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1. CLARIFICATIONS 

This book is for informational purposes, based on available information at the time of writing and 

based on the author’s experience.  The information contained within is general and subject to 

change as the world of energy, transportation electrification, beneficial electrification and the 

environment is dynamic and subject to global events, politics, technology innovations and other 

factors.  This book is intended to guide planners, investors, instructors, students and other 

interested parties through the various activities and decisions pertaining to electrical vehicles 

and EV charging projects.  This book should not be used as a substitute for a thorough analysis 

of the facts related to a specific project and the laws and codes setting requirements within a 

given jurisdiction.  The authors make no warranties, expressed or implied, and assumes no 

legal liability or responsibility for the accuracy, completeness, or usefulness of any information 

provided within this book.  

Particular sources (e.g. Wikipedia) may contain non-vetted and non-attributable information.  

Where used, these sources are largely provided for educational information, so the reader might 

dig deeper on particular points.  If such sources are to be applied elsewhere, this caveat should 

be considered, and alternative sources of this information should be considered. 

The author disclaims liability for any personal injury, property or other damages of any 

nature whatsoever, whether special, indirect, consequential or compensatory, directly or 

indirectly resulting from the publication or presentation, use of, or reliance on this 

document and makes no guarantee or warranty as to the accuracy or completeness of 

any information published in this document.  

For any questions or comments, please contact: 

Timothy J. Milburn 

Green Ways 2Go 

tim.milburn@greenways2go.com 
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2. BACKGROUND 

The Greenest Region Compact (GRC) articulates consensus sustainability goals for 

municipalities that are broadly adopted by municipalities, counties and councils of governments 

in the region.  To date, more than 130 local governments have formally endorsed GRC goals 

including the following goals in support of EVs and EVSEs.  These GRC goals related to 

Mobility are: “Support efficient transportation that uses resources wisely; Integrate sustainability 

into transportation policies programs and regulations; and Promote pubic and sustainable 

transportation choices.” Additionally, GRC goals articulate municipal leadership in electrification 

with these goals: “Operate a safe, clean and efficient fleet; and Reduce greenhouse gas 

emissions” 

The greenhouse gas inventory for the Chicago region shows that 29% of emissions come from 

the transportation sector, a notable deviation from national figures in which transportation 

emissions dominate.  In the Chicago region, “on road” emissions from vehicles accounts for 

84% of emissions attributable to transportation.   Electrification of transportation is the leading 

solution for many and combined with renewable energy, energy storage and grid modernization 

this provides a platform to shift the current paradigm to something cleaner and more cost 

effective for all.  These approaches fall under the rubric of “beneficial electrification”, a concept 

where fossil fuels are replaced with electricity in ways that reduce overall emissions and energy 

costs. 

Municipalities and other local governments play critical roles in determining how effectively 

these changes are deployed.   Rules need to be established that facilitate these advancements, 

while being economical, environmentally sound, safe, and socially fair.  This EV Readiness 

Decision Guide provides ideas and advice to jurisdictional and other decision makers to plan 

and deploy changes with a level of confidence, fairness, and consistency.   

Electric Vehicle (EV) sales are expected to continue to grow and such growth represents a 

paradigm shift in transportation that must be anticipated and planned accordingly.   

Prognosticators of US Vehicle markets expect a significant rise in sales of electric vehicles over 

the next generation.  Bloomberg New Energy Finance has predicted over half of new US light-

duty vehicle sales will be electric vehicles (EVs) by 2040, compared to internal combustion 

engine (ICE) vehicles, as shown in Figure 1.i  This indicates that by 2040 perhaps one third of 

the light duty vehicles on the road will use electricity.  Note, these predictions preceded the 

COVID-19 pandemic, which have yet to be determined outcomes, but the general trends are still 

assumed for the purposes of this Guide, and the need to change remains. 

https://mayorscaucus.org/initiatives/environment/rec/
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Figure 1: Electric Vehicle vs. Internal Combustion Vehicle Trend Prediction (left = US, 

right = global) 

This paradigm shift is driven by these main factors: 

1. A need to reduce the use of fossil fuels and resulting greenhouse gas (GHG) and other 

pollutants from the transportation sector;  

2. A desire to reduce dependence on foreign petroleum sources for transportation fuel;  

3. A dramatic and continuing reduction in the production costs of electric vehicles through 

innovation and normal market drivers; and  

4. A broader need to modernize our electrical grid, including increasing renewable energy, 

energy storage and other technologies to provide sustainable results for our environment 

while creating jobs, improving public health, and providing more equitable outcomes.  

Such changes to the grid should further result in reduced costs for the rate payers. 

As best practice-based solutions emerge, our local governments need to be prepared to 

manage the associated changes effectively and safely. 

An EV Readiness Program was initiated in late 2019 to support municipalities and other local 

governments through education and by informing policies and programs to advance electric 

vehicles (EVs) and supporting infrastructure in Illinois.  The need for this program is based on 

this expected rapid growth of EVs in Illinois and the commensurate need for more access to 

Electric Vehicle Charging Systems (EVCS), all driven by the need to be more sustainable in the 

transportation sector of energy use.   

Green Ways 2Go (GW2G) developed this EV Readiness Decision Guidebook (“Guide”) as a 

counterpart EV Readiness Checklist (“Checklist”), which was developed jointly with the 

Metropolitan Mayors Caucus, based on a first phase of an EV Readiness Program.   

The Phase 1 of the EV Readiness Program was completed thanks to a grant from the Joyce 

Foundation.  The first phase of the EV Readiness program had three primary tasks: 

• Compete Stakeholder Listening Sessions 

• Develop an EV Readiness Checklist (“Checklist”) 

• Develop an EV Readiness Decision Buying Guide (“Guide”) 

http://www.joycefdn.org/
http://www.joycefdn.org/
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The Listening Sessions included meetings with regional municipalities, Councils of 

Governments, EV dealers, EV charging station vendors, installers, the business community, and 

others (see ACKNOWLEDGEMENTS) to listen and learn about their perceptions about 

opportunities and barriers, and future ideas and concerns related to transportation 

electrification.   The listening sessions were completed between November 2019 and April 2020 

and consisted of 17 sessions with individuals and groups of up to 40 participants, in person and 

via teleconference.  A series of questions were prepared and used to generate dialogue 

appropriate for each listening session.  The notes from these listening sessions informed the 

Checklist and Guide. 

The Checklist was developed to provide ideas related to transportation electrification over the 

range of activities that jurisdictions regularly consider including: zoning and planning, permitting, 

inspection and safety, parking and access, new construction, EV owner rights, municipal fleets, 

utility engagement, community engagement and market factors and finance.   

The Guide is designed to assist municipalities, counties, townships, and other jurisdictions in the 

decision processes related to planning, investments, and managing risks related to EVs and EV 

Infrastructure.  The Guide organizes and documents a summary of the areas in which 

jurisdictions must make decisions, including purchasing of EVs and charging infrastructure, 

project siting, public services, installation, construction, investment, incentives, training, public 

communication and more.   

A subsequent phase of EV Ready will provide more detailed strategies and resources for local 

governments to take these actions and will provide recognition to local governments that take 

steps to become EV Ready.   

 

Greenhouse Gas Emissions Reduction Policies 

Before discussing the various technologies and decision processes related to electrification of 

transportation, it is important to also understand the strength of the momentum to adopt EVs, by 

looking globally, nationally and locally and understand how policy does and might influence the 

acceptance of EVs.  Countries across the globe that have committed to the Paris Agreement 

and have initiated carbon dioxide reduction programs in their transportation sectors, largely 

through incentive programs aimed at stimulating EV markets and innovation.  As of the writing 

of this document, the US is poised to formally be removed from the Paris Agreement. 

According to CNN News in 2018, the policy visions to increase EV adoption includes countries 

like India, France, Britain and Norway.ii   Norway is the most aggressive, targeting all new 

passenger cars and vans sold in 2025 required to be zero-emission vehicles (ZEVs).1 These 

other countries have set target dates between 2030 and 2050 to be all ZEVs, often in concert 

 
1 According to the Multi-State Zero Emission Vehicle Task Force website1, ZEVs include pure battery-

electric vehicles (BEVs), plug-in hybrid electric vehicles (PHEVs), and hydrogen fuel cell electric vehicles 

(FCEVs).   ZEV Programs and ZEV Policies progressively increase the number of (passenger) ZEVs 

that dealerships must sell in a given state and year.  ZEV policies a key part of state efforts to fight 

climate change and protect public health and the environment. 

 

https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Summary_Volume_Low_Res.pdf
http://money.cnn.com/2017/06/03/technology/future/india-electric-cars/index.html?iid=EL
http://money.cnn.com/2017/07/06/technology/france-cars-gas-electric-diesel/index.html?iid=EL
http://money.cnn.com/2017/07/26/news/uk-bans-gasoline-diesel-engines-2040/index.html?iid=EL
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with renewable energy programs.  Austria, Britain, China, Denmark, Germany, Ireland, Japan, 

the Netherlands, Portugal, Korea, and Spain have set official targets for electric car sales, as 

part of their climate plans as signatories of the Paris Agreement. 

This level of commitment may come in the US to support the suggested growth in Figure 1, 

depending on federal policies and the United States participation in global efforts to mitigate 

carbon dioxide emissions and associated climate impacts.  This change may also unfold as part 

of normal market evolution, as many major businesses, states and municipalities are adopting 

green transportation policies.  The United States does not currently have a federal policy on 

electrification, but at least eight states have set out goals and several green transportation 

proposals are under consideration in Congress.  According to Green Biz website (2019), Los 

Angeles, New York and Seattle have the most ambitious goals for municipalities to move 

towards electrification and EV sales.iii   These commitments also tie the predicted cost reduction 

for EV batteries and increased use of renewable energy to power EVs.   

Closer to home, in April 2020, Mayor Lori E. Lightfoot and the Chicago City Council passed an 

ordinance that requires all new construction of residential buildings, with five or more units, and 

onsite parking and commercial properties, with 30 or more parking spaces, to have 20% of any 

supplied parking spaces be Electric Vehicle Supply Equipment (EVSE) ready.iv  Additionally, for 

all applicable properties, at least one of the EVSE-ready spaces must be accessible to people 

with disabilities. 

The California Air Resources Board (CARB) manages the ZEV Program, and it has been 

adopted by 13 states: California, Colorado, Connecticut, Maine, Maryland, Massachusetts, 

Minnesota, New Jersey, New Mexico New York, Oregon, Rhode Island, and Vermont.  More 

ZEV details at California Public Utility Commission website.v  In June 2020, CARB extended 

their commitment to ZEVs by requiring zero emission trucks to meet specified sales goals, 

starting in 2024 and increasing in numbers through 2035.  This “Advanced Clean Trucks (ACT) 

Rule” is expected to greatly reduce GHGs and Nitrogen Oxide (NOx) emissions.vi  If the past is 

prologue, other states will likely follow California’s lead.  The other key aspect of the ZEV truck 

programs is the expected growth in the model number, size and availability of electric trucks in 

the next few years. 

Per Reuters in September 2019, the U.S. Transportation Department claimed that federal law 

pre-empts state regulation of vehicle fuel economy, including California’s ZEV Program rules, 

and the US Environmental Protection Agency (US EPA) said it would revoke a 2013 waiver that 

California received to set ZEV emissions standards. vii   This legal action is pending and has 

created uncertainty, but there are also strong doubts that the rules will change.  For more 

details, refer to the American Bar Association discussion on this claim.viii 

Per the Illinois Attorney General’s website, Illinois has joined a collation of 26 states and cities 

in filing a lawsuit opposing the US EPA’s attempt to revoke the relevant portions of the 2013 

waiver related to CARB managing of the ZEV Programs.ix The action, filed in the U.S. Court of 

Appeals for the District of Columbia Circuit, is part of The California Attorney General’s and the 

coalition’s ongoing fight to protect California’s Advanced Clean Car Standards. 

 

 

https://www.cpuc.ca.gov/zev/
https://ww2.arb.ca.gov/resources/fact-sheets/advanced-clean-trucks-fact-sheet
https://ww2.arb.ca.gov/resources/fact-sheets/advanced-clean-trucks-fact-sheet
https://www.americanbar.org/groups/environment_energy_resources/publications/trends/2019-2020/march-april-2020/trump-administration-withdrawl/
https://illinoisattorneygeneral.gov/pressroom/2019_11/WaiverPFR_file.pdf
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3. INTRODUCTION 

Local governments are in the unique position of not only having to assist people in and around 

their communities, but further need to make decisions for the municipality's operations.  This 

Guide endeavors to answer the myriad of questions that are inevitably raised while considering 

the various perspectives of local governments.   

Related to this are the fuels to be considered for a municipal fleet.   Although this EV Readiness 

Program speaks to transportation electrification, this is not the only alternative to traditional 

petroleum-based fuels (gasoline and diesel).  This program focuses on Plug-in Electric Vehicles 

(PEVs), which rely on electrical charging infrastructure.  PEVs are contrasted with traditional 

Internal Combustion Engine Vehicles (ICEVs = gasoline and diesel) and Hybrid Electric 

Vehicles (HEVs), as discussed in Selecting EVs section. 

Hybrid Electric Vehicles (HEVs) are another useful choice.  Since they rely primarily on 

petroleum fuels for energy, discussion on HEVs is limited.  Fleets should consider HEVs, 

current petroleum fuels and all alternative fuels as part of a sustainability, financial and 

operational strategy.  Alternative fuels mean alternatives to petroleum such as biofuels, natural 

gas, propane, hydrogen, and electricity.   This selection of other alternative fuels is not covered 

hereunder.  This Guide assumes the decision to "Go Electric" is being considered or has been 

made.   

For the purposes of matching the common vernacular, “EV” is used in this Guide to represent 

plugin electric vehicles, rather than “PEV” which is a somewhat less commonly used term.  

HEVs may be considered as electric vehicles, because of their energy storage capabilities, but 

for this Guide, the terms HEV and PEV are specifically called out when referenced to 

differentiate from simply “EVs”. 

The phrase “EV Readiness” used in this Guide encompasses the full spectrum of planning and 

execution strategies and actions needed for a jurisdiction related to EVs and EV charging 

infrastructure.   To differentiate, in the EV vernacular, the term “EV Ready” is commonly applied 

to the planning of and construction of new facilities being equipped with EV charging 

technologies and is used hereunder within this context.   
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4. WELCOME TO THE EV READINESS DECISION GUIDE 

This EV Readiness Decision Guide (“Guide”) has been created to provide information, 

resources, ideas and recommendations for jurisdictional authorities and their staffs as they 

make decisions related to managing the safety, codes and policies and their own investments 

related to EVs and supporting infrastructure.  Jurisdictions are responsible for setting and 

managing the rules for themselves, their communities, and their region.  The Authors trust this 

Guide will prove useful.   

Getting Started 

Most of the information presented hereunder relates to jurisdictions (e.g. municipalities, 

townships, counties) as well as a broad range of stakeholders.  Included is information on EVs, 

infrastructure, siting, and installation.  Having personnel within a jurisdiction that understand the 

general requirements for electrification of transportation will help assist residents, businesses, 

and other organizations, in addition to the jurisdiction itself.   Jurisdictions also need to consider 

their own fleets and look at their roles in their regions, which requires thinking about some 

unique concerns.  Strategies, goals, plans and actions are provided for three main areas: 

1. The roles of jurisdictions and their leadership and staff teams in assuring compliance 

and safety in the use of EVs and Electric Vehicle Charging Systems (EVCSs) for 

itself and the general public 

2. The jurisdiction and its roles within its region 

3. The jurisdiction and use of EVs and EVCS for its fleet 

From a decision-making perspective, each of these main areas has unique strategies and 

specific actions and several involve shared strategies and actions.  The topics generally 

applicable to municipalities, residents, businesses and other organizations comprise the 

majority of the Guide, and discussions on the regional and fleet consideration are addressed 

afterwards. 

From a jurisdictional perspective, a key element in decision making is to document near and 

longer-term policy and investment strategies.  Such decisions cover economic, environmental, 

operational, and social priorities as well as set related quantitative and qualitative goals.  

Actions to be taken by stakeholders will be driven by budgets, Return on Investments (ROI) 

requirements, the number of gallons of petroleum fuels reduced, impact on CO2 reduction, 

amount and timing of incentives and other factors.  Where applicable, having documented plans 

related to what and when to invest in ensures timely access to incentives when they may 

become available, since incentives are time-constrained, specific, and limited. 
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5. MAKING PURCHASING DECISIONS 

This chapter introduces materials and services integral to EV Readiness, including the vehicles, 

the charging devices, and the connected charging infrastructure.  The goal is to prepare 

decision-makers and other stakeholders in understanding planning, procurement, and execution 

steps in the realm of EVs.  Many sections provide content and related footnotes and resource 

links to allow the reader to explore beyond this Guide.  Some additional resources are provided 

in the REFERENCES section, including Useful EV Resource Links and Endnotes sections for 

those that may want to drill down on some subjects.    Hyperlinks are embedded in the 

electronic version, but key links are also available in textual form in the Endnotes. 

Selecting EVs 

When considering purchasing electric cars, trucks, buses, and specialty vehicles (generally 

referred to as “EVs”), the selection is typically based on the following criteria: 

• Electric Vehicle Choices, Options and Features 

• Available EVs and Links  

• EV Selection Factors 

• EV Servicing and Warranties 

Each of these topics is discussed next. 

ELECTRIC VEHICLE CHOICES, OPTIONS AND FEATURES 

EV choices may be characterized by: 

• Plugin Capabilities 

• Energy Storage Capabilities 

• Energy Recovery Systems 

• Type and use of EV 

• Typical vehicle features and options 

The basic group of Electric Vehicles (EVs) are listed in Table 1. 
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Table 1: Vehicle Terminology 

Hybrid Electric Vehicles (HEVs) and Plugin Electric Vehicles (EVs) typically include some form 

of energy recovery system, such as regenerative braking, to store energy in on-board batteries 

to improve fuel economy.  This captures energy and uses it when demanded for accelerating or 

climbing hills.  This approach provides the benefits of higher fuel economy and lower emissions 

per vehicle mile compared to ICEV counterparts. 

Please note that for each of these types, there are many sub-variations or alternative terms that 

are not listed.  Illustrations comparing these types of vehicles and how they refuel are depicted 

in Figure 3. 

To add perspective, according to EPRI’s March 2020 report “Consumer Guide to Electric 

Vehicles”,x by the end of 2019, there were an expected 58 different models and by the end of 

2022 the number is expected to increase to 132 models, as shown in Figure 2.  This resource 

further supplies information on these models. 

Name Abbr. Description Examples

Hybrid Electric Vehicle HEV

Uses electric battery to supplement the standard 

internal combustion engine.  Does not Plug-in.  

Energy recovery systems make HEVs more fuel 

efficient than ICEV equals

Toyota Prius

Plug-in Hybrid Electric Vehicle PHEV

Vehicle has both an electric motor and an internal 

combustion engine.  Primary operational mode uses 

battery powering of electric motor.  Sometimes called 

Range Extended Electric Vehicle.  Gasoline engine 

either recharges battery or has independent drive 

system.

Chevy Volt

Ford Fusion   

BWM i8

Battery Electric Vehicle BEV

All Electric Vehicle AEV

Plug-in Electric Vehicle PEV
Any Electric Vehicle that allows charging, includes 

PHEVs and BEVs, but not HEVs
PHEV & BEV

 Electric Vehicle EV

Internal Combustion Engine 

Vehicle
ICEV

Uses fossil fuel (gasoline, diesel, natural gas, 

propane) or other combustible fuel to power engine 

Many existing 

versions

Battery electric vehicles are synonymous with All 

Electric Vehicles - they are all electric, have no internal 

combustion engine and are totally dependent on 

plugging into the electric power grid

Nissan Leaf

Tesla   

Chevy Bolt

All of the above types of vehicles have electric battery components, but 

HEVs often are considered separately as they do not plug into the grid.  

Term EV often used to indicate PEV.

http://mydocs.epri.com/docs/public/3002015368_Print.pdf
http://mydocs.epri.com/docs/public/3002015368_Print.pdf
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Figure 2: EV Growth by Vehicle Models 

 

Figure 3: Comparing Vehicle Types 
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Electric Vehicle Connector Standards 

In the interest of safety and to provide for a functional safe and ubiquitous system, various 

technical organizations have established regulatory and standards-based requirements related 

to the hardware, software, and the integration of all the technology. 

EVs built in the US use the Society for Automotive Engineers (SAE) “J1772” connector (Figure 

4) to charge with Level 1 and Level 2 chargers.  All EVs have a connection receptacle to match 

a corded connector and cable, that plugs into the EVs connection point.  The cable originates in 

the charging device, commonly called Electric Vehicle Supply Equipment or “EVSE”. 

 

 

For Level 3, DC Fast Charge connectors, this requires a different, second connector.  Currently 

in the US, the standard is called the SAE J1772 Combined Charging System (“CCS”).  This 

connection provides for a 240-volt Level 2 SAE J1772 connection plus a higher power (Level 3) 

connection in the same connection device.  For Japanese-manufactured EVs, they use a 

Figure 4: Society of Automotive 

Engineers (SAE) J1772 Connector 

for Level 1 and 2.  Upper left – 

male connector, upper right, 

female receptacle and bottom 

showing charging connection. 
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Japanese standard connector, called CHAdeMO2, but a standard Level 2 J1772 connection 

point is also provided as a second connection point.  However, according to Green Car Reports 

(June 2020), starting with the new 300 mile range Nissan Ariya Crossover in 2022, the 

CHAdeMo standard will be replaced with the CCS.xi 

Tesla has taken a unique approach.  These BEVs include Tesla-proprietary connections on the 

vehicles.   Only Teslas can connect.  However, Tesla provides a range of connection adaptors 

to allow Teslas to charge using J1772, CCS and CHAdeMO.  (Figure 8) 

All standard EV connections also include connections to communicate between the vehicle and 

the EV charging station.  All EV vendors include the ability to use the J1772 connection for 

Level 1 and Level 2 charging.  Not all EV vendors include the DC Fast Charging connections as 

a standard option for the vehicle. 

A strategic partnership in vehicular technology related to the smart grid between the Institute of 

Electrical and Electronics Engineers (IEEE) Standards Association (IEEE-SA) and SAE 

International (SAE) now exists.  These efforts align the power needs and other communication 

standards to tie the vehicle charging to the smart grid.  The International Electro Technical 

Commission (IEC) provides international standards for electromagnetic compatibility and works 

with US groups, such as the American National Standards Institute (ANSI) (USNC/IEC) and 

the National Electrical Manufacturers Association (NEMA) to help develop and promote IEC 

standards. 

