
EMISS IONS

Educational institutes account for 11% of total United States' building electricity 
consumption and 14% of building floorspace within the country (Hanus et al., 
2019). These buildings also contribute to approximately 4% of total U.S. carbon 
dioxide emissions (Hanus et al.). 

In 2019, greenhouse gas emissions from transportation made up 29% of total U.S. 
emissions, making it the leading contributor for that year (EPA, 2022). For 
Chapman to contribute to creating a cleaner planet, we are recommending 
improvements in these areas: water and energy efficiency, renewable energy 
utilization, and transportation. Recommendations include modernized laundry 
equipment, eco-friendly fitness centers, improvements to campus transportation, 
reduction of student car usage, and implementation of solar technology.
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Michael Ortiz

INTRODUCTION/BACKGROUND

   For the last seven years, Chapman has
been under commercial contract with
WASH, a laundry service provider
specializing in common area laundry
rooms and new machine sales since
1947 (1). The partnership includes yearly
access to 200 washing and drying
machines, accessible in Henley Hall,
Pralle-Sodaro Hall, Glass Hall, Morlan
Hall, Sandhu Residence Center, Panther
Village, and the K Residence Hall. Other
services “include swipe operated
equipment,” “immediate service and
repair,” and “eco-friendly/energy-
efficient technology,” (1). According to
estimates provided by Residence Life,
the partnership costs Chapman
approximately $55 per machine per
month (~$132,000 annually). Routine
maintenance and cleaning of the
equipment is not included, but service
requests are free of charge due to the
authority of the commercial contract (1).
However, service requests must be filed
by the students. WASH laundry services
currently has a 2.5-star rating on Google
(2), and student opinions will be shared
below.

   In contrast, Chapman owns the laundry
equipment contained in Chapman Grand.
Chapman Grand opened its doors in 2018,
with each of its 399 apartments furnished
with brand new stacked washing and
drying equipment. Each unit cost the
university approximately $900, leading to
a grand total of $362,000. A 45% discount
was applied on the sticker price at the
advice of Residence Life. The machines
boast “space making,” “quietness by
design,” and “auto sensing technology.”
The appliance has a 4.5-star review on
General Electric (3), and student opinions
will be shared below.
   The environmental impacts of laundry
equipment are often overlooked in today’s
society. Outdated top-loading washers
can use 35-45 gallons of water per load,
while a new front-loading washer can use
10-20 gallons of water per load (4). Old
industrial dryers can use upwards of 4,000
watts of energy per load, while new
energy-certified dryers can use about
2,000 watts of energy per load (5).
Assuming a family of five each does
laundry once a week (on average
machines), that would fill up a typical
backyard swimming pool (6) and use up
enough energy to 



power a house for a month (7). The U.S.
Department of energy has stated that
laundromats discharge enough
wastewater to fill over 1,400 NFL
stadiums (8). This wastewater is known
to contain hazardous chemicals that can
cause cancer in individuals and
reproductive harm in ecosystems (8). In
addition, dryers can discharge millions of
microfibers and micro-plastics if not
consistently cleaned, posing various
health and ecosystem impacts (9). 

CURRENT STATUS OF EQUIPMENT

   There are a total of 200 washing and
drying machines located in Chapman
housing. The make, model, and year of
the machines varies throughout each
building, but most are manufactured by
the company “Speed Queen” (see Figure
1) (PDFs of the manuals can be found
under References). An average Speed
Queen washing machine on campus
uses about 15 gallons per cycle, while an
average Speed Queen dryer on campus
uses about 5,000 watts per cycle.
Chapman Grand houses 399 stacked
machines, with one machine being
located in each apartment Each
apartment houses a General Electric
(GE) Unitized 3.8 cu. Ft. Capacity
Washer/5.9 cu. Ft. Capacity Gas Dryer
(Model # GUD27GSSMWW) (see Figure
2) (PDF of manual can be found under
References). The machine utilizes auto-
sensing technology to ensure the right
amount of water is distributed per load.
However, about 2,000 watts of energy
are used per load. 
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Figure 1. A typical on-campus
laundry room. There are a total of

200 washing and drying
machines located throughout

Chapman housing. Most are
manufactured by the company

“Speed Queen”. An average
Speed Queen washing machine

on campus uses about 15 gallons
per cycle, while an average Speed

Queen dryer on campus uses
about 5000 wats per cycle. 



Where do you currently live?
On Campus: Dorms, Panther
Village, The K - 21.7%
Chapman Grand - 16.8%
Off Campus - 61.5%

SSS DATA

General Questions
1.

a.

b.
c.

Figure 2. A typical Chapman Grand
laundry area. Chapman Grand
houses 399 stacked machines,

with one machine being located in
each apartment. Each apartment

houses a GE Unitized 3.8 cu. Ft.
Capacity Washer/5.9 cu. Ft.

Capacity Gas Dryer. The machine
utilizes auto-sensing technology to

ensure the right amount of water
is distributed per load. About 2,000
watts of energy are used per load.  
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On-Campus Dorms (Henley Hall,
Pralle-Sodaro Hall, Glass Hall,
Morlan Hall, Sandhu Residence
Center) - 62.9%
Panther Village - 17.1%
The K - 20%

Once a week - 71.4%
Twice a week - 5.7%
Once a month - 8.6%
Other - 14.3%

Yes - 28.6%
No - 71.4%

Yes - 48.6%
No - 51.4%

Yes - 77.1%
No - 22.9

1 - 17.1%
2 - 28.6%
3 - 31.5%
4 - 20%
5 - 2.9%

Yes - 85.7%
No - 14.3%

Results from WASH-Owned Equipment
2. Where do you currently live?

a.

b.
c.

3. How often do you do your laundry?
a.
b.
c.
d.

4. Do you ever have to rewash your
laundry?

a.
b.

5. Do you ever have to redry your
laundry?

a.
b.

6. Are you ever waiting for
washers/dryers to become available?

a.
b.

7. Rate your level of satisfaction with the
cleanliness of the laundry
room/equipment.

a.
b.
c.
d.
e.

8. Would you favor a new washer/dryer
service on campus?

a.
b.
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9. What is your overall satisfaction with
Chapman's laundry services?
           a. Satisfied - 22.9%
           b. Unsatisfied - 17.1%
           c. Neutral - 60%

Results from Chapman-Owned
Equipment
10.  How often do you do your laundry?
            a. Once a week - 61.35%
            b. Twice a week - 6.5%
            c. Once a month - 6.5%
            d. Other - 25.65%
11. Do you ever have to rewash your
laundry?
            a. Yes - 22.6%
            b. No - 77.4%
12. Do you ever have to redry your
laundry?
           a. Yes - 44.8%
           b. No - 55.2%
13. What is your overall satisfaction with
your laundry equipment?
           a. Satisfied - 61.3%
           b. Unsatisfied - 9.7% 
           c. Neutral - 29%
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SURVEY AND STUDY FINDINGS

  The SSS results from WASH-owned
equipment were concerning. Out of 35
responses, nearly 29% of respondents
reported having to rewash their laundry,
while about 49% of respondents
reported having to redry their laundry.
Almost 78% of students stated they
frequently wait on machines to become
available, and 78% of respondents are
either neutral or dissatisfied with the
cleanliness of laundry areas. 86% of
students would favor a new
washer/dryer system on campus, and
76% of students are either neutral or
unsatisfied with Chapman’s laundry
services. The SSS results from Chapman-
owned equipment were more positive.
Out of 28 responses (3 results were
omitted due to user error), 20% of
students reported having to rewash
their laundry, while 42% reporting
having to redry their laundry. Overall,
58% of students are satisfied with their
laundry equipment. In comparison, it is
evident that students prefer the Grand
model of in-room and Chapman owned
equipment. This model results in about
10% less rewashing, 7% less redrying, and
a 33% increased satisfaction rate (56%
satisfaction with Grand versus 23%
satisfaction with WASH). 
   Chapman is home to 10,000 students,
40% of whom live in Chapman-affiliated
housing (3,000 students in on-campus
housing, 1,000 in Chapman Grand). If a
school year is 30 weeks long and most
students do laundry once per week, the
result is on-campus residents using
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1,350,000 gallons of water and 450,000
kilowatts of electricity every school year
(using Speed Queen averages). That’s
enough water to fill two Olympic
swimming pools (10) and power
Chapman Grand for three months.
(Based on data provided by Megan
Honey, sustainability program
coordinator at Chapman). 
   Chapman Grand residents have the
modern GE washers and dryers with
auto-sensing technology, making water
estimates difficult. For the sake of the
study, let’s assume it is similar to the
front-loading average of 15 gallons per
load mentioned earlier. If a school year is
30 weeks long and most students do
laundry once per week, Grand residents
use about 450,000 gallons of water and
60,000 kilowatts of electricity every
school year. 
   In essence, on-campus residents use
450 gallons and 150 kilowatts per
student, while Grand residents use 450
gallons and 60 kilowatts per student.
Factoring in that 9% more of on-campus
residents have had to rewash their loads
and 7% more have had to redry their
loads, we can assume that Grand
washers are more efficient in terms of
water and energy usage.

