
Alexius Wadell
Department of Mechanical Engineering

PI: Prof. Venkat Viswanathan

The Charging Infrastructure Gap



Problem: Insufficient Charging Infrastructure

Left: Wadell, A. et al. 2023. Scaling behavior for electric vehicle chargers and road map to addressing the infrastructure gap. PNAS Nexus. 2, 11 (Nov. 2023).
Right: Generated using: National Renewable Energy Laboratory. Alternative Fuel Stations API. (2021). OpenStreetMap contributors. OpenStreetMap. (2022). Total Gas Station Count from: U.S. Bureau 
of Labor Statistics 2021. Quarterly Census of Employment and Wages.
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The map shows 40k of 107k (~37%) of Gasoline Stations and all 47k Charging Stations in the United States as of 2020

+ Gasoline Stations x EV Stations
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Prior Works are Computationally Expensive

Left: Wang, G. et al. 2013. Traffic-Constrained Multiobjective Planning of Electric-Vehicle Charging Stations. IEEE Trans. Power Delivery. 28, 4 (Oct. 2013), 2363–2372.
Right: inceptev.com
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Urban Scaling: A Framework for Modeling Society

Bettencourt, L.M.A. 2013. The Origins of Scaling in Cities. Science. 340, 6139 (Jun. 2013), 1438–1441.
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Urban Scaling: A Framework for Modeling Society

Bettencourt, L.M.A. 2013. The Origins of Scaling in Cities. Science. 340, 6139 (Jun. 2013), 1438–1441.
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What can we learn from Gasoline Stations?

wpxi.com 6



Stations Scale Sub-linearly with Registrations

Left: Wadell, A. et al. 2023. Scaling behavior for electric vehicle chargers and road map to addressing the infrastructure gap. PNAS Nexus. 2, 11 (Nov. 2023).
Right: Bettencourt, Luís M. A. 2013. “The Origins of Scaling in Cities.” Science 340 (6139): 1438–41. https://doi.org/10.1126/science.1235823
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Urban Scaling: A Framework for Modeling Society

Bettencourt, L.M.A. 2013. The Origins of Scaling in Cities. Science. 340, 6139 (Jun. 2013), 1438–1441.
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Scaling Exponents by System

Left: Bettencourt, L.M.A. et al. 2007. Growth, innovation, scaling, and the pace of life in cities. PNAS. 104, 17 (Apr. 2007), 7301–7306.
Right: Bettencourt, L.M.A. 2013. The Origins of Scaling in Cities. Science. 340, 6139 (Jun. 2013), 1438–1441.
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Adoption skews towards Population Centers

Wadell, A. et al. 2023. Scaling behavior for electric vehicle chargers and road map to addressing the infrastructure gap. PNAS Nexus. 2, 11 (Nov. 2023).
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Assume a “Power Equivalent” Charging Station

Wadell, A. et al. 2023. Scaling behavior for electric vehicle chargers and road map to addressing the infrastructure gap. PNAS Nexus. 2, 11 (Nov. 2023).

𝑌 ∝ 𝜂𝑀/𝑃

Number 
of Stations

Power of 
Station

Vehicle Miles 
Traveled / Time

Energy 
Consumption 

Per Mile

Τ𝜂𝐸𝑉
𝜂𝐼𝐶𝐸 ≈ 3

𝑃𝐻𝑜𝑚𝑒 11.5 kW
𝑃𝑋𝐹𝐶 400 kW
𝑃𝐺𝑆 20.2 MW

ൗ
𝑌𝑋𝐹𝐶

𝑌𝐺𝑆
≈ 17

ൗ
𝑌𝐻𝑜𝑚𝑒

𝑌𝐺𝑆
≈ 586
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Stations for “Power” Parity with Gasoline

