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I. Glossary of Terms

AASHE: The Association for the Advancement of Sustainability in Higher Education

AFLEET: Alternative Fuel Life-Cycle Environmental and Economic Transportation, a free tool

from the U.S. Department of Energy that fleet managers can use to quantify the environmental

and economic impacts of new fuels and vehicle technologies

ASPIRE: Advancing Sustainability through Powered Infrastructure for Roadway

Electrification, an engineering research center focused on electrification of transportation

BEV: Battery electric vehicles

CAP: Climate action plan

CNG: Compressed natural gas

DOA: Wisconsin Department of Administration

DERA: Diesel Emissions Reduction Act

EPA: US Environmental Protection Agency

EV: Electric vehicle (equivalent to BEV)

GHG: Greenhouse gas

HEV: Hybrid electric vehicle that uses fuel and electricity simultaneously

Light commercial truck: Four wheel, two axle vehicle used primarily for cargo transport (See

Appendix N for models)

LVO: Low-viscosity oil

Passenger car: Four wheel, two axle vehicle whose primary function is passenger transport

(See Appendix N for models)

Passenger truck: Four wheel, two axle vehicle whose primary functional design is for cargo,

but are used primarily for passenger transport (See Appendix N for models)

PHEV: Plug-in hybrid electric vehicle that uses fuel once electric battery is drained

SAC: University of Wisconsin–Madison Sustainability Advisory Council

SDG: United Nations Sustainable Development Goals

Single unit short-haul truck: Single unit truck with more than four tires with a range of

operation of up to 200 miles (See Appendix N for models)

STARS: Sustainability Tracking, Assessment & Rating System, a self-reporting framework by

AASHE for colleges and universities to measure their sustainability performance

TCO: Total cost of ownership, i.e. the net present value of operating and fixed costs over the

years of planned ownership of a new vehicle, as well as lifetime petroleum use, GHGs, and air

pollutant emissions

TS: University of Wisconsin–Madison Transportation Services

UW: University of Wisconsin–Madison

VMT: Vehicle-miles of travel
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II. Executive Summary

This report, created by the students in URPL 551: Climate Action Planning (taught by Dr. Carey

McAndrews), presents an analysis of the greenhouse gas (GHG) and criteria air pollutant

emissions of the University of Wisconsin–Madison’s fleet of campus-owned vehicles. It also

identifies and quantifies the potential impact of strategies to reduce the fleet’s emissions. The

analysis contributes information to the campus’s larger climate action planning process and

Second Nature Resilience Commitment.

The transportation sector is a significant source of GHG emissions nationally and locally.

According to the US Environmental Protection Agency, the transportation sector is responsible

for 29% of GHG emissions in the country. Locally, vehicle emissions account for about one-third

of the total carbon footprint of the City of Madison. UW–Madison is a regional partner in

preparing for, mitigating, and adapting to the impacts of climate change. This makes the

investment in and adoption of green fleet strategies more necessary than ever for UW–Madison.

UW–Madison Transportation Services provided the class with multiple years of data about the

types of campus-owned vehicles, their fuel use, and annual vehicle-miles of travel. We used this

information to estimate the fleet’s baseline 2019 GHG and air pollutant emissions using a

spreadsheet tool created by the Argonne National Laboratory, the Alternative Fuel Life-Cycle

Environmental and Economic Transportation (AFLEET) Tool. The baseline well-to-wheel GHG

emissions for 2019 were 3,860 short tons. For comparison, this is about 2% of the reported CO2

emissions of the UW–Madison Charter Street Heating Plant in 2019 (WI Department of Natural

Resources, 2021).

We used the AFLEET tool to estimate reductions in greenhouse gas emissions under three

scenarios that reflect the current state of practice for campus- and government-owned fleets.

1. Right sizing: Replace 15% passenger trucks with passenger cars by vehicle owner, if the

owner had >10 passenger trucks.

The right sizing scenario decreases diesel fuel use by 6% (more than 6,000 gallons) and

increases gasoline fuel use by 5% (about 10,000 gallons); the overall increase in fuel use

increases GHG emissions by 1%. Right-sizing reduces operational criteria air pollutant

emissions by 11–14%, except there is no change in SOx. These results are conservative and likely

overstate emissions because we did not account for the increased fuel efficiency that would

result from older, less efficient trucks being replaced with 2021 model-year passenger cars with

greater fuel efficiency.

2. Electrification: 1) 25% of passenger cars and 5% of passenger trucks replaced with EV

alternatives; 2) 25% of passenger cars, 5% of passenger trucks, and 5% of light

commercial trucks replaced with EVs; 3) 100% of passenger cars and passenger trucks

replaced with EVs; 4) 100% of passenger cars, passenger trucks, and light commercial

trucks replaced with EVs.
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The two low electrification scenarios produce similar results. We find that gasoline use would

decrease by 4–5% across the entire vehicle fleet and diesel use would decline by about 1%. This

would result in about 9,000–11,000 fewer gallons of gasoline consumed and just less than 1,000

fewer gallons of diesel. In these scenarios, electricity use increases to 330–385 megawatt-hours

each year. The well-to-wheels GHG emissions increase by 2–3% because of the GHG associated

with electricity generation in the Wisconsin grid region. Emissions of harmful air pollutants

would decline, even after accounting for the air pollutant emissions associated with electricity

production. Fleetwide emissions of criteria air pollutants would decrease by: nitrogen oxides

(3%), coarse and fine particulate matter (3%), sulfur dioxide (3–4%), and volatile organic

compounds (6–7%).

The high electrification scenarios are not intended to represent feasible vehicle electrification

scenarios for the UW–Madison fleet but rather to provide an upper estimate of the air pollution

benefits that could result from such large changes in vehicle emissions. In these scenarios,

fleetwide gasoline use drops by 74–94% and diesel use declines by about one-third. Electricity

use for vehicle charging increases to 6,000–7,500 megawatt-hours annually. Correspondingly,

air pollution emissions drop precipitously. Nitrogen oxide emissions drop by 48–56%,

particulate matter emissions by 52–64%, and sulfur dioxide by 56–69%. Well-to-wheels GHG

emissions increase by 40–49% because of electricity generation in Wisconsin.

This analysis highlights the interdependence of vehicle electrification and clean energy

generation strategies. As Wisconsin’s electricity generation becomes cleaner, and as the campus

becomes equipped with solar or other sources of electricity, vehicle electrification becomes an

even more effective strategy for reducing GHG emissions.

3. Reduce VMT: Reduce VMT by 10% or 20% across the entire fleet.

Decreased VMT could result from mode substitution, information technology, behavioral

changes, or a combination of influences. As a result of decreased VMT, we assumed that fuel

would decrease by similar amounts. There was a decline by 10% and 20% in all emissions.

Our team recommends implementing the three modeled strategies as well as the recommended

non-modeled strategies discussed in this report (e.g., reducing idling, enabling alternative fuel

use, fleet management strategies, and emissions monitoring practices) at the highest capacity

possible so that the university can be carbon neutral by 2050.
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III. Campus Commitment to Climate Change Mitigation

This report presents an analysis of the UW–Madison vehicle fleet and opportunities to reduce

the fleet’s greenhouse gas emissions. The data analysis, recommendations, and vehicle inventory

were created by students in UW–Madison’s Urban and Regional Planning (URPL) 551 Climate

Action Planning: Sustainable Transportation. We are committed to assisting the Office of

Sustainability, Transportation Services, and the larger campus community in reducing

greenhouse gas and air pollution emissions and creating a more sustainable campus.

Climate change is already impacting Wisconsin and the city of Madison, with higher average

temperatures, increased flooding, and decreased lake ice cover (Wisconsin Initiative on Climate

Change Impacts 2011). International efforts to mitigate climate change, including the historic

2016 Paris Agreement, are non-binding and not specific. In response, U.S. states, cities,

businesses, and educational institutions have developed their own climate action plans that

focus on implementing local actions to mitigate global climate change.

As shown in Figure 1, mitigating global climate change depends on actions at multiple scales of

governance. These scales of governance include federal and state policies, as well as

campus-level policy. Consistent with the UW–Madison’s educational mission and approach to

sustainability, student-led projects such as this green fleet analysis can also support campus and

community efforts to address climate change.