RECOMMENDATIONS 

Advocate for Better Laundry Habits
   In my interview with the Director of
Residence Life and First Year Experience,
Dave Sundby, I learned that an
overwhelming majority of service calls
for WASH Equipment are due to
students improperly using the 
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machines. This includes overstuffing the  
equipment and washing non-washable
materials (e.g. weighted blankets, cleats).
Properly educating students during
orientation on approved loads and what
to wash/not wash would stop most
machines from breaking. While service
calls are free of charge, Sundby states
that WASH has been notorious for
poor/slow maintenance of equipment.
This would free up more machines,
addressing the poor results of Question
#6 in the SSS, as well as contributing to
the overall health and efficiency of the
systems. 
   In addition, Chapman should research 
 ways to repurpose wastewater from
equipment. The university spends over
$26,000 a year on average on water for
Henley Hall alone. Since 22% of a typical
home’s water usage is for laundry (11), we
can assume that over $5,000 of
wastewater is discharged from Henley
Hall a year. For example, if this water be
repurposed for landscaping, Chapman
could bring their Henley Hall
landscaping costs from $28,000 to
$23,000. 
   Chapman should also require routine
maintenance and cleaning of laundry
equipment. As seen in Figure 1 and
Question #7 of the SSS, the laundry
rooms are filthy. Current and prospective
students should not have to worry about
dirty clothing and equipment when
doing their laundry. Routine cleaning of
equipment prevents harmful microfibers
and plastics from hurting machines and
students, and routine inspections and
maintenance will prolong the life of
equipment. 
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New Laundry Service
 As previously mentioned, WASH
Laundry Service is not well-liked by its
customers. Question #8 of the SSS
illustrates this, as 85% of students would
prefer a new laundry service. As
Chapman’s commercial contract with
WASH is expiring soon, it is the perfect
time to consider other options. There are
a few campus laundry service providers
who can provide superior equipment
and improved customer service. In my
research, Fowler Laundry Solutions has
the most experience (1000+ laundromats
installed, 250,000 washers/dryers sold,
and 20 years of experience), best service,
and highest reviews (4.0-star review on
Google) (12) (13). They provide machines
manufactured by name brands such as
LG, and their gallon/watts usage is
competitive to the Speed Queen and GE
models. The LG Giant C Washer uses 13.4
gallons per load, while the LG Giant C
Dryer uses 2000 watts per load. This is 2
gallons and 3000 watts less than the
current on-campus models (180,000
gallons and 270,000 kilowatts total
saved). Not to mention, their equipment
is professional, modern, and sleek
(Figure 3) (PDFs of manuals can be
found under References).

Chapman-Owned/ES&P-Approved
Washers and Dryers
   With the exception of Chapman Grand,
Chapman has always advocated for
renting laundry equipment through a
service, as opposed to purchasing them
outright. However, according to the SSS,
it is evident students prefer the Grand
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model of laundry service. While
commercial contracts have their
benefits (free service, installation, and
troubleshooting), it is hard to ignore the
potential savings of purchasing
machines outright. We can look to
Chapman Grand as an example. The
estimated cost of purchasing 399
machines was $362,000. Suppose
Chapman purchases similar machines to
Grand, gallons per student would
inevitably drop due to auto-sensing
technology and less rewashing, and
kilowatts per student would drop due to
3,000 less watts being used per load.
Should Chapman secure a similar
purchase, the deal would become more
cost-effective than renting (at WASH’s
estimated current $132,000 annual price)
in about 3 years. With the additional
funds, Chapman could afford to hire
service workers. In addition, they could
pay for routine cleaning and
maintenance.

Figure 3. Fowler Laundry Solutions
has the most experience (1000+
laundromats installed, 250,000

washers/dryers sold, and 20 years
of experience), best service, and

highest reviews (4.0-star review on
Google).  
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CONCLUSION/FUTURE RESEARCH

   The solutions presented in this study
provide Chapman with a framework to
save money on their utility bills, improve
student relations and satisfaction, and
support the environment through
improved effectiveness and efficiency of
new laundry services. However, one of
the most important components of any
study is acknowledging knowledge
gaps. Given the timeframe and
data/qualification limitations of this
study, many exist. For instance, the SSS
samples 35 of Chapman’s 3,000 on-
campus residents, and 28 of Chapman
Grand’s 1,000 residents. The study would
benefit from a large sample size. In
addition, it is not known to what extent
Chapman’s infrastructure affects its
water efficiency. Many of Chapman’s
residence buildings were constructed
decades apart. Moreover, it is not known
if repurposed wastewater could sustain
Chapman’s landscape. The university
prides itself in its campus, and its unique
foliage may not be suitable for
repurposed water. Alternate service
provider estimates remain unknown.
Their annual price for service may not be
competitive to WASH’s estimated
$132,000 price. Lastly, it is not known
how Chapman would secure the funds
for a $362,000 purchase. Multiple
individuals (including myself) have
expressed desire to continue research
on this project. Director of Residence Life
and First Year Experience, Dave Sundby,
and Sustainability Program Coordinator,
Megan Honey, have both mentioned
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their desire to upgrade/further evaluate
Chapman's laundry services. Their
contact information can be found below.
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Becca Morrison

INTRODUCTION

...This section covers improvement of
energy efficiency in Chapman’s two
main campus gyms: the Julianne
Argyros Fitness Center and the Henley
Hall Fitness Center. The two fitness
centers together make up 10,000 square
feet of Chapman’s campus (1,2) and
serve the purpose of providing a space
for both faculty and students to exercise
and train. The Wall Street Journal
reports that about 75% of college
students in the United States utilize
university recreation centers and
facilities per year (3). With Chapman’s
total population of 10,001 students, this
means that approximately 7,501
undergraduate and graduate students
utilize the gyms per year (4). Both gyms
have been recently renovated —
Julianne Argyros Fitness Center in 2013
and Henley Hall Fitness Center in 2019
(1). 
...This section recommends technology 
 that Chapman should install in each of
the fitness centers the next time that
they need renovating, namely eco gym
machines.  

BACKGROUND
 
...Eco gym machines capture users’
kinetic energy and return it to the
electrical grid. These are sustainable
alternatives to machines that require
energy consumption to operate. 

...This technology has been improved and
streamlined in recent years, making it a
cost effective and easy way to conserve
energy and associated costs in fitness
centers. Although it takes time to start
seeing these financial returns, they can be
substantial. The Rockefeller Foundation
found that in the United States alone,
there is potential for over $1 trillion of
collective savings over 10 years if all
available investment opportunities for
sustainable infrastructure were taken
advantage of (5). These same investments
would reduce the United States’
greenhouse gas emissions by just under
10% (5). Despite these financial returns
and environmental benefits, the initial
cost of installing sustainable technology is
a limiting factor in the renovation of many
existing buildings. However, by simply
retrofitting current technologies within
the buildings rather than the buildings
themselves, a portion of those benefits are
still seen at a lower cost. Sustainable
retrofitting in this way is only effective,
though, if implemented strategically. The
United States Department of Energy
names improving efficiency of appliances
and electronics as one of the key ways
that existing residential and commercial
buildings can lower their overall energy
usage (6). This suggests that replacing the
fitness centers’ current energy-using
machines with eco gym technology
would be an effective way to lower the
school’s energy usage and associated
costs. 



INSTALLING ECO GYM TECHNOLOGY

...In order for Chapman University to
choose eco gym technology for the
fitness centers’ next updates, the retrofit
would need to benefit the university in
both financial and nonfinancial
capacities. Below is a breakdown of the
potential benefits that the renovation
would bring to Chapman University
broken down by current university
consumption, potential energy and
financial savings, cost of renovation, and
nonfinancial benefits to the university. 
 
Current Energy Consumption of Fitness
Centers
...To determine whether conversion to
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     Table 1. Floor Space, Electricity Consumption, and Costs for Current Fitness
Centers 

Values are based on a 365 day year.  
Electricity usage values come from
averaged data from 2017-2019. 
Cost per KWh is $0.121, based on
average SCE rates from 2017-2019.  

eco gyms would lower Chapman’s energy
usage, current usage and associated costs
coming from each of the fitness centers’
buildings must first be assessed.
Chapman does not currently submeter
components within buildings, so some
calculations were made to estimate these
values. 

...The calculations were performed under
the following assumptions: 

1.
2.

3.

Fitness
Center

Building
Average Energy Used by

Building (KWh/yr)
Average Cost of Energy Used by

Building per year 

Julianne
Argyros

Hutton Sports
Center

529,032.85 $64,012.97

Henley Henley Hall 647,884.92 $78,394.08

...During the years of 2017-2019, the
average number of unique visits to the
Julianne Argyros Fitness Center was
116,525 in a 4,000 square foot space. The
renovated Henley Hall Fitness Center
was not operational during that time,
but using square footage as an
approximation,  

we can assume that the average
number of visits per year would fall
around 174,788 (29.13 visits per square
foot per year). Using these numbers,
we can approximate the demographic
information on those visitors as well as
the yearly energy usage resulting from
their visits. 



