Fleet Optimization
Goals
Reduce CO2 emissions
Save costs

Strategies
1. Vehicle Lifecycle - Implement a standard fleet
replacement period
a. Vehicle Modernization - Update most common
models with newer models
b. Vehicle Powertrain Choices - Replace 75% of
sedans with hybrid electric vehicles
c. Vehicle Utilization Rates - Remove underused
vehicles from the fleet
2. Vehicle Idling - Reduce idling during drop offs by 70%

Results
4.6 million lbs CO2 saved annually
$247,000 saved annually
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(annual energy use of 241 homes)

Summary
Large fleets must plan their replacement cycles to ensure vehicles are being resold before
their repair costs exceed their value [7]. With an optimized global fleet, CRS could realize
significant cost and CO2 savings and use more resources in its mission to help others. We
have developed these strategies of recommendation for the CRS fleet in coordination with
the global fleet manager, Michael Bieger.
Vehicle lifecycle improvement will involve CRS replacing 75% of its sedans with hybrid
electrics, replacing other vehicles in the fleet over 4 years old with their most recent model,
eliminating 31 underused vehicles, and implementing a standard 4.5 year replacement
period. Excess idling caused by drivers keeping vehicles running outside during meetings
can also be curtailed by up to 70% [2,7,10]. The most impactful recommendation we can
make to CRS is vehicle lifecycle improvement, which would save $150,000 and 3.6 million
lbs of CO2 annually [7,10]. This plan along with reducing idline will allow CRS to save
$247,000 and 4.6 million lbs CO2 annually [10]. Co-benefits of the proposal include more
money used to further the CRS mission of helping others, reducing vehicle air pollution,
and reselling safe vehicles to local buyers.

Motivation and Background
Global average surface temperatures on the Earth continue to rise in the industrial world
as a direct result of carbon dioxide (CO2) emissions. As the world gradually changes to
address this problem, vehicle fleets across the world will need to adapt. The sooner a fleet
is modernized to minimize CO2 emissions, the more global CO2 levels can decrease and the
more money can be saved. Since CRS is a charitable organization and works to better the
lives of people around the world, switching to a lower carbon emission fleet is directly inline with the organization’s mission. Reducing atmospheric CO2 improves public health by
reducing frequency and intensity of heatwaves, slowing the spread of infectious disease,
and preventing poor air and water quality that can sicken people [1]. Not only is lowering
carbon emissions itself a positive change, but it comes with additional benefits including
annual cost savings and increased donations.
On April 22, the stakeholder indicated that CRS would be participating in a NonGovernment Organization (NGO) Climate Compact in celebration of Earth Day, and focused
on addressing climate change by reducing their carbon footprint. Signing the Climate
Compact, organized by Interaction.org, further demonstrates the organization’s desire to

lower carbon emissions [11]. Overall, fleet modernization will put CRS on a modern footing
for improving charitable work in a lower-carbon world.
The Carbon Reduction Challenge (CRC) is a 12-week competition where students work with
organizations on projects that significantly reduce their carbon emissions and save money.
Under the direction of professors, students develop a plan that is carbon- and cost-saving,
engage a corporate stakeholder, and secure significant carbon reductions in their
operations. Our project team partnered with CRS to help them achieve sustainable fleet
management and a cost-saving vehicle replacement cycle.

Carbon and Cost Savings Breakdown
Benefit per Year
Savings in $
Vehicle Lifecycle
New Models (except sedans)

lbs of CO2

Lifecycle Benefit per 4.5 Years
Savings in $

-

150,000

3.6 M

lbs of CO2
-

675,000

16.2 M

Hybrid Sedans (75% / 25%)

159,100

716,000

Vehicle Utilization Rates

282,000

1.27 M

Vehicle Idling
TOTAL

96,800

567,500

435,600

2.55 M

246,800

4,608,600

1,110,600

20,738,700

1. Vehicle Lifecycle
Currently, CRS replaces the 871 fleet vehicles on average once every 8.5 years, costing
roughly $51.2 M [7] based on invoice prices of current models. This is an average annual
cost of $6.02 M [10]. We calculated the potential financial savings possible with a
replacement period of 4.5-years instead.