UW–Madison has recently joined other subnational entities to address climate change and its

impacts. In 2019, Chancellor Blank signed the Second Nature Resilience Commitment, a climate

commitment framework for higher education institutions. It requires the university to conduct

an emissions and sustainability assessment and implement a climate action plan. To meet the

first requirement, UW–Madison submitted data to the Sustainability Tracking, Assessment, and

Rating System (STARS), which is used by colleges and universities to measure sustainability

efforts. UW–Madison was ranked Silver by the STARS system, a comparable rating for peer

institutions on their first evaluation, but one that indicates the university can take actions to

improve (AASHE 2021).

UW–Madison is now creating a climate action and resilience plan, to be released in 2022, that

aligns with community goals. This includes conducting resilience assessments in five key areas:

social equity and governance, health and wellness, economic development, ecosystem services,

and infrastructure. This report provides information for the UW–Madison’s climate action

planning process.

Improving the sustainability of UW–Madison’s fleet will not only mitigate climate change but

also result in local reductions of air pollutants and health benefits. Campus-owned vehicles emit

both greenhouse gases and “criteria air pollutants,” air pollutants that harm human health and

are federally regulated (U.S. EPA 2021). These include nitrogen dioxide (NO2), sulfur dioxide

(SO2), and particulate matter (PM). In addition to NO2 and SO2’s direct health impact, they can

also react to form fine particulate matter (PM2.5). PM2.5 leads to about 4 millions deaths per year

worldwide due to its respiratory and cardiovascular impact (GBD Compare, 2019).
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IV. UW–Madison Fleet Characteristics

Fleet Inventory

Transportation Services, a department within Facilities Planning and Management, oversees the

procurement, maintenance, and ongoing monitoring of all campus-owned vehicles.

Transportation Services has a statutory requirement to procure and manage vehicles based on

policies established by the Wisconsin Department of Administration (DOA). The DOA sets

requirements for vehicle procurement (e.g., domestically produced whenever possible) and sets

policy for vehicle retirement eligibility.

As of December 2020, UW–Madison’s fleet comprised 840 vehicles, including an ultralight

airplane, two Harley Davidson motorcycles, and a red 1932 American Lafrance fire truck. The

fleet serves a wide variety of uses, including: transport university employees in vanpools,
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transport cargo and tools to sites around campus, respond to maintenance issues, perform

winter road and sidewalk maintenance, and provide vehicles for departmental and community

use through the short-term lease of a vehicle in the motor pool.

The scope of this analysis includes the on-road vehicles owned by UW–Madison. We note that

this report does not account for vehicles that UW–Madison does not own, such as contracted

vehicles and personal vehicles of faculty, staff, and students.

To provide a better understanding of the types of vehicles in the campus-owned fleet, we created

a detailed fleet inventory describing the fleet by vehicle class (e.g., light-duty vehicles), the unit

on campus that uses the vehicle, as well as other key characteristics (See Table 1 and Appendix

E). More than 90 percent of the vehicles on campus are light-duty vehicles, including 51 gas

hybrid vehicles and three electric vehicles. The campus fleet also includes 48 medium- or

heavy-duty diesel trucks.

We have also introduced certain new classifications for the purpose of this analysis and the

figures in this report may be different from official records. For instance, 50 vehicles in the

original data set were coded as “Gas” vehicles but are in fact gas hybrid vehicles; therefore, we

classify these as “Gas hybrid”. In addition, the vehicle classification system of the AFLEET

analysis is distinct from that used by the State of Wisconsin.

Classification Fuel type Number of

vehicles

% of vehicles

Light duty Gas 607 73%

Light duty Diesel 125 15%

Light duty Gas hybrid 51 6%

Light duty Electric 3 <1%

Light duty Flex E85 3 <1%

Medium duty Diesel 25 3%

Heavy duty Diesel 23 3%

Total 838 100%

Note: The Table does not include the airplane or fire truck
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Vehicle age and turnover

Vehicle age and turnover rates affect the fleet’s emissions. Turnover rates are linked to the asset

retirement policy set by the DOA. A campus-owned vehicle may be retired after 35,000 miles or

10 years of use. We reviewed the fleet data to identify the number of vehicles that may be eligible

for retirement and potential replacement consistent with a green fleet policy.

For this analysis we considered only vehicles with complete data for both model year and VMT

and model years from 2013 through 2019. We assume that the model year was the purchase

year. These assumptions reduced the sample to N=231 vehicles (see Appendix F for detailed

information about methods).

Among the vehicles in the analysis, N=61 had more than 35,000 miles and are currently eligible

for retirement. In addition, using model year as a proxy for years of service, 15–30 vehicles per

year are, or will be, eligible for retirement in the coming years (see Figure 2 and Appendix F).

STARS Ranking of UW–Madison’s fleet

We used the publicly-available Sustainability Tracking, Assessment, and Rating System (STARS)

data and rankings to compare UW–Madison’s vehicle fleet with those of the other Big Ten

Universities. Overall, UW–Madison received a silver rating on their first STARS report, which

was lower than that of many other peer universities in the Big Ten. Of the 13 participating Big

Ten Universities, ten received gold ratings and three received silver ratings.

Fleet size among Big Ten universities varies from 146 at Northwestern University to 1,437 at the

University of Maryland, with a mean fleet size of 868 (see Table 2). UW–Madison’s fleet of 887

vehicles (as recorded in STARS in 2019) puts it in the center of the conference. UW–Madison

exceeded the conference average with respect to its ownership of hybrid vehicles; they account

for 4.5% of the fleet, which is above the conference average of 3.37%. UW–Madison has 4

10



electric or alternative fuel vehicles, well below the conference averages of 6.21% for electric

vehicles and 6.11% for alternative fuel vehicles. UW–Madison will be renewing its STARS

analysis in 2022.

Big Ten University* Overall

STARS

Ranking

STARS

Fleet Score

(out of

1.00)

Fleet Size Number of

Hybrid

Vehicles

(% of total)

Number of

Electric

Vehicles

(% of total)

Number of

Alt. Fuel

Vehicles

(% of total)

Average Gold 0.16 868 29 (3%) 25  - 6.21% 62 (6%)

University of Nebraska Silver 0.01 1,308 5 (<1%) 1 (<1%) 1 (<1%)

University of Maryland Gold 0.02 1,437 9 (<1%) 18 (1%) 0 (0%)

Penn State University Gold 0.05 1,094 16 (2%) 24 (2%) 19 (2%)

UW-Madison Silver 0.05 887 40 (5%) 3 (<1%) 0 (0%)

University of Iowa Silver 0.12 733 39 (5%) 14 (2%) 35 (5%)

University of Michigan Gold 0.12 1,030 62 (6%) 5 (<1%) 53 (5%)

University of Indiana Gold 0.13 489 4 (<1%) 61 (13%) 0 (0%)

University of Minnesota Gold -

expired

0.16 562 47 (8%) 0 (0%) 43 (8%)

University of Illinois Gold 0.17 1,238 69 (6%) 2 (<1%) 134 (11%)

The Ohio State

University

Gold 0.18 982 16 (2%) 28 (3%) 137 (14%)

Northwestern University Gold 0.24 146 1 (<1%) 35 (24%) 0 (0%)

Purdue University Gold 0.33 283 8 (3%) 85 (30%) 1 (<1%)

Michigan State University Gold 0.45 1,092 61 (6%) 54 (5%) 379 (35%)
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V. Emissions Analysis with the ALFEET Tool

Data and methodology

We used the Alternative Fuel Life-Cycle Environmental and Economic Transportation

(AFLEET) Tool to calculate greenhouse gas and air pollutant emissions for UW–Madison’s

current fleet (Argonne National Laboratory, 2021). The On-Road calculator in the AFLEET Tool

was also used to evaluate potential emissions reductions from proposed green fleet strategies

and recommendations. The Argonne National Laboratory developed the AFLEET Tool for the

Department of Energy’s Clean Cities Program so that stakeholders could more easily calculate

vehicle costs and emissions.

