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Abstract— In-motion wireless power transfer (WPT) has been 
demonstrated as a safe and viable technology for operating and 
recharging electric vehicles while meeting consumer demands. In 
this research, in-motion WPT is applied to an electrified class 8 
line-haul truck and evaluated for economic and environmental 
impacts. The results of this in-motion WPT truck architecture 
are compared against a conventional internal combustion engine 
(ICE) truck architecture and a long-range battery electric truck 
architecture. Results of this research show that an in-motion 
WPT truck has an estimated overall cost that is 35% lower than 
an ICE truck and 21% lower than a long-range battery truck. 
Additionally, in-motion WPT has the potential to reduce truck 
operational greenhouse gas emissions by 12% compared to ICE 
trucks and 7% compared to long-range battery trucks. This 
analysis supports the viability of in-motion WPT and identifies 
key areas for future assessment of vehicle architectures. 
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I. INTRODUCTION 
Fossil fuel combustion from internal combustion engine 

(ICE) vehicles has been shown to create health [1, 2], 
environmental [3, 4], and economic issues [5]. Adoption of 
hybrid electric vehicles [6] and fully electric vehicles [7] can 
significantly reduce these issues. Due to high battery costs and 
energy density issues these technologies have, to date, been 
limited to small passenger vehicles. Hybrid and fully electric 
trucks are still in development and are expected to be released 
by major automotive manufacturers in the near future [10–12].  
The transition from a combustion based architecture to electric  
architecture represents a variety of challenges in terms of 
energy storage and delivery. 

Currently, the majority of freight transportation is done 
through the use of class 8 line-haul trucks. In the U.S., these 
trucks compose just 2.5% of the total truck fleet but are 
responsible for 20.7% of fuel use due to the long distances 

traveled [8]. Additionally, due to their high fuel consumption 
and regular maintenance requirements, operational costs can 
be as high as 62 cents per mile [9]. Numerous automotive 
suppliers are working on solutions to these issues. Fuel cell 
hybrid electric and fully electric class 8 trucks are in 
development and planned for release between the years 2019 
and 2021 [10–12]. Publically available images of these near 
future vehicles are shown in Figure 1.  However, these 
technologies face range and refueling issues, a problem which 
can be alleviated through in-motion wireless power transfer 
(WPT) [13–20].  

 

 
Fig. 1. Conceptual images of the Nikola fuel cell hybrid electric semi-truck 
(a) [10], the Toyota fuel cell hybrid electric semi-truck (b) [11], and the Tesla 
fully electric semi-truck (c) [12].  

The feasibility of in-motion WPT charging applied to small 
transportation vehicles has been previously evaluated.  Large-
scale evaluations have implemented zero-order modeling to 
investigate the economics and environmental impact of the 
technology [19, 20] and used average energy consumption 
based on standard  drive  cycles [18, 21]. The fidelity of 
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modeling was improved through the use of real world drive 
cycle data with results showing a return on investment (ROI) 
of 11.3 years with a 25% fleet penetration but assuming all 
energy savings was dedicated to infrastructure payback [22]. 
WPT is a promising technology and as development has 
progressed, it is emerging as a safe, low cost, and superior 
recharging technique compared to physically plugging in a 
vehicle or when using overhead catenary cables [14, 16, 23–
27]. An extension of existing WPT research is to apply it to 
in-motion vehicle charging which has been successfully 
demonstrated by various researchers [13, 28, 29]. This study 
expands upon previous work by evaluating the specifics of 
implementing in-motion WPT with electrified class 8 line-
haul trucks. Results of in-motion WPT are compared to long-
range fully electric and traditional ICE architectures.  
Discussion focuses on identifying areas in need of further 
research. 