Vehicle lifestyle savings amount to a savings of approximately $150,000 annually over the
current cost, which is why we recommended this replacement period given the available
data. [10]

a. Vehicle Modernization
Of the 1,131 vehicles that make up the most-used 11 models in the CRS fleet, 77% were
greater than 4 years old (871 vehicles). By updating these models to take advantage of the
better fuel economy, CRS can generate cost savings and CO2 reduction. Excluding sedans,
which are discussed in the next section “Vehicle Powertrain Choices”, this update could
save CRS 179,590 gallons of fuel annually, which amounts to 3.6 M lbs of CO2 and $612,400
in annual fuel savings. [4,5,7,10]

b. Vehicle Powertrain Choices
In discussion with the fleet manager, we determined about 75% of the sedan fleet could be
upgraded to hybrid models while the other 25% would remain internal combustion engine
(ICE) powered. CRS could save 7,958 gallons of fuel and 159,100 lbs of CO2 per year by
switching 75% of its sedans to hybrid models. The cost difference to purchase 75% hybrids
over the Corolla ICE model is about $23,500 more per year over the 4.5-year replacement
period, while fuel savings amount to $27,100 annually, a net positive of $3,600 per year.
[4,5,7,10]

c. Vehicle Utilization Rates
In discussion with the fleet manager, we learned there are some vehicles that aren’t used
regularly and could potentially be eliminated from the fleet. We identified 31 vehicles

driven less than 501 km per month (about 300 miles), which was the cutoff agreed upon by
the global fleet manager. The miles these vehicles drive would shift to other vehicles, but
there would still be CO2 and cost savings. By not having to purchase replacements for these
31 vehicles each replacement cycle (4.5-years), CRS would save approximately $407,000
and 282,000 lbs of CO2 annually. [6,7,10]

2. Vehicle Idling
Given idling data from Vtron idle monitoring devices installed on 65% of vehicles in four
sample countries that are representative of the CRS fleet as a whole, we looked at idling
periods in excess of 10 minutes. The fleet manager indicated that most idling occurs while
drivers wait in vehicles for long periods of time outside meetings, and estimated that
realistically 70% of this idling could be eliminated with a directive from the fleet manager
and a change in policy. Out of 150 vehicles in the four sample countries, 97 had idle
monitors installed, which recorded 5,775 hours of idling in excess of 10 minutes (5 hours
per month). Expanding this data to cover the entire fleet of 1,374 vehicles, that amounts to
53,700 idle hours. If 70% of these idle hours are eliminated, assuming 0.51 gallons of fuel
burned per hour of idling [2], that amounts to 28,376 gallons, $96,800, and 567,500 lbs of
CO2 saved annually. [7,10]

Total Savings
These results are based on the analysis of 871 data-supported vehicles. Our assumption is
that greater results would occur if the full fleet of 1,395 vehicles were included in the plan.
Since approximately 77% of the fleet vehicles are older than 2016, this would mean
modernization of 1,074 vehicles.
The most impactful recommendation we can make to CRS is vehicle lifecycle improvement.
The cost to replace the 871 vehicles ($51.2 M), minus the total savings from a 4.5-year
replacement period, fuel savings from vehicle modernization and Powertrain choices, and
savings from cutting out underutilized vehicles ($24.8 million), brings the final cost per 4.5year period to $26.4 million. Divided across the 4.5-year replacement period, this is
approximately $5.87 million per year. Compared to the current $6.02 million per year with
the 8.5-year replacement period, $150,000 and 3.6 million lbs of CO2 from better fuel
efficiency are saved annually. Additionally, by reducing idle time for the entire fleet by 70%,
the potential for annual savings is $96,800 and 567,500 lbs less CO2. This amounts to an
annual savings of $247,000 and 4.6 M lbs less CO2, equivalent to the annual energy use

of 241 homes. Over a 4.5 year replacement period, savings would be $1,110,600 and 20.7
M lbs less CO2 equivalent to the annual energy use of 1,084 homes. [10]

Best Practices
In terms of best practices for fleet replacement, it is key to replace strategically. While we
are recommending CRS to carry out all the above mechanisms for fleet improvement, the
first or “pilot” replacement will be 75% of sedans to be replaced with hybrid electrics. We
recommend CRS strategically begin this round of replacement with those cars that drive
mainly in city centers where gas is more than $3.60 per gallon on average, in the countries
Senegal, Malawi, Gaza, Congo, Central African Republic, and Burundi. On the advice of the
global fleet manager, we are recommending replacements for the entire fleet be made
with the newest model year available to ensure maximum resale returns at the end of the
4.5-year replacement period. Continual monitoring of fleet mileage must be implemented
to ensure vehicles aren’t being underused (driving less than 500km per month). In the
event vehicles drive less than this, they should be flagged for non-replacement and their
vehicle miles should be transferred to a different vehicle.
In order to reduce idling, the fleet manager should implement an awareness campaign
among drivers, using incentives and/or disincentives to achieve a 70% idling reduction. The
fleet manager himself proposed this percentage, indicating he has effective strategies in
mind. Lastly, to potentially realize even greater savings, future accurate fleet driving data
can be used to analyze carpooling potential and Land Cruiser miles driven to see if any
driving can be transferred to higher fuel-efficiency sedans. We have estimated that these
additions could save as much as $4.28 million and 27.45 million lbs of CO2 every 4.5-year
period.