...Using   the calculated total gender
percentages as well as the average
number of unique visits to both fitness
centers, we can calculate an estimated
average number of yearly fitness center
visits per gender.  The total average 
 unique gym visits per year used will be
291,313, calculated by summing the 
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     Table 2. Distribution of Undergraduate and Graduate Students by Gender 

     Table 3. Distribution of Average Unique Gym Visits per Year by Gender 

The following tables will contain the calculations for these estimations. 

 Total
%

Female
Count

Female
%

Male
Count
Male

%
Nonbinary
/Unknown

Count
Nonbinary
/Unknown

Undergraduates 7,656 60.0 4,593.6 40.0 3,062.4 <0.1 <7.7

Graduates 2,343 66.4 1,555.8 33.6 787.2 0.1 2.3

Total 9,999 61.5 6,149.4 38.5 3,849.6 <0.1 <10

average 2014-2019 unique yearly visits to
Julianne Argyros Fitness Center and the
approximated average yearly visits to
Henley Fitness Center. The average
unique gym visitors of Female, Male, and
Nonbinary/Unknown students will be
calculated using the above population
percentages. 

Average Unique
Gym Visits per Year 

Average Unique
Female Gym Visitors

per Year

Average Unique
Male Gym Visitors

per Year

Average Unique
Nonbinary/Unknown Gym

Visitors per Year

291,313 179,157.5 112,155.5 <291.3



...The focus of the fitness center retrofits
are electricity-consuming appliances:
treadmills, stationary bikes, and
ellipticals. On average, treadmills
require 1,950 watts of energy when used
for one hour, and as they age, they can
consume up to 30% more energy than
they did when new (8). Standard
ellipticals and stationary bikes require
much less energy — only about 50 watts
for the same amount of time. 
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...A study performed by Patton et al. in 2011 found that 20% of male gym-goers use
cardio equipment, 47% of which on ellipticals, 36% on treadmills, 11% on stationary
bikes, and 4% on step mills (7). The same study found that 80% of female gym goers
use cardiovascular equipment, 59% of which on ellipticals, 25% on treadmills, 11% on
stationary bikes, and 4% on step mills (7). Using this data along with the Chapman
student population data calculated in Table 3, we can perform the following
estimations:

 Table 4. Distribution and Counts of Cardio Machine Users  

 

Count
Gym
Visits

per Year 

%
Cardio
Users

Count
Yearly
Cardio
Users

%
Elliptical

Users

Count
Yearly

Elliptical
Users

%
Treadmill

Users

Count
Yearly

Treadmill
Users

%
Bike

Users

Count
Yearly
Bike

Users

Female 179,157.5 80 143,326 59 84,562.3 25 35,831.5 11 15,766

Male 112,155.5 20 22,431.1 47 10,542.6 36 8,075.2 11 2,467

Nonbinary
or
Unknown

<291.3 - - - - - - - -

Total 291,604.3 - 165,757.1 - 95,104.9 - 43,906.7 - 18,233

...Assuming that on average, gym users
spend about 90 minutes in the gym and
that half of that time is spent on cardio,
the following calculations can be
performed: (see Table 5)
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...Based on these calculations, 68,463.7
KWh/yr and $8,284.09 are spent on the
fitness centers’ cardio machines per
year. Section 2 will outline the benefits
and potential cost savings associated
with these calculations. 

ECO GYM TECHNOLOGY POTENTIAL
ENERGY AND FINANCIAL SAVINGS
 
...Installing eco gym technology could
greatly reduce the amount of energy
that is consumed by the two fitness
centers each year. In Section 1, the total
energy savings  potential from
retrofitting both gyms was calculated as
68,463.7 KWh/yr. This is a  financial
savings of $8,284.09 yearly if the
machines are no longer drawing energy
from  the grid. In addition to reducing
Chapman’s energy consumption by that
amount, eco  gym machines are able to
capture the kinetic energy generated
during a workout and  return it to the
school’s electrical grid. This would help 

SportsArt machines only require a
standard electrical outlet in order to
both run and return energy to the
grid. When using a multitude of
machines in one facility, the
machines are able to be daisy
chained (9). 
SportsArt advertises their machines
as able to collect up to 75% of users’
kinetic energy from each workout. 
SportsArt machines have technology
allowing users to see and track how
much energy they are generating
per workout. 
SportsArt has a market dedicated to
universities, and has already worked
with institutions such as Tennessee
Tech University, Penn State Altoona,
and Ohio State (10). 

in powering a portion of other electrical
elements in the gyms, such as fans and
lighting. To quantify returned energy,
cost of installation, and financial returns,
this section will use SportsArt brand
machines for the following reasons: 

 Table 5. Distribution of KWh/yr Spent on Cardio Machines 
 *Cost per KWh is $0.121, averaged from 2017-2019 costs 

Machine
Count Users

per Year
W/hr

Time per
User (hr)

Wh/yr KWh/yr
Cost of

Machines
per Year*

Elliptical 95,104.9 50 0.75 3,566,433.8 3,566.4 $431.53

Treadmill 43,906.7 1,950 0.75 64,213,548.8 64,213.5 $7,769.83

Stationary
Bike

18,233 50 0.75 683,737.5 683.7 $82.73

Total - - - 68,463,720.1 68,463.7 $8,284.09
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Stationary bikes: 27 
Ellipticals: 10 
Treadmills: 15 
Total replaceable machines: 52 

...SportsArt machines are able to
produce 220 W of energy per one hour
workout (10). In order to directly
compare this production with the
above calculations, this amount needs
to be converted to KWh produced per
year. The energy returned to the grid
from these machines will be calculated
assuming that Chapman would
replace their current machines in a 1:1
ratio. Chapman’s current machines
and counts are listed below: 

1.
2.
3.
4.

 
 

Calculations will be based on
SportsArt’s ECO-POWR line to reflect
the machines installed by Tennessee
Tech University, Penn State Altoona,
and Ohio State (10). Specific machines
in this line are the G690 Verde
Treadmill, G886 Verso Cross Trainer,
G876 Elliptical, G576U Upright Cycle,
G576R Recumbent Cycle, and G516

...If all 52 of Chapman’s treadmills,
stationary bikes, and ellipticals were
replaced with SportsArt machines,
27,349.92 KWh could be sent back to
their electrical grid yearly. Chapman can
use the additional power sent back to
the grid in order to power other
elements of the gym such as fans and
lighting. Using Southern California
Edison rates from 2017-2019, it can be
assumed that this would save Chapman
an additional $3,309.34 per year. This is a
total savings of 95,813.62 KWh and
$11,593.45 per year once the savings
equalize with the amount spent on
machines. 

COST OF ECO GYM CONVERSION

...Though the machines would save
Chapman $11,593.45 off of its energy bill
per year, the initial investment is an
important consideration. Because of this,
the cost of updating the fitness centers
with eco gym technology needs to be
compared with the cost of doing so with
regular, energy-consuming machines. To
calculate the estimated total cost of eco
gym technology for both the Julianne
Argyros and Henley Hall fitness centers,
the following assumptions and
parameters will be used: 

Wh Produced per Hour
Workout

220

h/yr of Student Use* 124,317.83

Wh Produced per Year 27,349,922.6

KWh per Year for Total
Amount of Machines

on Campus
27,349.92

Table 6. Potential Energy Returned
to Electrical Grid from SportsArt

Machines
*Based on 45 minute cardio workout 
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Table 7. Cost of Installing ECO-POWR ™ Machines
*It is likely that SportsArt gives commercial discounts when selling in bulk

to university markets, lowering the cost of each machine and therefore the
total cost of installation. 

Chapman would continue to use Life
Fitness brand machines.  
Chapman’s current machines will be
replaced at a 1:1 ratio. 

...Based on the calculations above,
Chapman  would need to pay
$357,940.00 in total to replace all of the
university’s treadmills, ellipticals, and
stationary bikes with the ECO-POWR
line. The same calculations can be
performed in order to estimate the cost
of updating current machines with
newer versions of models that are
already being used, this time using the
following assumptions:  

1.

2.

Chapman’s current machines will
be replaced at a 1:1 ratio. Two
different styles of stationary bikes
will be used in order to reflect the
variety that Chapman’s fitness
centers currently house.  

      Indoor Cycle11.  ...Price points used for each machine are at
market value, representing the maximum
possible cost that Chapman University
would potentially pay*. 

Machine
G690 Verde

Treadmill
G876 Elliptical 

G576U Upright
Cycle

G516 Indoor
Cycle

Total

Cost Per
Machine

$10,295.00 $8,795.00 $4,595.00 $4,095.00 $27,780.00

Number of
Machines

15 10 10 17 52

Total Cost of
Replacing
Machines

$154,425.00 $87,950.00 $45,950.00 $69,615.00 $357,940.00

      3.Price points used for each machine 
      are at market value, representing the
      maximum possible cost that Chapman
      would potentially pay (13).*    
 



Machine
Run CX

Treadmill
E1 Elliptical

Cross-Trainer
Ride CX

Stationary Bike
IC6 Stationary

Bike
Total

Cost per
Machine

$2,999.00 $2,729.00 $1,499.00 $2,849.00 $10,076.00

Number of
Machines

15 10 10 17 52

Total Cost of
Replacing
Machines

$44,985.00 $27,290.00 $14,990.00 $48,433.00 $135,698.00

EMISSIONS Eco Gyms
Becca Morrison

Table 9. Comparison of ECO-POWR and Life Fitness Yearly Savings 

...According to Table 7 and Table 8, updating both fitness centers with SportsArt  ECO-
POWR machines would cost a total of $222,242.00 more than updating them with 
 Life Fitness machines. Knowing these totals, a direct comparison of costs/benefits can
be  performed. 