The J1772 connector is designed for single phase electrical systems with 120 VAC and 208 

VAC to 240 VAC such as those used in North America and Japan, as follows: 

• The round 43 mm diameter J1772 connector has five pins, with 3 different pin sizes: 

o AC Line 1 and AC Line 2/Neutral - have same size power pins  

o Standard ground pin  

o Control Pilot - Communication line used to coordinate charging level between the 

car and the charger as well as other information (e.g. billing). 

The SAE J1772 Standard and National Electric Code (NEC) requirements create multiple safety 

layers for EVSE and EV interface, such that the EVSE/EV coupler must:  

• Be engineered to prevent inadvertent disconnection.  

• Have a grounded pole that is the first to make contact and the last to break contact.  

• Contain an interlock device that prevents vehicle startup while connected.  

• Be unique to electric vehicle charging and cannot be used for other purposes.  

• Be de-energized until it is attached to the EVSE. 

• Be de-energized prior to removal of the connector.  

 
2 CHAdeMO is the trade name of a global industry standard quick charging method for EVs delivering 

high-voltage direct current via a special electrical connector.  The derivation is from French "CHArge de  
“CHAdeMO – translated becomes "charge for moving".  The name also originates as is a pun for :O cha 
demo ikaga desuka” in Japanese, translating to English as "How about some tea?", referring to the time it 
would take to charge a car.  More at http://en.wikipedia.org/wiki/CHΛdeMO 

https://www.nissanusa.com/ariya.html?dcp=psn.58700006154160602&gclid=Cj0KCQjwu8r4BRCzARIsAA21i_A4d-kcUMqOPRM4VwKppOPoMQ_TVkiFlJ2gH5gbuqNSy8bBiUC-0LIaAmyrEALw_wcB&gclsrc=aw.ds
https://www.ieee.org/
https://www.ieee.org/
https://standards.ieee.org/
https://www.sae.org/
https://www.sae.org/
https://www.iec.ch/
https://www.iec.ch/
https://en.wikipedia.org/wiki/American_National_Standards_Institute
http://www.ansi.org/standards_activities/iec_programs/overview.aspx?menuid=3
https://en.wikipedia.org/wiki/National_Electrical_Manufacturers_Association
http://en.wikipedia.org/wiki/CHΛdeMO
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EVSEs should include labeling that establishes that the units have passed specific and 

rigorous safety testing from a Nationally Recognized Testing Laboratory (NRTL), such as 

Intertek (ETL mark) and/or  Underwriter’s Laboratory (UL mark), as shown in Figure 5. Refer 

to Charged EV article for more information.xii  Other considerations are certifications for 

energy efficiency (Energy Star) and Restriction of Hazardous Substances (ROHS).  Such 

considerations should be extended to other related equipment, such as power modules to 

extend capacity or power sharing of electrical circuits. 

  

Figure 5: Safety Marking for EVSEs 

 

Figure 6: Connector Types from Society of Automotive Engineers (SAE) Left top: 

standard J1772 connector and bottom SAE CCS connector.  Right:  Combo Connector 

for Fast DC Charging Connector, with top for J1772 Level 1 and 2 connection and bottom 

connections added for DC Fast Charging. 

https://www.intertek.com/marks/etl/
https://ul.org/
https://www.energystar.gov/
https://www.rohsguide.com/rohs-faq.htm#:~:text=RoHS%20stands%20for%20Restriction%20of,products%20(known%20as%20EEE).
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For those who want to learn more about EVSE standards, refer to the Plug In Recharge 

Website.xiii  

Finally, there are some vendors (Evatran, WiTricity Corp, Qualcomm), that provide stationary 

cordless or inductive charging solutions, currently available for a limited number of EVs.  This 

applies the same principals as electric toothbrushes or cell phone chargers.  The EV is simply 

pulled over a ground mounted device, positioned properly, and charging starts once the EV is 

turned off.  Currently, EVs must be retrofitted with a device that receives an inductive current 

from a ground mounted inducer.  For example, Figure 9 shows an Evatran Plugless charging 

system, where an electromagnetic field is generated in a coil (“Parking Pad”) under the EV, and 

Figure 8: Tesla S Connection (top) and 

combination Tesla and CCS connection (bottom) 

Figure 7: Left: CHAdeMo connector and Right: Nissan Leaf - CHAdeMo 

DC Fast Charger connection (left side) and Level 1 and Level 2 J1772 

connector (right side) 

http://www.pluginrecharge.com/p/infrastructure-standards.html
http://www.pluginrecharge.com/p/infrastructure-standards.html
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the EV has a receiving “Vehicle Adapter” in which a current is created across an air gap, this 

current then charges the EV’s battery.  The generated current and the communication with the 

vehicle are managed by a device (“Control Panel”), which connects to facility power.  These 

systems follow the same safety and code protocols as their hard-connected counterparts. 

Inductive charging is quite convenient but has not yet caught on, because they are not yet 

universally applicable for public charging and are more costly compared to corded alternatives.   

Fleet Carma discusses some options on their website.xiv  This concept is being investigated for 

parking areas and research is ongoing to apply this inductive approach dynamically – meaning 

the EV will be charged while driving down the highway. 

 

Figure 9: Wireless Charging System: control panel (upper left), parking pad and vehicle 

adapter mounted on EV (lower) and both control panel and parking pad without EV (right) 

Parking Pad 

Vehicle Adapter 

Control Panel 

240 VAC 

https://www.fleetcarma.com/soon-wireless-electric-vehicle-charging-coming/
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Another detail to be aware of is the location of the EV charging connector varies from vendor to 

vendor, as shown in Figure 10. 

 

AVAILABLE EVS / LINKS 

For those wanting to see what is available for purchase, rent or lease as new, or pre-owned 

Plugin Electric Vehicles, the following links are provided.  These sites periodically update and 

should provide useful information now and in the future.  Note the US Department of Energy’s 

(DOE’s) Alternative Fuel Data Center (AFDC) provide generally very useful sets of resources 

related to all things EV under the AFDC Electricity page.  As of spring of 2020, there are 76 

models of PHEVs and 121 BEVs listed at this site (not including e-motorcycles).  Within these 

links there is information regarding features, options, pricing, and general information for a 

range of new and pre-owned vehicles.  Each of these sites provides some of the same 

information, but some include other useful data.  3   

Electric Cars  

• AFDC Hybrid and Electric Vehicle Information  xv 

• AFDC, EV Model Availabilityxvi     

• EV Available Models – EV Adoption Websitexvii  

 

3 Where end-noted, the reference link texts are available – for those using printed copies of the Guide.  

Other sites can be easily searched with the listed name. 

 

Figure 10: Possible EV Charging  

Port Locations on EVs 

 

https://afdc.energy.gov/fuels/electricity.html
https://afdc.energy.gov/vehicles/electric.html
https://afdc.energy.gov/vehicles/electric_availability.html
https://evadoption.com/ev-models/
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• Consumer Reports, “Hot New Electric Cars”  xviii 

• EV Database Webpage, “Newest EVs”  xix 

• My EV Website, "EVs are Better"  xx 

• CNET Road Show webpage, "Here's every electric vehicle on sale in the US for 2020 

and its range" xxi 

• Digital Trends Webpage, "The Best Electric Cars for 2020" xxii  

Electric Buses 

• Wikipedia, Electric Buses  

• Wikipedia, “List of Electric Bus Makers and Models”  

• EV Trader, “List of Global E Bus Manufacturers”xxiii  

Electric Trucks (2021 and later) 

• Wikipedia, Electric Trucks  

• Top 8 Hybrid and Electric Pickup Trucks Worth Waiting For 

• 8 Electric Truck and Van Companies to Watch 2020 

• Rivian R1T 

• Tesla Cybertruck 

• Tesla Semi 

• GMC Hummer EV SUT 

• Ford 150 Electric 

• Bollinger B1 & B2 

• Nikola Badger 

• Lordstown Endurance  

• Atlis XT 

• Workhorse C1000  

• Freightliner eCascadia Class 8 

 

Electric Motorcycles 

• Things to Come Webpage “Electric Motorcycles”  

Pre-owned EVs 

• Carmax  

• Auto Trader  

• MyEV  

Assessing the True Cost of Ownership 

• Edmonds Website,” Cost of Car Ownership 

• AAA, “Your Driving Costs” 

https://www.consumerreports.org/hybrids-evs/hot-new-electric-cars-are-coming-soon/
https://ev-database.org/compare/newest-upcoming-electric-vehicle
https://www.myev.com/
https://www.cnet.com/roadshow/news/every-electric-car-ev-range-audi-chevy-tesla
https://www.cnet.com/roadshow/news/every-electric-car-ev-range-audi-chevy-tesla
https://www.digitaltrends.com/cars/best-electric-cars/
https://en.wikipedia.org/wiki/Electric_bus
https://en.wikipedia.org/wiki/List_of_electric_bus_makers_and_models
https://evtrader.com/c/electric-bus-manufacturers/
https://en.wikipedia.org/wiki/Electric_truck
https://www.autoguide.com/auto-news/2019/11/top-8-hybrid-and-electric-pickup-trucks-worth-waiting-for.html
https://www.greenbiz.com/article/8-electric-truck-and-van-companies-watch-2020
https://rivian.com/r1t/
https://www.tesla.com/cybertruck
https://www.tesla.com/semi
https://insideevs.com/news/410285/hummer-electric-pickup-debut-delay/
https://insideevs.com/reviews/377328/ford-f150-electric-truck-details/
https://bollingermotors.com/bollinger-b2/
https://nikolamotor.com/badger
https://lordstownmotors.com/
https://www.atlismotorvehicles.com/xt-truck/
https://workhorse.com/
https://freightliner.com/trucks/ecascadia/
https://www.thethings.com/new-electric-motorcycles-2020/
https://www.carmax.com/cars/electric-vehicles
https://www.autotrader.com/
https://d.docs.live.net/4ec9df1662c020ea/1%20GWE/Sales/Consulting/Metro%20Mayors%20Caucus/EV%20Ready/EV%20Grant/Project%20Work/Guide/•%09https:/www.myev.com/research/buyers-sellers-advice/the-best-used-electric-cars-for-the-money
https://www.edmunds.com/tco.html
https://exchange.aaa.com/wp-content/uploads/2019/09/AAA-Your-Driving-Costs-2019.pdf
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Electric Vehicle Facts per US DOE’s Energy Efficiency and Renewable Energy (EERE)  

• Fuel Economy for EVs (US EPA and EERE) 

• Information about EVs and HEVs 

• HEV – “How It Works” animation 

EV SELECTION FACTORS 

The decision of which EV to buy, includes many of the same judgements made when looking at 

any vehicle.  All buyers look at price, features, and options: vehicle colors, the aesthetic look 

and feel, the interior and seat materials, internal space, sound system, and other accessories, 

plus the vehicle’s intended purposes.  As with ICEVs, EVs generally offer the same approach 

and typically have standard pre-package levels with feature sets.   

There are several new items to consider when purchasing an EV.  In order to plan for, use 

and/or purchase EVs or, the basics of the vehicles related to charging must first be understood.  

There are several different types of vehicles that are considered in the mix of Plugin Electric 

Vehicles (PEVs), or simply EVs.  The variables in this matrix include the vehicle uses, the type 

of vehicle charging, the type of power train and the classification of the vehicle.  EVs offer 

several new capabilities, advantages and user behavior changes when compared to traditional 

Internal Combustion Engine Vehicles (ICEVs), as discussed next. 

Things to Know When Buying an EV 

• EV versus ICEV Purchase Costs: Naturally, a top consideration for buyers is the 

comparative cost between new EVs and ICEV counterparts.  As of 2020, EVs remain 

generally more expensive than ICEV comparative equals (without incentives), primarily 

due to the battery costs.  For the case of PHEVs, additional comparative costs are 

incurred because there are two motive systems (e.g. gasoline engine and electric 

motor).  As the EV market grows, production volumes will increase, creating operational 

efficiencies and mature supply chains.  Innovations continue to reach the market and are 

being tested and proven with time.  Battery costs are anticipated to drop significantly, 

through innovative, lighter weight materials and design advancements, allowing more 

energy in a smaller space (higher energy density).  These market realities are expected 

to close the price gap between ICEVs and EVs.  As predicted by Bloomberg New 

Energy Finance (BNEF), cost parity may be reached between 2022 and 2030xxiv, 

depending on the assumptions, the cost of gasoline and the rate of growth for EV sales.  

Figure 11 shows a cost parity analysis from the Union of Concerned Scientistsxxv.  This 

indicates that in 2017, once the EV battery manufacturing costs ($/kilowatt hour (kwh)) 

crosses the light blue line, EV and ICEV reach cost parity, somewhere around 2023 to 

2024, after which EVs will cost less to purchase.  This is mainly based on the battery 

cost per kwh of storage which, according to BNEF, has dropped by a factor of nearly 8 to 

1 between 2010 and 2019.  Research is ongoing to support these advances in 

technology and cost reduction at the US DOE.xxvi  

 

Since 2010, income tax credits have been available for new EV owners.  These credits 

https://www.fueleconomy.gov/feg/evtech.shtml
https://afdc.energy.gov/vehicles/electric.html
http://www.fueleconomy.gov/feg/hybridAnimation/hybrid/hybridoverview.html
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have been up to $7,500 (for those carrying a tax liability), depending on the battery size.  

Newer EVs typically are eligible for the $7,500 maximum credit.  Lessors of new EVs 

may be able to leverage this tax credit in their lease programs.  The credit is no longer 

available for vendors that have sold over 200,000 EVs (such as Chevrolet).  However, a 

new bill has been introduced to Congress to increase the number to 600,000 EVs.xxvii  

The availability of these incentives is listed EV tax credits explained at “Federal Tax 

Credits for New All-Electric And Plug-In Hybrid Vehicles”, US EPA and US DOE/EERE 

site.4   

 

 

Figure 11: Battery Cost Decreases over Time 

• Zero Tailpipe Emissions: When operating a vehicle electrically, there are no tailpipe 

emissions where the vehicle is driven, and that is a most important benefit because 

where we drive is mainly where we live and breathe. 

• Net Pollution and Greenhouse Gas emissions: Depending on the source of electricity 

used to charge (e.g. coal vs. nuclear, natural gas, renewable energy, etc.), the net 

amount of pollution produced when driving an EV may be more or less than an ICEV 

based on a ‘well-to-wheels’ basis.  This measure is the all-in amount of GHG and 

pollution produced considering all factors to produce, transport and consume the energy, 

often measured on the emissions mass amount per vehicle mile travelled basis (e.g. 

pounds of CO2 per mile driven).  Refer also to the Assessing Sustainability section.   

• Operational Costs are reduced: Since 2010, fuel costs for EVs has averaged between 

25 to 50% of the cost of ICEVs per mile, depending on the price per gallon of the fossil 

 

44. https://www.fueleconomy.gov/feg/taxevb.shtml 

 
 

ICEV/EV 

Cost Parity 

$EV < $ICEV  

https://www.fueleconomy.gov/feg/taxevb.shtml
https://www.fueleconomy.gov/feg/taxevb.shtml
https://www.fueleconomy.gov/feg/taxevb.shtml
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fuel used and the kilowatt hour cost or price of electricity.  Fossil fuel prices vary 

considerably over time and where they are purchased, while the cost of electricity is 

comparatively stable.  From a business perspective, historic electricity prices are more 

predictable, and this stability should be advantageous to many organizations. 

• Maintenance Costs for BEVs are lower than traditional gasoline vehicles.  These cost 

reductions are due to fewer fluids to maintain, significantly reduced brake wear due to 

regenerative braking, far fewer moving parts, and no spark plugs.  More is discussed 

under the Assessing Operational Impacts section. 

• Energy Efficiency: EVs are more energy efficient in use than ICEVs.  Per the US EPA, 

an EV electric drive system is only responsible for a 15% to 20% energy loss compared 

to 64% to 75% loss for a gasoline engine. 

• Responsive Driving: When the electric motors are used as the primary motive force, 

EVs have comparatively high initial torque and acceleration compared to ICEV 

counterparts.  These capabilities may be important to some drivers.  

• Quiet ride: Without the noise from the detonations of combusting fuel, there is little 

noise in EVs using electric mode, reducing noise pollution especially in high traffic areas. 

• No more gasoline stations: EVs are typically fueled at home overnight or at work 

during the day, meaning few or no trips to the gasoline station (PHEVs less frequently fill 

up).   

• Leverage Low Electricity Rates: Nighttime is off-peak for most regions, and in many 

communities, lower electricity rates are offered by utilities (e.g. if using time-of-day 

pricing).  Without average-based pricing, the cost per mile of an EV may be from 20% to 

40% of an equivalent ICEV and if time-of-day pricing is available this ratio can lead to 

significantly even lower costs to drive EVs.  Refer to Smart Grid Rates for EV Charging 

section. 

Vehicle Range Factors 

A perception exists that using a battery as a power source instead of a tank of gasoline, this will 

somehow create a situation where the driver may become stranded without a place to refuel, 

sometimes called “Range Anxiety”.  Although this was a concern in 2009 when EVs first 

became available, several solutions have since evolved and others are being developed to fully 

manage this concern, as follows: 

• Plug-In Hybrid Electric Vehicles (PHEVs) directly address this concern.  A secondary 

fuel source (e.g. gasoline) eliminates range challenges, assuming gasoline refueling 

is ubiquitously available.   

• The most significant factor to determine range is the battery capacity.  This is 

measured in kilowatt hours (kwh), which are analogous to gallons of gasoline, and 

the kwh translates into range miles.   Battery packs range from 10 kwh to 180 kwh 

and growing, which provides travel ranges of perhaps 40 to 700 miles.   

Range will vary based on the vehicle type.  According to Business Insider 

Deutschland, some of the new large trucks are investigating battery systems up to 

1,000 kwh to achieve up to 500 miles for a Class 8 truck.  Currently, these large 

vehicles are a significant challenge because of battery weight and cost, but serious 

http://www.businessinsider.de/?IR=C
http://www.businessinsider.de/?IR=C
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R&D is ongoing to find practical solutions.xxviii   For today’s passenger BEVs, the 

newer ones are in the 62 kwh (Leaf) to 66 kwh (Chevy Bolt) range and Teslas (now) 

go up to 75 kwh, providing over 250 miles of range.  When looking at specific EVs, 

battery kwh is one of the first things to look for.  Some vendors offer more than one 

battery pack size. 

• The number of high recharge rate charging stations, called Level 3 / DC Fast 

Charging Stations (refer to EV Charging Levels), is growing and is being supported 

by incentive programs at the federal and some state levels.  This will allow BEV 

drivers to refill along main highways, akin to gasoline refills.  As of spring 2020, the 

Electrify America program5 has installed almost 1,900 DC Fast chargers across the 

US, with 8 in the Chicago area and 17 in total in Illinois. The State of Illinois also has 

perhaps $10 million in funds from the VW Mitigation Trust Plans and the State is 

further considering logical locations of EV Charging stations on major highways.6  

For now, these charges at rates over 200 range miles per hour.  Next generations of 

EVs, batteries and EV Charging Stations should be able to get to the point where 

more miles will be available in one charge of a battery than most gasoline vehicle 

tanks, and the charge time will become comparable to fill times.  Using Tesla 

Superchargers can take about 20 minutes to charge a vehicle to 50% (e.g. 150 

range miles), 40 minutes to charge to 80%, and 75 minutes to 100%.xxix 

• If recharge time is an issue, EV drivers quickly learn that a complete fill is often not 

needed, since they can fully charge later at home, work, or their next destination.   

• Many households can drive their second (ICE) vehicle for extended travel (business, 

vacation).   

• People need to be informed on the realities of EVs.  Charge planning is part of the 

EV owner experience.  Dashboard data is readily available, to let the driver know of 

battery levels, including appropriate alarms for low levels, as the battery loses charge 

(just like a fuel gage indicator and low-level tone).  People who own EVs quickly 

learn where all the nearby charge stations are located, how long a charge will take, 

how many range miles are needed and how to find new charging sites on their cell 

phones.  Many of the EV vendors have on-line services /phone apps using Global 

Positioning Systems (GPSs) to show where nearby stations are and if they are 

available or in use.  A clear understanding of these factors should be thought out 

before making a buy decision.  Refer also to Available EVSEs / Links section.    

• Regarding EV’s range, the concept of “3-T’s” applies, meaning Terrain, Temperature 

and Technique: 

o Terrain: Going up hills will deplete the battery’s energy faster. 

o Temperature: In the cold (winter) and hot (summer) seasons, the battery will 

use energy faster than in the moderate seasons (spring and fall). 

 
5 Electrify America station locator: https://www.electrifyamerica.com/locate-charger.   
6 Illinois Beneficiary Mitigation Plan for the Volkswagen Environmental Trust Agreement: 
https://www2.illinois.gov/epa/Documents/iepa/air-quality/vw-
settlement/Illinois%20Beneficiary%20Mitigation%20Plan.pdf 

https://www.electrifyamerica.com/locate-charger
https://www.electrifyamerica.com/locate-charger
https://www2.illinois.gov/epa/Documents/iepa/air-quality/vw-settlement/Illinois%20Beneficiary%20Mitigation%20Plan.pdf
https://www2.illinois.gov/epa/Documents/iepa/air-quality/vw-settlement/Illinois%20Beneficiary%20Mitigation%20Plan.pdf
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o Technique: like a gasoline vehicle, gunning the accelerator pedal on an 

electric vehicle will use energy less efficiently.  Driving in the city vs. the 

highway impacts energy consumption. 

o All these factors are true for ICEVs as well: fuel economy is impacted by 

terrain and technique in an ICE.  A loss in efficiency also occurs with cold and 

hot environments, largely because of the use of heating and air conditioning.  

However, with EVs, the impact of ambient temperature is more dramatic, as 

the chemical reactions inside the battery are slowed down when the batteries 

are cold.   Figure 12 illustrates a typical example of the impact of ambient 

temperature on range.  If planning to drive an EV in cold weather, be aware 

that the range may be significantly reduced.  Refer to Battery Factors section 

for more details. 

• Like any vehicle, the load applied to the vehicle will affect the range.  Loads include 

wind, rain, pulling trailers and using power takeoff equipment. 

 

Figure 12: Illustration of the Impact of Ambient Temperature on EV Range 

Range anxiety will eventually disappear as people learn more, charging infrastructure becomes 

more ubiquitous, battery capacities increase, and battery costs and the EV costs approach and 

surpass cost parity with ICEVs. 

Battery Factors  

Batteries will play a central role technologically and commercially if the paradigm shift from 

ICEVs to EVs is to happen.  As discussed above, batteries define range for an EV.  There is 

other information that will help an EV owner understand how to manage the batteries.   