Co-benefits
As CRS is a non-profit charitable organization, every dollar saved on the fleet can go directly
toward the CRS mission of supporting people in need in the developing world. Other cobenefits of this proposal include reducing tailpipe emissions that worsen air quality and
cause numerous health problems, including respiratory symptoms, asthma, and heart
attacks [8]. This plan will also allow fleet vehicles to be resold in safe, working condition to
benefit local car buyers and demonstrate CRS’s commitment to the environment and
efficiency, which will attract future donors.

Anticipated Obstacles

This proposal involves a very large upfront investment, but our calculations demonstrate
significant savings within 4.5 years [10]. CRS remains fully operational in its charity work
during the COVID-19 pandemic, which has allowed us to continue with this initiative as
planned [11]. However, operations strategies for aid delivery have been temporarily
altered, which will likely result in altered fleet usage that we cannot calculate at this time.
This is a large fleet with previously little coordinated oversight or data collection. The fleet
management team will have to expand to realistically implement a coordinated fleet
strategy, and mileage and idling monitoring will have to be expanded across the fleet. This
proposal is simply the first step in a long-term fleet management strategy to be executed
by the CRS team.

Next Steps
The final proposal and presentation were submitted to CRS on April 22 [11] and approved
for our presentation to CRS executives. After a COVID-related delay, we presented to the
CRS executive team during an online meeting on April 30 [11]. The stakeholder indicated
that our plan was approved, and a financial plan to address the fleet optimization was
approved by the CFO [11]. Our stakeholder said he expects an implementation period
between 2-3 years for full modernization, and an immediate adoption of idling reduction.

Appendix I: Partial fleet data

Appendix II: Full calculations
ALL ANNUAL NUMBERS
From 1,374 fleet vehicles, we narrowed our focus to just the vehicles we had fleet data for
(mileage, model, year). From there, in discussion with the fleet manager we decided to look
at the 11 models most used by CRS, leaving 1,131 vehicles. Finally, we cut out any vehicle
newer than a 2016 model, bringing our total to 871 vehicles to assess for fleet
modernization. We found the fuel efficiency for every model in the fleet from official
sources (fuelefficiency.gov or other official source), and entered it into our spreadsheet of
raw fleet data. Using the odometer reading for each vehicle we divided by years in service,
to find the avg miles driven per year for each vehicle in the fleet. From there, we found the
gallons used per year for each vehicle using the vehicle’s fuel efficiency. To find gallons
saved, we found the fuel economy for newest-year models for each vehicle, and recalculated the miles per year using the new fuel efficiency, then found the difference. We
then converted gallons of fuel saved to gallons of CO2 saved using the 20 lbs per gallon
ratio given to us by Dr. Cobb. To calculate CRS’s current fuel prices, we looked at the seven
operational regions and countries’ average fuel prices as of February 2020. After finding the
average fuel price for each country, we used the percentages of cars in each country to
average the amount CRS is paying for fuel for the entire fleet. We used this amount to
calculate a blended $3.41 per gallon average fuel price.
Vehicle modernization except sedans
179,590 gallons saved * 20 lbs per gallon = 3,591,800 = 3.6 million lbs

179,590 gallons saved * $3.41 per gallon = 612401.9 = 612,402 = $612,400 in fuel savings
Powertrain choices = sedan modernization using 75% hybrid and 25% gas
7,958 gallons less than currently using * 20 lbs per gallon = 159,160 = 159,100 lbs
7,958 * $3.41 per gal = 27136.78 = $27,100 in fuel savings
Utilization
31 vehicles using the avg cost per replacement vehicle based on the 871 and their current
model invoice prices * $59,080.65 = $1,831,500 over 4.5 years
Divided by 4.5 years = $407,000 per year saved
CO2 saved based on source noted in doc. Low end for small vehicles is about 12,000 lbs
CO2 to produce, high end for large vehicles is about 70,000 lbs. Fleet is about half and half,
so avg is 41,000 lbs CO2 per vehicle.
41000 * 31 vehicles = 1,271,000 lbs each cycle,
1,271,000 lbs divided by 4.5 years = 282444.44 = 282,400 lbs per year
Since it’s such an estimate, rounded down to just 282,000 lbs per year
Idling
Reduce by 70%
28,376 gallons * 20 lbs = 567,520 = 567,500 lbs
28,376 * $3.41 per gal = 96762.16 = $96,800 fuel savings
Total CO2 saved = 4.6 million lbs
Vehicle Lifecycle savings from each piece
From better fuel efficiency (including ALL vehicles, both sedans and other vehicles)
$612,400 (non-sedans) + $27,100 (sedan) = $639,500 per year = $2,877,750 = $2.88 per 4.5
3.6 million lbs (non-sedans) + 159,100 lbs (sedans) = 3,759,100 lbs = 3.76 million lbs per
year = 16.92 million lbs per 4.5 years
From resale value
Using 31% resale value of original purchase price of $51.2 million (using invoice price to
purchase new models)
$51.2 * 0.31 = $15.872 million = $15.9 million recovered after 4.5 years
From not purchasing underused/utilization
$407,000 per year saved = $1,831,500 per 4.5 years = $1.83 million per 4.5 years
1,271,000 lbs per 4.5 year cycle = 1.271 million lbs per 4.5 year cycle
= 282,400 lbs saved per year