The On-Road calculator in the AFLEET tool requires data on fuel use, VMT, model year, and

vehicle classification for each vehicle in a fleet. Data collection and synthesis methodologies can

be found in Appendix A. The UW–Madison Transportation Services provided: 1) bulk and retail

fuel sales for 2017, 2019, and 2020; 2) reported VMT for 2017, 2018, and 2019; and 3) vehicle

classifications from the State of Wisconsin. Transportation Services provided data on 838

vehicles (excluding the airplane and motorcycles) but only 698 had sufficient VMT data and 701

had sufficient fuel use data available for analysis in AFLEET. Air pollutant results are available

for 698 vehicles since they are modeled based on VMT, but greenhouse gas emissions results are

based on fuel use so results are available for the subset of 701 vehicles.

We compared the vehicles included in the AFLEET analysis with the 137 that were excluded due

to insufficient information (see Figure 3). The average VMT per vehicle was higher in the

AFLEET-included group (4795 miles/vehicle) than the excluded vehicles group (1184

miles/vehicle). Both the included and excluded groups comprised similar vehicle types. As a

result we can conclude that our estimates may slightly overstate air pollutant emissions due to

the higher VMT.

We used the AFLEET tool to analyze eight scenarios that represented different strategies for

“greening” the fleet: 1) one right-sizing scenario; 2) five vehicle electrification scenarios; 3) two
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VMT reduction scenarios; and 4) a CNG substitution scenario. Detailed scenario construction

methodologies can be found in Appendix A. Below is a summary of each scenario, presented by

strategy:

Right-Sizing Scenario

1. Replacement of 15% passenger trucks with passenger cars by vehicle owner, if owner had

>10 passenger trucks listed with fuel data.

Electrification Scenarios

1. Low electrification, passenger vehicles: 25% of passenger cars and 5% of passenger

trucks replaced with EV alternatives

2. Low electrification, all light-duty: 25% of passenger cars, 5% of passenger trucks, and 5%

of light commercial trucks replaced with EVs

3. High electrification, passenger vehicles: 100% of passenger cars and passenger trucks

replaced with EVs

4. High electrification, all light-duty: 100% of passenger cars, passenger trucks, and light

commercial trucks replaced with EVs

VMT Reduction Scenarios

1. A 20% reduction in VMT across the fleet

2. A 10% reduction in VMT across the fleet

Results

Scenario

Well-to-Wheel

s GHGs (short

tons)

Vehicle Operation Air Pollutants (lb)

NOx SOx PM2.5 PM10 VOC

Baseline 3,860 3,974 39 121 133 1,136

Right-sizing 3,888 (1%) 3,540 (-11%) 39 (0%) 105 (-13%) 115 (-13%) 975 (-14%)

Low elec. 1 3,943 (2%) 3,851 (-3%) 38 (-3%) 118 (-3%) 129 (-3%) 1,069 (-6%)

Low elec. 2 3,957 (3%) 3,840 (-3%) 38 (-3%) 118 (-3%) 129 (-3%) 1,062 (-7%)

High elec. 1 5,401 (40%) 2,063 (-48%) 17 (-56%) 58 (-52%) 63 (-52%) 320 (-72%)

High elec. 2 5,767 (49%) 1,735 (-56%) 12 (-69%) 44 (-64%) 48 (-64%) 161 (-86%)

10% VMT reduction 3474 (-10%) 2633 (-34%) 35 (-10%) 76 (-37%) 83 (-37%) 337 (-70%)

20% VMT reduction 3088 (-20%) 2340 (-41%) 31 (-20%) 68 (-44%) 74 (-44%) 299 (-74%)
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The increase in the GHGs from the proposed electrification scenarios do not arise from their

operation, but instead from indirect GHG emissions sources such as the manufacturing of

vehicles and electricity generation in the Wisconsin grid region. Thus, the effectiveness of

vehicle electrification strategies depend on the source of electricity.

Right-sizing

Although heavy-duty vehicles are essential for transporting certain types of cargo, in practice

many are used for a mix of cargo and passenger travel. Similarly, light-duty vehicles may be used

for a mix of cargo and passenger travel. This double vocation of vehicles suggests the possibility

of substituting light-duty vehicles for cargo applications in some cases. Therefore, we evaluated

a right-sizing scenario that shifts 15% of passenger trucks to passenger vehicles. This does not

impact VMT but decreases diesel fuel use by 6% (more than 6,000 gallons) and increases

gasoline fuel use by 5% (about 10,000 gallons). Despite the overall increase in fuel use,

right-sizing reduces operational air pollutant emissions except in the case of SOx (Table 2). The

results presented here are conservative since we did not take into account the increased fuel

efficiency that would result from older, less efficient trucks being replaced with 2021 model-year

passenger cars with greater fuel efficiency.

Electrification

The two low electrification scenarios produce similar results in terms of reductions in fuel use

and air pollutant emissions. We find that gasoline use would decrease by 4–5% across the entire

vehicle fleet in the low electrification scenarios and diesel use would decline by about 1%. This

would result in about 9,000–11,000 fewer gallons of gasoline consumed and just less than 1,000

fewer gallons of diesel. In these scenarios, electricity use from shifting to electric vehicles

increases to 330–385 megawatt-hours each year. Because of these reductions in fuel use,

emissions of harmful air pollutants would decline too, even after accounting for the air pollutant

emissions associated with electricity production in the Wisconsin grid region. Fleetwide

emissions of criteria air pollutants would decrease by: nitrogen oxides (3%), coarse and fine

particulate matter (3%), sulfur dioxide (3–4%), and volatile organic compounds (6–7%).

Particulate matter emissions from tire- and brake-wear remain unchanged from the baseline

since VMTs are not changed in these scenarios.

The high electrification scenarios are not intended to represent feasible vehicle electrification

scenarios for the UW–Madison fleet but rather to provide an upper estimate of the air pollution

benefits that could result from such large changes in vehicle emissions. In these scenarios,

fleetwide gasoline use drops by 74–94% and diesel use declines by about one-third. Electricity

use for vehicle charging balloons to 6,000–7,500 megawatt-hours annually. Correspondingly,

air pollution emissions drop precipitously. Nitrogen oxide emissions drop by 48–56%,

particulate matter emissions by 52–64%, and sulfur dioxide by 56–69%.
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VMT reduction

We analyzed two scenarios that reduce VMT by 10% or 20% for all vehicles. Decreased VMT

could result from mode substitution, information technology, behavioral changes, or a

combination of influences.

As a result of decreased VMT, we assumed that fuel would decrease by similar amounts. There

was a decline by 10% and 20% in all emissions. Fuel use could be reduced independently of VMT

through ecodriving practices.

Restricting social and economic activity for the sole purpose of reducing travel is not desirable,

but reducing excess VMT by optimizing travel saves fuel, reduces emissions, and increases the

utilization of vehicles, which increases the fleet turnover rate. In the context of campus

commuting, these strategies, known as travel demand management, have contributed to

UW–Madison’s successful sustainable commuter transportation programs.

IV. Recommendations: Campus Green Fleet Strategies

In this section, we discuss a range of strategies that differ in their ease of implementation and

cost. The first four strategies—electrification, right sizing, and VMT reduction—were tested as

scenarios in the AFLEET tool. The remaining strategies—reducing idling, data collection and

management alternatives, and alternative fuel types—were not tested using the AFLEET tool. It

may be necessary to pursue multiple strategies incrementally to reach campus climate change

mitigation goals.

Electrification

As electric vehicles continue to grow as a share of the personal automotive market, there will be

a growing need for electric vehicle charging infrastructure on and around the UW–Madison

campus (UW–Madison Transportation Services, 2021).

There are currently 36 electric vehicle charging stations in two surface lots and 11 parking

garages across campus, which is substantial progress. Operated by Transportation Services,

these stations are available for use by faculty, staff, students, and visitors to the university. Use

is limited to four hours at each charging session between 6 AM and midnight. Electric vehicle

charging outside of designated stations, i.e. plugging into electric outlets in parking facilities, is

prohibited except for outlets designated for EV use (UW–Madison Policy Library).