BATTERY TERMS 
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Batteries are essentially groups of small chemical reactors that can store and discharge an 

electrical charge.  Lithium-ion (Li-ion) batteries are used because they have excellent resilience 

to charge cycling compared to other battery chemistries, but over time they do chemically 

degrade and lose their ability to hold the same level of energy compared to brand new.  During 

every charge and discharge cycle, small chemical reactions occur between the battery’s 

electrolytes and the electrodes inside of Li-ion battery cells.  With more charging cycles, battery 

life decreases.  The rate of this degradation can be significantly reduced technically and by the 

EV owner by applying best usage practices.  To explain battery aging, three terms are first 

introduced:xxx 

• State of Charge (SoC) is the % of charge of an electric battery relative to its full capacity.  

The units of SoC are percentage points (100% = full; 0% = empty).   

• Depth of Discharge (DoD) is the % of the total capacity that is discharged from a fully 

charged battery, divided by battery nominal full capacity.  (0% = battery full; 100% = fully 

discharged).   

• State of Health (SoH) is the measure of a battery’s capacity in use compared to the 

capacity at the time of manufacture (100% SoH = new battery).  SoH decreases due to 

degradation.  If an EV had a 100-mile range when new and in 100,000 miles of use, it only 

could drive 80 miles, the SoH would be 80%. 

The effects cumulate over time and the rate of degradation varies depending on: 

• Number of charging events since new 

• Management of SoC over time 

• State of Charge profile applied when charging 

• Depth of discharge profile when discharging  

• Ambient environment conditions 

• Type of Battery Thermal Management Systems 

MANAGING DEGRADATION  

From a buyer’s perspective, having some level of awareness of battery use and how this affects 

its life is necessary as this will assist the EV owner in maximizing the life of the battery.   Here 

are some ideas to help: 

• The rate of degradation is significantly affected by the battery’s temperature.  More high 

temperature charging cycles will lead to faster rates of degradation.  High temperature 

occurs due to high temperature ambient conditions and the rate of charging.   

• Batteries that are regularly charged in hot climates using the same charging method 

(e.g. Level 2 at home) will have somewhat shorter lives that those charged similarly in a 

cooler environment.  If you could park your EV in a garage, especially if temperature 

controlled, this would help.  On a hot day, try to park in the shade. 

• Batteries that are frequently charged with higher power (e.g. DC Fast Chargers) will 

degrade faster than those that only use Level 2 charging.  This effect was clearly seen in 

early EVs.  EV manufacturers now include better Battery Thermal Management Systems 

(BTMSs).  BTMSs both heat and cool the batteries.  By keeping the batteries within a 
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reasonable temperature range, the rate of degradation can be significantly decreased.  

Tesla and Chevy Bolts/Volts use active (pumped fluids) cooling to keep the battery from 

overheating.   Nissan Leaf relies on passive air cooling to keep the battery cool.  BTMS 

can be powered by either the EVs battery or if plugged into a charger, may be able to 

draw from facility power to cool or heat the battery.  Some models will warm the battery 

automatically in cold weather.  According to Car and Driver in June 2020, the 2021 Audi 

e-tron EVs will have a BTMS designed to manage charging at the 150 kW EVSE level 

and be able to keep the battery temperature relatively constant.xxxi 

• In an ideal case, using effective charging practices and BTMS, batteries may be useful 

for over 300,000 miles.xxxii   Per CleanTechnica, without BTMS, the realized SoH number 

is significantly worse.  Per Electrek, Tesla batteries realized degradation measured at 

less than 10% after over 160,000 miles, according to latest data. xxxiii   Per Bloomberg 

News (June 2020), the company Contemporary Amperex Technology Co. Ltd. is ready 

to produce a battery that lasts 16 years and 2 million kilometers (1.24 million miles).  

This company works with Tesla and Volkswagen on battery development.xxxiv 

As stated, some deterioration occurs for all rechargeable batteries.  This is one of 

the key reasons that Li-ion batteries are increasingly employed as they are more 

resilient to cycling.  Some resources in the endnotes discusses more about 

temperature effects.xxxv The State of Charge after a charging event impacts battery 

life.  If a battery is refilled to 100% every time charging occurs, the battery will 

degrade faster than if only charged regularly to 80% ( 

 

• Figure 13 provides a simplified illustration).   This again is due to temperature.  Higher 

SoC means higher battery temperatures at the end of a charging event and therefore a 

higher potential for battery material degradation.  There is a range of information 

suggesting frequent DC Fast Charges reduce battery life compared to lower power 

levels, but some other studies have shown this to be minimal.  This depends on the 

effectiveness of the BTMS and charging cycle practices.  Early EVs either allowed only 

100% refills or had locked in presets, say 80 to 90% SoC.   Degradation was more 

apparent on those EVs that were regularly charged to 100%.  Depending on the EV, EV 

drivers now can manage (set) the SoC for an EV battery system, extending the life of the 

battery.  This means for example, for a 40-kwh battery would only use 80%, or 32 kwh 

for driving the vehicle.  Tesla offers the ability to adjust the SoC, and is default set at 

90%, but provides range of 84% to 94%.  There are differing views about what the 

optimal SoC after charging is, but generally this number runs from 80 to 95%.   An EV 

driver also has the option to control the level of charge less than 80% by intentionally 

stopping a charging session. 

 

 

https://d.docs.live.net/4ec9df1662c020ea/1%20GWE/Sales/Consulting/Metro%20Mayors%20Caucus/EV%20Ready/EV%20Grant/Project%20Work/Guide/Tesla%20battery%20degradation%20at%20less%20than%2010%25%20after%20over%20160,000%20miles,%20according%20to%20latest%20data
https://d.docs.live.net/4ec9df1662c020ea/1%20GWE/Sales/Consulting/Metro%20Mayors%20Caucus/EV%20Ready/EV%20Grant/Project%20Work/Guide/Tesla%20battery%20degradation%20at%20less%20than%2010%25%20after%20over%20160,000%20miles,%20according%20to%20latest%20data
https://www.bloomberg.com/quote/300750:CH
https://www.bloomberg.com/quote/300750:CH
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Figure 13: Battery State of 

Charge Illustration 

 

 

 

 

 

 

 

 

 

 

• The amount of discharge in use affects battery life.  If the battery fully discharges 

(100% DoD, 0% SoC) the life is significantly less than if the discharge amount is 

regularly less.  For example, if the battery is only discharged to 50%, this might be able 

to quadruple the number of charging cycles for same level of degradation.  Again, this is 

a question of temperature and BTMS technologies can mitigate these effects.  Many 

EVs have a DoD minimum set at something around 80% (20% SoC). 

 

• EV drivers control the SoC and DoD and quickly learn where to drive, how far and 

under what conditions, and can adjust their recharging habits to suit.  If an EV driver is 

on an over-the-road long trip, charging to 100% on a Level 3 DC Fast Charger may 

make sense, especially if the next Level 3 charger is located where the extra miles may 

be needed.  If not necessary, the driver may consider charging to a lower value of SoC.   

If an EV owner can resist full discharges and full fills, this extends the battery’s life.  A 

longer / slower charge each night is better than supercharging when convenient for a 

typical day.  For example, with a Tesla, rated to 320 miles on a 100% charge, 80% SoC 

will provide maybe 280 miles, which provides enough range for most people’s regular 

days.  If traveling long distance, the driver has the option to fill to more if they need the 

range to get to the next charging location.   

 

For those interested, several technical articles on batteries are referenced in the end notes.xxxvi 

END OF BATTERY LIFE CONSIDERATIONS 

Solutions continue to be developed to repurpose, refurbish, and recycle EV batteries.  These 

advances are being achieved through private industry (e.g. companies that have been recycling 

batteries for many years), academia and government research facilities combined with 

incentives programs.  Used battery life can be extended by re-purposing the batteries (e.g. for 
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grid energy storage), reversing degradation effects, and recycling the chemicals and materials 

in the batteries.  All these potentials provide some residual value, which could be credited to the 

owner if the battery is every changed out.  When EV batteries are no longer useful to an EV 

owner, there are secondary uses for the batteries.  For example, imagine an EV battery can 

only reach 70% of its original distance.  This 70% could still provide energy for facility power 

backup for some time or an EV driver might decide to keep the battery and adjust the travel 

budget and charge more often.  The goal is to reduce or eliminate the need for landfill disposal.  

See Argonne Battery Recycling Website for more information.  

A corollary question is, what might it cost to replace a battery in the future?  For now, the 

Original Equipment Manufacturers (OEMs) are providing warranties on the battery such as 8 

years or 100,000 miles.  Since the batteries are still usable after the warranty period, the driver 

will just not be able to travel as far as the new battery once allowed.  As an EV owner, a new 

battery may represent a future cost and a prospective buyer of a used EV should be aware of 

the battery life limits and the potential replacement costs.  A related factor is, that after 8 years 

of use, the battery technology will have significantly advanced in distance per unit volume 

and/or cost effectiveness.  The EV owner may then be able to get a smaller battery to go the 

same distance for a much lower cost.  In effect, the market is betting on this happening, and the 

history of technology development strongly supports the objective of getting the battery and the 

vehicle to a more affordable price point.  The question EV owners will ask in the future is, 

“should I reinvest in a new (or used) battery now or get a new vehicle?”  This will depend on the 

care given to the vehicle, the driving habits, daily commute distances, the financial situation of 

the owner and other decision factors.     

Since EV batteries only have been around for about ten years, the markets are still exploring the 

issues of refurbishing and repurposing.  There remain several questions related to what will 

happen to EV batteries once they no longer can hold a reasonable amount of charge and 

cannot be refurbished or repurposed - besides disposal. 

EV SERVICING AND WARRANTIES 

For the EVs currently available in the marketplace, the vehicle dealers are currently the primary 

point of service for their brand, until such time a sufficient number of private mechanics are 

trained in maintaining these vehicles.  The EV OEMs each have service technician training 

programs to support vehicle servicing.  Generally, when buying an EV, the potential EV owner 

must ask the dealership about the support they will provide in terms of aftermarket parts and 

qualified EV service technicians. 

Note, a BEV owner should expect costs to maintain an EV to be substantially less compared to 

an ICEV, because there are fewer moving parts, fluids, and no spark plugs.    

EVs carry vehicle warranties like ICEVs, but with a specific set of warranties associated with the 

batteries, battery life and range.  Typical battery warranties are based on 8 years and 100,000 

miles (e.g. Chevy Volt and Nissan Leaf xxxvii,xxxviii).  Some dealers offer a % degradation basis for 

repair or replace, and some are less clear.   

https://www.anl.gov/topic/battery-recycling
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When buying an EV, these warranties should be discussed thoroughly.  BMW, Chevrolet, 

Nissan, Tesla and Volkswagen will replace the battery pack if it falls to a specified capacity 

percentage while under warranty, which is usually 60-70 percent.xxxix  Refer also to Battery 

section.  A comparison of battery warranties is available in Energy Sage: Battery Warranties.  

Per EDF (Électricité de France S.A.), an French green energy provider, the current prediction is 

that an electric car battery will last from 10 – 20 years before needing replacement.xl  

Selecting EV Charging Solutions 

An Electric Vehicle Charging System (EVCS) includes the EV Charging station, the conduit, 

wiring, circuit breaker and other hardware to supply and manage the electricity from the 

electrical power supply into an EV’s batteries.   The Electric Vehicle Supply Equipment 

(EVSE), or simply “EV Charging Station” or “EV Charger”, is the main device that safety controls 

the charging process.  In addition, some EVSEs feature hardwired or wireless communication 

with a network for managing the EVSE. 

EV CHARGING LEVELS 

There are three standard charging levels (1, 2 and 3).  Level 1 and Level 2 EVSE's output 

Volts AC (VAC), which are converted to Volts Direct Current (VDC) on board the vehicle.  

Level 3 most commonly outputs Volts DC and is commonly referred to as a DC Fast Charger.  

The standard charging levels in the United States are (refer to Table 2 for more details):  

1. Level 1: 110 to 120 VAC, typically 8 to 16-amp, power range is from 880 Watt 

(0.88 kilowatts, kW) to 1920 kW (1.92 kW).  110/120 VAC is the same voltage as 

in your home or office.   Level 1 uses the standard, grounded, three-prong 120-

volt outlet (NEMA 5-157) with ground fault circuit interrupter (GFCI) typically 

already available at any facility. 

2. Level 2: 208 to 240 VAC, typically 16 to 80 Amps (and most commonly 30 to 32 

A), meaning the power range is from 3.3 kW to 19.2 kW and most commonly 6.2 

to 7.2 kW.  208/240 VAC is used for electric clothes dryers, air conditioners and 

other appliances in homes and in offices.  Level 2 uses the standard, grounded, 

three-prong 240-volt outlet (e.g. NEMA 14-50) with ground fault circuit interrupter 

(GFCI) typically already available at a facility. 

3. Level 3 is supplied with 3 phase 480 VAC or higher.  Level 3 chargers can output 

either VAC or VDC.   The currently most common standard is VDC, meaning the 

electricity flows from the charger to the EV's battery directly as direct current.  

The range of options in Level 3 power levels starts at 25 kW up to 600 kW.  For 

retail applications, the typical range is 50 to 150 kW.  Level 3 charging using VAC 

is currently uncommon. 

The key parameter for sizing an EVSE is the power level (measured in Watts (W) or Kilowatts 

(kW)), that delivers power from the EVSE to the EV.  For Level 2 charging, power is calculated 

 
7 Wikipedia provides discussion on National Electrical Manufacturers’ Association (NEMA): 
https://en.wikipedia.org/wiki/NEMA_connector 

https://www.energysage.com/electric-vehicles/buyers-guide/battery-life-for-top-evs/
https://batteryuniversity.com/learn/article/bu_1003a_battery_aging_in_an_electric_vehicle_ev
https://batteryuniversity.com/learn/article/bu_1003a_battery_aging_in_an_electric_vehicle_ev
https://en.wikipedia.org/wiki/NEMA_connector
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by multiplying Current (in Amperes, Amps or A) times Voltage (Volts Alternating Current (VAC) 

or Volts Direct Current (VDC).  For example, a 30 Amp, 240 VAC charger has a capacity of 7.2 

kW (30 x 240/1000).  For Level 3 charging, three phase AC power calculations are somewhat 

more complicated but follow a similar logic.8 

For EVs using Level 1 and Level 2 charging, the external EVSE AC power is converted to DC 

on the vehicle, and this DC power is then used to charge the batteries.  This configuration is 

termed On-board charging.  Conversely, the DC Fast Chargers (DCFC) convert AC electricity 

to DC Off-board, and the batteries are subsequently charged directly with this DC power.  

Important to note, these fundamental AC and DC charging technologies have been in common 

use for many years, in many applications.  The rate at which an on-board charger converts from 

AC to DC is a limiting factor in how fast an EV can charge.    

The two most important parameters that determine the time required to charge an EV is EVSE 

output power (kw) and the battery energy capacity (kwh).9  When making a purchasing decision, 

the recharge time may influence your choice.  Per Table 2, different EVSEs have different 

power levels and recharge rates depending on voltage and amperage.  Figure 14 illustrates how 

this range of charging level and power at a given level affects the recharge time.  This graph 

illustrates the comparative length of recharge time to regain 100 miles of range.  As shown, the 

Level 1 may take over 20 hours to charge 100 miles.  Level 2 has a duration between 4 and 12 

hours, depending on the power of the EVSE.  Level 3 has a broad range of power levels, 

meaning 100 miles can be refilled from 4 hours down to 10 minutes. 

Per Figure 15, the recharge time for larger battery energy capacities, is related to their size and 

the EVSE power.   To illustrate the concept, this graph assumes for a range of battery sizes 

from 16 kwh to 75 kwh, the charging is started when the battery is 20% full and completed when 

100% full.   This assumption was also used to construct the charge times in Table 2. 

 

8 3 Phase power is related to AC amperage and voltage by a factor of the square toot of three and the 

power factor.  For more, refer to “Modification for Relocation Service Application” ComEd "Modification for 

Relocation Service Application” and or Sciencing, "How to Calculate 3 Phase Power",” 

9 As an analogy to gasoline, kw can be thought of as gallons per minute fill rate into a vehicle tank and 
kwh capacity can be thought of as the number gallon the tank holds. 

https://www.comed.com/SiteCollectionDocuments/MyAccount/MyService/ServiceAppModificationRelocation.pdf
https://www.comed.com/SiteCollectionDocuments/MyAccount/MyService/ServiceAppModificationRelocation.pdf
https://sciencing.com/how-6521700-calculate-3-phase-power.html
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Table 2: EV Charging Level Data  

 

Figure 14: Charging Levels and Time to Refill for 100 Miles of Range 
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Figure 15: Level 2 Recharge Times as Function of EVSE Power Output and Battery 

Capacity 

 

AVAILABLE EVSES / LINKS 

For those wanting to research the types of EVSE, station finders, infrastructure standards, and 

other EVSE information, some links are provided.  Sites are intended for information and are not 

supplier endorsements. 

EVSE Manufacturers 

• Robotics and Automation News Webpage, “EV Charging Station Companies”xli  

• Electric Vehicle Supply Equipment (EVSE) Manufacture & Vendors- Plugin recharge 

websitexlii 

• EVSE LLC Overhead Garage EVSEs  

DC Fast Charger EVSEs  

• Charged EVs Webpage, “Which companies are the top DC Fast Charger 

Manufacturers?”  

Electrify America Program  

• Electrify America EV Charging Program  

https://roboticsandautomationnews.com/2019/05/01/top-20-electric-vehicle-charging-station-companies/22138/
http://www.pluginrecharge.com/p/electric-vehicle-supply-equipment-evse.html
http://www.pluginrecharge.com/p/electric-vehicle-supply-equipment-evse.html
http://evsellc.com/products/evse-garage-overhead-charger/
https://chargedevs.com/newswire/which-companies-are-the-top-dc-fast-charger-manufacturers/
https://chargedevs.com/newswire/which-companies-are-the-top-dc-fast-charger-manufacturers/
https://www.electrifyamerica.com/
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Finding Charging Stations 

• AFDC Public Charging Station Map – Most EVSE brands 

• ChargePoint Station Locator  

• PlugShare (most brands):  

• Google Maps (most brands): (enter “EV charger near me”) 

• Electrify America Station Locator:  

• Tesla Supercharger Station Locator   

Other EV Information 

• Wikipedia, "Wireless EV Charging" 

• Plugin Recharge Webpage, "EV and EVSE Infrastructure Standards" 

 

EVSE SIZING AND SELECTION 

In addition to the various power levels, EVSE selection decisions depend on the following 

factors:  

• EV Model(s) expected to be charged   

• EV battery size(s)  

• Available existing power from host facility 

• Future expansion of EVs charging for host facilities 

• EVSE users available time to charge away from a home base 

• Application: public vs. private vs. retail  

• Fleet vs. non-fleet use 

• Availability and need for power sharing/management 

• Normal and far range needs for EVs that will use EVSEs 

• Availability of and proximity to existing or planned public charging 

As discussed in the EV Selection  section, EVs have a range of battery sizes, which require 

different amounts of recharge energy.  An early consideration for selecting EVSEs is how many 

daily EVs of what size battery and range requirements needs to be estimated.  There are many 

applications for EVs and the frequency to refill, the level of refill and the requirements for how 

long to recharge vary.   

A work vehicle (e.g. fleet, delivery, service, bus) will often have a regular daily operation and the 

energy needs within this can be defined relative to 1) how fast to charge  2) how many EVs and 

3) what the range of battery capacity is needed to be recharged.  If a battery can be normally 

recharged overnight, a Level 2 EVSE will probably suffice.   For transportation EVs (e.g. buses, 

taxis), recharging may be needed at multiple times during the day.  This can be accomplished 

with DC Fast Charging, using retail /public EVSE outlets, or potentially using overhead bus 

recharging systems located at bus stops, or some may only need Level 2 charging, depending 

on waiting time and range needs.  For retail recharging, DCFC often makes the most sense, but 

http://www.afdc.energy.gov/afdc/locator/stations/?fuels=ELEC
https://na.chargepoint.com/charge_point
https://www.plugshare.com/
https://www.google.com/maps/
https://www.electrifyamerica.com/locate-charger
https://www.tesla.com/findus
https://en.wikipedia.org/wiki/Inductive_charging
http://www.pluginrecharge.com/p/infrastructure-standards.html
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some businesses will include DCFS and Level 2 charging to accommodate the full range of 

EVs. 

For most passenger EVSE applications, Level 2 charging at home or work is adequate, as there 

is enough time to recharge overnight or during a workday, assuming the battery size chosen at 

the time of purchase was defined by the daily needs.  When investing in EV Charging 

infrastructure, future capacity should be considered.  For a public charging space, a communal 

charger in a condo or apartment building, or a municipal parking lot, a plan to expand to more 

EVSEs should be considered.  The labor and material cost to install the conduit and wiring for 4 

EVSEs is not much more than for 2 EVSE.  The choice of the number of EVSEs to install may 

also depend on the availability of existing or planned proximal public charging.  

All EVSEs need host power.  When investigating installations, an early step is to understand 

existing spare power for the candidate host facility.  Many existing host facilities have limited 

power capacity in existing electrical panels (e.g. spare circuit breakers).  For example, if only 

enough spare power exists in a panel for one or two EVSE, this will limit the number of EVCS 

circuits that can be installed without adding electrical capacity or using a different panel.  For 

reference, for one Level 2 charger, a 40- or 50-Amp circuit breaker is needed.  Several EVSE 

vendors provide the ability to power share, where multiple EVs can be connected at the same 

time and share a circuit breaker, where the power supply is reduced (e.g. amperage is halved) 

and proportionately shared between EV charging points, and/or the controls can sequence 

which EV is charged and when.  Refer to Determine Electrical Requirements section for more 

information. 

EVSE EXAMPLES 

The specific charging technologies depend on the charge level (1, 2 or 3), power level (kW), 

power type (AC vs. DC), data and communication requirements and the vendor.  Figure 16 

through Figure 19 provide some examples of the EVSE hardware for various charge levels. 

Level 1 is mainly for residential, work, and mobile 

use (Figure 16).  A homeowner can charge at night 

at a rate of about 4 range miles per hour.  While 

traveling, this portable charger can be plugged into 

many standard 15- or 20-amp outlets.  These 

portable EVSEs are supplied with most EVs.  An 

overcurrent protection is provided within the 

device.  Some public ally accessible Level 1 

chargers are available. 

Some Level 2 chargers (Figure 17 and  

Figure 16: Level 1 EVSE, 110 VAC Portable.  