II. METHODS 
The methods implemented for this research consisted of 

three primary steps. First, high-fidelity computational models 
of class 8 line-haul trucks were developed in the Autonomie 
modeling software for in-motion WPT, ICE, and long-range 
battery architectures. Second, real world drive cycles of class 
8 line-haul trucks were acquired from a research database and 
integrated with vehicle models to simulate the performance of 
the different architectures. Lastly, the energy consumption 
recorded in drive cycle simulations was used to analyze the 
economic and environmental impact of the in-motion WPT, 
ICE, and long-range battery architectures. The following 
sections outline the specific details of each of these three 
primary steps. 

A. Vehicle Model Development 
High-fidelity class 8 line-haul truck models were created 

in the Autonomie modeling software developed by Argonne 
National Labs (ANL) [30]. Custom models were necessary to 
capture the fully electric class 8 truck architectures [12]. These 
models were created by modifying the parameters of 
preloaded architectures to be consistent with anticipated 
vehicle performance and available specifications [31-32]. 
Three models were used in the analysis: (1) an ICE 
architecture based on the Freightliner Cascadia, (2) a small 
battery electric architecture for use with in-motion WPT, and 
(3) a long-range battery electric architecture [12]. 
Specifications for fully electric trucks are not yet available, so 
as an estimate, the unloaded mass of the fully electric truck 
was assumed to be equal to the unloaded mass of the ICE 
truck (20,000 lbs). This allowed for a maximum modeled 
payload of 60,000 lbs in accordance with U.S. trucking 
regulations [33]. The unloaded mass for the WPT architecture 
(2) was determined to be equal to the unloaded mass of the 
long-range battery architecture (3), minus a difference in mass 
due to the smaller battery requirements. For a battery with a 
capacity reduction of 600 kWh and a specific energy of 150 
Wh/kg, the weight reduction is 4,000 kg, or approximately 
9,000 lbs [34]. For a fair comparison, all loaded trucks were 
modeled with an equivalent payload. 

Note that the in-motion WPT concept includes WPT 
receiving pads and a supercapcitor bank to receive power 
pulses to then satisfy motor/generator and accessory load 
requirements first, with any excess used to charge the onboard 
battery at 2C levels to ensure battery integrity and life [35-37]. 
The additional weight of these system was included in the 
vehicle characterization.  The overall efficiency for energy 
transfer from the grid to energy storage on-board the vehicle 
through WPT is 87% [38,39].  

 

B. Drive Cycle Development 
The real-world drive cycles used for analysis were from 

the National Renewable Energy Laboratory Fleet DNA project 
[40]. In total, 738 hours of drive cycles from 21 separate class 
8 long-haul trucks were analyzed in Autonomie simulations of 
in-motion WPT, ICE, and long-range battery architectures. 
Modeled trucks were assumed to have sufficient energy 
storage capacity, stationary charging, or in-motion WPT 
charging to meet each full drive cycle. Performance of each 
vehicle was recorded in terms of fuel or electricity 
consumption over the duration of the drive cycles. This energy 
consumption was then used to develop economic and 
environmental impact assessments. An example of one of 
these real world drive cycles is shown in Figure 2. 
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Fig. 2. NREL Fleet DNA drive cycle used in simulation of in-motion 
wireless power transfer, internal combustion engine, and long-range battery 
trucks. 

C. Economic and Environmental Modeling 
A techno-economic analysis was used to evaluate the 

overall costs of the three types of class 8 trucks. In the 
analysis the purchase price of a conventional ICE class 8 truck 
was set at $120,000. For the fully electric long-range battery 
truck, a purchase price of $180,000 was used corresponding to 
a battery range of 500 miles [12]. Using this range, along with 
optimistic projections for long-range battery cost of $100 per 
kWh [41], the battery costs of the long-range truck are 
estimated to be $80,000. Replacing this large battery with a 
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smaller battery, supercapacitors, and WPT charging pads 
results in an overall savings of $60,000 per truck. Applying 
this savings resulted in an estimated in-motion WPT purchase 
price of $120,000. This lowered cost is the result of a small 
battery architecture that avoids the large costs associated with 
long-range batteries. All purchase prices were analyzed as a 
10-year loan with 8% interest. Maintenance costs of the ICE 
and electric architectures were set at 4% and 2.5% of the 
purchase price per year, respectively [9,42].  It is common for 
automotive companies to warranty batteries for the life of the 
vehicle [43]. As a result, battery replacement costs were 
excluded from this analysis. Modeled vehicles were assumed 
to drive an average annual vehicle distance 65,897 miles per 
year [44] over a 15-year lifetime [45]. Trucks were modeled to 
operate at fully loaded capacity for 85% (56,012 miles) of 
each year, with the remaining 15% (9,885 miles) being driven 
while unloaded. Fuel and electricity costs were considered 
constant over the truck’s lifetime due to the lack of 
predictability in energy markets over the next 15 years [9].  