The university supplies electric vehicle charging stations to serve the needs of both university

affiliates and campus vehicle fleet users. Deployment would ideally be guided by an indicator of

near-term demand to avoid potentially costly investments that go unused.
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Although electric vehicles do not create emissions during combustion, it is important to consider

emissions associated with vehicle construction and electricity generation. Further, electric

vehicles do not address other transportation issues like urban sprawl, injury, sedentary time,

which are negative externalities associated with using automobiles as a main source of

transportation and auto-oriented land use patterns (Sims et al., 2014). However, electrification

is still a viable option for UW and could be discussed further with Transportation Services (TS)

for further development and enhancement for the strategy. However, the need for pilot testing

to get experience in daily operations will be needed. These trials could be a suggested

collaboration with the Transportation Services (TS).

Right-sizing

Right-sizing can be a programmatic strategy for Transportation Services to implement. As

vehicles are retired, evaluating the appropriate type for the user can increase fuel efficiency and

fleet utilization. Many trucks on campus are used by fleet operators to transport passengers, not

cargo, and can be replaced with passenger cars. Passenger trucks, especially those with diesel

engines, have higher greenhouse gas and air pollutant emissions compared to cars.

Transportation Services currently implements right-sizing to ensure that rented vehicles are

paired well with their intended use by the renting parting. Continuation of this process, for

example, to not allow a single individual to rent a large SUV for driving to a conference is

critically important to reducing GHGs tied to UW.

Other strategies to right-size the fleet involve a mix of behavioral and policy changes. A question

to prompt this review could be: Is a pick-up truck necessary for transporting tools or equipment,

or could a much smaller vehicle accomplish the same task? To review these questions, a

dedicated vehicle utilization review board can be formed within Transportation Services for a

specific time to discuss fleet right-sizing, efficiency, procurement practices, and other green fleet

strategies mentioned. Moreover, TS and OS could collaborate on developing surveys and

conducting interviews with different campus partners, to see who is interested in experimenting

with our recommendations. With a combination of these efforts, Transportation Services will

refine their ability to match users to tasks, and potentially discover use inconsistencies that can

lead to further efficiency improvements (Hatfield, 2009)

Alternative Fuel Types

Alternative fuel types can reduce fuel carbon intensity. A switch from diesel or gasoline to fuels

such as compressed natural gas (CNG) helps decarbonize the transportation system and protect

public health. A major challenge is lack of availability, but Dane County does have a CNG

program that could be leveraged. CNG could be appropriate for refuse trucks because the fueling

sites are near the Dane County Landfill. Transportation Services could consider working with

the county to create another CNG fueling site near campus. Biofuels also offer a reduction in

carbon emissions compared to gasoline and diesel, but their land use requirements may offset

their environmental benefits (Sims R., et al. 2014). We envision a 100% substitution of diesel

and gasoline for CNG, since there is potential to substitute compressed natural gas for other
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fuels. We tried to model the replacement of compressed natural gas for all diesel and gas. While

we recognize this is an unrealistic scenario, it can give context to how cleaner fuels can impact

fleet emissions.

Reducing Idling

Idling refers to running a vehicle when it is not in motion. This inefficient practice emits

unnecessary greenhouse gas and criteria air pollutants emissions, though their magnitude is

unclear from current data availability and analysis. The United States Department of Energy

recommends a number of behavioral and technological strategies to address idling (United

States Department of Energy, 2021). Reducing the idling is one of the common practices

included in organizational green fleet policies and action plans. Benefits of reducing idling

include: reduction in fuel consumption, decrease in maintenance costs and guaranteeing lower

GHG emissions. The class envisions a collaboration among UW–Madison Transportation

Services and other university divisions to review opportunities with vehicle operators to reduce

idling and other eco-driving practices.

Management Solutions and Data Collection

Zipcar, the car-sharing network, introduced Local Motion, a service that enables corporate-,

government-, and university-owned fleets to manage intra-organization vehicle sharing. The

Local Motion system allows workers across an organization to share fleet vehicles by tapping an

ID badge on a sensor. Such a system could be implemented on campus to facilitate sharing

university vehicles widely, or within the fleet pool. The service includes GPS tracking and

detailed vehicle-use data, which would be valuable for managing the campus fleet

(GlobeNewswire, 2016). Zipcar already offers car sharing on campus; Local Motion would be an

additional service for UW.

VII. Conclusion

In this report we presented an analysis of campus vehicle emissions and potential strategies for

greenhouse gas and air pollutant emission reduction. These strategies include the right-sizing of

the vehicle fleet; electrification of the fleet; and VMT reduction scenarios. The report also

highlights several non-modeled strategies that Transportation Services could utilize to

supplement the more intensive strategies detailed in the report. These non-modeled strategies

include reducing vehicle idling; using alternative fuel types; and management solutions and data

collection. Depending on the level of implementation by Transportation Services, these

strategies can lead to significant reductions in vehicle operation.

Our team recommends implementing these strategies at the highest capacity possible so that the

university can be carbon neutral by 2050. Implementing those strategies will require the

collaboration between different offices, units, vehicle operators and other stakeholders within

the university. Moreover, collaboration with other Big 10 Institutions could encourage the

sharing of effective GHG emission reduction strategies.
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Appendix A: AFLEET Analysis Methodology

AFLEET Baseline Inputs

VMT Data

Vehicle Miles Traveled (VMT) data for 2012-2020 were obtained from UW–Madison

Transportation Services. Y2020 records were excluded to avoid a risk of misleading

interpretation due to COVID–19. As shown in Figure 1, VMT had significantly increased until

2017 and then remained relatively stable in 2018 and 2019. Instead of choosing a certain year,

we calculated annualized VMT by averaging 2017-2019 data to better represent vehicle use in

recent years.

Figure 1. Annual Vehicle Miles Traveled from 2012 to 2020.

In this analysis, we excluded zero values which may unintentionally lower the VMT averages.

We only calculated averages of non-zero VMT for the three years. Figure 2 shows a flow diagram

of VMT data processing. For example, we took single year data when non-zero VMT were

recorded in one year only. We calculated two-year averages when one of three years recorded

zero VMT, and we calculated three-year averages when all three years recorded non-zero VMT.
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Figure 2. A Data Flow Diagram for VMT Data.

Fuel Use Data

Fuel use data was collected from UW–Madison Transportation Services for the years of 2017,

2019, and 2020 for bulk and retail fuel sales. Data included in the baseline emissions

calculations are derived from the 2017 and 2019 data. Data from 2020 was not used due to the

effect that the COVID–19 pandemic had on campus operations.

The data provided by Transportation Services for the years 2017 and 2019 included each

individual purchase of fuel quantity and type for each vehicle in the UW–Madison fleet. The

data was organized by use of the PivotTable function in Microsoft Excel, which summarized the

quantity of fuel purchased for the calendar year for each vehicle as coded by its identification

number. This data was then formatted for use in the AFLEET tool to calculate the baseline

emissions for each respective year.

Vehicle Classification

To successfully run the AFLEET tool for baseline data about the UW–Madison fleet, each vehicle

must be sorted into one of 10 descriptive categories that the tool can recognize. In the original

dataset provided by Transportation Services (TS), each vehicle was classified as light, medium,

or heavy duty based on Gross Vehicle Weight (GVW). These classifications are ultimately

determined by the State of Wisconsin Department of Administration (DOA) during the vehicle

procurement process. The DOA light-, medium-, and heavy-duty classifications are:

● Light Duty: 0-19,500 lbs GVW

● Medium Duty: 19,501-33,000 lbs GVW

● Heavy Duty: >33,001 lbs GVW
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However, we had to categorize each vehicle based on AFLEET classifications, which are

primarily based on vehicle use. These categories are:

Light-duty:

● Passenger car (Four wheel, two axle vehicle whose primary function is passenger

transport)

● Passenger truck (Four wheel, two axle vehicle whose primary functional design is for

cargo, but are used primarily for passenger transport)

● Light commercial truck (Four wheel, two axle vehicle used primarily for cargo transport).