Left photo courtesy of Clipper Creek, Right 

photo provided by author 
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Figure 18) simply include the ability to safely charge EVs using the J1772 connection.  Other 

Level 2 EVSEs have a range of other features.  Level 2 chargers are typically 30 to 40 Amps 

and will charge at a rate of 20 to 30 range miles per charging hour.  Tesla has offered Level 2 

EVSEs up to 80 Amps, which can charge over 50 range miles per hour.   Level 2 EVSEs are 

mounted on a wall, sit on top of a pedestal or bollard, or may be hung from a ceiling.  Level 2 

EVSEs are provided with one or two cord connectors units.  Typical connector cord lengths vary 

from 18 to 25 feet.  Most vendors expect the user to uncoil the cord when charging and recoil 

when done.  Some EVSE vendors provide spring-loaded devices that pull the cords back and 

neatly capture the cord when the user is done charging.   Figure 17 shows some wall-mount 

Level 2 examples of the basic solutions which work well for residential or limited use 

applications.   

 

Figure 17: Level 2 Wall Mounted, Single Port Residential Chargers (Left to Right: photos 

courtesy of ChargePoint, and Clipper Creek) 
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Figure 18: Level 2 Public or Private EVSEs (from left to right: photos courtesy of 

ChargePoint, Clipper Creek, Galaxy Overhead, Juice Box and Volta) 

 

 

 

 

 

 

 

 

Figure 18 shows a range of Level 2 EVSE including those with single and dual ports, bollard / 

pedestal, wall and overhead mount, and video/audio capabilities, including advertising 

capabilities. 

Tesla is unique for both the EV and the EVSE options for Level 2.  The Tesla proprietary 

connector will not fit into a standard J1772 connection, but adaptors can be purchased to allow 

Tesla drivers to use other Level 2 EVSEs with the J1772 connector.  Tesla mobile adapter kits 

can plug into a standard 110 VAC or 240 VAC outlets.  Some Tesla adaptors come with the 

vehicle purchase or purchased separately.   These mobile units can take up to 40-Amp, 250 

VAC. xliii Refer to Tesla Charging Shop for more details. 

https://shop.tesla.com/category/charging?tesref=true
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Level 3 or DC Fast Charging requires high power (480 VAC and higher), charges quickly and 

often includes available Level 2 features listed above.   Figure 19 shows some examples of 

DCFCs.  These examples include both CHAdeMO and CCS connections, integral payment 

methods and local readouts of kilowatts and costs, analogous to a gasoline pump.  These 

EVSEs allow any EV to charge with the corresponding standard female connection.   

 

Figure 19: DC Fast Charging Stations – left to right: Photos courtesy of ChargePoint - 

CPE 250 (62 kw), BTC Power (50 to 150 kw, part of Electrify America base)  

OTHER EVSE FEATURES AND OPTIONS 

This section introduces some other EVSEs features and options, as follows: 

• User access methods 

• User location tracking (GPS) 

• Communication protocol  

• Cloud Services  

• Routing 

• Reservations and wait listing 

• Reporting capabilities – ability to track events, greenhouse gas, electricity, billing 

• Fees and payment  

• Automatic software upgrades 

• Video and advertising capabilities  

• Customizable Branding 

• Types of warranties, extensions, online and on-site support 

 

User Access 

Some EVSEs require a user to have permission to safely access the electricity.  Simpler EVSEs 

have no access controls.  EV drivers simply plug in and access electrons, with automatic shutoff 
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when the EV indicates it is full.  Other EVSEs provide security methods to access the charger, 

using Radio Frequency Identification Devices (RFID), charge cards or pass cards, with or 

without using a network.  These access methods often include a handle lock, which is released 

when the swipe card or RFID is recognized.  Some EVSEs include padlocks that lock the 

connectors in place. 

Communication Protocol and Interoperability 

EVSEs are set up to communicate with the EVs, using the Internet and with intranets, wirelessly 

or via Ethernet hardwired connections.  This is commonly accomplished by including a cellular 

telephone or a Wi-Fi communication device within the EVSE architecture.  Some of the EVSE 

vendors have proprietary communication protocol, others use Open Charge Points Protocol 

(OCPP) Charger Network Management and some systems are integrated into larger facility 

system (e.g. building management / “smart building” platforms).  Some cards (e.g. fleet, multiple 

unit dwellings) are tied to a single EVSE vendor, while others can be applied to a range of public 

chargers.  A key consideration is whether an installation should consider a platform that can 

easily operate with others or if a proprietary solution will be adequate or even strategic. 

Cloud Services 

For those EVSEs that are connected to the Cloud (Internet) wirelessly or hardwired, a range of 

capabilities are offered.  A key feature may be the ability to set pricing remotely and at multiple 

access points and pricing levels.  Most cloud services include GPS locating of the EVSE on 

smart phone, tablets and (some) EV dash readouts.  Some add the ability to reserve an EVSE 

for a limited amount of time, so the driver knows and can plan the charging event.  This process 

may include the ability to notify drivers when an EVSE becomes available (“Wait List”).  This 

may also include the ability to let valet services know when a vehicle is full.   

Cloud services also manage the charging events, fees, and payments, reporting and 

troubleshooting.  Cloud-based programs provide the ability to let EV drivers know the status of 

each charging event and to know when an EVSE becomes available.  Programs are available to 

charge a fee while recharging, and if the EV is not moved within a certain time frame, an added 

fee is applied - thereby encouraging people to move their vehicle when charging is completed.  

Cloud services may include real time reporting on each charging event (time, kwh, fee), the 

collective amount of information for all events, depictions of usage trends, calculation of 

greenhouse gas reduction by event and by EVSE and more. 

Networked EVSEs are commonly provided with 24/7/365 support services, based on annual 

fee-based subscriptions.  As upgrades are available, they are immediately and automatically 

available to subscribers.  The charging system should therefore always have the latest 

capabilities.  In the event of an operational issue, including reboots, ground faults, vandalism, 

and other causes, the network service is immediately alerted, as is the station owner (e.g. via 

smart device alerts and email).  Remote troubleshooting can easily address most issues and 

apply software fixes.  Normally, the EVSE owner often does not have to deal with changes, 

except being electronically informed of such changes by the network service provider.   

https://www.openchargealliance.org/
https://www.openchargealliance.org/
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Charging Networks 

At the early stages of the rollout of EVs, it was challenging to find a charging location, especially 

if a charge was needed outside of a familiar area.  The EVSE vendors, in cooperation with 

governments, have set up networks which use a combination of 

Global Positioning Systems (GPS) and mapping software for EV 

drivers to easily locate nearby charge stations and even provide 

directions for the driver from a current location to the charging 

location.  This information is communicated to the driver via an on-

board telematics user interface, a 

smart phone, and/or a computer, 

making navigation easy.  

Telematics is the integration of 

communications and information 

technology for sending, receiving, 

and storing information via 

telecommunication devices in 

conjunction with affecting control 

on remote objects, often 

integrated with GPS.  Figure 

20 shows a cell phone app for 

locating stations and  

Figure 21 shows a dash based 

locating interface in a Tesla. 

Figure 21: Tesla S On-board GPS and Station Locator 

The Department of Energy, Alternative Fuels Data Center (AFDC), provides a website for all 

registered EVSE charge points, from multiple EVSE vendors.  From this site, one can see all the 

public charge spots near an EV owner’s location (e.g. by zip code) and use GPS to locate each 

charger.  People who purchase and install EVSEs are encouraged to add their chargers to this 

site and others if they want to share their chargers.  More is discussed under Publicly Owned 

Publicly Accessible Charging section.  Private companies, multiple unit dwellings and others, 

may prefer to serve a fixed number of clients and not register these sites on the AFDC or other 

websites.  

The AFDC website includes the vast majority of public chargers in the US and has other 

features.  The interface is shown in  

Figure 22.  This site allows for downloading of all the relevant data from these sites, such as 

location mapping, EVSE vendor, charging levels, and whether it is free or requires a fee to 

charge.  The AFDC allows additional search filters based on locations (e.g. zip code, city) or 

charging level (Figure 23). 

Other sites (ChargePoint (Figure 20), PlugShare (Figure 24) locate stations and provide pricing 

and additional information.  PlugShare allows the ability to filter and search based on the 

Figure 20: EV Charging 

Station Locator Phone 

App (Courtesy of 

ChargePoint) 

http://www.afdc.energy.gov/afdc/locator/stations/
https://na.chargepoint.com/charge_point
https://www.plugshare.com/
https://www.plugshare.com/
https://www.plugshare.com/
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network service provider.   Several websites allow the pricing to be previewed before driving for 

a recharge.  

 

 

Figure 22: AFDC Site for Electric 

Vehicle Charging Station Locations 

and Data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 24: PlugShare and 

ChargePoint Network Choices 

 

 

 

Payment Methods 

Figure 23: AFDC Station Locator 

Filter Window 
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Some EVSEs include the ability to 1) provide a charging service and assess no fees or 2) 

charge a fee for time parked, by energy consumed (kwh) or by subscription (e.g. fixed monthly 

fee).  Each of these are next discussed. 

Basic (No Fee) Plan: the EVSE owner allows EV drivers to park and charge their batteries for 

no fee.  This plan provides the basic features for safely managing the charging event.  Free 

stations may also be visible on GPS software programs if the site is registered, but typically no 

reservations options are available.  This plan is commonly used for municipalities or employers 

that want to provide basic charging as a service for visitors, patrons, and employees.  Some 

EVSE owners start with no-fee plans but see the potential to be able to charge a fee at some 

point in the future.  Service plans may be modified by the EVSE owner. 

Pay-to-Charge Plan: commonly used by businesses, municipalities and other organizations 

wanting to generate a source of revenue and/or cover their electricity costs.  This includes the 

features of the Basic Plan plus the ability to customize pricing, offer reservations, and monitor 

and report revenue, energy use and more.  The fees may be based on time connected or 

amount of kilowatt hours transferred to the EV.   The kwh transferred is the most accurate an 

fair way to provide electricity. 

Others provide multiple-tiered pricing, auto payment and billing.  For example, in a municipality, 

the fleet EVs may not be charged to use the EVSE, but visitors could have a fee assessed.  

Rates can be varied based on time of day (e.g. charge full fee during day, reduced or no charge 

at night).  This may include taking advantage of Time of Use electricity pricing (refer to Smart 

Grid Rates for EV Charging section), where applicable, which is when utility charges are less 

when demand is low.    

For chargers that generate revenue for the owners, fees are paid by three basic methods, 1) 

with the swipe of a standard credit card (e.g. Visa, Master Card, Discover) or with a 2) Radio 

Frequency Identification (RFID) cards or fobs or 3) manage manually by installation of sub-

meters that are periodically read, with a bill generated manually.  For some vendors, the EV 

driver can also call a number on the card and on the EVSE and bill, using a credit card over the 

phone.  Some fleets may manage the measurement of electricity and any billing using fleet 

charger cards tied to internal accounting systems. 

Level 3 / DC Fast Charge units are commonly based on fees and use similar payment systems 

as described above.  Level 3 charging station owners are interested in reduced charging 

intervals and charge most vehicles from 20 minutes to an hour, depending on the battery sizes 

and range vs. charging time goals of the drivers.  Level 3 EVSE owners commonly expect to 

gain a return on investment through fees.  Fast charging provides fleet vehicles with the ability 

to maximize their daily time in service, for example located along major highways.   

Network service plans are commonly offered on an annual basis and are provided with various 

features based on varying fee structures.  Some EVSE vendors offer programs where the EVSE 

is facility-owned and EV owner pays a monthly service fee plus the cost of metered electricity 

(kwh). 
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Video 

Some EVSEs come with simple video interfaces to provide basic information for a charging 

event, such as amount of electricity (kwh), time charging, how to use the charging device, and 

cost incurred- akin to a gasoline pump readout.   

Other EVSEs include the ability to manage rolling video and audio advertisements, as static 

images, or as streaming video.  The host facility pays a regular (e.g. monthly) fee to the agency 

managing the advertising and a contract with defined commercial obligations is required.  Some 

of these marketing-based solution providers will pay for the EVSE and / or the installation.  The 

site may advertise their own products and services or support a more general “billboard” type 

advertising model. 

Customizable branding 

Some EVSE vendors will allow addition of branding built into the EVSE housing.  This may be a 

banner, a placard or other customizable presentation that can be made and easily integrated 

into the EVSE.  

Types of warranties, extensions, online and on-site support 

Most EVSEs are provided with a standard one- to three-year warranty package for the parts, 

which includes replacement of parts that fail due to defects in workmanship and materials under 

normal use.  Some vendors provide extensions to these parts warranties.  Other vendors offer 

parts and labor warranties for an additional fee.  For these programs, if on site visits to effect 

repairs are needed, these will be provided at no cost.  For EVSEs, if network services are 

included, most issues that can be resolved remotely are covered under cloud plans.   

 

 

 

Assessing Sustainability 

For many jurisdictions and other organizations, sustainability strategies are an integral part of 

the initial motives for investigating investments in EVs and EVSEs.  Sustainability decisions 

consider environmental, economic, and social outcomes that are maintainable and 

collaborative.  This section focuses mainly on the environmental aspects, but the economic and 

social are always integral to decisions as discussed below.  When done properly, 

environmentally driven actions have positive investment returns and provide social benefits in 

terms of improved quality of air, water, health, and social equity.   

As mentioned, transportation is the leading US energy sector for the generation of greenhouse 

gas (GHG), in the form of Carbon Dioxide (CO2) and other pollutants such as nitrogen oxides 

(NOx), un-combusted hydrocarbons, carbon monoxide, sulfur oxides, ozone and particulate 
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matter, all byproducts of internal combustion engines.  By switching to Electric Vehicles (EVs), 

tail pipe emissions are reduced to zero for all these pollutants. 

Without the need to address pollution and GHGs in transportation, we would likely not be so 

seriously considering electrification.  Depending on the generation source of electricity (e.g. 

coal, nuclear, natural gas, renewable energy), the net amount of pollution required to power an 

EV may be more or less than an ICEV on a ‘well-to-wheels’ or life cycle analysis basis.xliv  For 

transportation, total life cycle energy use analyses (sometimes also called “cradle to grave” 

energy analyses) considers not only the direct vehicle’s energy use, but also the indirect energy 

used to extract, process and transport materials used in vehicle components, produce and 

deliver the vehicle, produce the electrons used to charge the EVs, and ultimately the disposal of 

the vehicle.  By understanding the energy required at each step and knowing the power 

generation sources, estimates can be made as to the lifecycle emissions, and this in turn is 

converted into emissions per vehicle mile traveled.  These measurements allow comparisons 

between alternatives.  The differences between ICEVs and EVs lies mainly in the emissions 

associated with the power used to power the vehicles, as the other lifecycle emissions are 

similar.  

This evaluation boils down to the emissions associated with petroleum fuels per mile in an 

internal combustion engine vehicle versus emissions from electrical power consumed per mile 

in EVs.  In 2020, the US on average the life cycle use of energy for EVs causes less 

greenhouse gas than ICEVs.  In Illinois, with the high use of nuclear power, EVs produce GHGs 

at one third the rate of their ICEV counterparts.   

Further, as more renewable energy is used at each life cycle stage, this displaces fossil fuels for 

electricity generation, the associated emissions decrease for the indirect and direct use of 

electricity for EVs.  From a life cycle energy use perspective, renewable energy and nuclear 

power generation do produce some emissions in associated mining, transportation, and 

manufacturing of the technologies, but these are relatively small contributions over the course of 

an EV’s life.   If Illinois were to be 100% renewable energy as the source for transportation, then 

close to zero emissions at the tailpipe would be involved in the lifecycle of electrified 

transportation.    

For ICEVs, the fuel economy standards had been sequentially improved by law over the last 

generation to reduce the emissions per mile traveled.  During the Obama administration, the 

target was to increase the fuel economy standards for automakers to achieve 55 miles per 

gallon for the range of light duty vehicles they sell by 2025.   In March of 2020, the US rolled 

back this number to 40 mpg by 2026.  Fuel economy will help ICEVs compete with EVs on an 

emissions basis, but this becomes difficult if the standards are relaxed.  More at Federal 

Highway Traffic Safety Administration: Corporate Average Fuel Economy (“CAFÉ”).  

Fleet owner’s decisions and actions are influenced to varying degrees with respect to 

sustainability.  Those in public positions may feel compelled by the public good or by public 

policy, to move towards alternative transportation solutions.  Some choices are incentivized by 

grants or rebates, to reduce greenhouse gas or combustion pollution, or to improve a fleet’s 

energy efficiency.  Private businesses may focus their decisions more on the bottom line but 

https://www.nhtsa.gov/laws-regulations/corporate-average-fuel-economy
https://www.nhtsa.gov/laws-regulations/corporate-average-fuel-economy
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keep a keen eye on policies and incentives related to pollution mitigation and energy 

consumption.  In today’s businesses world, an increasing number of corporations are integrating 

sustainability into their global and local strategies, including investing in EVs and EVSEs.     

To manage the relative impact on pollution and GHGs, fleets should consider establishing a 

plan including 1) baselining the types and emissions of current fleets and 2) when migrating to 

transportation solutions with lower emissions, monitor the changes in emissions.  Some basic 

tools for understanding and estimating vehicles emissions and associated regulations can be 

found at some US Environmental Protection Agency websites: 

• Mobile Source Pollution and Related Health Effects  

• Greenhouse Gas Emissions from a Typical Passenger Vehicle 

• US EPA Air Emissions Inventory 

• Regulations for emissions from vehicles and engines  

• Regulations for Emissions from Commercial Trucks and Buses (Heavy-duty) 

• Regulations for Greenhouse Gas Emissions from Passenger Cars and Trucks 

For more comprehensive valuations of emissions by vehicle make and model, Argonne 

Laboratories provide tools allowing fleet owners to assess the amount of emissions by vehicle 

make and model using their Greenhouse gases, Regulated Emissions, and Energy use in 

Transportation (GREET) and Alternative Fuel Life-cycle Environmental and Economic 

Transportation (AFLEET) Tools. 

• GREET provides a “well-to-wheels” life cycle analysis for a range of fossil fuel engines 

and electrically powered vehicles.  This considers the fuel used by and the emission 

created by the vehicles, the upstream emissions from mining, manufacturing and 

delivery of fuels and the downstream emissions associated with disposal of the vehicles.  

• AFLEET integrates the GREET emissions data and estimates petroleum use, 

greenhouse gas emissions, air pollutant emissions, and cost of ownership of light-duty 

and heavy-duty vehicles using simple spreadsheet inputs. 

•  

6. EVCS PROJECT PLANNING 

As part of decision making for installing EVCSs, local governments, business and other 

organizations must consider facility and fleet operational planning and consult with utilities, local 

municipalities and EVCS installation contractors.  The top-level questions that should be 

addressed are: 

• How to quantify the numbers and levels of EVCSs to install now and in the future? 

• Where to put the EV charging stations? 

• What type(s) of charging stations will you need? 

• How will the investment be funded? 

• When do you plan to start and complete the installation? 

https://www.epa.gov/mobile-source-pollution
https://www.epa.gov/greenvehicles/greenhouse-gas-emissions-typical-passenger-vehicle
https://www.epa.gov/air-emissions-inventories
https://www.epa.gov/regulations-emissions-vehicles-and-engines
https://www.epa.gov/regulations-emissions-vehicles-and-engines/regulations-emissions-commercial-trucks-and-buses-heavy
https://www.epa.gov/regulations-emissions-vehicles-and-engines/regulations-greenhouse-gas-emissions-passenger-cars-and
https://greet.es.anl.gov/tools
https://greet.es.anl.gov/index.php
https://greet.es.anl.gov/afleet
https://greet.es.anl.gov/index.php
https://greet.es.anl.gov/afleet
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Related questions to support the above include: 

• What is the host facility’s spare power capacity?   

o Is there enough power for the planned EVs to charge?   

o Will power need to be transformed or will new power lines be needed? 

• Should the EVSE(s) be networked to the Cloud, an intranet, and whether to use telephony, 

WiFi?  

• If networking is included, what are EVSE supplier’s communication methods, network 

services and associated pricing programs? 

• Should a payment mechanism be required, and should this process be automated?  

• Is a formal Request for Proposals for EVCS required?  If so, should multiple proposals be 

required?  How is the RPF developed and managed? 

• How to find a qualified installer? 

• What are the permitting and inspection requirements and costs? 

• Will space marking, space signage and wayfinding signage be included? 

• Any special needs, such as Americans with Disabilities Act (ADA) spaces for EVs to 

charge? 

• What kinds of special security and safety precautions are needed, and associated costs?  

• What are the operational, maintenance and training needs and associated costs?  

• What kinds of warranty services and parts are included (e.g. term, parts, parts, and labor)? 

Contractors and consultants can provide planning ideas on the impacts of various EVCS 

choices, locations and space requirements related to electrical power capacity, power sharing 

options, flooding and water issues, avoidance of tripping hazards for the EVSE cords, code 

requirements, cellular signal strength, how and if to contact the utility, and/or what else may be 

recommended.  The single largest variable in an EVCS installation cost is the distance and path 

between power supply (i.e. electrical service panel / circuit breakers) and the EVSE, basically 

the cost of material and labor for installing conduit and wiring.  This path from the power source 

run to the EV charging space is referred to as the ‘branch run’.  Figure 25 shows a typical 

installation for a Level 2 installation.   

https://afdc.energy.gov/files/u/publication/WPCC_complyingwithADArequirements_1114.pdf
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Figure 25: Simplified Typical Level 2 Installation 

Contractors and site assessors can provide ideas up front as to relative costs related to distance 

and the path of the wiring as well as other factors in siting the chargers.  Site assessment are 

commonly included as part of the contractor’s services or may billed as a service separately.  

Each site will have unique requirements based on the type of facility, its goals, the economics of 

the plan and other factors.  Some examples of the variations that could be seen for 

municipalities, businesses, workplaces, and other organizations are: 

• Level 1 Charger circuits may be involved to charge single vehicles over the course of a 

normal (e.g. 8-hour) day or night, or to partially charge more than one vehicle during a day.  

Most Level 1 chargers have a cord that needs to be safely located during charging events 

and recoiled after charging events. 

• Level 2 Chargers will be the most likely type of EV charger requiring installation for many 

installations.  Compared to Level 1, Level 2 charging occurs 5 to 10 times more quickly.  A 

single EVSE Level 2 parking space may fully charge multiple vehicles in a normal day, 

depending on State of Charge of EVs and sizes of the batteries.  Also, power management 

alternatives can be applied: to share power and/or automatically switch charging from one 

EV to another, once the first EV is fully charged. 

• Level 3 Chargers (DC Fast Chargers) may be installed to charge many vehicles very 

quickly and fully.  DCFSs are largely being used for private business selling electricity as 

retail applications but may be installed in other public settings, including fleets.  To justify a 

DCFC, each EVSE should be expected to charge multiple vehicles during a normal day.  