     Table 8. Cost of Installing New Life Fitness Machines 

 ECO-POWR Line Life Fitness Line

Total Cost of Installation $357,940.00 $135,698.00

Yearly Energy Cost Savings $11,593.45 -

Years Until Savings Equal Cost of
Life Fitness Installation

11 -

Years Until Savings Equal
$222,242.00 Cost Difference

19 -
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...According to Figure 1 and Table 9, it
would take approximately 12 years for
the energy cost savings associated with
ECO-POWR machines to equal the cost
difference between the two lines. After
this point, the $19,244.34 in yearly energy
savings would go directly back to the
university.  
  
NON-FINANCIAL BENEFITS

...Retrofitting the Julianne Argyros and
Henley Fitness Centers would provide
the  university with a wealth of benefits
beyond the financial ones. A study done
by Chaudhary and Dey found that
students perceive the school to be of
better quality when there is
implementation of sustainable practices
and technology (14). Increases in student
satisfaction would aid Chapman’s
student retention and graduation rates
as well as the overall wellbeing of the
student body. Higher satisfaction,
retention, and graduation rates could
also be influencing factors in potential
students choosing to apply and enroll to 
the university.

 Figure 1. Comparison of ECO-POWR
and Lift Fitness Savings Over Time  

...Another potential benefit of installing
SportsArt machines is that
contributing to the sustainability of
Chapman’s campus may encourage
more students and faculty to exercise
in the gyms on a regular basis. A study
published in Neuropsychobiology
states that there is “overwhelming
evidence” that exercise has a positive
impact on mental health and brain
functioning in addition to its physical
benefits. Furthermore, Trockel et al.
found that university students who
engage in physical activity are more
successful academically (15). These are
substantial benefits, not only to the
overall health of the Chapman
community, but to Chapman’s
academic ranking as well. 

RECOMMENDATIONS 
  
...Based on the environmental, financial,
and community benefits listed above,
Chapman should install eco gym
equipment when it is time for each of
the fitness centers to be updated. If
Chapman decides to go this route,
Julianne Argyros Fitness Center should
be renovated first due to it being the
older of the two gyms. In addition to
splitting up the initial costs by
staggering the fitness centers’
renovations, the university could likewise
stagger the times in which each type of
machine is upgraded. The calculations
performed above show that replacing
the treadmills has a substantially higher
KWh/y savings than ellipticals and
stationary bikes. In order to prioritize
energy savings, Chapman could start by 
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retrofitting treadmills, then ellipticals, and
eventually stationary bikes as needed.  
...Chapman  could also utilize these
machines in ways that could get the
community engaged with the school and
improve the community’s overall health.
Chapman’s Department of Fitness and
Recreation could use the new equipment
to hold fitness competitions, such as giving
out prizes to students who are the highest
energy producers in a given period. This
would be a motivator beyond sustainability
to get students exercising as well as a way
to engage students in campus activities.
...My final recommendation is that
Chapman tracks live amounts of energy
production from the fitness centers. These
amounts can be added to the rotation of
displays on the large screen in front of the
football field and in other areas around
campus that have electronic display
screens. This would inform students of the
presence of eco machines on campus as
well as promote individuals’ actions
serving a larger group benefit. In addition
to displaying the KWh generated,
Chapman can equate this to more
digestible savings such as how many
gallons of gasoline Chapman students and
faculty are offsetting by exercising on the
machines. 
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DECREASING CARS 
ON CAMPUS

Micaela Wilcox

INTRODUCTION

....This section illustrates the importance
of reducing cars on campus  for
environmental, neighborhood, and
social reasons. Reducing single person
vehicles on campus will motivate
students to take public transportation,
carpool with peers, and utilize Chapman  
operated transportation services.
Especially for first year students, limiting
personal vehicles will decrease the
number of students leaving for
weekends, and prompt students to take
methods of group transportation.
Neighborhood relations will also be
benefitted by reducing traffic and
neighborhood parking concerns due to
Chapman students and increasing
traffic to local businesses.

BACKGROUND

....Parking passes at Chapman are
currently free for both residents and
commuters. Historically, Chapman’s
parking passes for students have been
$370 annually. This is lower than
neighboring schools, such as California
State University Fullerton who has
parking fees of $297/semester
($594/year) and University of California 

Irvine which had fees for commuters at
$75/month (~750/year) for the non-
preferred plan and $125/month
(~$1,250/year) for residents (1, 2). Schools of
similar size to Chapman like Loyola
Marymount University, which had 9,300
students as of 2015, has semester fees
costing $401 (8).
....Studies have found that students are
much more successful when immersed in
their academic experience. Part of this
involvement comes from being present
on campus. By reducing students
frequently going home and leaving
campus in personal cars, student
experience and success can be improved.
A study comparing commuters and
residents on-campus engagement and
success found that, “Residential students
are more likely to interact with peers and
faculty, become involved in extracurricular
activities, and use campus facilities; all
characteristics that lead to improved
academic performance,” (4). Allowing on-
campus students to have cars, but
reducing the necessity, will improve
college experience and reduce the
number of cars on campus.
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Permit
Type

Main
Campus

Chapman 
Grand

The 
K

Panther
Village

Total on 
Campus Commuter

# of
Permits

692 572 204 127 1,572 4,573

CURRENT SCHOOL PARKING

EMISSIONS Decreasing Cars on Campus
Micaela Wilcox

Figure 1. SSS data found that of 161 
responses, 52.8% of students drive to 

campus most frequently and 24.8% 
drive to the grocery store. Currently, 

only 9% of students take the 
Chapman shuttle to campus.

Figure 2. Over half of Chapman 
students live within two miles of 

campus, with 75% of students living 
within five miles. A study on active 

commuting found that for high 
school students within 2.5 miles of 

campus, active commuting is 
achievable (16). Although 57% of 

students live within two miles, only 
48% walk and 4% bike or skateboard. ....Students generally believed that the

necessity for improving campus parking
is a 4 on a scale from 1 to 5. Chapman
students aren’t incentivized to take
alternate methods to campus, which has
led to complaints from both students
and the surrounding community
surrounding the parking situation, with
73.6% of SSS respondents with vehicles
having difficulty parking either
“sometimes” or “often”.

....Based on SSS results, the average mpg
for student vehicles is 23.57 mpg, and
students drive between 5,000 and
10,000 miles in a year. Assuming the
mean of all student driving data from
our survey, the average Chapman
student drives 7,500 miles in a year. This
means they use 318.2 gallons of gas per
year.

Table 1. This shows the permit type for the 2021-22 school year by location, 
as well as on campus versus commuter parking permits. 
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CHAPMAN-OWNED APARTMENT DATA

....In October 2019, which was used since
it was before the COVID-19 pandemic
and doesn’t contain any breaks, the
Chapman shuttle system recorded
15,892 shuttle rides. Assuming the
average student rides the shuttle twice
daily, once to and once from campus,
this would be about 256 students riding
the shuttle from Chapman Grand. Since
the COVID-19 pandemic, in October 2021
there were 15,084 shuttle rides which
would equate to roughly 243 students
taking the shuttle from Chapman Grand.

....There are 11 Chapman shuttles, two of
which are compressed natural gas
vehicles (CNG), and nine are gas vehicles.
For the purposes of this calculation we
used the gas vehicles. Chapman mainly
uses the Allstar 25 for shuttles, and the
capacity for these vehicles is 20 people.
This calculation assumes these shuttles
are half-full for an average trip, and uses
9 mpg for city travel (5), as Chapman 
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shuttles don't take the freeway. 
....The distance from Chapman Grand to
campus passing Panther village is about
4.1 miles, compared to the maps
recommended way which is 3.6 miles.
Based on this information, it would be
.046 gallons of gas per direction per
shuttle user. For a car driver, the average
mpg of vehicles from the SSS is 23.57,
which would be .15 gallons of gas per
direction. Assuming there are 160 days in
a school year for the average student
and they go to and from campus once
per day, this would total 14.58 gallons of
gas for the shuttle, compared to 48.9
gallons of gas for someone who drives
their personal vehicle. From Panther
Village, which is 2.6 miles away, the
difference is 9.25 gallons of gas per
school year for the shuttle per person
compared to 35.3 gallons for personal
vehicles.