Heavy-duty:

● School bus (Passenger vehicle with a capacity of 15 or more persons used primarily for

transport of students for school)

● Transit bus (Passenger vehicle with a capacity of 15 or more persons primarily used for

transport within cities)

● Refuse truck (Truck primarily used to haul refuse to a central location)

● Single unit short-haul truck (Single unit truck with more than four tires with a range of

operation of up to 200 miles)

● Single unit long-haul truck (Single unit truck with more than four tires with a range of

operation of over 200 miles)

● Combination short-haul truck (Combination tractor/trailer truck with more than four

tires with a range of operation of up to 200 miles)

● Combination long-haul truck (Combination tractor/trailer truck with more than four

tires with a range of operation of over 200 miles)

For each make and model of vehicle in the fleet, we used online images to determine whether a

make and model was likely to be classified as a car or truck. This process was straightforward for

small passenger cars (e.g. sedans). To determine how many vehicles should be classified as

passenger trucks and light commercial trucks, which differ based on whether they primarily

carry passengers or cargo, TS provided us estimates of the portion of vehicles by owner that

were likely to be in each of these categories. For example, TS told us that 80% of such vehicles

operated by Physical Plant were for cargo and all vehicles operated by Fleet were for passengers.

Any vehicle with six or more wheels was classified as a single unit short-haul truck (except for

one combination short-haul truck). We assume that all heavy-duty vehicles are short-haul rather

than long-haul since they likely have a range of operation of less than 200 miles since the vast

majority are likely primarily used on and around campus.

Critical thought to the use of vehicles rather than strict make and model classifications aided in

our attempt to most accurately classify vehicles to match their GHG emissions. From these

classification measures, close attention to fuel use and VMT by other teams, the AFLEET tool

becomes a powerful and accurate predictor of UW–Madison fleet GHG emissions.

AFLEET Baseline Analysis
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In the Inputs tab, State and County were specified to Wisconsin and Dane County. The analysis

was chosen to include “Well-to-Wheels Petroleum Use and GHGs & Vehicle Operation Air

Pollutants” (option “1”). The properly formatted classification, VMT, and fuel data were input

into the On-Road Fleet Footprint Calculator tab. Due to data limitations, not every vehicle listed

in the fleet had all the data pieces required for the pollution emissions calculator. As such, our

results could be conservative. Default lifetime was changed to 15 years, per UW–Madison

Transportation services policy of vehicle replacement after 15 years or 350,000 miles.

Green Fleet Scenarios Analysis

In all scenarios, we assumed that all vehicles replacing an existing vehicle are model year 2021.

Right-sizing

Vehicles were organized by owner and by model year so that the oldest trucks were replaced

first. The passenger cars were listed with the model year 2021 with the fuel type of gas. If the

replaced passenger truck used diesel, we calculated gasoline fuel gallons with a conversion factor

of 1.155 (U.S. DOE, 2020). In total, this scenario right-sizes 62 vehicles.

Electrification

For the low electrification scenarios, the vehicles to be replaced were assigned irrespective of

owner. The percentage of vehicles to be replaced are based on the results of an assessment of

vehicle classes in the state of Washington’s publicly owned fleet for which EV replacement is

cost-effective (Satterfield et al. 2020; p. 92, Figure 29). While the Washington state analysis

provides different estimates for vans (~2%), pickups (~5%), and SUVs (~11%), these vehicle

classes are all categorized in AFLEET as passenger trucks, so we combine the estimates and

assume a 5% replacement rate for all passenger trucks.

We apply fuel type conversions by zeroing out fuel use from gasoline, diesel, B20, B100, and E85

and replacing them with equivalent amounts of fuel as measured in kilowatt-hours of electricity

(U.S. DOE, 2020). We assume that the fuel mix for B20 fuel use is 20% diesel and 80% B100.

We convert B20 fuel use to diesel and B100 in these proportions before converting to kWh of

electricity.

CNG Substitution

All of the vehicles were modeled by substituting gasoline and diesel fuel for CNG using gallon

gasoline equivalents (U.S. DOE, 2020).

VMT reduction

The VMT reduction scenarios were conducted by applying 20% and 10% reductions to both the

VMT and fuel data.
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Appendix B: UW–Madison Fleet Policy Review

There are several well-grounded policies that UW–Madison Fleet Services currently enforces to

ensure proper use of the fleet from an efficiency and public relations viewpoint. There is room

for significant additions to these policies to ensure a reduction of campus-wide VMT and GHG

pollution, and behavior changes for consideration if a trip is in need of a vehicle or can be

accomplished through another mode of transport.

Continuation of Trip Usage and Vehicle Matching:

Currently, Fleet Services attempts to match vehicle users with the most appropriate vehicle to

ensure efficiency and reduce wear and tear on the fleet. An example of this process would be for

a staff member looking to travel off-campus to attend a conference. This individual would not be

able to choose to rent a large SUV or pick-up truck, as the vehicle would consume a large

amount of fuel that is largely unneeded. Alternatively, the staff member would be placed into a

passenger car that potentially is a hybrid vehicle. The continuation of this trip and vehicle use

analysis and expanding it to all fleet users (not only rental vehicles) would aid in the process of

reducing GHG by matching an appropriate vehicle to each trip requiring one.

Expansion of Active Transportation to Staff:

Active transportation, such as bicycling, is an alternative for travel on-campus that does not

require a motor vehicle. We know that 33% of the university’s GHG emissions come from

commuting, compared to only 15% from university-owned vehicles. So, our climate action plan

must include actions to reduce the carbon footprint of intra-campus travel and commuting (The

Sustainability Tracking, Assessment & Rating System (STARS), “University of

Wisconsin-Madison Report Card”).

Our research points to a high number of trips generated by work groups, such as Physical Plant,

Housing, and Recreation & Wellness, and many are intra-campus trips that may not require a

motor vehicle as displayed by fleet mileage data with owner analysis. Among faculty and staff,

just over 20% say they walk or bicycle to campus during good weather, and that drops to less

than 10% during bad weather. Most faculty and staff say they drive to campus (University of

Wisconsin-Madison Transportation Services, “2018 Biennial Transportation Survey Report,” 9).

According to the 2016 UW–Madison Long Range Transportation Plan, 52% of staff drive alone

to campus, and the proportion rises to about 70% for UW hospital employees. For comparison,

during good weather, the majority of students (over 60%) say they walk or bicycle to campus,

and a larger proportion say they take the bus during bad weather, according to 2018 survey data

(University of Wisconsin-Madison Transportation Services, “2018 Biennial Transportation

Survey Report,” 7).

Increasing bike availability via a bikeshare program could reduce individual vehicle trips for

intra-campus travel. Expanding the City of Madison B-Cycle program would allow UW to take

advantage of existing infrastructure while strengthening ties with community businesses.

Collaboration between UW–Madison and the City of Madison could include increasing the
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number and availability of bike stations, reducing or eliminating fares for staff, and broadening

marketing efforts.

The goal of this policy is for staff to reconsider their mode of commute to campus and

inter-campus travel. Are they using a vehicle out of convenience or habit when active modes of

transportation are available? At the same time, we recognize that some campus workgroups

require vehicles for transportation of heavy tools, cargo, and so on.

Vehicle Scheduling Advancements

Fleet Services currently allows for university departments to rent vehicles for durations of time

for the sole use of that department. The department pays for this rental and convenience of a

vehicle at their disposal. Unfortunately, this means vehicles, especially during the pandemic,

tend to sit and not be used. This may be an indication of the fleet being too large and in need of

“right-sizing”. An implementation of vehicle scheduling software may allow for departments and

other vehicle holders to not hold a vehicle in their possession full-time, rather staff must

schedule time with a shared vehicle instead of being reliant on spontaneous availability. While

this system does not bring immediate VMT or GHG reduction to UW–Madison’s climate goals,

an overall reduction in fleet size points towards lower raw-material and fuel use in the long

term.