This may be a good application for fleet vehicles (cars, buses, trucks, delivery vans, etc.) or 

a profit-making pay-to-charge facility or parking area.   
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• A mix of Level 1, 2 and 3 chargers.  As an example, consider an airport parking lot, where 

some vehicles are parked for long time periods.  Level 1 chargers could be adequate.  Other 

airport vehicles may need quicker charge - visitors may benefit from a Level 2 charge time, 

say 2 to 3 hours, or some may benefit from a fast Level 3 charge time. 

Quantifying EV Charging Needs 

For an EVCS project, the number of EVs predicted or planned to be charged on a regular basis 

and the respective target range miles to be supplied, defines the demand and the EVCSs need 

to provide the supply to match.   This decision further relates to the number and levels of EVSEs 

to install now vs. the future.  All of these decision factors must be assessed case-by-case, such 

as: 

• Application type (fleet, public/private, workplace, multiple unit dwelling, residential) 

• Estimates of the amount of energy (kwh) needed on hourly, daily, weekly, and annual 

basis 

o Current and near-term EVs planned to be charged (e.g. fleet EVs) 

▪ That will fit operational needs and   

▪ Estimate associated battery capacities and daily range expectations 

o Regional quantity of current EVs that might use a planned EVSE investment 

• Charging level alternative strategies  

o Self-charging 

o Use of public or private EVSEs 

• Organizational sustainability goals  

• Estimates of economic strategies 

o Available funds and / or willingness to take on debt 

o Ability to develop pricing strategies and successfully generate revenue 

o Availability, timing, and rules of EV and EVCS incentives 

o Marketing strategies – getting the word out, use of advertising approach 

• Based on schedules of expected EV purchases or leases, determine real world 

availability of suitable EVs, including applicability for application (right sizing) 

considerations 

• New planned facility projects and EVCS considerations and local ordinances requiring 

EV readiness planning 

• Retrofit construction and EVCS requirements 

Timing and sequencing of EV and EVCS quantities may also be driven by the availability of 

incentives and supporting state and local policies.  Incentives may cover the branch run and the 

EVSE, but not include any new infrastructure to add power capacity (e, g. power 

transformation).  Polices may encourage the growth of EV sales (e.g. ZEV Programs) and 

therefore demand for EVSEs. 

The EVCS quantification considerations for fleets, public, Multiple Unit Dwellings, workplace and 

private retail are next considered. 
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Fleet Charging 

To plan for EV charging for a fleet, a determination of the number of EV fleet vehicles that can 

be realistically electrified must be first assessed by the fleet owners and operators, and this 

answer will contribute to the initial EVCSs quantities.  As discussed in the Selecting EVs 

section, up until 2020, the EV market has been focused largely on passenger EVs.  This trend is 

changing and an increasing number larger EVs, applicable for a range of fleet applications, are 

becoming available.  Decisions will also depend on purchasing cycles, vehicle retirement 

criteria, and right sizing requirements.  The initial charging capacity may be based on using 

many of the available choices of passenger EVs (e.g. administrative applications) but should 

anticipate the coming availability of larger EVs.  If the EVSEs are to be shared with employees, 

visitors, and/or the general public, this should be considered in determining energy demand, 

EVSE count and charge level, as well as ascertaining if shared charging will have any 

consequences to fleet operations. 

If a plan indicates adding EVs to your fleet over time, this will help determine the number and 

level of the chargers now and going forward.  The locations and quantities of the EVCSs will 

also be a major determinant of facility requirements, as host facilities will be the power suppliers 

and these facilities may have operational constraints.  The primary criteria for where recharging 

will occur is often defined by what service the vehicle provides for the fleet, its customers, and 

the daily logistics.  If fleet vehicles return to a home base and can be predictably recharged, 

then the EVSE facility location is often preset.  If the fleet vehicle can take advantage of publicly 

accessible charging sites, this may influence the demand and the associated numbers of plugin 

connections needed.  Some fleets are able to and choose to only self-recharge on their own 

premises.   Other fleets may want or need to use third party charging, and when planning, the 

regional EVSE availability should be assessed. 

A likely scenario will indicate some changes from ICEVs to EVs in the short term, and more will 

follow based on natural vehicle replacement cycles.  The EVCS planning should consider the 

longer-term plans, including upgrading electrical service once and possibly running conduit to 

fleet parking areas (termed “EV Capable”) for future EV and EVSE purchases.  In some cases, 

fleets may want to actually install fully functioning EVCSs, including EVSEs, termed “EV 

Ready”.  EV Capable and EV Ready approaches can save the fleet owner considerable capital, 

as discussed in the Total Installed Costs section. 

Some fleets are comprised of multiples of the same or similar vehicles (e.g. delivery fleets).  

Municipal and other fleets may include many types of dissimilar vehicles and applications.  The 

mixture of fleet EVs that could apply now and later, will also define near and longer-term energy 

demand, EVSE numbers, and associated charging levels, as well as the need for and timing of 

infrastructure upgrades. 

Decisions will be further influenced by whether the evaluation is considering retrofit vs. new 

construction.  For existing facilities, upgrades to electrical service may be required to meet the 

EV demand profile.  Upgrades should be forward-looking and consider upsizing power capacity 
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for demand perhaps 10 years or longer, as the cost difference to add electrical infrastructure 

once versus completing multiple upgrades may be significant. 

Based on the EV decisions and timing of purchases, the question of how many and which level 

should be considered.  This will be defined by the operational profiles of the vehicles as 

discussed in the Assessing Operation section. 

Fleets with plans to add new or add to existing facilities should consider inclusion of EVSCs in 

the near- and longer-term.   Many communities may adopt EV Capable or EV Ready 

stipulations for the percentage of EV charging spaces in new construction, so the number of 

EVCSs should be weighed in planning new facilities.  

Publicly Owned Publicly Accessible Charging 

For publicly owned and accessible charging applications, the most fundamental question, of 

course, is how many EVs will need public charging in the near-, mid- and long-term?   This is 

driven by local population density, per capita income, the confidence in the EV market growth 

and the chosen location.  The number of EVSEs to install will be determined by the demand of 

EVs that would be predicted to use the service near and longer term.  The demand will be 

based on EV density near the site, the price charged to the EV driver, awareness of the site, 

and the characteristics of the location. 

According to the US Department of Energy, Energy Efficiency and Renewable Energy website, 

EV drivers do 80% of their charging where they live.xlv This means that 20% of the EV charging 

occurs elsewhere.  Most of this is at public and workplace charging sites.  Charging in a single-

family homes, usually in a garage, allows applying low, stable residential electricity rates.  Public 

electricity prices for EV charging ($/kilowatt hour = $/kwh) are generally set higher than 

residential rates, even though retail public sites may pay the utility less in $/kwh, compared to 

residential.   

As a public charging site, setting rates that are too high will discourage patrons who perhaps 

can wait until they get home to recharge.  The point is the demand for use of public EVSEs is 

significantly affected by the rate price, and this needs to be considered when planning the 

number of EVSEs.  Many public sites set prices low (or free) until EV drivers learn about the 

site.  Once some demand is built up, the price may be increased.  If the site is used strictly as a 

public service (free), then pricing is clearly not a worry. 

As illustrated in Figure 1, the growth of EVs is predicted to be dramatic in the next ten plus 

years.  To the extent these growth estimates are to be believed, when considering a public site, 

a review of existing proximal and planned EVSEs nearby should be completed.  The AFDC 

EVSE station locator site or the Plugshare EVSE Location Site can be used to determine 

existing EVSEs in the region or by zip code.   

Determining the number of EVs in each area is currently somewhat challenging.   As of January 

2020, EVs have separate licensing fees from ICEVs and these vehicles are now quantifiable by 

region.  The State of Illinois provides data on EV population by county and municipality via the 

Illinois Secretary of State’s Office, Electric Vehicles in Illinois.  ComEd is also asking for people 

https://afdc.energy.gov/stations/#/find/nearest?fuel=ELEC
https://afdc.energy.gov/stations/#/find/nearest?fuel=ELEC
https://www.plugshare.com/
https://www.cyberdriveillinois.com/departments/vehicles/statistics/electric/home.html
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to register their EVs at the EV website.  One of the goals is to gain a better understanding of 

how many and where these EVs are located.  For those interested in public charging, these 

sites may help in the planning.   

For regional planning for public charging, the AFDC offers their Electric Vehicle Infrastructure 

Projection Tool (EVI-Pro Lite tool).  This modeling tool provides informed estimates of the 

quantity and type of EVSEs necessary to support regional adoption of electric vehicles by state 

or urban area.  Based on estimating the number of vehicles to support for public charging and 

the mix (%) of EVs based on range, the model predicts the number of Level 2 public and 

workplace EVSEs and the number of public DCFCs.   

A key element for public charging is to locate a site that will promote multiple charging events in 

a given time frame, referred to as “turns”.  Ideally, for Level 2 EVSEs, EV drives will be able to 

do something while they are charging, but not for too long.  Activities such as dining, shopping, 

movies and other venues with 30 minutes to 4 hour durations are ideal, because this means the 

EV driver/patron will typically move his/her vehicle within a comparable time frame, ready for the 

next EV to recharge. In 4 hours, a Level 2 charger can add about 80 to 100 range miles.  If 

much longer, the space may be occupied without an electricity consumer, stopping revenues, 

and monopolizing the parking space.   

Regarding awareness, as discussed in Charging Networks section, the location should be 

registered with the utility.  EVSEs should be visible to passersby and not tucked away in the 

back of a building.  Signage at the space and/or nearby to direct drivers will help increase traffic 

to the EVSE. 

Also, planning should consider not only the current EVs that might use the EVSE, but look at 

predicted quantities of EVs, such as shown in Figure 1.  As a reference, the labor and material 

cost for branch runs for two chargers is not much more than one, compared to waiting for a few 

years and adding a second one.  The cost to build electrical capacity and run conduit to a 

parking area to make the site “EV Capable” with several charging locations for the future is 

another cost-effective way of investing in EVCSs.  The EVSEs can be added later.  When 

planning, obtain quotes for current and future EVCS capacity and compare.  The project may 

want to consider upsizing the size of the conduit and the number of branch runs to be able to 

pull more power to a specified area in the future.  

If revenue generation is based on kilowatt hours, make sure the EVSE meets proper 

requirements for metering electricity.  The National Institute of Standards and Technologies 

(NIST) Handbook for Electric Vehicle Fueling Standardsxlvi discusses metering and other 

(proposed) requirements for EVSEs.  A fleet or a business considering public charging should 

ask the EVSE vendor certifying their compliance with the standards.  Most of the reputable 

EVSE vendors are compliant. 

Privately Owned Publicly Accessible Charging 

For business organizations that want to install EVSEs for profit, these may be Level 2 or 3 

EVSEs.  The number and location of EVSEs to consider will depend on the regional EV 

quantity, competing EVSEs, EV usage and demand, availability of incentives, traffic flow, ease 

https://secure.comed.com/SmartEnergy/SmartMeterSmartGrid/Pages/RegisterYourElectronicVehicle.aspx
https://afdc.energy.gov/evi-pro-lite
https://www.nist.gov/system/files/documents/2019/12/03/00-20-hb44-web-final.pdf
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of access and egress and nearby functions and services that might draw EV customers.  As of 

2020, most retail Level 3 charging sites have one or two Level 3 DCFC, typically providing either 

one or two CCS ports or a combined CCS and CHAdeMO connection.  Some private stations 

include Level 2, but these are typically not as profitable as Level 3, as discussed in the Fee 

Based EVSE Revenue Evaluation section.  Level 2 provides electricity for some of the EVs that 

cannot use Level 3. 

The key difference for DCFSs is that the charging times will typically be less than one hour, 

perhaps only 10 to 20 minutes.  To keep these EVSEs active, locations for EVSE businesses 

should consider 1) proximity to major thoroughfares with the ability to get on and off or 2) 

Interstate oases while EV drivers eat, shop, and take a break.  When considering this kind of 

investment, the electrical infrastructure should likely be sized to meet some expansion, 

especially if significant investment is required to get the power from the grid to the host facility, 

including distribution lines and power transformation. 

Tesla and Electrify America have embraced these ideas.  They have established DCFC 

networks across the US that are proximal to major roads with easy on and off access.  As of 

May 2020, Tesla has set up a network of 1,870 DCFC “Superchargers” with 16,585 charging 

pointsxlvii, and Electrify America has 424 charging sites with 1976 ports (mostly DCFC).xlviii   The 

Tesla EVSEs are only usable by Tesla EV drivers and the Electrify America chargers use the 

SAE CCS and CHAdeMO standards. 

Before siting and quantifying any EVSEs for profit, the Tesla, Electrify America, and AFDC 

maps should also be consulted. 

A variation on publicly available charging is the concept of “Community Charging”, where a third 

party will invest in public chargers in neighborhoods at locations such as houses of worship, 

libraries, not-for-profits, etc., in such a way that nearby EV owners have a place to charge and 

the host facility can generate some revenue.   This idea targets urban areas where people may 

live in multiple unit dwellings and have no or limited access to a building’s electrical power 

infrastructure.  

Multiple Unit Dwelling Charging 

According to Index Mundi (2018), one third of people in Illinois lived in Multiple Unit Dwellings 

(MUDs) and 54% live in MUDs in Cook County.xlix  These statistics represent a mix of rentals 

(apartments) and owned properties (e.g. condos, townhomes).  In suburban Cook County, there 

are growing numbers of people moving into MUDs. 

The challenge is to provide EV charging fairly and reasonably for these MUDs and their 

residents who have EVs or want to purchase EVs.  This includes equitable access to building 

power, insurance and legal considerations, MUD covenants and rules, and means of managing 

the sale of electricity to those charging their EVs.  This discussion focuses on retrofit 

installations. 

To help determine the number and level of the EVCSs, a good idea may be to survey the 

residents regarding their current and potential plans to own or lease an EV, including likely EVs 
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and battery capacities (defines demand).  This will allow a planning effort to have an initial idea 

on the number of potential energy consumers and how much power may be needed.  Another 

early decision is whether to provide communal (shared) or dedicated charging (e.g. for deeded 

spaces).  Also, once EV charging is added to a MUD, more people may want to get an EV (“if 

you build it, they will come”). 

For owners in MUDs, some Homeowner Associations (HOAs) currently restrict or even disallow 

the installation of EVCSs.  Some legislative efforts are being considered to provide MUD 

residents with reasonable access to EV charging and this should be investigated by interested 

parties and HOA boards.   

Assuming the HOA is open to installing EVCSs and an assessment of the demand has been 

completed, the facility should next determine the existing electrical capacity (electrical panel 

space) and compare this against short and longer power demand.   If the decision is to share (a) 

MUD EVSE(s), this may provide a relatively low-cost initial solution, but will likely be the facility’s 

investment.  

If EV owners want to charge at their deeded spaces, then a branch run needs to be added from 

the power source to that space, typically paid for by the EV owner.  Providing branch runs to 

some residents and not to others may be perceived as unfair, so most condos charge the 

resident for the branch run.   Those that have deeded spaces close to facility power will require 

a much smaller branch run investment than those away from the electrical power.   

As more EVCS are installed, the existing electrical capacity is reduced and at some point, 

investments in transformers and new 208/240 VAC panels may be needed.  Before doing this, 

the MUD may want to power share, which means the actual circuits are shared, either by 

splitting the current or sequencing the charging events.  Imagine 10 EV 30 Amp chargers and 

having only the capacity for five 30 Amp circuits (5 x 30 =150 Amps).  All 10 of the EVs could be 

plugged in at the same time and only 15 amps provided to each charger or 5 EVs could be 

charged at a full 30 Amps and when full, another EV is allowed to receive 30 Amps of power, 

until full, and so on.  More on this is discussed under the Determine Electrical Requirements 

section. 

A challenge comes when any existing power capacity (e.g. 208 to 240 VAC, 30 to 40 Amp) 

needs to be added to meet demand.  This is typically more expensive than the branch runs and 

again, the HOA must consider the fairness to the non-EV owners and their contribution via 

association fees.  One solution is for the host facility to invest in the installation of added 

capacity and split the costs based on the number of EV chargers that can be supported.  For 

example, if it costs the facility $16,000 to upgrade the electrical service and this provides 

enough capacity for 14 (30 amp), Level 2 EVCSs, then each EV owner would pay a share, 

totaling $1,143 (= $16,000/14), plus the branch run costs to provide power to their deeded 

spaces.   

Another challenge is the use of the building’s electricity, which effectively is paid proportionally 

by all residents.  The building pays the bills and the EV owner consumes electricity.  This means 

a method of measuring and billing for the electricity is needed.   This can be done automatically, 
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using wireless communication as provided with some EVSEs, or manually, where the power 

used is continually metered at each site and the resident periodically billed.  This approach 

requires the facility to periodically read the meter and bill the resident.  Another consideration for 

limited panel capacity is to cap the number of amperes that an EV owner is allowed at a deeded 

space.  For example, where 80 Amp EVSEs are installed, they take up twice the capacity as a 

40 Amp service or 2.67 times a 30 Amp service. 

Apartment complexes have a similar but a different set of constraints.  The EV owners rent and 

any decision to add EVCSs lies largely with the building owner.  A renter may be disinclined to 

pay for a branch run, as the building owner will keep the EVCS when the renter moves.  

Similarly, any power upgrades may be expensive and how are these funded?   How is the 

electricity metered and billed?  If the EVSC electricity is measured behind the existing meter, 

and the resident pays for electricity use based on a dedicated apartment meter, payment is 

integrated.  If not (e.g. centralized metering), an alternative payment arrangement may be 

needed.  A practical solution is for the apartment owner to install shared EVSEs with automated 

billing.  Each EV owner has a unique card for charging and billing is handled separately.  This 

will provide EV owners with a shared place to charge and the apartment building owner can 

gain revenues, while serving their customers.  Some urban areas are working to site 

“Community EVSEs” near or within an apartment complex and near residential buildings and 

provide a charging service nearby. 

Municipalities can play a role in assisting MUD residents by supporting EV Driver Rights 

programs, with special waivers on fees (e.g. permitting) or with other incentives specific for 

MUDs and EVCSs.  Since such a significant portion of the Illinois population lives in MUDs, 

legislation for fair access in MUDs is being considered.  MUD planners should check on pending 

or newly passed laws related to MUDs and EVCSs.  

Workplace Charging 

Businesses, municipalities, and other organizations have the option to provide free or fee based 

EV charging for employees.  For most workplace charging applications, this will consist of Level 

2 EVSEs, as the employee presumably charges during working hours and should be able to put 

enough miles into a battery to get back to home.  Some facilities may consider Level 1 charging, 

as the EVSEs cost less and there may be enough time during the day to add an adequate 

number of range miles.  If EV charging for an employer is combined with fleet vehicles, an 

investment in shared Level 3 charging shared with a fleet may work.   

The number of EVSEs and connection ports will depend on the current and future demand of 

employees, and sustainability outlooks for the employer, plus budgets and incentives.  Like 

other charging scenarios above, the employer may want to survey employees and evaluate the 

current and future demand.  Workplace charging may enable a person living in a condo or an 

apartment to have regular access to charging infrastructure while working.  Workplace chargers 

may be free to use, as a perk, or may have fees assessed.  As reviewed under the Fleet 

Charging Publicly Owned Publicly Accessible Charging section, the EV charging infrastructure 

choices will relate to existing infrastructure, plans for new construction and the associated 

investment choices. 
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Selecting EVCS Sites  

Before proceeding with quotations from installation vendors, proposed EV charging host sites 

should be evaluated, as the power needs to be sourced from proper and safe electrical 

infrastructure.  As discussed in the prior section, for publicly accessible EVSEs, facility location 

is important – proximity to customers and accessibility must be considered.  For fleets, proximity 

to operations is a normally a priority siting criteria.  Evaluations determine EVCS locations, 

logistics, and installation cost factors as listed in the previous section, which will define the 

project specifications.  An assessment may use in-house resources and/or a qualified 

independent consulting firm to define the site’s needs.    

The determination of where to locate EVSEs depends which property, which facility and where 

specifically at a given facility EVSEs be located.  Siting will also be influence by whether the site 

and facility is new or existing.   

For fleet, MUD and workplace charging, the property and the host facility are frequently known, 

and the variable is where on the property to place EVSEs.   Specific locations are frequently 

driven by the distance (and cost) of the branch runs and impacts on operations.  For publicly 

accessible EVSEs, the specific siting also relates to the potential to generate revenue.    

For Multiple Unit Dwellings (“MUDs”), including condominiums or apartment complexes, the 

determination of where to locate shared chargers will be based largely on existing electrical 

service, access and egress, and what areas might best serve the most residents.  For deeded 

space EVSEs, the site is determined by the deeded space location.  

Siting is a challenging part of the decision process.  There are many factors and typically there 

is an optimization process to balance cost with function.  Assuming the planning has defined the 

number, level, and features of the EVSEs, the decision criteria for picking sites involves the 

following:  

• Whether the site is for municipal, workplace, multiple unit dwelling, public vs. private use 

• Types of EVs planning to be charged (e.g. cars vs. trucks vs. buses and battery capacities) 

• Parking considerations 

• Provisions for security 

• Power supply considerations 

• Budgets and incentives  

• Zoning requirements 

• New construction vs. retrofit construction 

• Regional economic and sharing considerations 

• Inclusion of revenue generation  

• Available and usable property  

• Facility and parking space ownership considerations 

• Social equity considerations  
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PARKING IDEAS 

For public and private parking, installing and operating EVSEs will likely change or suggest 

parking enforcement policies and practices.   EV drivers rely on the availability of the chargers 

and if non-EV drivers occupy the space, this can cause issues and may require enforcement.  

Similarly, if EV drivers park beyond the needed charge period, this may block the next EV driver 

from parking and charging.  To start the process of designing parking areas for EVs and EVSEs, 

the following factors are considered: 

• Configuration – indoor vs outdoor parking, on vs. off street   

• Number of site charging points and charging levels 

• Space availability and competition for other parking uses 

• Parking area access and egress requirements 

• Parking area layout, including curbs, wheel stops, protective bollards, setbacks, and 

American with Disabilities (ADA) requirements 

• Wireless phone service needs (especially for underground parking) 

• Access control /security requirements 

• If a potential for vandalism is foreseeable, video surveillance cameras, dedicated shelters 

and/or lighting protection may be recommended. 

Although some EV networks allow drivers to remotely reserve a space, EV drivers are 

disappointed if a space is unfairly occupied and EVSE and property owners may need to 

discourage this.    

For public parking, the parking process may involve space and wayfinding signage (Figure 26), 

special parking space marking / striping (Figure 27), and posted enforcement policies.  At the 

early stages of EVs within an area, there may not be much competition for the spaces.  Over 

time, as the number of EVs grows, at some point having EV chargers reliably available will be 

more important and enforcement (e.g. ticketing and towing) may be required to discourage this 

behavior.  