Life-cycle assessment was performed to understand the 
operational greenhouse gas emissions associated with each 
vehicle architecture. The assessment was based on average 
energy (i.e. fuel or electricity) consumption over drive cycle 
simulations. Life-cycle inventory data including carbon 
dioxide emissions, methane emissions, and nitrous oxide 
emissions [46,47] were applied to energy consumption 
yielding the total greenhouse gas emissions of each vehicle. 
100-year global warming potentials defined by the 
Intergovernmental Panel on Climate Change were then 
leveraged to translate all emissions to kgCO2-eq [48].  The 
functional unit for this analysis was one mile of transport.    

III. RESULTS 
The high fidelity simulations of the in-motion WPT, ICE, 

and long-range battery class 8 trucks were used with drive 
cycles from NREL’s Fleet DNA project to determine energy 
consumption. This energy consumption was then integrated 
into economic and life-cycle modeling to evaluate the overall 
costs and operational greenhouse gas emissions for a single 
vehicle.  Figure 3 shows a significant reduction in overall cost 
for utilizing in-motion WPT in class 8 trucks.    

 
Fig. 3. Overall costs of class 8 vehicle architectures based on dynamic 
vehicle simulation.  

As expected, electrifying trucks dramatically decreases 
operational costs. Furthermore, the low purchase price of in-
motion WPT generates significant savings compared to long-
range battery trucks. These savings are a direct result of 
avoiding the high costs associated with long-range batteries. 
Maintenance costs between the long-range battery and in-
motion WPT trucks are found to be slightly different. This 
difference is primarily due to the correlation between purchase 
price and maintenance costs within economic models. 

This analysis assumes infrastructure would be deployed on 
all high speed roadways thus meeting the needs of class 8 
trucking. The ownership of the in-road charging infrastructure 
has not been fully defined based on the current state of the 
technology. As a result, the economic results presented do not 
include an expected infrastructure usage fee. However, the 
results from this work show even with an $0.14 per mile usage 
fee, in-motion WPT could still be competitive with long-range 
battery trucks. Furthermore, doubling this usage fee to $0.29 
per mile, the in-motion WPT costs would be competitive with 
those of ICE. Based on current estimates, the capital 
investment required for the deployment of the infrastructure 
across the interstate system in the US would be $235 billion.  
While this represents a significant investment, a $0.10 per 
mile usage charge would generate approximately $50 billion 
per year corresponding to a 5-6 year payoff back time.  This 
payback time does not include infrastructure role out or 
adoption which would extend the timeframe.  Another item 
that is not accounted for in this research is degradation of 
long-range batteries, which could be costly and further 
increase the maintenance costs of long-range battery trucks. 
Including this in further analysis could demonstrate an even 
larger advantage for the smaller batteries of in-motion WPT 
trucks.  

