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How to get there…
● More Efficient Buildings
● Electric Vehicles
● Greener Energy Production

Project Objectives:
● Evaluate the cost effectiveness of transitioning Cornell’s fleet to EV
○ Identify potential obstacles/risks associated with adopting EV solution
○ Model fleet utilization in order to project future usage
○ Determine optimized EV solution
○ Propose next steps

Cornell’s Goal: Carbon Neutral by 2035

700 Fleet Vehicles



System FMEA Summary
● FMEA document created for top failure modes of the system (vehicle, charging infrastructure 

failure and overall system)
● Mitigation plan proposed for top 7 risk items
● Top 3 risks highlighted in table below with mitigation plan



Fishbone Summary 
● Fishbone diagram laid out for 

categorizing identified risks 
into various sources

● Top failure modes are linked 
to-

○ Man- usage pattern, 
maintenance practices, 
ignoring range warnings

○ Machine- vehicle/chargers 
breakdown, power cuts, 
interface software

○ Method- type of chargers 
used, EV vehicle selection, 
enroute chargers availability



Fault Tree ● FTA framework created to provide an estimate of overall system reliability 
● Limited data on individual failure mode probabilities → Reference for future work 

when EV technology matures for accurate estimation of failure probabilities



Current EV Options

PHEV BEV
Chevy Volt Chevy 
Bolt
Toyota Prius Prime Tesla Model 3
Ford Fusion Energi Ford Focus

Minivan
Chrysler Pacifica

(PHEV)

SUV
Mitsubishi Outlander

(PHEV)

Pickup
Workhorse W-15

(PHEV)

Van (passenger or cargo)
Zenith Motors

(BEV)
Via Motors

(PHEV)

Scoring Criteria
• Availability
• Cost
• Electric Range
• MPG
(normalized to 5pt scale)



Data Provided + Method
RAW DATA from CTECH and Cornell Transportation and Mail Services: 

● Fuelmaster transactions: Transaction information classified by Vehicle ID    
● Asset Data: Vehicle ID, Model, Make 

Sort raw data into the different vehicle types to determine:
FLEET SIZE, TRIPS PER YEAR, TRIP LENGTH (MPT), FUEL ECONOMY (MPG)

Plot histograms of MPT and MPG
Fit best probability distribution, find parameters, average, and standard deviation:

+ EV Options    (electric range, battery, MPG, Cost)

MODEL INPUTS

Weibull
a: scale parameter
b: shape parameter

Gamma
a: shape parameter
b: scale parameter

HISTOGRAM AND DISTRIBUTION FOR CAR



Model Algorithm Simulated Distributions for 10 Years of Car Usage  

Goal - Calculate the cost/ton CO2 saved
1.  Simulate Current distributions for 10 years

● Miles per trip & Miles per gallon

2. Calculate the gas we will save & electricity use
● Separately for each vehicle
● For different percentage of the fleet being converted

○ Assuming a vehicle can take only 1 trip every other day max
● Different algorithms for Battery Electric and Plug in Hybrids vehicles

IF Miles per trip < Range

Find Electricity needed
Find Gas that would of been 
used (Miles per trip/Miles per 
gallon)

Battery electric vehicle Plug in hybrid vehicle

IF Miles per trip < Range

Find Electricity needed
Find Gas that would of been used (Miles 
per trip/Miles per gallon)

IF Miles per trip > Range 
Find Electricity needed to go the range

Find Gas that would of been used to go the 
range (Range/Miles per gallon)

3. Calculate the cost/ton CO2 saved
● Cost to upgraded fleet
● The CO2 production eliminated
● Plotted the data based on 

percentages 



Results & Recommendations

Note: Linearity is caused by the constant utilization assumption

Results
● Curves for $/Ton C02 Saved were made for each 

vehicle 
○ This plot shows Tesla Model 3 is the ideal 

● Different plots for different category of vehicles

● Comparison of vehicle quality 

Recommendations
● Use the curves generated to compare electrifying 

the fleet to other green projects
● Optimization with the rest of cornell is required 
● Use one charger per vehicle to maximize the 

savings 



Future Scope of Work

● Update vehicle utilization via research/modeling
○ We assumed 50% utilization

● Optimize number of charging stations
○ We assumed 1 charging station per vehicle

● Determine locations for charging stations
○ We envision charging stations to be in parking lots where EVs will be stored overnight

● Constrain model with additional information
○ Expected time frame for simulation, budget constraints, and others

● Continue to monitor EV industry to make updates for EV selection 