The first form of managing the space is to clearly mark each space (Figure 26 and Figure 27), 

as follows: 

• Parking spaces should be dedicated to EV parking only 

• Each space should be clearly marked with “EV Use Only” signs and possibly painted 

surfaces 

• Signs may be provided nearby (e.g. at Interstate exits) to direct drivers to the chargers 

(“wayfinding”).  Signs may indicate the available charging level(s). 

• Signage standards are being developed at State levels and may someday exist at 

national level  

• Provide signs at the charger indicating ticketing or towing policy 
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Figure 26: Typical EV Parking Area Signs and Wayfinding Signs 

 

Figure 27: EV Dedicated Parking Area with Signs and Striping (left Courtesy of Allen Hall) 

and underground EV parking with simple markings, right. 

The next level for managing spaces is to establish and communicate ticketing and fines for:  

• Non-EVs parked in marked space for EV Only 

• EVs parking too long 

 

Policies can define penalty event conditions (time of day, EV Only, etc.) and fees.   For non-EVs 

parked in an “EV Only” space, this may be a ticketable or towable offense.  For EV owners, after 

an EV is fully charged, an EVSE owner may consider continuing to assess a fee on the EV 

Owner (e.g. consistent with other parking rates), allowing the space to continue to generate 

revenue without providing electricity.  An EVSE owner may consider a grace period between 

when the EV is done charging and when any additional fees might be assessed. This capability 

is integral in some EVSEs. Some EVSE owners do not strictly enforce during an initial period 

and later apply enforcement practices.   

Some other ideas that might be considered when managing shared/communal EV parking sites: 

• If network is included, there are some communication tools: 

o Automatically alert driver when battery is full via cell phone or other devices 
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o Provide a reasonable time window for EV owner to move EV driver is alerted 

about full charge  

o Set up wait list for other EV drivers 

o Alert waiting drivers of available chargers 

• Consider putting EV spaces in less ideal parking locations, making it less likely that non-

EV drivers will park there 

• Change penalties based on time of day 

• Educate the public about the new EV parking policy before introducing penalties and 

enforcement practices 

• Provide valet service tied to EV charging – have a third party move EVs once charged 

and consider alerting valets to move EV when charging is completed. 

 

DETERMINE ELECTRICAL REQUIREMENTS  

For existing facilities planning to add EVCS, one of the first planning steps is to determine 

electrical loads required for the EVSE(s) as compared to the existing load capacities.  Many 

EVCS projects leverage existing electrical service panel space and no new panels are needed.  

For existing facilities, a site assessor looks into all the usable electrical service panels and 

identifies any spare breaker (or fuse) spaces.  The entire panel will have an amperage load 

rating (e.g. 100, 200, 400 Amp) with a single main panel circuit breaker (or fuse panel) to match.  

In use, the main panel breaker overloads if the collective continuous load exceeds its rating.  

The total rated amperage of the breakers when summed, may exceed the main breaker rating, 

because many of the breakers are protecting circuits that support infrequent uses, such as wall 

outlets, lighting, and small appliances.  Also, many buildings have converted to more energy 

efficient technologies (lighting) and the circuit loads may be much less than when the panel was 

newly installed.   If a potential electrical panel has space for additional breakers, but the panel is 

nearly full or will become full, some additional assessment may be recommended.  Depending 

on the sum of the existing breaker amperages and looking at the type of loads on the panel 

schedule (list of circuit uses), the assessor may recommend trend-monitoring of continuous 

loads over the course of a day or longer, to determine if adding an EV charging circuit might 

overload of the main breaker.   

If a building’s load will require a significant increase in power capacity due to the demand of new 

EVs, a new main electrical service panel with increased amperage and power may be required.   

Upgrades may involve new wiring and raceways to make sure the power requirements and wire 

loads are safely met.  If an undersized breaker is applied, circuit overloads could occur, or 

undersized wires could be overheated.  This planning especially applies if more than one EV is 

to be charged or if the investment is considering future additions of EV charging. 

For Level 1 charging solutions, assessing capacity can normally be accomplished with existing 

110 VAC power, because the power supply uses existing or upgraded outlets.  Level 1 chargers 

typically pull 8 to 16 amps (continuous) when charging EVs.  For 16 Amps, a 20 Amp breaker is 

required by code.  The breaker capacity in the panel (e.g. 20 Amp) must be enough for the wall 

outlets into which Level 1 chargers will be plugged.  Some wall outlets may only be rated for 10 
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of 15 Amps and if a 16 Amp load is demanded, the breaker will trip.   If needed, new breakers 

may be added or changed in the electrical service panel.  However, the wires from the panel to 

the outlet may need to be upsized to carry the higher load.  If not, these wires can overheat 

before the breaker trips. If your building requires an upsize in the breaker for the outlet, there is 

a good chance new, higher capacity wires will be needed.  You should make sure this circuit to 

the outlet is dedicated to the EV, and not being shared with another load, especially larger 

loads.  Although undersized breakers are self-protecting and the Level 1 EVSE should also 

protect for high amperage issues, this should be planned for and the problems eliminated before 

an EV is charged.   

For Level 2 chargers, the EVSE loads will be on the order of 25 to 80 amps for each charger 

(most commonly 32 Amps), and for multiple EVSE’s this load adds up quickly. In some cases 

power may need to be transformed with existing higher voltage sources (e.g. 480 or 600 VAC) 

down to 240 VAC.    

For Level 3 chargers, the power source normally involves 3 phase / 480 VAC power, up to 200 

Amps, with service dedicated to the EV charging.   

At some point the local utility may need to get involved in providing more power to the facility 

and/or the facility main electrical panel may have to be upgraded to a higher-level service.  This 

may be a straightforward facility panel upgrade and/or running larger capacity wires to the local 

power supply.  If additional power is needed, this could require the local utility to provide new 

(larger capacity) transformers, larger capacity lines and other new electrical infrastructure.  The 

utility may require a commercial agreement before they spend the time and money to make 

changes.  Impact of utility upgrades must be evaluated as related to the project’s timeline and 

budget.   

For new construction, the question of electrical capacity is defined in an engineering design 

plan, which should determine the near and longer term demands for energy, the likely number 

of EVCSs and level and location of each charging station.  Once these parameters are 

identified, the overall electrical loads (energy and power) for the site are defined.  Site specific 

decisions will relate to distribution of the specific panels and branch runs.   For example, in a 

large parking garage, multiple electrical distribution (circuit breaker) panels may be 

recommended at strategic locations to better distribute branch runs to specific parking spaces.  

For Level 3 installations, these will require experienced qualified electrical designers and 

contractors that are certified to work with 480 VAC, 3-phase electrical power.  These facilities 

will likely involve more rigorous design review and permitting and inspection requirements.  In 

most cases, a specific set of power transformation, utility wiring, switchgear and power 

distribution panels will be newly added, whether part of an existing facility or as new 

construction. 

Assessing Operational Impacts  

Other key EV and EVCS decision elements relate to the operational impacts for fleets and 

general business applications when changing from ICEVs to EVs.   For this section, this mainly 
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relates to the availability and use of larger vehicles such as working trucks and buses, but these 

evaluations may also apply to light duty vehicles.   

CONSIDERING OPERATIONS: ELECTRIC VEHICLES 

Between 2009 and 2018, the focus for EVs has been mainly on passenger vehicles, and for 

many fleets, there are a range of applicable passenger EVs for fleet use.  Larger EVs have not 

been cost effective, have been operationally limited, or have had technical issues.   PHEV vans 

have been available for several years, but often with a small EV battery (e.g. less than 20-mile 

range).   The lessons learned from these earlier larger EVs have helped advance the 

technology and each year more models of trucks and buses are becoming available, with the 

technical and operational problems being addressed.  As discussed in Wikipedia, Electric 

Trucks, during this period, a few companies have built various truck models, from small delivery 

trucks up to Class 8, including the City of Chicago, who purchased an electric refuse truck.l  

According to Charged Magazine in April 2020li, seven electric pickup truck options are expected 

to be available in 2021 or 2022 (production depending on COVID-19 virus): Ford F-150 electric 

truck, the Rivian R1T, Tesla Cybertruck, Hummer pickup, Bollinger B2, Nikola Badger and 

Lordstown Endurance  In 2019, Chevy announced the Chevy electric pickup would be available 

in 2021 and now it has been pushed out to 2025 according to Car and Driver. lii There are many 

more EVs in the van/ SUV market coming soon or now available.  Several models in the Class 1 

to Class 8 trucks and transit and school buses are available.  Refer to list under Available EVs 

section and Figure 2. 

The key things to consider when looking at the operation side of owning and operating EVs: 

• Usage profile and right sizing: For fleets, considerations applicable to both ICEVs and 

EVs relate to how the vehicle is used.  Usage needs may determine the level of EV 

charging, the battery size and other considerations related to EVs.  Make sure the 

selected EV is right sized for the transport volume, payload, towing and lifting capacity, 

horsepower, torque, acceleration, and possible power takeoff (PTO) requirements.  

Adding the weight of batteries consumes more energy and may limit allowed freight 

weight (payload), which could negatively impact revenues.  

• Battery Capacity and Size: EVs have batteries as the main power sources instead of 

Internal Combustion Engines (ICEs) and some models may be sold with multiple options 

for battery size.  Battery capacity relates directly to available range.  Those EVs with 

shorter daily range miles will need less energy storage than those with longer range 

miles.  For fleet vehicles that return to a home base, an operational goal might be to plan 

one charge per day or per shift, which would define the requirements for battery size.  

Battery size also depends on the availability and power levels of EV Charging Stations 

proximal to the work being done.  For municipal vehicles, most applications stay within a 

relatively small radius from a home base and fleet-based charging may be effective.  For 

other fleets, they may sometimes need to rely on public EV charging station locations.  

As EV battery technology advances, the energy density (e.g. kilowatt hours/ cubic feet 

(kwh/ft3) of storage) will increase, meaning more range miles in smaller battery spaces, 

https://en.wikipedia.org/wiki/Electric_truck
https://en.wikipedia.org/wiki/Electric_truck
https://insideevs.com/tag/ford-f-150/
https://insideevs.com/tag/ford-f-150/
https://insideevs.com/rivian/r1t/
https://insideevs.com/tesla/cybertruck/
https://insideevs.com/gmc/hummer-ev/
https://www.caranddriver.com/bollinger/b2
https://insideevs.com/nikola-motor/badger/
https://lordstownmotors.com/pages/endurance
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so investigate this when planning.  Some sources on battery chemistry are provided in 

the Endnotes for reference.liii 

• Range: The range of an EV vehicle is a significant decision factor, and this is 

determined by the battery energy capacity (in kwh) and how and where you will use and 

recharge an EV.  Ambient temperature, use conditions, average daily travel patterns, 

access to charging and other factors play roles in determining the range, (refer to 

Vehicle Range Factors section).  Work EVs may consider PHEVs to alleviate range 

concerns.  

• Charging Connector Types (See Electric Vehicle Connector Standards section).  

Some BEVs will provide only the J1772 connection and the DC Fast Charge connector 

is an option.  Without a DC Fast Charger (DCFS) connection, the BEV will be limited to 

Level 2 charging and the buyer should consider their daily use and determine if access 

to DCFCs is needed.  Make sure the available EV connectors fit your application. 

 

CONSIDERING OPERATIONS: EV CHARGING 

When considering EVSEs, these decisions relate to the EVs as discussed under Selecting EVs 

section.  However, the approach to EVSEs for public and private operations necessarily specific 

considerations, especially for fleets, and the following topics should be evaluated: 

• Daily routine and recharging intervals:  

o Fleet owners need to understand regular operational routes and uses related to 

EVSE availability and charging time related to daily operation cycles.  If an EV 

fleet owner invests in EVSEs, the level and access to each fleet EV needs to be 

planned to anticipate when EVs are recharged, making sure each EV has access 

to charging when needed during an operational cycle. 

o For EVs that regularly require refueling during daily operation and not necessarily 

want or are able to return to a home base, the fleet will likely need to plan to use 

publicly available charging, perhaps in addition to a home base charging system.  

Transit buses may consider recharging at locations along their routes- e.g. at 

passenger pick-up depots.    

o Depending on the daily use, routes, and availability for third-part recharge 

location(s) along the routes, use of DC Fast Chargers (DCFCs) and/or Level 2 

chargers should be evaluated.  A truck or bus in daily use may not have the time 

to recharge on Level 2 in the middle of a day, and a DCFC may be required. 

• EVSE Types: Fleets may choose to mix DC Fast Charging and Level 2 solutions- 

especially if they have mixed use EVs.  Level 2 charging stations cost much less than 

DCFC counterparts.  Also, PHEVs do not have DCFC connectors and some BEVs do 

not have the DCFC connectors.   

• Electricity Costs: The electricity costs under the same rate structure are the same for 

any charging system.  If some of a fleet’s EVs require faster charging to meet 

operational needs, then a DCFC may be suggested.  If the fleet owner also owns the 

EVSE, then the cost will be according to the fleet owner’s tariff rate.  However, if 
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charging at public / retail DCFCs, the electricity rates will most likely be higher and 

include overhead and profit for the DCFC owner and may include demand charges.  

More on rates is discussed in the Smart Grid Rates for EV Charging section. 

• DCFC Power Levels: DCFCs are becoming increasingly available in higher power 

outputs based on the growth of larger EVs.  As of 2020, most of the public DCFCs are 

50 kW – used largely by the BEV light duty market.   A growing number of EVSEs are 

available in the 125 to 150 kW range.  New EVs are being built to handle higher power 

levels.  For bus and larger truck fleets there are 350 kW systems available and even 

higher power levels are being explored.  The EVs must be designed to handle this power 

level – not all of the larger EVs are able to take this power level.  If using 150 kW 

EVSEs, this could mean the ability to fill perhaps 10 miles of range/per minute, or 200 

range miles in 20 minutes. 

Assessing Business Cases 

When considering alternative transportation solutions, there are investment, operational and 

environmental considerations.  For fleets, business cases evaluate investments in EVs and 

EVSC alternatives weighed against the status quo.  Associated environmental and operational 

factors need also be considered, as discussed under the Assessing Sustainability and the 

Assessing Operational Impacts sections.   

Everyone considering new or pre-owned vehicle purchases or leases go through a basic set of 

decision processes, including what the vehicle will be used for, when to make the purchase, 

what time or mileage is right to replace a current vehicle and of course, what is affordable or 

available within a given budget plan and/or what are the target return on investment measures.  

The same type of financing options is available for new or used EV purchases and lease 

programs as with ICEVs.   

The key difference when comparing a traditional ICEV with an EV regarding total life cycle 

costs, lies in the different technology (mainly batteries) and the fact that most EV owners also 

invest in an EVSE.  The following Total Life Cycle Costs ownership factors apply for those that 

“go electric”: 

• Vehicle Costs 

o Initial cost or down payment of the vehicle 

o Annual license fees 

o Purchase taxes, registration fees, destination charges and title transfer fees   

o Depreciation over time 

o Finance charges 

o Annual vehicle insurance 

o Fuel costs 

o Maintenance costs 

• EVCS Costs 

o Initial cost of installed EVCS  

o Depreciation of EVCS 
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o Facility insurance 

o Finance charges 

o Network service annual license fees 

o Annual maintenance costs  

o Special warranty programs 

These costs may also be weighed against the potential for EVSE revenue.  

In addition, EVs and EVCS’s have a range of available grant and incentive programs, including 

rebates, vouchers, tax credits, special lending programs, group purchasing and other financial 

programs. 

Where incentives are involved, the key is to be aware of them, when they start and stop and 

how to take advantage of them.  Tied to this is to have plans at the ready, so as pending 

legislation and policies that may fund these programs are activated, the purchaser can 

reasonably act within the available funding window.  More discussion on these considerations 

follows next. 

TOTAL COST OF OWNERSHIP EVALUATION: ELECTRIC 

VEHICLES 

Assuming a buyer has weighed the basic factors and understands the needs, uses and 

applicability of a prospective vehicle or groups of vehicles, the question of affordability and 

budget need to be considered.  For a typical vehicle purchase for a homeowner, this decision 

may be as simple as how much money is in the budget and whether the vehicle is attractive with 

the desired features.  Many will look at total lifecycle costs as well.  For businesses, 

governmental entities, non-profits and other organizations, some form of life cycle investment 

evaluation is normally completed.  This comparison should contrast EVs with ICEVs, and HEVs.   

Additional considerations may involve other alternative fuels compared to gasoline and diesel 

such as natural gas, propane, ethanol / gasoline blends, biodiesel / diesel blends and hydrogen.  

These other fuel options are not considered hereunder.  Assuming the vehicles to be 

considered have been evaluated and the choice for electrification is being considered, there are 

some factors to consider in Return on Investment (ROI) evaluations for EVs, as follows: 
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• Number of EVs 

• Type of EVs (passenger, van, pickup, larger 

trucks, buses) 

• Vehicle usage profile 

• Quantity of EVs that can be charged in a day, 

during peak refill time  

• Battery sizes of EVs 

• Charging practices 

• Choice between PHEVs vs. BEVs 

o Capital Cost of PHEV vs. BEV 

o Operating Cost of PHEV vs. BEV 

• Cost comparisons with ICEV  

• Battery warranty  

• Battery life and replacement costs 

• Time to recharge – labor cost, need to travel to 

recharge, home base vs. public / retail charging 

• Operating schedule and charging logistics 

• Investments now vs. the future 

• Incentive availability, amount, and time window 

• Financing options 

To compare EVs with HEVs and ICEVs, the goal is to look at the Total Lifecycle Costs.   This 

involves comparing the following: 

• Capital Costs:  

Depending on which cost elements are considered, as of 2020, ICEVs generally still cost 

less compared to HEVs and EVs, and EVs cost more than equivalent HEVs.  Refer to list of 

links in the Available EVs section. 

 

Comparing EVs with ICEVs is not a simple one-to-one matchup.  EVs have been largely 

designed from scratch and are heavily computerized and have the latest components and 

features.  EVs are designed to consider interoperability with EVSEs, the Cloud, utilities, and 

other market stakeholders.  EVs have new electric motors and drive trains.  This provides 

value not always included in ICEVs, which often are evolutionary versions of prior models.  

Detail comparison of feature sets and applications between ICEVs and EVs should become 

part of the purchasing decision process.  Comparisons are often based on features like 

internal volume and performance specifications to the extent such equivalencies can be 

made. 

 

With the federal tax credits for passenger EVs, the EVs often come close to the same 

purchase price as an ICEV that would be used for the same application.  Getting this tax 

credit requires a tax liability which is not available to not for profits and governments.  Some 

states offer rebates or may have special programs for entities that do not pay taxes.  As 

discussed in EV Selection section and as shown in Figure 11, the purchased costs of EVs 
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are approaching those of ICEVs and in the not too distant future, capital cost should no 

longer be an advantage for ICEVs and EV incentives should no longer be needed. 

 

• Operational Cost:   

EVs cost less to operate than ICEVs.   

Table 3 provides examples of an operating cost comparison for ICEVs, HEVs and BEVs 

traveling 12,000 mile per year.  This information is provided for illustrative purposes only.  

Each situation must be analyzed on a case-by-case basis.   

 

Table 3 Operating Expense Comparison Example 

 

Table 3 Notes 

*Per US EIA, Illinois, 2020 Gasoline pricesliv 

# Per Electricity rates per Illinois data in US Energy Information Administration, Electric Power 

monthly, January 2020lv: 

^ Per US DOE Fuel Economy Website: Fuel Economy by make and model, for BEV lvi  

~ Per American Automotive Association, “YOUR DRIVING COSTS How Much Are You Really 

Paying to Drive?”, 2019,lvii  

Note: values in these tables are for illustrative purposes only and are not intended to represent 

commercial quotations.   

 

Fuel Cost:  

If an EV is recharged using household power, per the US Energy Information Administration 

(US EIA), average electrical residential cost for electricity in Illinois is 12.5 cents/kilowatt hour 
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(Jan 2020).lviii  This translates into about 3 cents per vehicle mile driven for passenger vehicles.  

If time of use or hourly reduced electricity pricing is used to recharge an EV, the fuel costs can 

be reduced by perhaps 25% to 50%, meaning between 1.5 and 2.3 cents per mile.  This 

depends on when recharging occurs relative to dynamic pricing rates.  Between 2015 and 2020, 

per the US EIA, Illinois retail prices of gasoline have ranged from $2.00 to $4.00 per gallonlix, 

which translates to 7 to 13 cents per mile for fuel.  The price of electricity is historically stable 

compared to petroleum fuels, which are indexed to highly variable international oil prices, so fuel 

cost questions tie mainly to variability of gasoline and diesel prices over time and electricity 

provides a hedge against cost variation.   

 

 

• Table 3 shows an example comparing a BEV charging at average rates ($0.125/kwh) and 

then a 35% savings rate (0.078/kwh) based on dynamic or time of use (TOU) pricing.  

Several links to EV rates and costs are provided in the end notes.lx  This set of assumptions 

shows ICEVs cost 17 cents per mile to operate, compared to 13.7 cents for HEV, 9.7 cents 

for BEV on standard rates and 8.6 cents for TOU rates.  Compared to an ICEV, the HEV 

saves $4037 per decade, the BEV on standard rate saves $8,770 and the BEV on TOU 

rates saves $10,176. 

 

Maintenance Costs.  Per the American Automotive Association (AAA), the cost of maintaining 

a BEV is less than and ICEV, as there are fewer fluids, belts, no spark plugs and other ICEV 

parts not required in an EV.  The values in  

• Table 3 were taken from this AAA resource.  lvii  

 

• Vehicle Ownership Costs.  In addition to the purchase price of a vehicle and the costs to 

operate, there are several other important factors when comparing EVs with HEVs and 

ICEVs.  In general, these ownership factors are either equivalent or favor the ICEVs. 

 

o Depreciation.  The resale value of any vehicle decreases over time and with use.   Per 

the AAA report, as of 2020 lvii, passenger EVs depreciate faster than counterpart ICEVs 

and HEVs depreciation is similar to ICEVs, with an exception for Tesla EVs.10, lxi, lxii, lxiii 

Depreciation will depend on the specific vehicles, their usage profile, and can be a 

significant factor in a life cycle analysis.  Part of the reason HEVs depreciate at rates 

similar to ICEVs is because they have been in the market since 1997 and are well 

proven with an established used vehicle market.  This effect is likely to occur for EVs in 

the future, and as the range increases, the demand for these vehicles will likely grow, 

adding value. 