SHORT-TERM RECOMMENDATIONS

....Chapman parking could greatly
benefit from changing parking passes
from being opt-out to opt-in. Opt-in
versus opt-out when discussing
programs has been considered for many
different programs, especially organ
donation, “Opt-out supposedly does this
by changing the national 'default' from
non-donation to donation, which has
implications for the collective psyche of
a country,” (3). By changing how people
see the use of a car, as more of a luxury
than a necessity, we could reduce the
number of cars on campus. Especially for
on campus residents, making this shift
would make them consider their 
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Figure 3: This image shows one of 
the shuttles that Chapman uses to 

transport students from campus to 
university-owned apartments at the 

on-campus stop. .
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accessible for students with busy
academic or work schedules. According
to SSS results, 68.3% of Chapman
students strongly support adding a stop
at a grocery store, with an additional 18%
believing adding the stop would be a 4/5
on a scale of support. 

....Ralphs is located at 1435 West
Chapman Avenue, which is along the
route for the Chapman Grand and
Panther Village shuttle routes and is
open from 6AM-1AM. This Ralphs is also
in a parking lot with a UPS and Dollar
Tree and across the street from a strip
mall with a variety of dining options.
Responses for a pharmacy stop
indicated 59% of students strongly
supported adding an additional stop,
with 19.3% supporting the additional
stop a 4/5. CVS pharmacy is located at
480 South Main Street, and is open 24
hours, and would be an additional 1.2
miles round trip to get back to the route
currently followed by Chapman Shuttles.

decision more carefully, especially for
students who get meals from the dining
hall and walk to campus from their
dorms. For commuter students, making
parking permits opt-in will reduce the
number of commuters who park on
neighborhood streets, but will also make
them consider their need for a vehicle.
During this opt-in process, showing the
other options for transportation and
resources available to students who do
not have cars on campus would also be
beneficial. Some of these resources are
the Chapman zip cars, public
transportation (both buses and trains),
and the Chapman shuttle and Safe Ride
programs. The Office of Sustainability
also has a bike voucher program, which
gives a voucher for $300 to help cover
the cost of a bike for Chapman students,
faculty, and staff. Chapman also offers to
pay for part of monthly bus passes and
train passes. Also providing information
on University Program Board events and
programs that students can participate
in and enjoy around the Chapman
community would be beneficial. By
including these options for students, it 
 shows the available resources at
Chapman and reduces the perceived
necessity for a car, especially for
students living on campus.
....Chapman shuttles adding two stops
along their route at a pharmacy and a
grocery store can limit the necessity of  a
car and support students who don’t
have cars. Making a stop at Ralphs
supermarket and CVS Pharmacy
biweekly, once during the week and
once over the weekend, would allow
students to get essential items, and by
creating two options it will be more  
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Figure 3. This map shows the 
shuttle routes for Panther Village 

(in red) and Chapman Grand (in 
gold). The pink circle indicates 

Ralphs supermarket along both 
routes, and the red circle indicates 

CVS pharmacy.
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Chapman students have also voiced
concern in the SSS regarding the shuttle
schedule and ease of accessing campus
on time. By improving communication
through the Passio GO app, including
when shuttle drivers will be taking their
break and the estimated time the
shuttle will get to campus, that will
increase the likelihood of student use
and satisfaction with the shuttle system.
One Chapman student in the SSS said, “I
could never go anywhere freshman year
since I did not have a car. The shuttles
were not useful, and I spent so much
money on getting food and supplies
delivered to me. I saved up and bought a
car when returning after the pandemic
my junior year. I knew that living at
Grand, the shuttle was not going to cut
it, and if I wanted an on campus job, I
needed more reliable transportation.”
Other students voiced their concerns for
the hours of operation, “[Driving] makes
the commute to school easier, especially
when I need to be on campus when the
shuttles aren’t operating,” although
there are resources like safe ride
available to students, making these
options known and accessible to
students is very crucial to the success of
these programs.
....An option for transportation at all
hours, Chapman currently has Zipcars
on campus for students to be able to
rent, which could be greatly improved
with education about this resource on
campus. SSS results found that 65.8% of
Chapman students did not know that
Chapman had Zipcars students could
rent, and 88.8% of students not having
rented a Chapman Zipper. Rental cars  
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have seen much success in other areas,
with Italy having over 1.3 million new car
sharing users joining apps in 2017, which
is an increase of 21% from the previous
year (7). The article also found that, “In
contrast, car-sharing services started
later in China, but developed much
more rapidly. The first industrial car-
sharing company (EVnet) in China was
established in 2010, and nowadays it has
more than 10 million registered
members around the country,” (7).
....Another improvement to Chapman’s
accessibility is to increase access to
necessities at all hours by installing
vending machines for necessities in
residence halls. An example of these is
shown below; a CVS vending machine
with medicines and necessities, or the
Momba vending machines designed for
essentials in college dormitories (13). 

Figure 4. This figure shows the CVS 
vending machine (left) and the 

Momba vending machine (right), 
both of which supply necessities 

that could be available 24/7 for 
Chapman students.

Decreasing Cars on Campus
Micaela Wilcox
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....These vending machines can dispense
essentials like toilet paper, over the
counter medications such as pain and
allergy medications, soap, and phone
chargers (13,14). These items could also
be sold at Twelve/Doy’s Place so that
larger items can be purchased as well.
The sale of these items at the student
store should be more broadcasted to the
on campus resident population.
....Chapman currently has one bike repair
station, located between Henley
Residence Hall Pralle-Sodaro Residence
Hall. This station is currently broken and
needs to be repaired to allow for
students to be able to repair their bikes.
Chapman can also add equipment for
repairs that can be rented from the
Henley Hall basement, where they
already have staffers and a space to be
able to keep these resources, so that
they don’t have to deal with damaged
equipment and can charge students
who fail to return their supplies or
damage it accordingly.

LONG-TERM RECOMMENDATIONS

....Long term, increasing bike lanes in the
city of Orange would be beneficial for
both Chapman students and staff and
the general Orange community. Adding
bike lanes and bikeability would benefit
students who live in the surrounding
area but too far to walk, and it would
benefit local businesses as well. For
example, the Orange circle saw success
for businesses when the circle was
closed off to cars. This made the area
much more pedestrian friendly, and
increased foot traffic. This has been seen 
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 around the world, with Barcelona,  Spain
creating superblocks where cars were
unable to move fast in the areas and
could only drive in these clusters of nine
blocks if they lived in them. This
increased foot traffic and increased
business in shops in the area, and
reduced personal vehicles traveling in the
area as well.

CONCLUSION

....Chapman could significantly benefit
from making parking opt-in and
requiring a fee for students to have to pay
out of pocket. This would increase the use
of Chapman offered transportation
options, like the shuttles and discounted
public transportation options. It would
also support students staying near
campus, which would support the local
economy and the resident feeling for first
year experience.
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TRANSPORTATION
EMISSIONS

Cindy Rivas

OVERVIEW

...With growing concerns regarding the
environmental impacts of traditional
gasoline-fueled vehicles, many have
started to turn to alternatives such as
diesel, biodiesel, and natural gas. In
recent years electric vehicles have
become an increasingly popular
alternative for policymakers. Out of the
50 states, 45 states have some program
incentivizing the purchase of electric
vehicles (1). These incentives include tax
credits, exemptions from emissions
testing, and utility time-of-use rate
reductions (1). In its commitment to
having carbon-neutral roads, California
has taken these incentive programs one
step further by passing a law requiring
all new vehicles purchased after 2035 to
be electric (2). At the more local level,
many universities, such as University of
California, Irvine (UCI), University of
Southern California (USC), and Loyola
Marymount University (LMU),  have
begun to transition their vehicle fleets to
alternative fuel sources to cut back on
their emissions (3–5). 
...Chapman's current vehicle fleet will be
examined to understand better how it
contributes to greenhouse emissions,
how the university compares to its
peers, and the viability of transitioning
to electric vehicles. 

CHAPMAN'S CURRENT VEHICLE FLEET

Vehicle Fuel Types 
...This section will look only at the vehicles
used by Parking and Transportation and
Public Safety on  main campus. Figure 1
shows the breakdown of the vehicle fuel
types for Public Safety. All departments
within Public Safety, except Electric
Service Vehicles (ESV), use 100% gasoline.
Figure 2 shows the breakdown of vehicle
fuel types for Transportation and Parking.
Like Public Safety, except for Shuttles, the
other departments are 100% gasoline-
fueled. Shuttles are 23% compressed
natural gas (CNG) and 77% gasoline. This
means that gasoline represents 85.7% of
the entire vehicle fleet, electric represents
5.7% of the whole vehicle fleet, and
compressed natural gas represents 8.6%.