Energy usage results were combined with life-cycle 
inventory data to evaluate the greenhouse gas emissions from 
operating the three different truck architectures. Figure 4 
shows a reduction in greenhouse gas emissions in both electric 
architectures when compared to ICE. Long-range battery 
vehicles show a 5% reduction for both loaded and unloaded 
trucks. In-motion WPT shows a 16% reduction when 
unloaded and a 11% reduction when loaded. The decrease in 
emissions is a direct result of reduced energy consumption in 
the electric architectures. This decrease is enough to 
counteract the fact that electric vehicles are often powered by 
coal based electricity systems that can actually drive higher 
greenhouse gas emissions. Integrating in-motion WPT with 
low emission electricity generation technologies such as wind 
or solar power would further reduce the operational 
greenhouse gas emissions. The results of this study are based 
on a grid electricity mix of 34% coal, 32% natural gas, 20% 
nuclear, and 13% renewable [43].   
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Fig. 4. Comparison of operational greenhouse gas emissions of internal 
combustion engine, long-range battery, and in-motion wireless power transfer 
truck configurations. 

IV. CONCLUSIONS AND FUTURE WORK 
In this study, three high-fidelity class 8 truck models were 

developed in the Autonomie modeling software: an ICE 
powered truck, an in-motion WPT truck, and a long-range 
battery truck. Each of these trucks were then simulated over 
numerous real-world drive cycles from the NREL Fleet DNA 
project in both the unloaded and fully loaded conditions. An 
economic analysis including upfront purchase and operational 
costs was then performed based on the simulation results. As 
expected, the electrified vehicles offer significant cost saving 
and greenhouse gas emission reductions, with the in-motion 
WPT solution proving to be better than the long-range battery 
trucking solution. When compared to ICE and long-range 
battery trucks, in-motion WPT shows the potential to reduce 
operational greenhouse gas emissions while proving to be an 
economically favorable system. The single largest advantage 
of in-motion WPT is the use of small batteries that avoid large 
costs associated with long-range electric batteries upfront. 
Otherwise, the operational characteristics of in-motion WPT 
are similar to that of long-range battery trucks. This 
preliminary analysis sheds light on an interesting and perhaps 
undervalued solution to transportation sustainability and can 
be used to assess and guide decision making as new 
transportation technologies are explored.  

Building upon this analysis, there are several opportunities 
for future work. First, current analysis can be improved by 
accounting for elevation changes within drive cycles. 
Elevation will have an impact on overall energy consumption 
and could impact the viability of in-motion WPT. Second, the 
implementation of WPT allows for unique controls schemes 
that can optimize energy consumption such as driver-less 
control or Eco-Driving [49]. Exploring the impacts of these 
schemes will be a vital step in expanding the potential of in-
motion WPT technology. Lastly, incorporation of 
infrastructure costs and fleet-level benefits into the economic 
models will be key in understanding the full cost of in-motion 
WPT technology. Previous work involving passenger cars and 
nationwide infrastructure can be leveraged to gain a complete 

understanding of the feasibility of deploying in-motion WPT 
in class 8 long-haul trucks.  

 
ACKNOWLEDGMENT 

 
The authors acknowledge funding support from the 
Department of Energy (Grant DE-AR0000885). 

REFERENCES 
[1] International Energy Agency, World energy outlook: energy and air 

pollution, Paris, France, 2016. 
[2] World Health Organization, World Health Statistics 2016: Monitoring 

Health for the Sustainable Development Goals, Geneva, Switzerland, 
2016.  

[3] International Energy Agency, “CO2 Emissions from Fuel Combustion 
2017,” iea.org, Oct. 2017. [Online]. Available: 
https://www.iea.org/statistics/relateddatabases/ 
co2emissionsfromfuelcombustion/. [Accessed: Apr. 10, 2018].    

[4] National Research Council, Division on Earth and Life Studies, Board 
on Atmospheric Sciences and Climate, America’s Climate Choices: 
Panel on Advancing the Science of Climate Change,  Advancing the 
Science of Climate Change. National Academies Press, Washington, 
D.C., 2010  

[5] D.L. Greene, S. Ahmad, “Costs of US oil dependence: 2005 update," 
Oakridge National Laboratory, Oakridge, Tennessee, Tech. Report. 
ORNL/TM-2005/45, Feb. 2005.  