 

 
10 According to Elektrek, Teslas hold their value better than other EVs and as well or better than ICEVs. 
Tesla also offers a resale value guarantee. Further, according to Forbes, in March 2019, other EVs are 
gaining comparative resale value, notably the Chevy Bolt, in addition to the Teslas.   

file:///C:/Users/login/Dropbox/EV%20Ready%20Program%20and%20Resources/EV%20Ready%20Joyce%20Project/Buying%20Guide/(https:/electrek.co/2019/01/24/tesla-model-3-tops-resale-value-report/
https://www.tesla.com/sites/default/files/pdfs/rvg/RVG_Agreement_R20160318_en_US.pdf?redirect=no.
https://www.forbes.com/sites/jimgorzelany/2019/03/25/heres-why-electric-car-resale-values-are-on-the-upswing/#5e2fde756af3
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o Fees with vehicle purchase: Destination, title transfer and registration / licensing and 

other fees may differ between vehicle types.  The AAA report provides some 

comparisons, but this is not generally a large difference between vehicles of similar size 

and use for title transfer and destination fees.  For registration / licensing in Illinois, the 

total fee at purchase for a standard ICEV is $251 ($150 vehicle title + 

$101 registration/license plates) and an additional $150 license and title fee is added for 

EVs, for a total of $401.lxiv   

 

o Annual license fees.  Because BEVs do not use gasoline and PHEVs use much less 

than ICEVs on average, as of January 2020, the State of Illinois is imposing a $251 

annual registration fee for passenger EVs compared to $151 for passenger ICEVs.  lxv  

This is considered an offset for the State Motor Fuel Tax which is used to support road 

construction and other items, which are collected through fossil fuel purchases. 

 

o Insurance: There may be slightly higher annual insurance premiums for new EVs 

compared to ICEVs, with variation depending on the underwriter, the individual policy 

owner, coverage, the specific EV, usage of the vehicle and other factors. 

 

Electric Vehicle Supply Equipment.  Most EVs include a Level 1 portable charger with the 

purchase of an EV.  However, EVs are heading towards larger capacity batteries and the 

demand for Level 2 charging rises, because of the daily range refill rates demanded with many 

BEV uses.  Fleet EV owners and many individual EV owners invest in Level 2 charging as a 

minimum, so an investment in Level 2 EVCSs becomes part of the EV purchase decision 

process.  On the other hand, if a revenue generating EVSE is considered, this may pay for itself 

over time and at some point, be generating a profit.   These charging scenarios should be 

considered in any evaluation. 

 

Emissions footprint – As part of improving our sustainability practices, clearly EVs are the 

more sustainable, as discussed under the Assessing Sustainability section.  Some jurisdictions 

may monetize greenhouse gas emissions and moving to an EV may have a financial impact. 

 

Incentives: Periodically, EV and EVCS incentives or grants are made available at the Federal, 

State, and local or private funding levels.  Until the vehicle purchase price and other factors 

reach parity with ICEVs, incentives will continue to play an important role in decision making. 

PRE-OWNED EVS 

Modern EVs have been around since 2009 (excluding some earlier EV generations).  The 

market for used EVs started taking off in earnest since about 2015.   In addition to online 

markets, some dealerships and used car sellers are starting to have some level of pre-owned 

EV inventory.  CarMax, CarGurus, AutoTrader, Edmunds and MyEV are a few examples of 

used EV dealers.  

If you are reselling an EV, for now the selling price may be somewhat lower than a comparable 

ICEV, depending on how the vehicles are compared.  EV depreciation may be more than ICEVs 

https://www.carmax.com/cars/electric-vehicles
https://www.cargurus.com/Cars/spt_electric_cars
https://www.autotrader.com/cars-for-sale/Electric/Des+Plaines+IL-60016?fuelTypeGroup=ELE&searchRadius=200&zip=60016&marketExtension=include&isNewSearch=true&sortBy=relevance&numRecords=25&firstRecord=0
https://www.edmunds.com/used-electric/
https://www.myev.com/
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for a similar size and mileage vehicles.  This also depends on the EV – Teslas hold their value 

best of the EVs, but other EVs may not perform as well.  The good news for the buyer is, that 

this can be a comparatively good deal.  The key question is always how many miles on the 

vehicle and the counterpart question – how many miles remain in the battery.  This question of 

mileage has always been relevant for any vehicle, but with EVs, the miles reflect the remaining 

battery life as discussed in the Battery Replacement Costs section.   

BATTERY REPLACEMENT COSTS 

As discussed under Battery Factors section, the remaining battery life of an EV is not strictly 

dependent on the mileage, but is combined with how the battery was regularly charged and 

discharged and the ambient conditions.   A battery with a certain odometer reading that 

frequently uses DC Fast Charging and fills to 100% in a hot climate will likely have less 

remaining life than the same vehicle and mileage in a cooler climate that always uses Level 2 

charging and only fills to 85% of full charge.   A qualified EV reseller should be able to give you 

an estimate of degradation / remaining useful life and even measure the kwh stored in the 

battery, when charged.  When looking at used EVs, have the vehicle fully charged and check 

the dash readout’s prediction on the mileage.  This should also indicate the amount of 

degradation compared to the brand-new available mileage.   Make sure ambient temperature is 

considered in the evaluation.  Before purchasing a used EV, if the mileage is high, ask a 

dealer for an estimate of the battery replacement cost and remaining life. 

If buying a used EV, consider a new battery as a future cost, if applicable.  Per Clean Technica, 

the cost to replace a Generation 1 Nissan Leaf battery (model year 2011 to 2014, 24 kwh) is 

about $5,500lxvi before installation labor, and between $5000 and $7000 for a Tesla Model 3 

(model year 2019, 75 kwh).  EV batteries are typically warranted 8 years and 100,000 miles and 

per Interesting Engineering website, Tesla designs their batteries to last 300,000 miles before 

needing replacement.lxvii  Per Green Car Reports in 2017, the Chevy Bolt battery (2017, 60 

kWh) replacement cost is $15,770.lxviii  Also, as mentioned, the cost of batteries is decreasing 

over time (e.g. $/kwh, Figure 11) and by the time a replacement might be needed for an EV 

bought today, battery replacement costs could be significantly less. 

Jurisdictions or other fleets may want to consider pre-owned EVs for their administrative or fleet 

vehicles.  This choice will depend on the normal daily mileage requirements and remaining 

battery life.  Car sharing programs, which allow people to borrow or lease EVs short term, might 

be considered using pre-owned vehicles as a low-cost way to enter the EV world. 

EV LEASING 

Vehicle dealers and third-party lessors will lease EVs, as they do with any vehicle.  Like any 

vehicle lessors, they take on normal risks for the entire vehicle, including the battery.   If you are 

looking to lease an EV, make sure the dealer has considered the benefits of any active State 

and Federal incentive programs and other grants and incentives.  Lease programs should 

provide the leasing party with rates reflecting incentives, if available – ask the lessor.  For 

example, for a municipality leasing a vehicle, the dealership may be able to take the incentives 
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and then lease based on a reduced value of the vehicle, in effect the not-for-profit should gain 

some of the advantage of the tax credits.  Some tax incentives may be given to the vehicle 

manufacturer. 

FEE BASED EVSE REVENUE EVALUATION 

For those jurisdictions, businesses and others that are considering assessing a fee for charging 

EVs, there are several factors to consider:  

• Turn rate = Number of charging events per day/ week/ year 

• Electricity cost in $/kilowatt-hour ($/kwh), including consumption costs and demand 

charges, if applicable 

• Potential charging fee pricing as $/kwh  

• Other revenue streams (e.g. advertising) 

To set the stage for revenue models, assume the charger is network connected with integrated, 

automated billing systems.  Four main participant groups need to be considered: 

1. EV Drivers – Drivers are assessed a fee when they charge their EV.  These fees can 

include the cost of electricity, overhead, profit, and service fees.  Drivers normally pay 

using a Credit Card Company as the middle party, typically paid on a monthly basis.  

The EV charging transaction fee is managed by the EVSE and/or its Network Program 

Owner.  The driver simply swipes a credit card, RFID Smart Card, fob, or other devices 

at the EVSE to initiate each event.  The total bill will be based on the fee rate as a 

function of kilowatt hours transferred into the battery until the battery is full or the event 

terminated by the EV driver. 

2. EVSE Owners – they receive payments from the Network Program Owners, typically on 

a monthly basis, after the Network Program Owner has deducted any fees.  The EVSE 

Owners also pay for the electricity consumed at the facility during each charging event. 

3. Credit Card Company – they pay the Network Program Owner based on each  

EV charging transaction.  They then bill and receive payments to and from the EV 

Drivers, including all transaction fees.   

4. Network Program Owners – The transaction uses the Network Program Owner’s 

system to communicate between the EVSE and the Credit Card Company.  All fees are 

assessed in this transaction and the EV Driver pays the Credit Car Company.  The 

Network Program Owner receives payment from the Credit Card Company for each 

transaction (less any credit card transaction fees), and the Network Program Owner then 

typically deducts a fee and pays the EVSE Owners the balance. 

If the decision is made to include revenue generation, there are three EV charging models to 

consider:  

1. Publicly Accessible Charging  

a. Publicly Owned – where a municipality or other public entity owns and operates 

EVSEs for use by the general public, typically located in publicly accessible 

parking lots, garages, on street parking and other locations owned or managed 
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by the public entity.  So far, publicly owned charging in Illinois has been mainly 

Level 2 charging, but some Level 3 chargers may be available. 

b. Privately owned – these EVSEs are installed and operated within private 

facilities or in the same locations as the publicly owned chargers and could be 

Level 2 and/or Level 3 EVSEs.  Some privately owned EVSEs are analogous to 

the gasoline station model, where a location provides EVSEs for the public to 

drive in, charge, pay a fee and then depart, i.e. a retail outlet for electricity.  This 

approach lends itself to Level 3 charging, as Level 2 takes much longer to charge 

and has far fewer turns.  Such retail operations may provide both Level 3 and/or 

Level 2 chargers, most notably if connected with nearby retail such as 

convenience stores and restaurants and access to main roads. 

2. Private Charging – where an EVSE owner operates EVSEs for private use for pre-

defined groups of users, such as residents in a multiple unit dwelling, fleet vehicles, 

business EVs or other organizations that commit the EVSE to their own purposes. 

For the publicly accessible applications, some considerations: 

• Smart metering and communications capabilities should be included to connect to the 

cloud or an internal network. 

• Visibility to the site should be considered (pick the right spots) 

• A proximal customer base should be pre-considered (e.g. near facilities for retail, food, 

hotel, healthcare, etc.) 

• Evaluate customer usage behaviors to ensure siting will draw customers - will they stop 

and charge? Why and where? 

• Once on the grid, the EVCS may be subject to demand pricing and may be able to take 

advantage of Time of Use Billing or Real Time Pricing and other smart grid services.  

Consider working with utility to set up tariffs to leverage the benefits of these billing 

plans. 

• Site proximity to main thoroughfares is important (e.g. within 1 mile of Interstate) 

• Wayfinding to assist EV drivers in finding charging stations 

• Access and egress (full, safe on/off ramp locations) 

• Utility capacity – near existing power with capacity, either existing or reasonably 

accessible 

To illustrate the potential for revenue generation, two model examples are shown, first in Table 

4 for a Level 2 Charging Station and in second in Table 5 for a DC Fast Charging Station.  

There are several assumptions, including the battery recharge kwh, the electricity cost, the 

fraction of the day the EVSE is in use and other ideas.  These tables increment the profit from 

row to row to show daily, monthly, and annual net revenues, based on the fee rate ($/kwh).  

Looking at the two highlighted cases, the Level 2 at $0.25 fee per kwh (Row F), yields an annual 

gross margin of $4,202.  For the DCFC, the price is $0.248 cents per kwh and yields $27,141 in 

gross margin per year, with half the time of the EVSE in use (Row I).   The difference between 

these two cases is due to the lower electrical rate for the retail EVSE owner and the fact that the 

one DCFS charging event takes one hour, while one Level 2 event takes 4.2 hours.  Note, for 

higher power chargers, the rate payer may be incurring demand charges based on peak 
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demand time of day or month rates.  These charges are not included in these examples.   

Values in these tables are for illustrative purposes only. 

 

Table 4 Level 2 Revenue Generation Model 

 

Table 5: DC Fast Charging Revenue Generation Model 
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When actually considering an investment in an EV charging system, an analysis can use simple 

payback calculation based on data such as that found in  

Table 3 to Table 5.  In addition, evaluations may consider an Internal Rate of Return (IRR) and 

Net Present Value (NPV) calculations to more completely assess the viability over the life of the 

investment, as compared to other investment alternatives, including doing nothing new and 

continuing to use fossil fuels.   These more complete proforma analyses should include 

annualized cash flows, including insurance, operation and maintenance, fees, asset 

depreciation, incentives and other annual expenses.  A simple payback model is a good start to 

estimate how long the investment will take to start generating positive cash flow, based strictly 

on the initial investment and any revenues from fees to charge EVs.  Inclusion of all the financial 

items may have an impact on final decisions, but simple cash flow models typically give a 

reasonable first look at an investment’s viability, based on a fee structure.  

The actual evaluation numbers will also depend on the time value of money - how much capital 

is funded from the owner’s general funds vs. debt and equity financing and associated interest 

rates.   The other key factors are the availability of incentives, the type of business and its tax 

appetite.   

SUBSCRIPTION BASED FEE MODELS  

For multiple unit dwellings and others, some programs are available to provide service on a 

month-to-month subscription basis.   The facility installs and owns the EVSE and the EV owner 

pays a monthly fee.  This monthly fee may only be paid when the EV owner plans to use the 

EVSE.  The EVSE may be connected with a host, with the billing managed using WiFi or cellular 

telephony and managed remotely through the cloud or an intranet. 

CONFIRM COMMUNICATION SIGNAL STRENGTH 

If the EVSE includes a cellular network connection to communicate to the “cloud” for GPS 

location, billing, and other network services, make sure signal strength is sufficient in the area 

where the EVSE is planned to be located.  A typical objective is to provide at least 2 “bars” or 

equivalent signal strength on a cell phone.  To be sure, an installer may use a cellular signal 

meter to detect cellular signal strength.lxix This is particularly important for indoor, especially 

underground parking.  For low signal strength locations, signal boosters or repeaters can be 

added that will communicate with the cellular network in poor reception areas.  Boosters 

represent an additional labor and materials costs that should be known up front. 

EVCS Installation Contractor Considerations 

Electric Vehicle Charging System projects require qualified personnel to design, install, 

construct, commission the equipment and validate communication software.  Project 

participants should try to learn from EVSE Original Equipment Manufacturer (OEM) vendors 

about the various technologies (see links in Useful EV Resource Links section).  This is an 

emerging market and for those responsible within a community, business, or organization, 
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learning about these technologies will be essential when making purchasing decisions.  EVSE 

OEMs and EVCS installers are good sources of knowledge of charge levels (1 vs. 2 vs. 3), what 

may be coming in the near future, what kind of payment options are available (some EVSE 

dealers may work out EVSE ownership deals, or lease deals), installation requirements and 

costs and whether and how their technology can and will be able to communicate with both the 

smart grid and the billing network.  Like many purchases, asking for contractors’ references may 

be advisable.  Much of the needed general background information for interacting with 

contractors is contained within this Guide.  In Illinois, selecting an EVSE installer that is 

registered by the Illinois Commerce Commission is a good starting point. 

Governing Authority Considerations 

In addition to compliance with electrical, building and safety codes, there may be one or more 

“Authorities Having Jurisdiction” (AHJs) involved with an EVCS project.  In addition to electrical 

and building codes, governments, businesses and organizations may have special requirements 

for where such installations are allowed; how the look and feel of the installation fits; how 

existing property under consideration is currently zoned; how the EVSE may impact traffic 

patterns; and how the parking areas and nearby streets must be signed.  Governments, 

business, and organizations may have access to Federal, State, and local grants, rebates and 

tax incentives that may require local government’s involvement in the application process.  Such 

considerations tie into the EV Ready Checklist actions. 

Incentives and Grants 

Incentives and grants to support EV and EVSE investments exist at the Federal level and vary 

by State.  Several States have already been supporting development of the EV infrastructure 

and other States are just now funding incentive programs intended to stimulate growth of EVCS 

and EV markets.  The goal is to assist the EV and EVSC markets until they can stand on their 

own, or evidence is available to suggest the market will not succeed or will transition into other 

alternatives.  

In Illinois, there have been some EVSE rebate programs managed by the Illinois Department of 

Commerce and Economic Opportunity (DCEO), but these are no longer active.   

As of spring 2020, there are two legislated sources of funding for EV charging infrastructure – 

the State of Illinois Public Act 101-0029 and the VW Mitigation Trust Fund (refer to Table 6).  

These funds are approved but the programs have not been launched. 

A new proposed legislation for EVSE rebates is integrated into the Illinois Clean Energy Jobs 

Act (CEJA).  If approved, this could provide between 50% and 90% of the total installed cost for 

EVSE installations.  Such programs are intended to be finite in time and the allocated funds will 

be pre-set.   

At the Federal level, there are also proposals for support of EV charging infrastructure, but 

support is currently along partisan lines.  The Tax Relief Act of 2012lxx granted tax credits for 

new EV infrastructure for those with a tax liability.  Businesses that invest in EVSEs will be 

https://www.icc.illinois.gov/authority/electric-vehicle-charging-station-installer
https://www.ilga.gov/legislation/publicacts/101/PDF/101-0029.pdf
https://www2.illinois.gov/epa/topics/air-quality/driving-a-cleaner-illinois/vw-settlement/Pages/default.aspx
https://www.citizensutilityboard.org/clean-energy-jobs-act/
https://www.citizensutilityboard.org/clean-energy-jobs-act/
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allowed to depreciate the investment.  Additional incentive programs may be available in some 

jurisdictions for property taxes and other taxes.  The Property Assessed Clean Energy program 

(PACE) in Illinois provides the ability to invest in EVSEs and paid off as part of property taxes.  

This currently only applies to businesses and not residents.11   

The ownership structure thus plays a role in incentives, as municipalities and not-for-profit 

organizations do not pay taxes and therefore are not able to take advantage of tax credits and 

depreciation.  However, States may offer special rebates or grants for public entities and other 

non-profit organizations.  Rebates may apply to the EVs and the EVSE, although differently. 

Planners should investigate the latest and or upcoming rebates and grants in anticipation of 

projects.  Some incentive links are provided next. 

INCENTIVE LINKS 

Incentives for EVs have been periodically available federally and in Illinois since 2010.  A 

comprehensive and regularly updated site for incentives and laws can be found at: 

US Alternative Fuel Vehicle Laws and Incentives 

• US DOEs Alternative Fuel Data Center, “Federal and State Laws and Incentives”  

Illinois Alternative Fuel Vehicle Laws and Incentives 

• Illinois EV-Related Laws and Regulations  

• Plug-in America’s website offers a good listing of State programs for EVs and 

EVSEs. 

Table 6 lists some of the active incentive programs and related resources active in Spring of 

2020. 

 

 

 

 

 

 

 

 
11 Per State Policy Opportunity Tracker (SPOT) Website,  Commercial Property Assessed Clean Energy 

(C-PACE) is a financing mechanism used by local governments that allows commercial, industrial, and 
multi-family property owners to finance energy efficiency, renewable energy improvements and electric 
vehicle charging infrastructure through their property tax payment. 

https://d.docs.live.net/4ec9df1662c020ea/Documents/Commercial%20Property%20Assessed%20Clean%20Energy
http://www.afdc.energy.gov/laws/
https://afdc.energy.gov/laws/state_summary?state=IL
http://www.pluginamerica.org/incentives
https://spotforcleanenergy.org/state/illinois/commercial-property-assessed-clean-energy/
https://spotforcleanenergy.org/state/illinois/commercial-property-assessed-clean-energy/


 
 

76 
 

EV READINESS DECISION GUIDE 

Illinois Active Incentives (April 2020) 

Program Abbr. Description 

State of Illinois Public Act 
101-0029, capital budget 

IL Capital 
Budget  

$70 Million for EVSE approved November 2019 

Volkswagen Mitigation 
Consent Decree 

VW Settlement  

VW was illegally testing vehicles and settled with the US under a Consent 
Decree to purchases these vehicles back or fix them (Parts A and B) and to 

pay to provide incentives associated with transportation electrification 

VW incentives, 
Part C  

Electrify America responsible for installation of hundreds of EVCS across 
US.  EA are also tasked with education and outreach. 

VW incentives, 
Part D 

To mitigate the effects, each state is allotted a portion of Part D funding.  
Estimated at $10 million for EVSE in Illinois 

Illinois Beneficiary Mitigation Plan for VW Settlement.  Some funding from 
VW part D already released for electrification of school buses 

Property Assessed Clean 
Energy (PACE) 

US PACE  

Mechanism by which communities can choose to give commercial and 
industrial property owners another tool to finance energy efficiency, 

renewable energy, water-saving upgrades, and electric vehicle 
infrastructure on their property.  In Illinois only apples to businesses. 

Illinois PACE  

Plugin America 
Incentives 

Plugin America  Listing of EV/EVSE incentives 

ComEd Programs 

ComEd EV 
Programs 

ComEd Programs: EV Related Programs 

EV Pricing ComEd Programs: Time of Use for EV charging 

Federal Incentives (April 2020) 

EV Tax Credit EV Tax Credit 

Plug-In Electric Drive Vehicle Credit (IRC 30D).  Credits from 2500 to 
$7500 per EV, up to 200,000 EVs per manufacturer 

AFDC Federal Incentive 
and Law Database 

AFDC Database  Links to federal incentives and laws for EVs 

Table 6: Active Illinois and Federal Incentives for EVs and EV Infrastructure 

Project Financing  

Depending on the ownership, size of the investment and availability of incentives, the methods 

of financing a project vary.  Some examples of financing structures are as follows: 

• For local government EV and EVSE investments, the following should be considered for 

funding sources: 

o General jurisdictional, enterprise or other special funds (e.g. Energy Fund) 

o Financing through banks or bonds through equity and/or debt financing 

o Third party funding and ownership programs 

• Business and other organizations will self-fund and/or borrow based on typical investment 

decision processes. 

http://www.ilga.gov/legislation/publicacts/101/PDF/101-0029.pdf
http://www.ilga.gov/legislation/publicacts/101/PDF/101-0029.pdf
https://www.epa.gov/enforcement/volkswagen-clean-air-act-civil-settlement
https://www.epa.gov/enforcement/volkswagen-clean-air-act-civil-settlement
https://www.epa.gov/enforcement/volkswagen-clean-air-act-civil-settlement
https://www.epa.gov/enforcement/volkswagen-clean-air-act-civil-settlement
https://www.epa.gov/enforcement/volkswagen-clean-air-act-civil-settlement
https://www.energy.gov/eere/slsc/property-assessed-clean-energy-programs
http://www.ilga.gov/legislation/ilcs/ilcs3.asp?ActID=3797&ChapterID=11
http://www.pluginamerica.org/incentives
https://www.comed.com/SmartEnergy/InnovationTechnology/Pages/ElectricVehiclesInfo.aspx
https://www.comed.com/SmartEnergy/InnovationTechnology/Pages/ElectricVehiclesInfo.aspx
https://www.comed.com/SmartEnergy/InnovationTechnology/Pages/ChargingRates.aspx
https://www.irs.gov/businesses/plug-in-electric-vehicle-credit-irc-30-and-irc-30d
https://afdc.energy.gov/laws/fed_summary
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• For those property owners that want to contribute to the growth of EVs and EVCS, but not 

want to spend the money upfront, third party entities can build and own a project for them on 

their property. 

o Projects can opt to have a third party pay for, install, operate, and/or maintain an EV 

charging station.  Special purpose companies or private-public partnerships can be 

set up whereby a combination of funding mechanisms are employed.  Third parties 

may use recoverable debt or equity shares can be issued for the owner and/or a 

variety of third-party investors. 

o Third parties that carry a tax burden can gain the benefits of tax credits and 

accelerated depreciation to reduce initial project costs and financial risks for 

municipalities and other not-for-profit organizations. 

o Revenue generated would typically go to the third-party owner, but commercial 

arrangements can be made to share in revenues with the property owner or allow the 

property owner access to free or low cost electricity. 

o Some third-party agreements provide for the ownership to transfer to the facility 

owner (or others) at some designated point in the future – typically sometime after 

the initially planned invest return has been realized.  