Vehicle Procurement Adjustment

UW–Madison as a state agency must currently purchase a majority of its fleet from the state

Department of Administration (DOA) and cannot act on its own unless prior permission is

given. Procurement with the DOA can sometimes prove challenging, especially with alternative

fuel vehicles that tend to be manufactured by import brands compared to domestic. A

movement of Fleet Service’s ability to purchase vehicles as their own independent body would

allow for vehicle purchasing of alternative fuel vehicles commonly produced by import

(primarily Japanese & Korean) brands. This movement may prove to be difficult, as a movement

away from DOA may require state legislative action.
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Appendix C: Media Kit

Summary of Goals

The University of Wisconsin-Madison has a long history of inspiring change, and is the flagship

location of the University of Wisconsin System. Mirroring our status as a world leader in climate

change research, the university signed onto the Second Nature Resilience Commitment in 2018,

which started the university onto a path of understanding and addressing the impact of various

components of campus, including the campus fleet. The goal of this media kit is to share out

changes while framing these as part of the total university climate goals. This example media kit

is devised around one of the proposed scenarios, which is electrification of the fleet, but other

scenarios would still utilize these overarching themes.

Key Themes

Themes include but are not limited to the following:

1.) Our vehicles as storytellers

a.) View fleet as an extension of UW, our mobile representation

2.) Joint front

a.) City of Madison already uses alternate fuels, and we are in alignment with our

community in this move

3.) Expansion

a.) We have installed 36 EV charging stations on campus, and now we’re ready to

expand our fleet to utilize them

Mediums of Distribution

If a smaller scale implementation, less mediums are viable for distribution. This would be

constrained to the social media accounts and websites of key departments, such the Office of

Sustainability, Transportation Services, and Fleet Services. This can also be accompanied by a

larger statement from the university, tying this change into larger university goals.

However, if the implementation is done at a larger scale, or is the beginning of a set plan of

phased implementation, there can be further expansion on the distribution of materials

surrounding it. For example, if electrification involves replacement of some of Fleet Services

Dodge Caravans or Ford Fusion Hybrids with EVs or PHEVs, we can expand into student

organizations, and involve the end users as conduits for building this excitement surrounding

electrification. There are 900 student organizations at UW that when coupled with campus

climate goals can allow for a successful and largely student involved campaign. This can be

accompanied by a custom logo for EV/PHEV vehicles, similar to what was done for the 2010

Energy Initiative goal, which can be seen in the following sample imagery.
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Sample Imagery

1.1 Existing PHEV on campus (2012 Chevrolet Volt) 1.2 Existing UW Energy Goal Imagery

1.3 Original Ford Fusion Hybrid 1.4 Current Ford Fusion Hybrid Fleet

Sample Copy

UW Website News Post

Header: Electrification to Begin on Campus, Starting with Fleet Vehicles

Body: Following Chancellor Blanks signing of the Second Nature Resilience Commitment in

2018, changes have been in their planning phase on campus, and have finally begun to come to

life. The phased electrification of the UW–Madison fleet begins with the most common vehicle

on campus, our fleet minivans. The 180 Dodge Caravans are being slowly phased out and

replaced with the new Chrysler Pacifica Plug in Hybrid, which boasts a 32 mile purely electric

range. As more purely EV variations become available, they will be a welcome addition to the

fleet, according to university officials. [...]

Sample Statements Regarding Published Report

Medium: Linkedin

Account: UW–Madison Official
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Text: Through integral work from the University of Wisconsin Office of Sustainability[TAG]

and UW Madison students, UW–Madison has completed a campus-wide green fleet assessment.

This report details the state of our current fleet, and showcases the opportunities for

improvement of our fleet, allowing for more progress towards our Second Nature Climate

Resilience Commitment made in 2018. Read more here: [Provide Link]

Medium: Twitter

Account: UW–Madison Official

Text: It’s green, it’s clean, it’s our campus fleet! Continuing on our path to addressing climate

change on campus, our fleet assessment by @[Tag Office of Sustainability] is complete and

ready to read! Read about our fleet and where it’s going below:

Medium: Twitter

Account: UW–Madison Office of Sustainability

Text: Read all about it! Our green fleet report is out now- learn about our 853 campus vehicles,

and how we’re working to make them greener! This report is a product of the efforts of our office

and the students of URB Pl 551. Read More: [Provide Link]

Sample Posts:

Mock-ups created for instagram stories, mockups of intended themes and attitudes (mockups

do not reflect standard UW design procedure for social media)
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Appendix D: Bios

Eyad Afifi is an international graduate student and Fulbright Scholar at the University of

Wisconsin-Madison. His interest in Cities planning and design led him to study Architectural

Engineering (B.Sc, Spring 2018) and Urban and Regional Planning (M.Sc, 2022). As an

undergrad, Eyad has participated in several Architectural exhibitions including UIA Students’

Work Exhibition in 2017 and 2018. After graduation, he has worked on several major building

projects in Egypt as a Conceptual Design architect, and also as a teaching assistant to his former

alma mater. He worked as a curator and Research assistant at NextArch CityLab, which focuses

on the development of urban life and experience within the city of Cairo, Egypt. Eyad is

currently shifting his focus from Urban design to the planning realm. In planning, he is most

interested in Urban & Real Estate Development, City Planning, and Spatial Design. His main

goal after graduation is to establish new Morphological based codes for city planning and design.

Ciaran Gallagher is a graduate student in the Nelson Institute pursuing a Phd in Environment

and Resources and a certificate in Energy Analysis and Policy. She researches air quality and

public health co-benefits of decarbonization measures in the energy and transportation sectors.

Ciaran served as an AmeriCorps CivicSpark Fellow in 2017-2018 with the cities of Hayward and

Dublin on projects relating to greenhouse gas inventories, municipal energy use tracking, and

climate action planning. Ciaran graduated from Wellesley College in May 2017 with a degree in

Environmental Chemistry and a minor in Religious Studies. In her free time, she enjoys farming

through a CSA worker share, cooking and preserving the fresh produce, rowing, x-country

skiing, and biking.

Jack Connors is a first year accelerated student at the La Follette School of Public Affairs

seeking a Masters in Public Affairs. He is primarily interested in social and transportation

policy, specifically the intersections between transit, climate change, and equity. As an

undergraduate, he double majored in political science and international studies at

UW–Madison. His experiences include interning for Governor Tony Evers, New York Senator

Brad Hoylman, and the Association of Democratic Committees.

Connor J. Fahey is an undergraduate student at the University of Wisconsin-Madison,

graduating in the spring of 2021 with a Bachelor’s of Science – Landscape Architecture. His

interest in planning and landscape design stems from visiting national and state parks in his

youth, and his dedication to preserve the world’s natural resources. In his undergraduate

studies, Connor has acted in both design and planning roles in a myriad of project types, ranging

from community master planning, ecological site design, and urban open space intervention. He

has begun to focus on the design and function of the urban systems (transit, public space,

pedestrian infrastructure, ecology, etc.) and the way in which communities connect to them. He

has experience in strategic planning roles in multiple public space projects in Madison, WI,

working directly with community members to unify elements of art, climate change advocacy,

youth involvement, and land stewardship into urban open space. He intends to enter the
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workforce in the summer of 2021 and begin working towards planning and designing cities with

the intention of promoting sustainable and vibrant social environments.

Josh Goldbaum is a second year graduate student within the Department of Planning and

Landscape Architecture. Josh is completing a masters in Urban and Regional Planning with a

concentration in Environmental Planning, Hazard Mitigation Planning, and Land Use Planning.

As an undergraduate, Josh completed a degree in Sociology from the University of

Wisconsin-Milwaukee which led to honorary membership in and awarded academic excellence

by Alpha Kappa Delta the international Honor Society of Sociology. Josh also had other areas of

study during his time as an undergraduate in Environmental Studies, Qualitative and

Quantitative Data Analysis, and Geography which has led to experience that Josh has

transferred over to his time at UW Madison. Josh participates in extracurricular activities

holding a financial officer position in the Wisconsin’s Student Planning Association. In terms of

experience, Josh has worked with a historic civil rights organization called Urban League as a

community engagement specialist, and has experience working with a professor at the

University of Wisconsin-Milwaukee Nancy Frank with a study on under-represented student’s

admission into the School of Architecture and Urban Planning where I provided data analysis

and data presentation.