Figure 1. The fuel types of the vehicles
used by each department in Public

Safety. 
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Current Vehicles' Greenhouse Gas
Emissions 
...This section will focus solely on tailpipe
emissions to analyze Chapman's
greenhouse gas emissions from its
vehicle fleet. As electric vehicles have
zero tailpipe emissions, the two electric
vehicles from ESV will be excluded from
this section. 
...Except for shuttles, the EPA's
greenhouse gas rating will be used to
assess the greenhouse gas emissions of
each vehicle. The greenhouse gas rating
assigns a score from 1 to 10 based on the
year the vehicle was released and how
many grams of carbon are released per
mile of drive (6). 
...A higher score indicates that a car
emits less carbon dioxide per mile
driven, while a lower score means that
the car emits more carbon dioxide per
mile driven. Looking at Figure 3,  the
vehicles with the lowest greenhouse 
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Figure 2. The fuel types of the vehicles used by different departments in 
Transportation and Parking. Total compiles all department data to summarize 

the overall breakdown of fuel types for Transportation and Parking. The 
department Fleet refers to the campus vans that other departments can utilize 

for field trips. 

 gas ratings are the Chevrolet Express,
followed by Chevrolet Suburban. 
...Despite having a lower greenhouse gas
score, their average annual carbon
emissions are substantially lower than
other vehicles with a higher rating.
These results make sense as the vans in
the fleet, which are only used
occasionally for events, are not driven as
much as the vehicles used by public
safety. Figure 4 shows how many
pounds of CO2 are emitted each year for
each vehicle type. Average yearly
emissions were based on the
assumption that all vehicles were
purchased new and were driven about
the same amount each year after
purchase. Excluding the shuttles,
Chapman's yearly CO2 emissions from
its vehicle fleet are roughly 90049.05
pounds of CO2, equivalent to the
amount of carbon that 48.3 acres of
forest would sequester in a year (7). 

2

2

  2
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...As shuttles are not included in the EPA's greenhouse gas rating database, far
rougher estimates will be presented for shuttle emissions. Except for the 2021
StarCraft Allstar 27, all other shuttles are Starcraft Allstar 25 from 2013 to 2020. To
calculate the yearly carbon emissions of the shuttles, it was assumed that the gasoline
shuttles emit the same amount of pounds of CO2 per mile and that the CNG shuttles
emit the same amount of pounds of carbon dioxide per mile regardless of the model
type. The average 40-foot CNG bus emits roughly 2,364 grams of CO2 per mile (8.) As
an Allstar Starcraft shuttle is half that length, it will be assumed to emit roughly half
that amount. A CNG shuttle emits roughly 2.6 pounds of CO2 per mile when converted
to pounds per mile. On average, a CNG vehicle emits 20 percent less than a gasoline
vehicle so a gasoline shuttle will emit roughly 3.13 pounds of CO2 per mile. Figure 5
uses those estimates to depict how much each shuttle emits per year on average. It
was assumed that all shuttles were purchased new and receive the same amount of
use yearly for yearly carbon emissions. In total, the Chapman shuttle system emits
441057.9 pounds of CO2 yearly which is equivalent to the amount of CO2 sequestered
by 237 acres of forest in one year (6). 

EMISSIONS

Figure 3. Greenhouse gas
ratings for the vehicles

owned by Chapman. Red
bars indicate that Public

Safety uses the vehicle,
while gray bars indicate

the vehicle is used by
Parking and

Transportation. The higher
the score, the less the

vehicle emits. 
 

Figure 4. The average
annual carbon emissions for

the vehicles used by
Chapman. Red bars

indicate that the vehicle is
used by Public Safety, while

gray ones indicate that
Parking and Transportation

use the vehicle.

Transportation Emissions
Cindy Rivas
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HOW DOES CHAPMAN COMPARE WITH
ITS PEERS?

...Three universities in Southern
California were examined to see how
Chapman's alternative fuel portfolio
compared to peers. The three
universities that will be compared are
UCI, USC, and LMU. UCI is committed to
switching half of its vehicle fleet to
electric and is currently in the process of
switching 20 diesel buses to electric (4).
All of the buses in USC run on alternative
fuel, with USC's goal to incrementally
transition the fleet to electric (5). LMU
has already successfully transitioned
68% of its transportation to electric (3).
Compared to its peers, which have met
or are in the process of having at least
50% of its fleet use some form of
alternative fuels, Chapman falls behind
considerably, with only roughly 13% of its
fleet using alternative fuel sources. 

FUEL ALTERNATIVES: AN ELECTRIC
FUTURE?

...With California law requiring all
vehicles purchased from 2035 and
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Figure 5. Average annual
carbon emissions for each

shuttle. Average miles
driven per year were

calculated based on the
assumption that the

shuttle drove
approximately the same

each year. 

onwards to be electric, examining the
costs and benefits of a vehicle's
transition to electric is pertinent.
Compared to conventional combustion
vehicles, electric vehicles have higher
upfront costs. However, electric vehicles
typically spend 60% less on fuel than
standard combustion vehicles (9).
Furthermore, with fewer engine parts,
over their lifetimes the maintenance
costs of electric vehicles tend to be 31%
lower than for gasoline-based vehicles
(9). This means that, when accounting
for upfront costs, fuel, and maintenance,
electric vehicles tend to be cheaper than
gasoline vehicles in the long run. These
calculations, however, do not factor in
the one-time cost of building the
charging stations necessary to refuel an
entire vehicle fleet. The trade-offs of the
additional time consumed charging an
electric vehicle are also factors that must
be considered. 

CONCLUDING COMMENTS

...The presence of electric and natural
gas vehicles indicates that Chapman is

Transportation Emissions
Cindy Rivas
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already beginning to make efforts
toward having a cleaner vehicle fleet.
However, alternative fuels only make up
roughly 13% of the entire fleet, which is
still substantially less than some of the
other universities in  Southern California. 
...There are still many gaps of knowledge
preventing a comprehensive
understanding of which vehicles are
best suited for a transition to electric.
Previous analyses looking at the
feasibility of other universities
transitioning to electric vehicles noted
that important factors determining the
suitability of electrification were how
long a vehicle was not in use and where
the vehicle dwelled when not in use.
These factors would determine how
accessible charging would be for a
vehicle when not in use. 

RECOMMENDATIONS

...The following recommendations will be
presented in order of ease and how
much existing systems and
infrastructure would have to change. 

Buying Cleaner Vehicles
...As the need to replace existing vehicles
arises, ensuring that all future purchases
have a greenhouse gas rating of 6 will
help cut back significantly on CO2
emissions. For shuttle, which is not
assigned a greenhouse gas rating, those
previously fueled with gasoline should
be replaced with alternative fuels, like
the compressed natural gas shuttles
already being used. 

More Comprehensive Vehicle Database
...To begin preparation for the eventual 
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electrification and to address existing
gaps in knowledge a more
comprehensive vehicle database should
be created. This database will log all
vehicles used by the university, including
those used by Facilities Management,
Dodge College of Media Arts, and
vehicles assigned to senior members of
staff. By consolidating all data on
vehicles into one database, it will make
capturing a more comprehensive look at
Chapman's vehicle emissions more
accessible. This database should also
record how many hours of the day a
vehicle is used and where it spends the
longest time parked when not In use.
This data will help Chapman begin
assessing which vehicles are most suited
to a transition to electric and where
charging stations should be placed to
create the least disruption in the regular
daily use of the vehicle. This database
should also track annual greenhouse gas
emissions on each vehicle so that the
university can track progress in reducing
greenhouse gas emissions. 

Incremental Electrification
...This final recommendation calls for a
gradual phasing out of gasoline-fueled
vehicles and replacing them with
electric vehicles. The transition should
begin with the vehicles that contribute
the most to greenhouse gas emissions
per mile driven, such as the 2012
Chevrolet Express which has the lowest
greenhouse gas rating. An incremental
transition leading up to 2035 would
prepare the university for California's law
requiring all new vehicles purchased on
and after 2035 to be electric. 

Transportation Emissions
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SUSTAINABLE ENERGY
CONSUMPTION

Larissa Atkins

INTRODUCTION

....From every corner of the United
States, we see universities adopting
sustainable energy consumption
practices, and California is no different.
In 2019, California was the top state for
geothermal and biomass energy, and
second in the nation in conventional
hydroelectric power generation. And it
doesn’t stop there; in fact, in fact, thanks
to solar, California is currently the
leading state when it comes to
sustainable energy overall. As of April of
2020, California had 28,472 megawatts
of installed solar capacity, more than
four times as much as the nation's
second-leading solar state, Texas (1).
Now, this begs the question: why should
a university, and specifically Chapman
University, engage in more sustainable
practices?

WHY SUSTAINABILITY?

....We would love to say that the answer
is “for the good of the planet”, but a
university is a business nonetheless and
therefore decisions are mostly made by
weighing the return. So, the real answer
is simple: Sustainable practices lead to
better student retention rates, and will
save money. In a study done by the
Princeton Review, it was found that 63%

of likely college applicants say a college or
universities’ commitment to
environmental issues would affect their
decision to apply or attend (2). Not only
that, but sourcing energy sustainably can
save the university a lot of money. At
Loyola Marymount University, for example,
green sourcing energy and adopting 
 compact fluorescent light bulbs (CFLs)
led to more than a $210,000 decrease in
annual electricity costs (3). This leads to
our second question, why focus on
electricity?

WHY ELECTRICITY?
   