[6] S.M. Lukic, A. Emadi, “Effects of drivetrain hybridization on fuel 
economy and dynamic performance of parallel hybrid electric 
vehicles,” IEEE Transactions on Vehicular Technology, vol. 53, no. 2, 
pp. 385–389, 2004. 

[7] T.H. Bradley, A.A. Frank, “Design, demonstrations and sustainability 
impact assessments for plug-in hybrid electric vehicles,” Renewable 
Sustainable Energy, vol.13, no.1, pp. 115–128, 2009. 

[8] S.C. Davis, S.E. Williams, R.G. Boundy, “Transportation Energy Data 
Book: Edition 35,” Oakridge National Laboratory, Oakridge, 
Tennessee, Tech. Report. ORNL/TM-2017/513, Dec. 2017. 

[9] G. Barnes, P. Langworthy, “The per-mile costs of operating 
automobiles and trucks,” University of Minnesota, Minneapolis, MN, 
Tech. Report. MN/RC 2003-19, Jun. 2003. 

[10] Bosch, “A world-first: The powertrain for the electric long-haul 
truck,” bosch-presse.de, Sep. 20, 2017. [Online]. Available: 
http://www.bosch-presse.de/pressportal/de/en/a-world-first-the-
powertrain-for-the-electric-long-haul-truck-126336.html. [Accessed 
Apr. 20, 2018]. 

[11] J. O’Dell, “Toyota’s Heavy-Duty Fuel Cell Truck Finally Hits the 
Road,” trucks.com, Oct. 12, 2017. [Online]. Available: 
https://www.trucks.com/2017/10/12/toyota-hydrogen-fuel-cell-
electric-truck-hits-road/. [Accessed Apr. 20, 2018]. 

[12] Tesla, “Tesla Semi,” tesla.com, 2018. [Online]. Available: 
https://www.tesla.com/semi. [Accessed, Apr. 20, 2018].  

[13] J.M. Miller, P.T. Jones, J.M. Li, O.C. Onar, “ORNL Experience and 
Challenges Facing Dynamic Wireless Power Charging of EV’s,” IEEE 
Circuits and Systems Magazine, Feb., pp. 40–53, 2015. 

[14] P. Ning, J.M. Miller, O.C. Onar, C.P. White, “A compact wireless 
charging system for electric vehicles,” In Proc. 2013 IEEE Energy 
Conversion Congress and Exposition, 2013, pp 3629–3634 

[15] O.C. Onar, J.M. Miller, S.L. Campbell, C. Coomer, C.P. White, L.E. 
Seiber, “A novel wireless power transfer for in-motion EV/PHEV 
charging,” In Proc. Twenty-Eighth Annual IEEE Applied Power 
Electronics Conference and Exposition, 2013, pp. 3073–3080. 

[16] S.Y. Choi, B.W. Gu, S.Y. Jeong, C.T. Rim, “Advances in Wireless 
Power Transfer Systems for Roadway-Powered Electric Vehicles,” 
IEEE Journal of Emerging and Selected Topics in Power Electronics, 
vol. 3, no. 1, pp.18–36, 2014. 

[17] M. Scudiere, J. McKeever, “Wireless power transfer for electric 
vehicles,” Technical Paper from SAE 2011 World Congress, 2011. 

[18] B.J. Limb, R. Zane, J.C. Quinn, T.H. Bradley, “Infrastructure 
optimization and economic feasibility of in-motion wireless power 
transfer,” In Proc. 2016 IEEE Transportation Electrification 
Conference and Expo, 2016, pp. 1–4. 

747



[19] J.C. Quinn, B.J. Limb, Z. Pantic, P. Barr, R. Zane, T.H. Bradley, 
“Feasibility of wireless power transfer for electrification of 
transportation: Techno-economics and life cycle assessment,” In Proc. 
2015 IEEE Conference on Technologies for Sustainability, 2015, pp. 
245–249. 