James Hughes is a first year Master of Urban and Regional Planning student with a

concentration in transportation, and specifically public transport planning. His interest in

transport planning stems from working for The University of Iowa’s campus transportation

system (Cambus) during undergrad as a bus operator, dispatcher, and supervisor over four

years. Cambus was housed within the Parking & Transportation department and allowed for

learning about parking management, campus travel demands, and vehicle fleet inventory and

maintenance. He is excited to apply niche knowledge into another Big Ten University campus to

impact our everyday habits surrounding the University of Wisconsin’s fleet vehicles for a more

sustainable future.

Cathryn Herlihey is pursuing dual masters degrees in Urban and Regional Planning and

Water Resource Management. She graduated from Wesleyan University with a bachelor degree

in sociology. After which, with an understanding that social equity and environmental justice

can and must be pursued through multiple avenues, Cathryn chose to become a farmer. Her

diverse academic and professional interests center around working to understand and improve

the complex institutional relationships that intersect society and environment. She is excited to

apply this background and motivation to sustainable campus transportation.

Genevieve Kohn is a graduate student in the Department of Planning and Landscape

Architecture completing an MS in Urban and Regional Planning, with a focus on land use and

placemaking. She completed her undergraduate education at Drake University in Des Moines,

Iowa with a bachelor degree in Sustainability and Resilience. Other areas of study during her

undergraduate education include sociology and writing, creating an interdisciplinary academic

experience carrying over into her time at UW–Madison. Outside of school, Genevieve has held

seasonal jobs in land stewardship and management at the Urban Ecology Center and Wisconsin

Department of Natural Resources in Milwaukee, restoring native landscapes in urban areas.
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Hana Livingston is a Master of International Public Affairs candidate at the La Follette School

of Public Affairs. Her background is in creative project management as well as global

development and agriculture. She brings the complementary perspectives of project

management and policy analysis to sustainable campus transportation, evaluating the life cycle

of proposed interventions in terms of cost-benefit tradeoffs and risk management.

August Nastasi is a senior undergraduate at the University of Wisconsin-Madison double

majoring in Geographic Information Systems/Cartography & Human Geography. As a native

New Yorker, August has always been absorbed by how cities function and the infrastructure

systems that are needed to support it. August looks forward to continuing his studies and

attending graduate school to obtain his Masters of Urban Planning, where he will apply his

interests in emerging technologies and data analysis into the design and planning of cities.

Sebastian (Seb) Waldvogel is a first year graduate student within the Department of

Planning and Landscape Architecture at the University of Wisconsin-Madison, where he is
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Appendix E: Fleet Inventory

Average annual VMT and emissions data are based on a subset of vehicles with complete data.

Additionally, emissions data were calculated by the Afleet tool.

PASSENGER TRUCK

The passenger truck is a four wheel, two axle vehicle whose primary functional design is for

cargo, but is used primarily for passenger transport. This does include the Dodge Caravan,

which despite appearances is classified as a passenger truck rather than a passenger car.

Number % of total

Total Number Owned 465 100%

Owner

Athletics 1 0.2%

College of Agricultural &

Life Sciences (CALS)
88 18.9%

Donated (used by CALS) 25 5.4%

Extension 3 0.6%

Fleet 199 42.8%

Grad School 6 1.3%

Housing 32 6.9%

Material Distribution

Services (MDS)
0 0%

Medical School 3 0.6%

Physical Plant 97 20.9%

RecWell 1 0.2%

Transportation Services 0 0%
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Unknown 10 2.2%

Fuel Type

Diesel 67 14.4%

E85 2 0.4%

Gas 391 84.1%

HEG 1 0.2%

Hybrid 3 0.6%

Unknown 1 0.2%

Average Age 2012 Average Annual VMT 2328

Emissions

GHG total 11.71 short tons PM 2.5 0.16 lbs

SOx 0.12 lbs NOx 3.17 lbs

SINGLE UNIT

SHORT-HAUL TRUCK

The Single Unit Short-Haul Truck is a single unit truck with more than four tires with a range

of operation of up to 200 miles. Their main categorization is by its limited range of operation.

Number % of total

Total Number Owned 104 100%

Owner

Athletics 1 1%

College of Agricultural &

Life Sciences (CALS)
25 24%

Donated (used by CALS) 3 2.8%

Extension 2 1.9%

Fleet 10 9.6%

Grad School 1 1%

Housing 6 5.7%

Material Distribution

Services (MDS)
7 6.7%
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Medical School 0 0%

Physical Plant 48 46%

RecWell 0 0%

Transportation Services 0 0%

Unknown 1 1%

Fuel Type

Diesel 76 73%

Gas 28 27%

Average Age 2012 Average Annual VMT 5678

Emissions

GHG total 79.26 short tons PM 2.5 1.66 lbs

SOx 0.87 lbs NOx 27.49 lbs

PASSENGER CAR

Passenger car is any two axled, 4 wheel vehicle that serves a primary role of passenger

transport. These include sedans and compacts. Our most common passenger car on campus is

the Ford Fusion Hybrid. Important to note that this category does not include the Dodge

Caravan, as that is a passenger truck.

Number % of total

Total Number Owned 159 100%

Owner

Athletics 2 1.3%

College of Agricultural &

Life Sciences (CALS)
1 0.6%

Donated (used by CALS) 4 2.5%

Extension 0 0%

Fleet 138 86.8%
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Grad School 0 0%

Housing 0 0%

Material Distribution

Services (MDS)
0 0%

Medical School 0 0%

Physical Plant 1 0.6%

RecWell 0 0%

Transportation Services 13 8.2%

Unknown 0 0%

Fuel Type

Gas 155 97.5%

Hybrid 1 0.6%

ELE 3 1.9%

Average Age 2015 Average Annual VMT 3572

Emissions

GHG total 6.28 short tons PM 2.5 0.10 lbs

SOx 0.06 lbs NOx 1.20 lbs

LIGHT COMMERCIAL

TRUCK

The light commercial truck is a four wheeled, two axle vehicle which is primarily used for cargo

rather than transportation of occupants. We find most of these vehicles serving cargo needs

within the Physical Plant Division on campus.

Number % of total

Total Number Owned 101 100%

Owner

Athletics 1 1%

College of Agricultural &

Life Sciences (CALS)
4 4%

Donated (used by CALS) 3 3%
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Extension 1 1%

Fleet 26 26%

Grad School 1 1%

Housing 1 1%

Material Distribution

Services (MDS)
0 0%

Medical School 0 0%

Physical Plant 64 64%

RecWell 0 0%

Transportation Services 0 0%

Unknown 1 1%

Fuel Type

Diesel 26 26%

Gas 84 84%

Average Age 2013 Average Annual VMT 3674

Emissions

GHG total 4.33 short tons PM 2.5 0.08 lb

SOx 0.04 lbs NOx 1.53 lbs

COMBINATION SHORT

HAUL TRUCK

The combination tractor/trailer truck is a vehicle with more than four tires with a range of

operation of up to 200 miles.

Total Number Owned 1

Owner Donated

Fuel Type Diesel
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Average Age 2012 Average Annual VMT 3153

Emissions

GHG total 6.8 short tons PM 2.5 0.3 lbs

SOx 0.1 lbs NOx 11.8 lbs
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Appendix F: Vehicle Turnover

The data that we are working with for the whole fleet is missing some important information to

conduct this study. The data started tracking fleet vehicles starting from 2012, making it hard

for the study to be conducted for several reasons:

1. Some Vehicles were purchased before 2012 and were active before that year

2. The vehicles’ first active year wasn’t recorded

3. The total number of active years for each vehicle was not reported

4. A lot of the Fleet vehicles were not new (Purchased in a “used” state)

As a result, we started to filter the data of the 713 vehicles we have data for. This refinement is

intended to reach the most refined and representative sample of the fleet that we could conduct

our analysis on. This filtration will also fill any missing gaps for the current fleet. This will help

future generations to predict and analyze the fleet more accurately.

