg to 30 n#py.

average ofl.6 commuters per car could be accomplishadany ways. For@mple,50%

could remain at 1/car, 41% could have 2/car, 8% could have 3/car, and 1% couldchave
Furthermore, carpooling would actually lead to a reduction in parking spaces required.

The effectiveness of rewards for carpooling

Very few people cagml at the present timeQuestion 4 of the survgyresented three different
incentives that might be offered for carpooling, along with the option of not carpodlirgg.
results show thagach of the incentive options offered had about the same appbd 0% to
25% of commutergxpressing interest in eadlfrigure 8)

Figure 8 Responses tilne incentives to carpool Burvey question 4.
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The overall result is thahore thar? out of every 3 commuters expressed an interest in
carpooling if the rightncentives could be found (Figure 9).

Figure 9 Comparison of positivend negativeesponseto carpooling incentives
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Another student group, Eric Halpern and Melissa Kirk, investigated the use of incentives at other
Universities and found that thegnwork. For example, at Santa Barbara City College three
parking lots close to campus are reserved for cars with two or more people. An attendant gives
the driver a carpool sticker for that daghese lots are very populgyww.sbcc.net]. A similar
programwith reserved parking spacissin place at the University of New Hampshire
[www.unh.edu]. At Malaspina Collegé&Jniversity in Canada, parkingermitsare discounted

based orcarpool occupancy?2 ocupantgget a 25% discount, 3 occupants get a 5086odint,

and 4 or more occupants are frée.fact a search on Googlesing the termaniversitycarpool
parkingcreates over 27,000 hits areleals that dozens oblleges and universities advertise,
encourage, and provide incentives or rewards forocding. However, West Chester University

IS not one of those universities. As the students point espite the importance of driving and
parking toWCU students and faculty, the UniversityOs home page provides nwilinksear
relevanceo commutirg, paking or carpooling, anthere are nsuchlinks unde OCurrent
Students.O
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Summary and recommendations
1. A studemtdesigned and administered surgaynpled over 300 student commuters.
2. The typical student commuter comes to the University five dayeses and drives an
average of 137 miles per week.
3. There are about 5000 commuters (faculty, staff, students).
4. The average light vehicle has a fuel economy of about 20 miles per gallon.
5. In a 28week period, commutespend nearly $2 million tburn 960,000 gllons of
gasoline and create 2300 metric tons of carbon as carbon dioxide.
6. Commuting is responsible for emitting more carbl@xidethan any otheenergy uséy
the University.
The average number of people per commuter car is 1.03: 97% of commuterdaree
The majority of student commuters (73%) express an interest in carpooling if incentives
are offered.
9. Many colleges and universities encourage and facilitate carpooling by educating
commuters and providing incentives.

o N

Most people will be astonished discover the amowuef carbonemitted by commuters to WCU.
Until now, thestatisticsof commuting and their implications for carbon dioxide emissions were
unrecognized. Furthermordgetinvisibility of the gas and the vastness of the atmosphere have
allowed us and other citizens of developed countrteshe ignoranof the effects we haveNow
that we are aware, carpooling seemBda@ reasonable way make a substantiahprovement.

For exampleif two commuters both sell their SU¥sdbuy cas that get 30 mpg but continue

to drive alongheir combinedyearly carbon emissiortecreasdy 196 kg. If theybothkeep

their SUVsbutcommute together their emissiogs downby 226 kg.

Kim and ElissaOs survey demonstrates that more research @ toegelelop feasible
incentives for carpooling and to test them. Means have to be devébaghetate commuters,
to advertise carpooling, artd connect participantdn their report on carpooling Eric and
Melissa point out that eline technology hathe potential to facilitate many of these tasks and
that models already exist at other schools.
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