[20] J.C. Quinn, B.J. Limb, Z. Pantic, P. Barr, R. Zane, “Techno-economic 
feasibly and environmental impact of wireless power transfer roadway 
electrification. In Proc. 2015 IEEE Wireless Power Transfer 
Conference,” 2015, pp. 1–3 

[21] M.J. Nicolaides Doros, “Wireless Electric Charge-on-the-move,” 
Journal of Multidisciplinary Engineering Science and Technology, 
vol. 2, no. 8, pp. 2238-2246, 2015. 

[22] B.J. Limb, B. Crabb, R. Zane, T.H. Bradley, J.C. Quinn, “Economic 
feasibility and infrastructure optimization of in-motion charging of 
electric vehicles using wireless power transfer,” In Proc. 2016 IEEE 
PELS Workshop on Emerging Technologies: Wireless Power 
Transfer, 2016, pp. 42–46. 

[23] S. Lee, J. Huh, C. Park, N.S. Choi, G.H. Cho, C.T. Rim, “On-Line 
Electric Vehicle using inductive power transfer system,” In Proc. 2010 
IEEE Energy Conversion Congress and Exposition, 2010, pp. 1598–
1601. 

[24] G.A. Covic, M.L.G. Kissin, D. Kacprzak, N. Clausen, H. Hao, “A 
bipolar primary pad topology for EV stationary charging and highway 
power by inductive coupling,” In Proc. 2011 IEEE Energy Conversion 
Congress and Exposition, 2011, pp. 1832–1838. 

[25] J.M. Miller, C.P. White, O.C. Onar, P.M. Ryan, “Grid side regulation 
of wireless power charging of plug-in electric vehicles,” In Proc. 2012 
IEEE Energy Conversion Congress and Exposition, 2012, pp. 261–
268. 

[26] T. Imura, Y. Hori, “Maximizing air gap and efficiency of magnetic 
resonant coupling for wireless power transfer using equivalent circuit 
and Neumann formula,” IEEE Transactions on Industrial Electronics, 
vol. 58, no. 2, pp. 4746–4752, 2011. 

[27] Z. Bi, L. Song, R. De Kleine, C.C. Mi, G.A. Keoleian, “Plug-in vs. 
wireless charging: Life cycle energy and greenhouse gas emissions for 
an electric bus system,” Applied Energy, vol. 146, May, pp. 11–19, 
2015. 

[28] A. Azad, T. Saha, R. Zane, Z. Pantic, “Design of Hybrid Energy 
Storage Systems for Wirelessly Charged Electric Vehicles,” In Proc. 
2015 IEEE 82nd Vehicular Technology Conference,” 2015, pp. 1–5. 

[29] N. Hasan, H. Wang, T. Saha, Z. Pantic, “A novel position sensorless 
power transfer control of lumped coil-based in-motion wireless power 
transfer systems,” In Proc. 2015 IEEE Energy Conversion Congress 
and Exposition, 2015, pp. 586–593. 

[30] A. Rousseau, R. Vijayagopal, “Using modeling and simulation to 
support future medium and heavy duty regulations” Technical Paper 
from SAE 2011 World Congress, 2011. 

[31] J. Kast, R. Vijayagopal, J.J. Gangloff, J. Marcinkoski, “Clean 
commercial transportation: Medium and heavy duty fuel cell electric 
trucks,” International Journal of Hydrogen Energy, vol. 42, no. 7, pp. 
4508–4517, 2017. 

[32] J. Kast, J. Marcinkoski, R. Vijayagopal, A. Duran, “Driving an 
industry: medium and heavy duty fuel cell electric truck component 
sizing,” World Electric Vehicle Journal, vol. 8, no. 1, pp. 78-89, 2016. 

[33]  Federal Highway Administration, Compilation of existing state truck 
size and weight limit laws, U.S. Department of Transportation, 
Washington, D.C., Report to Congress, May 2015 

[34] M.M. Thackeray, C. Wolverton, E.D. Isaacs, “Electrical energy 
storage for transportation – approaching the limits of, and going 

beyond, lithium-ion batteries,” Energy and Environmental Science, 
vol. 5, pp. 7854-7863, 2012. 