....Energy consumption is one of the most
costly expenditures at any university, both
in monetary value and for the planet.
Contrary to popular belief, COVID-19 did
not have a strong impact on energy
consumption at Chapman. With the
campus closed for months, a significant
decrease in electricity usage was
expected, but this did not happen. This
means that even with no one in the
buildings — except for the occasional
custodial staff — Chapman was
consuming almost the same amount of
electricity that it always has. The lack of
this result suggests that money, and most
importantly energy, is being wasted and
can be cut down significantly.
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....This bar chart suggests that over the years, Chapman has decreased their kWh
usage per square foot. This means that, although energy consumption has increased,
energy efficiency has improved, leading to a smaller increase in consumption than we
would expect had kWh per square foot remained the same. Furthermore, although
campus has expanded in size over time, energy usage has decreased over time by a
maximum of 1,859,803 kWh (from 2018-19 to 2019-20). Percent changes were
calculated from this data that show an abnormality in 2020. From 2017-18 to 2018-19,
there was a 4.13% decrease in cost associated with a 3.85% decrease in kWh usage.
From 2018-19 to 2019-20, there was a 0.33% increase in cost associated with a 4.47%
decrease in kWh usage. Finally, from 2019-20 to 2020-21, there was a 0.11% decrease in
cost associated with a 2.74% decrease in kWh usage. Chapman canceled all in-person
lectures during March 2020 due to COVID-19. Therefore, seeing an increase in kWh
usage is unusual. How could there have been increased energy consumption when
there was no one on campus during the last two months of the 2019-20 school year?

EMISSIONS

Figure 1. Total energy 
consumption at Chapman 

from 2017 to 2021, 
expressed in U.S. dollars 
(blue) and kilowatt hour 

(kWh) (purple). The square 
footage of campus is also 

displayed (yellow). Data 
retrieved from Chapman 

Office of Sustainability.

Figure 2. Chapman's top 5 
buildings with the highest 
energy consumption cost in
2019. Together, they make 
up almost 70% of the total 
energy cost of campus. 
Data retrieved from 
Chapman Office of 
Sustainability.

Sustainable Energy Consumption 
Larissa Atkins
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Figure 3. Total electricity cost 
 by month for 2019 that 

suggests the most costly 
months are from June to 

September. Data retrieved 
from Chapman Office of 
Sustainability based on 

estimates from building 
metering.

Figure 4a and Figure4b. Electricity cost by month for 2019 for 3 of the most
popular residence halls (4a) and the 3 most energy costly buildings on
main campus (4b). Data retrieved from Chapman Office of Sustainability
based on estimates from building metering.

....Based on the data of monthly costs, the most expensive months are those
associated with the highest consumption of energy. Since Chapman is located in
Southern California,  more specifically in sunny Orange County, we can infer that these
higher costs are due to increased use of air conditioning during the summer months.
This is further shown since students get released for summer break in mid-May and
only return toward the end of August. Although we do have students who stay for
summer classes, there aren't nearly enough students on campus to explain the
increased energy usage except for air conditioning in the buildings. 
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....With all this being said, there are still
many unknowns. The biggest of all
being the Keck Center for Science and
Engineering. Since it is our newest
building, there wasn't enough
information gathered to include in this
report. This information is extremely
important to our energy consumption
data since it is by far our largest building
on campus, at 140,000 square feet, and
likely somewhere amongst the top 5
most visited buildings on campus. There
are a lot of faculty and student staff that
conduct research there and have access
to the building past closing hours,
therefore I would assume energy is used
more than many other academic
buildings on campus.

RECOMMENDATIONS 

....In the short term, the first step to a
more sustainable campus is to bring
awareness, to which I suggest a yearly
“Lights Off” event. Inspired by Emory
University, this initiative encourages all
students and staff to turn all lights off,
both on main campus and residence
halls, for at least a period of 30 minutes.
Not only do I think this would be an
enjoyable event, but it would be a great
way to engage other students that aren’t
environmental science majors and aren’t
aware of the burden that energy
consumption on campus is causing to
the planet.

   Moreover, one of the easiest initiatives
that could be implemented are motion
sensored CFLs in classrooms. This
ensures that lights stay off when no one

EMISSIONS
is in the room, along with a huge
sustainable improvement from
incandescent bulbs.
   In the long term, when looking at
where to put their money, the university
should consider carbon offset
investments. Although these programs
don’t reduce energy consumption, they
allow a business to purchase carbon
offset projects that balance their carbon
footprint. In other words, instead of
divesting or reducing their carbon
emissions, they invest in initiatives that
reduce carbon emissions elsewhere. I
wouldn’t recommend this as a primary
alternative, but this could help balance
Chapman’s carbon footprint in areas
where they can’t reduce their own
emissions.
   With some of these buildings being
older or being structured differently, it is
important to recognize the limitations
that they may have. Some just simply
don’t have the structure to implement
renewable energy sources such as solar
panels. For these, we should consider
alternate routes.
   For starters, solar panels don’t
necessarily need to be installed on top of
the actual building themselves. We
could adopt a system similar to Cal State
Fresno, that in 2007 launched their Solar
Parking Project. This project installed
3,872 photovoltaic panels in more than
700 carport stalls in their student
parking lot, resulting in a generation of
20% of the university’s total annual
power (4). We could also implement
solar panels in areas that do have the
structure and distribute that energy
generation across multiple buildings.

Sustainable Energy Consumption
Larissa Atkins
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Additionally, we can take advantage of
our sunny weather to do other things
besides solar panels, such as using a
solar thermal collector to heat water.
And if that weren’t feasible, solar is not
the only renewable energy option
available to the university.
....Chapman is perfectly located to catch
the Santa Ana winds. I’m sure I’m not the
only student who has experienced being
almost blown away by strong winds
durings the cool months of the year. In
fact, I wouldn’t even say that it just
happens during cool months. This
happened to me recently during a very
hot and sunny day in April.
....Looking into the future, sustainability
should be in the forefront of Chapman
mind when constructing any new
additions to the campus (as we know
there are many to come). For now, lack
of alternate options is far from an issue,
and I suggest Chapman prioritizes these
options as it is not only their
humanitarian duty, but also the smartest
decision they could make as a business if
they don’t want to fall behind.

EMISSIONS Sustainable Energy Consumption
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IMPLEMENTATION
OF SOLAR PANELS

Jessica Almos 

INTRODUCTION

   The Intergovernmental Panel on
Climate Change (IPCC) published their
yearly report for 2022, which emphasizes
repeatedly that it is imperative that the
world invests in renewable energy
sources rather than fossil fuels (1).
    Accredited scientists around the
world have agreed upon the consensus
that climate change is nearing a point of
being irreversible and on a trajectory for  
the planet to become uninhabitable for
humans. Much of this is due to
greenhouse gas emissions from
transportation, commercial buildings,
residential, factories, and more.
Currently, educational institutes
account for 11% of total U.S. building
electricity consumption and 14% of
building floorspace within the U.S. These
buildings also contribute to
approximately 4% of total U.S. carbon
dioxide emissions (2). To reduce
greenhouse gas emissions from
educational institutions, it is imperative
that these institutions implement
renewable energy sources (3).
    One of the most common forms of
renewable energy are solar panels;
however, the cost has deterred many
institutions from implementation of
solar panels. Over the past 10 years, the
cost of solar panels and their installation

has dropped around 70% (4). With current,
more advanced technology, the incentive
to save money in the long run is a lot
more realistic, with a smaller initial cost. 
   For Chapman, solar panels are a
convenient option that may have a costly
installation, but the ability to generate
energy and the potential to receive
rebates for giving back to the grid will
save the university money in the long run.
The “grid” refers to the system that
transfers energy from the power source to
the individual buildings. When someone
has excess energy that they have
generated, many states have the option to
return the excess energy to the grid. 

CURRENT ENERGY

   To analyze how Chapman is currently
performing in terms of energy use, the
2020 Chapman Energy Use Profile from
the Office of Sustainability (2020) was
referred to for data (5). While this profile
includes data starting in 2013 up to 2020,
this study will only explore up to 2019 in
order to avoid any possible disturbance in
the data due to COVID-19 pandemic. The
profile actually does not show any
difference in energy-use, but the entire
sustainability assessment will avoid data
past 2019, just in case. 
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 $$ kWh Square Footage kWh/SqFt $/kWh

2013-14 $4,650,494 35,288,762 3064574 11.52 0.132

2014-15 $5,947,612 41,048,234 3168520 12.96 0.145

2015-16 $5,717,486 41,621,570 3486358 11.94 0.137

2016-17 $5,075,821 39,849,280 3507420 11.36 0.127

2017-18 $5,865,318 43,239,954 4352701 9.93 0.136

2018-19 $5,622,925 41,574,795 4476069 9.29 0.135

Chapman has a lower energy use
intensity than our peer institutions*,
signifying better energy performance

*peer institutions were not
disclosed in the report

Chapman has done a good job of
keeping greenhouse gas  emissions
low or relatively at the same level,
while expanding the student body

Some major wins for sustainability at
Chapman thus far: 

EMISSIONS Implementation of Solar Panels
Jessica Almos

Table 1. Table provided by the Office of Sustainability lays out how much was
spent in electricity bills for Chapman University each year. 