Est Maintenance Cost for last 4 years of 8.5 years (from linked source)
Using real avg maintenance for each year for each model, multiplied by number of each
model in fleet
About $2.9 million total saved per cycle
Est savings if they have a negotiated warranty to cover maintenance for first 3 years (using
same source linked above and same method for estimating across real fleet model
percentages)
$1.22 million saved per cycle

→ Lifecycle Savings
Resale value plus maintenance savings and warranty savings
15.9 + 2.9 + 1.22 = $20.02 million per 4.5 year cycle = 4.4489 = $4.45 million per year

→ Savings from: Lifecycle Savings + Fuel Efficiency + Utilization/underused
$4.45 million per year (vehicle lifecycle) + $639,500 per year (all vehicles fuel savings) +
$407,000 per year saved (utilization/underused) = $5,496,500 per year saved
= $24,734,250 = $24.8 every 4.5 year cycle
CO2 savings is
= 3.76 million lbs per year (ALL vehicles fuel savings from modernization) + 282,400 lbs saved
per year (from not buying underutilized vehicles) = 4.04244444 = 4.04 million lbs per year
= 18.191 = 18.19 million lbs per 4.5 years

→ To find net cost
Fleet replacement cost of $51.2 million minus savings over 4.5 year period
$51.2 - $24.8 = $26.4 million every 4.5 years
Divided over 4.5 years = $5.86666667 = $5.87 million per year

→ Compared to current cost
Current replacement is avg of 8.5 years
$51.2 divided by 8.5 years (without savings) = $6.02352941 = $6.02 million per year

→ Amounts to Savings of
$6.02 - $5.87 = $150,000 per year

Appendix III: Key Communications

1. First communications:
This first email communication was our team member Michelle Babcock’s introduction to
the potential stakeholder on Jan. 27, followed by a phone call between them and the
stakeholder Michael Bieger, Global Fleet Manager for CRS, on Jan. 28 from 5-7 p.m. During
the call, the stakeholder explained 4 main areas for potential savings he wanted to explore.
After the call, Michelle discussed the potential project idea with group members in class on
Jan. 29, and sent follow-up questions on Jan. 30 to gather rough data for the preliminary
draft plan.

2. Scope of Work:
This was the first draft of the scope of work, as written by the Fleet Manager. We went back
and forth several times amending this to work for our class project, removing some items.
The original timeline is included in the below SOW document, but the final timeline was

pushed back and the meeting changed to an online video format a couple weeks later,
because of Covid-19.

3. Covid-19 Changes and Evidence of Expected Approval
Michelle addressed the changing situation with Covid-19 in an email, then further in phone
calls with the stakeholder, who expressed no concern about the project moving forward.
He said the organization was eager to save money especially in the current climate, and
reduce CO2, since the organization recently joined a Non-Government Organization (NGO)
Climate Compact to celebrate Earth Day, focused on addressing climate change by
reducing their carbon footprint. Signatories of the Climate Compact, organized by
Interaction.org, were made public on April 22, 2020. The stakeholder expressed over
multiple calls, and in writing below, that he already had preliminary approval for the
project. The stakeholder said he expected executives to approve the full plan, but at a
minimum, parts of it.

4. Presenting to Executives and Evidence of Preliminary Approval
Our meeting to present to CRS executives was originally scheduled for the week of April
18th, but was moved online to April 23 after Covid-19 changes. On April 22, the meeting
was delayed by one week, to now take place on April 30. After going back and forth with
edits for two weeks, on April 22 we sent the stakeholder our final proposal and our final
presentation, edited to fit the needs of CRS, along with a calculations reference sheet
showing how we got to all of our final numbers. Again, the stakeholder indicated expected
approval of the plan and reiterated that he would provide the needed documentation
showing the organization’s approval by our deadline for the CRC Challenge.

5. Approval and Plan to Implement
We presented our proposal to CRS executives on April 30th via webchat. The team had
about 30 minutes for presentation and questions and answers, and there were several
questions remaining at the end of the session. Our stakeholder contact later followed up to
let us know he had scheduled a second meeting to personally answer further questions
about the proposal. We also received confirmation that CRS accepts the findings of our
study and agrees to move forward with implementation. CRS fleet management has also
received approval from the CFO to develop a financial plan to implement the proposal, and
the expected rollout would begin in FY2021 and last around 2-3 years.
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