[35] J.M. Blanes, R. Gutiérrez, A. Garrigós, J.L. Lizán, J.M. Cuadrado, 
“Electric vehicle battery life extension using ultracapacitors and an 
FPGA controlled interleaved buck--boost converter,” IEEE 
Transactions on Power Electronics, vol. 28, no. 12, pp. 5940–5948, 
2013.  

[36] M. Ortuzar, J. Moreno, J. Dixon, “Ultracapacitor-based auxiliary 
energy system for an electric vehicle: implementation and evaluation,” 
IEEE Transactions on Industrial Electronics, vol. 54, no. 4, pp. 2147–
2156, 2007.  

[37] E. Schaltz, A. Khaligh, P.O. Rasmussen, “Influence of 
battery/ultracapacitor energy-storage sizing on battery lifetime in a 
fuel cell hybrid electric vehicle,” IEEE Transactions on Vehicular 
Technology, vol. 58, no. 8, pp. 3882–3891, 2009. 

[38]  S. Lukic and Z. Pantic, "Cutting the cord: Static and dynamic 
inductive wireless charging of electric vehicles," Electrification 
Magazine, Ieee, vol. 1, pp. 57-64, 2013. 

[39]  S. Lukic and Z. Pantic, "Cutting the cord: Static and dynamic 
inductive wireless charging of electric vehicles," Electrification 
Magazine, Ieee, vol. 1, pp. 57-64, 2013. 

[40]  National Renewable Energy Laboratory, “Fleet DNA Project Data,” 
[Online]. Available: www.nrel.gov/fleetdna. [Accessed Mar. 29, 
2018]. 

[41]  M. Chediak, “The Latest Bull Case for Electric Cars: The Cheapest 
Batteries Ever”, 2017. [Online]. Available: 
https://www.bloomberg.com/news/articles/2017-12-05/latest-bull-
case-for-electric-cars-the-cheapest-batteries-ever. [Accessed Apr. 4, 
2018]. 

[42]  B. Propfe, M. Redelbach, D.J. Santiti, H. Friedrich, “Cost analysis of 
Plug-in Hybrid Electric Vehicles including Maintenance & Repair 
Costs and Resale Values,” EVS26 International Battery, Hybrid and 
Fuel Cell Electric Vehicle Symposium, 2012. 

[43] Ford Motor Company, 2017 Model Year Ford Hybrid Car and 
Electric Vehicle Warranty Guide, Ford Motor Company, 2017.  

[44] Office of Highway Policy Information, “Annual vehicle distance 
traveled in miles and related data – 2014,” Dec. 2015. [Online]. 
Available: https://www.fhwa.dot.gov/ 
policyinformation/statistics/2014/vm1.cfm. [Accessed Apr. 13, 2018]. 

[45] A. Simpson, “Cost-benefit analysis of plug-in hybrid electric vehicle 
technology,” 22nd International Battery, Hybrid and Fuel Cell Electric 
Vehicle Symposium and Exhibition, 2006. 

[46]  U.S. Department of Energy, "U.S. Life Cycle Inventory Database," 
[Online]. Available: https://uslci.lcacommons.gov/uslci/search. 
[Accessed Apr. 13, 2018]. 

[47]  Argonne National Laboratory, GREET. [Online Download] Available: 
https://greet.es.anl.gov/index.php. Lemont, IL: Argonne National 
Laboratory, 2017. 

[48] Intergovernmental Panel on Climate Change, Climate change 2013 the 
physical science basis, Cambridge University Press, New York, NY, 
2013. 

[49] P. Michel, D. Karbowski, A. Rousseau, “Impact of connectivity and 
automation on vehicle energy use,” Technical Paper from SAE 2016 
World Congress, 2011. 

 
 
 

 

748

View publication statsView publication stats

https://www.researchgate.net/publication/326129532