Wadell, A. et al. 2023. Scaling behavior for electric vehicle chargers and road map to addressing the infrastructure gap. PNAS Nexus. 2, 11 (Nov. 2023).
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Wadell, A. et al. 2023. Scaling behavior for electric vehicle chargers and road map to addressing the infrastructure gap. PNAS Nexus. 2, 11 (Nov. 2023). 13



https://battmodels.github.io/evse-scaling-behavior/

Scale Adjusted 
EVSE Gap

District of Columbia 26

Santa Fe Institute 30

Carnegie Mellon University 54

University of Michigan 83

University of Maryland 94

14



📄 10.1093/pnasnexus/pgad341 Interactive MapVehicle Registrations
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Scaling Behavior of Gasoline & EVSE Stations

Wadell, A. et al. 2023. Scaling behavior for electric vehicle chargers and road map to addressing the infrastructure gap. PNAS Nexus. 2, 11 (Nov. 2023).
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Scaling with Core-Base Statistical Areas

Wadell, A. et al. 2023. Scaling behavior for electric vehicle chargers and road map to addressing the infrastructure gap. PNAS Nexus. 2, 11 (Nov. 2023).
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Scaling Abroad 

Left: Kühnert, C. et al. 2006. Scaling laws in urban supply networks. Physica A: Statistical Mechanics and its Applications. 363, 1 (Apr. 2006), 96–103.
Right: Leitao, J.C. et al. 2016. Is this scaling nonlinear? R. Soc. open sci. 3, 7 (Jul. 2016), 150649.
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Modeling Assumptions: Power Equivalency

Neglects the impact of Charging Time on Consumer Behavior

Neglects alternative uses of Gasoline Stations
• Off-highway consumption of Gasoline (Marine, Landscaping, etc.)
• Attached Convenience Store / Food Mart

Neglects Heterogenous Charging Stations
• Treats Home Chargers as a “Gas Station” in your home
• Ignores variation in Charger Power
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Assume the existence of a ”Power Equivalent” 
EV Station

Gasoline Flow Rate: 40 CFR § 1090.1550, Gasoline Gallon Equivalent : 40 CFR § 600.002
Top Image: https://media.electrifyamerica.com Bottom Image: https://en.wikipedia.org/wiki/Filling_station

𝑌𝐸𝑉𝑆𝐸
𝑌𝐺𝑆

∝
𝜂𝐸𝑉𝑃𝐺𝑆

𝜂𝐼𝐶𝐸𝑃𝐸𝑉𝑆𝐸

𝑃𝐺𝑆 = Gasoline Flow Rate ×
Energy

Gallon

𝑃𝐺𝑆 = 10
gallons

minute
× 33.7

kWh

gallon
→ 20.2MW

Τ𝜂𝐸𝑉
𝜂𝐼𝐶𝐸 ≈ 3

ൗ
𝑌𝐸𝑉𝑆𝐸

𝑌𝐺𝑆
≈ 17

𝑃𝐸𝑉𝑆𝐸 = 400kW
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Access to Home Charging is Uncertain

Ge, Y. et al. 2021. There’s No Place Like Home: Residential Parking, Electrical Access, and Implications for the Future of Electric Vehicle Charging Infrastructure. Technical Report #NREL/TP-5400-81065, 
1825510, MainId:79841.
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Comparisons to Existing Technology

Ahmed, Shabbir, Ira Bloom, Andrew N. Jansen, Tanvir Tanim, Eric J. Dufek, Ahmad Pesaran, Andrew Burnham, et al. 2017. “Enabling Fast Charging – A Battery Technology Gap Assessment.” Journal of 
Power Sources 367 (November): 250–62. https://doi.org/10.1016/j.jpowsour.2017.06.055
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Charging Station Terminology

“Alternative Fuels Data Center: Developing Infrastructure to Charge Plug-In Electric Vehicles.” n.d. Accessed January 13, 2022. https://afdc.energy.gov/fuels/electricity_infrastructure.html#dc. 25

https://afdc.energy.gov/fuels/electricity_infrastructure.html#dc