Methodology:

Filling the gaps:

The first layer of filtration required was to fill

the missing information we have in the

current fleet. Those data included the

Vehicles Status “Retired or Active”, First

Active Year, Annual VMT and Number of

Active Years.

a. The Vehicle Status was determined by

the availability of mileages reported.

If a vehicle’s VMT reading stopped

before 2020, we considered it as

“Retired”. After manually going

through all of the 713 vehicles. We

found out that 93% of the fleet (663

Vehicles) is considered Active, While

one vehicle didn’t have consistent

reading to identify its status and the remaining 7% (48 Vehicles) were retired.

b. First Active Year was determined manually as well through going through every annual

VMT reading for each vehicle and highlighting which year had the most miles recorded.

c. Annual VMT was calculated by adding all the monthly readings for each year for all the

vehicles.

d. Number of Active Years was also determined in a similar way. We counted the years with

a VMT reading for each vehicle and recorded this number. We wanted to calculate the

average active lifetime of the retired vehicles to be used as a datum line for all of the

vehicles. We created the following matrix that compares the purchase date of the vehicle

along with the number of active years before retirement:
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Nonetheless, we found out that the results were not logical and inconsistent. The whole team

started a group discussion to investigate the reason behind those results. From the discussion

we came out with the second layer of filtration that we need to conduct in order to minimize

error and get more representable and consistent results.

Second Filtration Process:

One of the major flaws in the previous analysis was that the data we had was “time restricted”,

meaning that they only had data for the vehicles since 2012. Taking this into consideration, a lot
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of vehicles were purchased way before 2012 making our results consistent especially when it

comes to analyzing the “Retired” vehicles. In order to negate this problem, we decided to filter

the vehicles one more time according to their Purchase Status “Used or New”.

In order to identify if a vehicle was purchased used or new, we matched the model year of the car

with its first Active year. If both years are matching, this means that this vehicle was purchased

new. After conducting these filtration methods, we found out that 32.4 percent of the Fleet was

purchased new

Note: As mentioned before, the data we have starts from 2012. With that said, vehicles

purchased before 2012 might have been “new”. We decided to disregard those vehicles anyways

to have more accurate results.

From observing the “New” Vehicles, no retired vehicles were found. As a result, we will not be

able to get an estimation for the vehicles’ life span. However, We used the same Purchase

date/Active Years Matrix to check the average lifespan of all the “New” Vehicles in the fleet. We

got the following results:
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From this Graph, we can notice that there are almost no irregularities in the fleet data except for

one vehicle that was purchased in 2013 and was active for only 2 years and another vehicle

purchased in 2014 that was active for 2 years only as well. Nonetheless, we can see that the

purchase date and the number of active years are almost proportional and normally distributed.

Expiration Predictions According to Total Miles Traveled:

As mentioned in the beginning of this section, There are two rules that govern the turnover rate

of the vehicles, Duration (10 years of being active) or the total miles traveled. The previous

filtration gave us an overview of the current life span of the “New” and “Active” Fleet. Now the

dilemma that we have to solve is whether the fleet vehicles will expire before the 10 years

lifespan limit according to their current VMT readings trends or not. In order to solve this

complex problem, we started to analyze each group of vehicles according to their purchase date,

starting with 2012 vehicles till 2019 vehicles. We will measure the average annual VMT to

predict when a vehicle will reach the 35k Limit. Also, we will measure the Total miles traveled by

each vehicle to check whether they Should be retired in 2020 or not.

2012 Vehicles:

From the data we filtered we found that 32 vehicles were purchased in a new state in 2012. The

majority of those vehicles are E350 Cargo vehicles. Moreover, more than 10% of those vehicles
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have exceeded the 35k Miles expiration limit. Meaning that 10% of the fleet in this category

should cease from service this year, 2020.Those vehicle types are: one Sprinter, two E50

Cargoes, two NPR-HD Chassis and five 2500 Pickups. All of the 10 vehicles use Gas as their Fuel

type.

2013 Vehicles:

In this category, there are 57 vehicles in total. 2013 is considered the year with the largest

number of vehicles newly purchased. This category is very diverse with 14 vehicle types ranging

from shuttle cars to Police SUVs. The Shuttle and Grand Caravan vehicle types contain the

largest number of vehicles with 18 and 10 vehicles respectively. According to the VMT data,

more than 32% of this fleet category (18 vehicles) have traveled for more than 35k miles in

total. Making them subjected to be expired during this year (2020)

2014 Vehicles:

In this group of vehicles, there are 48 vehicles and it’s considered the second largest category

after 2013 vehicles. This group includes 9 different vehicle types with “Grand Caravan” and

“Shuttle” being the most common vehicle types, 24 and 12 vehicles respectively. Through

observing the total miles traveled for all vehicles, we can conclude that around 35% of this

fleet category (17 vehicles) have traveled for more than 35k miles in total. This means that

those 17 vehicles are going to retire by the end of this year (2020).

Vehicles Purchased in 2015 and later:

For the 2015 vehicles, there are 21 vehicles that were purchased in a “New” state. This category

is relatively homogenous with only 5 vehicle types within it. “Shuttle” vehicle types are the most

common type in this category with 14 vehicles. However, the 2019 vehicles consist of 18 vehicles

that are almost equally distributed over 4 vehicle types which are: Grand Caravan, Shuttle, F350

Pickup and Fusion Hybrid. What is common between those categories is that all of their vehicles

didn’t exceed the 35K miles limit so far. Even though 2015 vehicles were purchased more than

half a decade ago, they have recorded low “Total Miles Traveled” numbers. For the 2019

vehicles, they are considered fairly new and it’s expected that none of the vehicles should be

retiring soon.

There is a common trend between the 2016, 2017 and 2018 vehicles, they all have vehicles that

exceeded the 35K miles limit. Theoretically, those vehicles are relatively new and shouldn’t be

retiring anytime soon. Yet practically, they recorded fairly high “Total Traveled Miles” values.

24% of the 2016 vehicles (7 vehicles), 31.5% of the 2017 vehicles (6 vehicles) and 28.5% of the

2018 vehicles (2 vehicles) traveled more than 35K miles making them ready to be stopped if

needed. What we noticed is that in these three categories, almost all of the Police SUV cars

traveled more than 35K (6 out of 7 vehicles), making them the most used vehicle type.

Expiration Predictions According to Lifespan Limit (10 years):
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According to the university laws, the average lifespan for the campus fleet vehicles is around 10

years. This means that we are expecting the first patch for fleet vehicles, which are the 2012

vehicles, in 2021. We believe that the annual expiration rate according to span will follow the

same purchasing trend of the “New” vehicles stated in the methodology part.
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Findings and Conclusions Tables:

Eligible Vehicles for Retirement in 2020:

Eligible Vehicles for Retirement in 2021:

Eligible Vehicles for Retirement in 2022:
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Eligible Vehicles for Retirement in 2023:
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Eligible Vehicles for Retirement in 2024:
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Appendix G: Federal Grants

The EPA offers grant money for emissions-related projects through the Diesel Emissions

Reduction Act (DERA).
1

It has often been granted to school districts and universities, such as a

$1 million award to the University of Nebraska-Lincoln Nebraska Transportation Center to

“Retrofit approximately 187 vehicles with EPA-verified idle reduction technologies” and the $0.8

million award to The Regents of the University of Colorado to “Replace 2 diesel transit buses

with battery electric buses.” Educational entities must “represent or provide pollution reduction

or educational services to persons or organizations that own or operate diesel fleets or have the

promotion of transportation or air quality as their principal purpose” to qualify. Eligible vehicles

include “Class 5 – Class 8 heavy-duty highway vehicles” and eligible projects include “Early

engine, vehicle, or equipment replacements with certified engine configurations” if not already

mandated by law. A Request for Applications has been issued every year since 2008 and it is

reasonable to assume that congress will renew the grant.

Note:

Josh Arnold also offered this website as a source of information about cost of ownership of EVs:

https://www.aaa.com/autorepair/articles/average-annual-cost-of-new-vehicle-ownership

1 https://www.epa.gov/dera

48

https://www.aaa.com/autorepair/articles/average-annual-cost-of-new-vehicle-ownership
https://www.epa.gov/dera