        Even though the Chapman Office of
Sustainability and Facilities
Management have done a good job with
controlling energy-use at the university,
it is not enough to combat the threat of
climate change. Chapman should set an
example for other institutions and their
benefactors that renewable energy is
the choice, given the current
circumstances.

Figure 1. Timeline from the Office Sustainability Energy Use Profile showing 
 the improvements made across campus to decrease energy use
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In order for solar panels to be worth
the initial installation, the owner or
institution using the building must
plan on keeping them for a long
period of time.
The university is in a good place
because it has a fixed location.
Therefore, we will definitely reap the
benefits of solar installation.

Generate enough energy to power
the entire institution: if the university
decides to fully commit to solar
energy, the initial installation across
campus will be  costly. However,
some universities, such as USC,
marketed solar implementation to
their benefactors and received hefty
donations that nearly covered the
cost.

RECOMMENDATIONS 

     The recommendation we wish to
stress the most to decrease greenhouse
gas emissions is to implement solar
panel technology on campus. Solar
panels can be implemented at Keck
Center for Science and Engineering,
Argyros Forum, Beckman Hall,
Leatherby Libraries, Henley Hall, Pralle-
Sodaro Hall, West Campus, Chapman
Grand, and more. Chapman fulfills all
requirements for solar panels to be
successful and worth implementing (6):

Longevity

Amount of Energy Needed 
(there are two scenarios where the
amount of energy needed will affect
how Chapman should approach
installation)

EMISSIONS
Start small and build the solar panel
program: if the university chooses to
test out solar panels in one specific
area, then the initial cost will be
much smaller. A residential facility,
such as Chapman Grand, would be a
good test subject to start because of
how new the building is.

Southern California is known for
being sunny year-round and is  ideal
for solar panel dependence. 

Solar can be installed on any type of
roof; there are different technologies
for different situations.

The more efficient the panels are, the
more the system will cost initially.
However, it will generate more
energy that could be given back to
the grid.

The large panels require regular
dusting and maintenance in order to
perform well. An easy way for
Chapman to take advantage of this
job opening is to assign work study
students to this task. Due to the
increase in the student body, many
students struggle to find work study
jobs and the addition of these
positions could help fix the issue.

Location

Type of Roof 

Output vs. Cost

Solar Maintenance

   Because Chapman fulfills all of the
requirements, let’s discuss the perks of
solar energy. 

Implementation of Solar Panels
Jessica Almos
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If Chapman spends $6 million a year
on energy they can save
approximately $36 million  after 20
years.
Using the lowest productivity
numbers for solar panels, let’s
assume that one panel produces a
minimum of 0.25 kWh/day = 91.25
kWh/year.

Based on the Energy Use Profile,
the average amount of kWh
energy used per year (over a six
year period) = 40,437,099.
To cover this average, Chapman 
 would need to install a total of
443,147 panels. 

Butte College installed 25,000 solar
panels in 2011 for around $30,000.

With this cost comparison, it
would cost $540,000 to install
450,000 panels.

Accounting for the falling cost
in solar prices (approximately
70%), the installation would
cost closer to $378,000.

   For one, California has some of the
most generous rebate programs for
renewable energy. As of 2022, the
rebates available range from $500 flat
(typically for houses) to $0.95 per watt
installed (7). Additionally, California is a
net metering state; meaning that if
more energy is produced via the solar
panels than needed, the energy can be
exported back to the grid. When this is
done, the university will be able to
receive a credit to “pay” for the energy
they produced.

COST + SAVINGS ESTIMATES

EMISSIONS

First college in the history of the
United States to go “grid positive.” 

“Grid positive” refers to the
concept of a business giving its
excess energy from renewable
energy production back to the
local energy grid to be distribute. 

Butte College houses 25,000 solar
panels that generate 6.5 million
kWh/year of electricity, enough to
power around 950 average homes.
The total cost of all solar projects was
$33.8 million; $6.5 million in rebates =
total net cost of $27.3 million.

Estimates it will save $100 million
over 30 years (8).

Produces enough solar energy to
meet nearly half of its peak daytime
energy demand and avoid CO2
emissions equivalent to nearly 5,000
cars.

In 2003-2005, LMU installed $4.5
million worth of solar panels.
Rebates and partnerships brought
the cost down to only $325,000 for
the university.
Project covers 81,000 feet of rooftop,
and generates over 1,100,000
kWh/year.

Small-scale solar installations at
some off-campus buildings 

WHAT ARE OTHER UNIVERSITIES
DOING?

Butte College

Arizona State University 

Loyola Marymount University 

University of Southern California

Implementation of Solar Panels
Jessica Almos
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     The implementation of solar panels
on campus will not only save money in
the long run, it will also show that the
school prioritizes sustainability and the
future of the planet. As global citizens,
protecting the planet is important to all
members of the Chapman Community.

EMISSIONS Implementation of Solar Panels
Jessica Almos

Galen Center (athletics) produces 15%
of arena’s energy demands with sola

RECOMMENDATIONS + OBSTACLES TO
OVERCOME

   One of the largest obstacles to
overcome is the initial installation cost of
the panels, as well as any retrofitting a
building may need to be able to host the
panels. When Loyola Marymount
University installed their solar panels, the
initiative was marketed in a way that
encouraged donors to contribute to the
school’s sustainability journey (9).
   I recommend that Chapman  invest
more time in recruiting donors with
sustainable priorities; it is possible that
the majority of the project can be paid
for by donors. 
   While the production of energy using
solar panels is generally a sustainable
practice, the panels themselves are
made out of hazardous materials that
must be properly disposed of. As of now,
there are no local solar panel recycling
centers. However, good quality panels
last 25-30 years, so there will likely be
more convenient options to sustainably
dispose of solar panels once the time
comes to install a new system. 
   Additionally, there are newer models of
solar panels that are clear that can be
put on windows (10). As this technology
rolls out, I highly recommend Chapman
considers putting these panels over
windows with high exposure to sunlight.
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Contacts + References - Laundry Equipment 
Modernization

Contacts
Residence Life – (714) 997-6603, reslife@chapman.edu 
Facilities Management – (714) 997-6658, facmgt@chapman.edu 
Davy Sundby – (714) 997-6603, sundby@chapman.edu 
Megan Honey - meho47434@chapman.edu
Michael Ortiz – (949) 943-9670, miortiz@chapman.edu
Wash Laundry Services – (800) 421-6897, https://www.wash.com/contact-us/ 
Fowler Laundry Services - (908) 686-3400, https://www.fowlercompanies.com/contact/

References
Survey Link - https://forms.gle/o1onFQXMRXgVtRZ77 
PDFs of Laundry Equipment Manuals – 
 https://drive.google.com/drive/folders/1SsbiThP4ouTNxCDPJHSP9EbNH1Zg7qpY?usp=sharing
 
WASH Laundry Link – https://www.wash.com/
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Contacts + References - Eco Gyms

Contacts
Chapman University Office of Sustainability - (714) 997-7370, sustainability@chapman.edu
   Megan Honey - meho47434@chapman.edu
Chapman University Department of Student Engagement - (714) 997-6761, se@chapman.edu
   Chris Hutchison, Ph.D. - (714) 628-7321, hutchiso@chapman.edu
   Justin Koppelman, Ph.D. - (714) 997-6894, jkoppel@chapman.edu
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4. “Climate and Energy.” UCI Sustainability Resource Center, 
https://sustainability.uci.edu/sustainablecampus/climate-and-energy/. Accessed 21 Apr. 2022.
5. “Sustainability.” USC Transportation, https://transnet.usc.edu/index.php/sustainability/. 
Accessed 21 Apr. 2022.
6. US EPA, Greenhouse Gas Rating. 9 Oct. 2015,          
 https://www.epa.gov/greenvehicles/greenhouse-gas-rating.
7. US EPA, OAR. Greenhouse Gas Equivalencies Calculator. 28 Aug. 2015, 
https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator.
8. Houstan, Samantha. Electric Utility Investment in Truck and Bus Charging | Union of 
Concerned Scientists. https://www.ucsusa.org/resources/electric-utility-investment-truck-and- 
bus-charging. Accessed 21 Apr. 2022.
9. Winters, Mike. “Here’s Whether It’s Actually Cheaper to Switch to an Electric Vehicle or Not 
—and How the Costs Break Down.” CNBC, 29 Dec. 2021, 
https://www.cnbc.com/2021/12/29/electric-vehicles-are-becoming-more-affordable-amid- 
spiking-gas-prices.html.
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Contacts and References - Sustainable Energy
Consumption 

https://www.seia.org/states-map
https://www.princetonreview.com/college-rankings/college-hopes-worries
https://admin.lmu.edu/greenlmu/initiatives/alternativeenergy/
http://www.fresnostatenews.com/2007/11/06/solar-parking-project-grand-opening-is-nov-
8/

Contacts
Residence Life – (714) 997-6603, reslife@chapman.edu 
Facilities Management – (714) 997-6658, facmgt@chapman.edu 
Chapman Office of Sustainability – (714) 997-7370, sustainability@chapman.edu 
Larissa Atkins - laatkins@chapman.edu 
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