For these scenarios, the project financial justification will vary depending on which financing 

approach is applied.  Where applicable, consider a revenue generation approach and model the 

returns (refer to Fee Based EVSE Revenue Evaluation section).  Revenue generated would 

support a business or not-for-profits return on investment through assessing fees to charge 

EVs.  Some other considerations: 

• Leverage federal, state, and local incentives - as available  

• Use special low interest rate lending programs - as available - from Federal and State 

governments to support EV infrastructure deployment. 

• For communities, municipal Energy Funds can be used to leverage existing electrical billing 

payment structures to capture funds targeted for EVCSs.  These ‘Energy Funds’ can be set 

up with the utilities or third-party electric retailers, whereby ratepayers within a community 

contribute to an Energy Fund via their monthly bills.  This require coordination with the local 

power distribution company (e.g. ComEd, Ameren). 

Project Justification  

Depending on the ownership structure, financing methods and available incentives, the 

investment return will vary.  As part of justifying a project, the following factors and questions 

should be considered: 

• Return on Investment (ROI): What are reasonable methods and goals? 

o Simple payback – main costs vs. revenues and payback period when the 

investment achieves positive cash flow.   

o Comprehensive ROI, including all costs and time value of money considerations, 

Internal rate of return (IRR), Net Present Value (NPV), Earnings before interest, 

taxes, and amortization (EBITA) and/or other measures.   

https://www.investopedia.com/terms/e/ebita.asp
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• Intrinsic / image value: Will having EV chargers create a positive and sustainable image 

that is good for a community a business or other type of organization?  What is the value of 

this image enhancement?   

• Economic development impacts.  Will an EVSE activity stimulate retail business activity? 

o For retail businesses (e.g. stores, restaurants, hotels) – will EV charging draw in 

more or new customers?  Will they stay longer and spend more money while 

waiting? 

o Assess if the project might benefit from advertising revenues while boosting 

awareness of products, services, and/or public service announcements.  Some 

EVSEs provide the ability to have static or dynamic video which includes monthly 

fees and contracts. 

• Environmental impacts – what is the impact on pollution (greenhouse gas, other 

pollutants) by providing chargers?  What fraction of the electric vehicle electricity is being 

sourced from renewable energy supplies?  Will this installation have any negative 

environmental impacts?  Note, for new construction and businesses with LEED12 programs, 

points are available for installation of each EVSE.  Also, monetization of carbon may be a 

measurable financial variable if certain supporting legislation were to pass.   

• Social impacts – is this something the community, business or organization will benefit 

from socially culturally or motivationally?  Will this provide satisfaction to participants and 

others for being green and reducing demand for foreign oil?  Will this bring value to lower 

income communities and positively affect social justice?   

If the project has a reasonable viability based on a preliminary analysis, the following should 

also be considered: 

• Define financing alternatives between general funding vs. equity and debt financing, and for 

communities, the possible need to issue bonds.  

• As applicable, develop preliminary plans with third party equity and /or debt participants; 

including equity splits, ownership structure, buy-back agreements, loan pay back schedules 

and revenue agreements. 

• Define project legal requirements. 

• Define project timelines. 

• Understand project permitting requirements. 

• Locate other proximal EVSE sites and/or planned EVSE projects and determine if this 

impacts the timing, scope, location and demand of an EVCS project being considered.   

• If required, complete environmental impact evaluation, including supporting local and 

regional climate mitigation strategies. 

• If the EVSE will generate revenues, evaluate the range of expected use and achievable 

fees, and establish a prediction of the range of revenues over time. 

• Complete other due diligence activities associated with risks (e.g. qualification of 

lenders/equity participants, inflation, cost of money, political, technical, construction, 

 
1212 LEED, or Leadership in Energy and Environmental Design, is an internationally recognized green 
building certification system.  Developed by the U.S. Green Building Council (USGBC): 
http://www.usgbc.org/DisplayPage.aspx?CategoryID=19  

http://www.usgbc.org/DisplayPage.aspx?CategoryID=19
http://www.usgbc.org/About
http://www.usgbc.org/DisplayPage.aspx?CategoryID=19
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operation and maintenance, market changes, policy and regulatory impacts, energy 

efficiency, insurance, utility agreements and other) and appropriate costs and risk mitigation 

strategies to support decisions. 

• For communities, determine the need for a referendum (e.g. if project size merits a bond to 

be issued), based on the city’s legal financing requirements, the scope of the projects and 

the inherent need to communicate the citizenry who may be funding this investment. 

• Update any preliminary project financial models based on each financing structure 

alternative and evaluate the returns on investment. 

• Where applicable, select the best financing arrangement based on the return on investment 

models, feasibility and consistency with community values and/or business goals. 

• Prioritize EVCS solutions based on investment returns, site locations, usefulness, and other 

values to the community (e.g. as compared to using fossil fuels: CO2 reduction, air & water 

pollution reduction, positive health, and social outcomes). 

• Although not part of a financial analysis, the pollution savings should be calculated in terms 

of tons per year of greenhouse gases (CO2) not generated, and reduction in particulate 

matter, acid gases and other criteria pollutants.  Green attributes of EV charging are playing 

an increasing role in the rationale of these investments.  Some measures also consider 

human health and social factors when assessing investment.   Keep an eye on Federal and 

State policies that may incentivize EVSC projects based on pollution and/or greenhouse gas 

reduction. 

 

Total Installed Costs 

For each candidate solution, budgetary project estimates will need to be developed for the Total 

Installed Costs, including planning, assessment, equipment and software costs, installation, 

commissioning, and verification.   This includes work for all electrical, mechanical, and structural 

(if applicable), engineering and project management.  There will be agreements for the 

hardware and software.  Permitting and inspection costs may be included.  To determine the 

Total Installed Costs, the following must be considered: 

• Define project scope and costs, including EVSEs and their charge level(s), quantities and 

location(s) of EVSEs; pay-for-parking technologies and rate programs; smart grid and 

electrical capacity upgrades; wireless communication suitability; conduit racking; wall, floor 

and ceiling penetrations (and need for X-Raying), and other specific site location 

requirements.  Quotes may be obtained from multiple qualified sources for key aspects of 

the project. 

• Define needs for potential future EVs and other technology and expansion space.  This may 

include installing more or larger raceways (conduits) to accommodate more and larger 

capacity wires, plus installing raceways to future sites and/or installing new electrical power 

panels with future capacity (“EV Capable”).   

• Consider including work for future sites, as this may be cost effective, especially if 

underground runs are involved (“dig the hole once”), as some labor and material costs can 

be leveraged for current and future projects.  Rebates and credits may be applicable for the 
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future work, and no guarantee exists that such future incentive funding will be available.  

The cost to install conduit and wiring to be “EV Capable” for new construction is estimated to 

be 20 to 30% of installations in existing building.  

• Estimate the values of all available incentives (tax credits, special tariffs, grants, rebates, 

vouchers), including their respective timings and availabilities, application deadlines and 

total available cash in each incentive funding pool. 

 

EVCS TOTAL INSTALLED COST RANGES 

To give readers a sense of the EVCS costs, some ideas and price ranges are provided next.   

EVCS Scope of Work Items 

The list below details the range of possible materials, labor and services that may be provided.  

For specific EVSE retrofit installations, many of the listed items may not apply (as caveated).  

For example, for most Level 2 retrofit installations, the list is shorter – assessments are simple, 

sites are typically owned and do not require remediation, and new electrical infrastructure is not 

needed (e.g. new transformers), but these steps may be required and may apply in the case of 

new construction.  The steps that are green-bolded will be needed in each EVCS installation 

and the other items are project specific.   

1. Site Assessment Services 

o Evaluation of existing electrical power capacity 

o Power use trending analysis (if needed) 

o Determination of utility engagement needs 

o Preliminary engineering 

 

2. Site costs of purchasing, leasing, or licensing of site 

 

3. Site permitting and remediation costs (if applicable) 

 

4. Utility power transformation and upgrades, interconnections, upgrades and utility 

inspections 

 

5. EVCS Materials 

o EVSE(s), including mounting systems 

o Concrete and anchor bolts (if applicable) 

o Circuit breaker(s) 

o Branch run materials: conduit, wiring, racking systems, PVC sleeving (for 

underground conduit runs, if applicable) 

o Caulking / fire sealant for penetrations (if applicable) 

o Transformers, switchgear, interconnections, electrical service panels (as needed)  

o Power management / power sharing technologies (if applicable) 
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o Smart technologies (grid integration, smart facility energy management systems, 

vehicle to grid integration, etc.) 

 

6. EVCS Installation Labor 

o Site preparation 

o Horizontal boring (if applicable) 

o Foundation boring 

o Install electrical conduit, wiring, racking systems, PVC sleeves (for 

underground conduit runs, if applicable) 

o Penetrations of parking garage wall/ floor/ ceiling and X-raying (if applicable) 

o Penetration sealing, if applicable 

o Transformers, switchgear, new interconnections, electrical service panels (as 

needed)  

o Utility connection 

o Power management / power sharing technologies (if applicable) 

o Mechanical and civil construction work  

o EVSE installation 

o EVSE network connecting, setting up cloud software, setting up video for 

advertising (if applicable) 

o Integration with smart technologies (if applicable) 

o Site cleanup 

o New landscaping or landscape repair (if needed) 

 

7. Project Services 

o Project management (depends on project scope) 

o Project engineering  

o Project permitting and inspection (as required) 

o Warehousing equipment (if needed) 

o Quality assurance/control (as required) 

o Delivery to site 

o Commissioning and verification  

o Final inspection by Authority Having Jurisdiction (if required) 

 

8. Warranty plans (standard or extended) 
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Electric Vehicle Charging Systems (EVCS) Cost Ranges 

As described in the list above, there is a wide range of project specific scope of work and the 

associated costs for an EVCS vary accordingly.  The bullets below give a sense of typical cost 

ranges based on the Electrical Supply Equipment (EVSE, or EV charging station), but each 

project must be scoped and estimated accordingly. 

• Level 1 EVSE Total Installed Costs 

o Level 1 EVSEs or 120 VAC charging cords (e.g. Tesla) are usually supplied with the 

EV and no additional EVSE costs are required.  The facility needs to provide an 

outlet that is properly sized for the Level 1 EVSE, which may vary in power output 

from 8 to 16 amps or 1 to 2 kW.  In many cases, existing outlets are adequate.  In 

some cases, a properly sized branch run may need to be added.  There are a 

number of public Level 1 EVSEs that range from $500 to $1500.    

o For those Level 1 EVSEs that require installation or new branch runs, the projects 

will follow the same steps and similar costs as described below for Level 2.   

Because the circuits are lower power (amperage and voltage), the material costs will 

be less than Level 2 installations, but the labor is similar, perhaps a bit less. 

o Most facilities have existing capacity for single 110/120 VAC EVSEs and new panels 

and other electrical infrastructure is not typically needed.   If a large number of Level 

1 chargers is considered, the power needs would be assessed and new capacity 

hardware installed as required, following similar steps and costs as described next 

for Level 2. 

 

• Level 2 EVSE Total Installed Costs 

o EVSE costs range from around $500 for residential, single plug to $7000 for public 

charging, with two plugs.  Installation costs are site-specific.  The low cost EVSEs 

are simple, charge-only solutions, while the more expensive EVSEs have access 

control, reporting, automated billing, and more features.  Refer to Available EVSEs / 

Links section for more information. 

o For residential sites, the infrastructure labor and materials (conduit, wiring, 

racking, circuit breakers, etc.) for Level 2 installations typically ranges from $300 to 

$2,000, depending on the length of the branch run, wall and floor penetrations and 

other site-specific factors.   

o For Level 2 public/private EVSEs, the typical infrastructure installation labor and 

material costs range from $1,000 to $15,000 (in addition to the EVSE cost), 

depending on the branch run length; need for wall, ceiling and floor penetrations and 

associated X-raying; need for directional boring, excavation, concrete work, need for 

protective bollards and other site-specific costs.  Most sites cost between $3,000 to 

$10,000.  This total cost may influence the EVSE site selection.  

o If new (208 to 240 VAC) panels are required, new electrical service panels, new 

switchgear new electrical service, and interconnecting conduit, other equipment and 

wiring may be needed.  These costs are site specific but can run in the tens of 

thousands of dollars. 
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• DC Fast Charging (DCFC, Level 3) Total Installed Costs 

o For DCFCs, the EVSE costs will depend on the EVSE power level, the number of 

EVSEs, access to electrical power at needed capacity and site-specific 

requirements.  DCFCs range from 50 to 350 kW, although the majority of DCFCs 

are 150 kW or less.   50 kW DCFCs are priced in the range of $40,000 to 

$60,000, which typically includes either two CCS or one CCS combined with one 

CHAdeMO plug.   The higher power DCFCs cost up to $100,000. 

o The installation labor and materials can more than double the total project cost or 

more depending on how much of the site requires new service, environmental 

studies, site cleanup and remediation, demolition, and other site construction 

costs.  These projects are fully engineered and require rigorous review and 

approval from Authorities Having Jurisdiction. 

o Many projects will include two DCFC units, meaning the equipment costs are 

doubled.  At the power levels go up, so does the price.  Large fleet (e.g. buses 

and trucks) charging installations can exceed one million dollars. 

o New sites may not have 480 VAC available and the electrical service will need to 

be upgraded, meaning working with the utility to either leverage existing 

transmission and distribution lines or adding capacity to the distribution system 

and providing local power transformation.  This can be another significant 

expense.  Utility upgrades may involve other new electrical hardware and 

engineering may be more involved. 

o The other variables are the branch run lengths, penetrations, X-ray requirements, 

need for directional boring, excavation, concrete work, protective bollards, and 

other site-specific costs.  The utility will necessarily be involved and may 

contribute in some way to building up of the local and regional transmission and 

distribution required to support the DCFS system.  The utility should be contacted 

early to discuss the plan and the utility’s roles.  The utility may work with the site 

to amortize the expense of new utility infrastructure as part of the electricity rate 

($/kwh). 

 

Scale of Retrofit EVCS projects.   

For EVCS retrofit projects, one-time costs (e.g. assessment, permitting) are similar whether one 

EVSE or several EVSEs are installed.  Installation labor and material efficiencies exist when 

multiple EVSCs are installed compared to single EVSE installations, provided budget can 

support additional branch runs.  Projects should consider such cost efficiencies by applying an 

EV Capable approach for retrofit projects, meaning running conduit to potential EV charging 

spaces, including local junction boxes, electrical distribution panels and other costs that will 

benefit EV owners in the future. 
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New Construction EVCS Projects 

According to a CalGreen Project studylxxi, for larger-scale retrofit EVCS installations, the costs 

for retrofit EVSC installations are four to six times more expensive than the same number of 

EVSCs in new construction or larger-scale alterations or facility additions.  New construction 

includes the branch runs and the supporting power infrastructure as planned.  In contrast to 

retrofitting, new construction requires no penetrations or wall and ceiling rework, no horizontal 

boring and other tasks, as the branch runs are included in the original plan.  There also may be 

volume purchase savings on EVSEs and other materials. 

Other costs to consider: 

Although not part of the EVCS per se, network plans and extended warranty plans should be 

considered in the total investment.   Network plans are typically offered annually, and discounts 

are offered per connection plug when multiple years are purchased up front.  Similarly, 

equipment typically is provided with a one to three- year warranty for parts, with the possibility to 

extend, with per plug or per charger benefits for multiple year commitments up front.  Some 

vendors also offer warranty plans that include labor and parts.  

Some resources for costing EVSC projects 

The US DOE’s Alternative Fuels Data Center completed a useful report called Costs Associated 
With Non-Residential Electric Vehicle Supply Equipment.  
  

https://afdc.energy.gov/files/u/publication/evse_cost_report_2015.pdf.
https://afdc.energy.gov/files/u/publication/evse_cost_report_2015.pdf.
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Project Execution 

Once the participants and decision makers have a fundamental understanding of what is 

involved in the investment, the project may be executed.  This sequence of events starts with 

the assessment of the facility intended to install an EVCS through permitting, installation, 

commissioning, inspection, and validation testing. 

ISSUING RFPS AND SELECTING SUPPLIERS 

Based on the Site Assessment, specifications may be developed for issuance in Request for 

Proposals (RFPs) to qualified contractors.  This spec can be developed with internal or third-

party resources.  Often, the site assessor’s business will also have installation and procurement 

capabilities.  The RFP should clearly state the vendor’s qualifications and abilities to comply 

with all codes and provide appropriate insurance.  Proposals should be generated including all 

the labor and material, including the installation, EVSEs and supporting services.  The scope of 

work and pricing can then be compared in an evaluation for vendor(s) and contractor selection.  

Depending on whether the project is residential vs. non-residential, existing vs new construction 

and other factors like the number of EVSEs and charging level, the deliverables from the RFP 

responses may require some or all of the following: 

• EVSE schematics, drawings, and technical documentation 

• Electrical installation plan and documentation 

• Additional (new) metering, electrical service, and utility requirements, if required 

• Concrete cutting, trenching, directional drilling, and landscape design and repair plan 

• X-ray of floors in parking structures, if applicable 

• ADA Requirements 

• Permit requirements 

• Price estimates 

• Schedules 

• Warranties 

• Terms & Conditions 

• Training plan for facility operations and maintenance 

• Network administration and network set up plan 

• Other special requirements based on the Authority Having Jurisdiction (AHJ), including 

local governing bodies 

• Environmental impact, if required 

• Request may include locally sourced material supply and labor, potentially union labor  

• Start-up assistance  

• Site validation for signal strength 

 

In most cases, an electrical/mechanical contractor will be selected to complete the project work.  

Some facilities may opt to use internal installation resources or sub-contract a portion of the 

work.  Once a purchase order is released to a contractor, the planning of the physical 

construction activities can start.  This includes all the logistics, project schedules and vendor 
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purchasing release points, as coordinated with the facility.  In some cases, initial engineering or 

feasibility studies ma be completed in advance of a final purchase order.   Not all electrical and 

mechanical contractors are familiar with the code requirements and the nuances related to 

installation of EVSEs.  As discussed in the EVCS Registration section, the Illinois Commerce 

Commission provides a process for registering qualified EVCS contractors. 

Logistics such as access and egress for the construction vehicles must be managed.  This may 

require special permits that need to be applied for and obtained.  Depending on the scope of 

supply, the constraints of the site and other factors, equipment may need to be stored or staged.  

As required, contracts should facilitate the planning and coordination of these activities with the 

facility owner and then the equipment will be installed. 

EVCS INSTALLATIONS 

For wall or ceiling mounted EVSEs, the unit is typically bolted to an existing (or planned) solid 

wall (ceiling) or racking system, per vendor supplied mounting instructions.  Conduit is run along 

and inside walls and ceilings and under surfaces from the power source to the EVSE.   

 

For some installations, conduit and/or piping and wiring may be run underneath parking 

surfaces, concrete, earth, or other surfaces.  This requires use of horizontal directional drilling / 

boring and/or trenching.   Directional drilling consists of a specialized piece of drilling equipment 

that can dig channels underground from a starting point to an end point.  PVC piping may be 

placed in these underground channels and then hard conduit is pulled thought the PVC piping, 

followed by the circuit wiring. 

 

For outdoor bollard/pedestal style mounting, at the EVSE location, a hole may be excavated 

(augured) for setting the concrete structure that will secure the EVSE and its protective bollards.  

This concrete will frequently contain buried conduit and the anchor bolts that hold the EVSE.  

Figure 28 shows some different examples.  Minimum concrete depths should consider frost line 

depths for the site.  For indoor bollard / pedestal mount mounted on concrete surfaces, anchor 

bolts may be sufficient to secure the EVSE or concrete may be poured. 

 

If protective bollards are included (Figure 28), these will also need to be installed.  These 

bollards protect the EVSE from EVs and vehicles like snowplows.  Installation follows the same 

process of auguring vertical holes, pouring concrete and setting bollards in the wet concrete. 

 

Once the conduit is in place, wires are pulled from the power to the site inside the conduit to 

compete the branch run.  In some cases, intermediate junction boxes are provided to manage 

the routing of EVCS circuits.  Wiring is terminated at each EVSE at one end and a power 

panel’s circuit breaker dedicated to each EVSE at the other end.   

 

The breaker can then be turned on and power provided to the EVSE, and the EVSE is almost 

ready to charge.  As the EVSE cannot provide power unless plugged into the vehicle, testing 

requires either an EV or a simulation technology (Figure 29) to test newly installed EVSEs.  

Testers simulate an EV, test the ground fault circuit and other conditions.   
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If cloud-connected, this network connections must be set up and validated by the station 

owner/operator in concert with the EVSE vendor, the network software provider, and/or the 

installer.  This will require site registration, setting up an administrator, setting pricing structures 

(or free service), locating the EVSE on the GPS grid, setting user rights, messaging/advertising 

setup, reporting setups and more.  One or more administrators should be designated.  A key is 

these settings are best completed while the EVCS is being installed so the network service plan 

is configured when the unit is powered.   As a minimum the unit needs to be registered with the 

vendor.  If the site is to be used publicly, the site GPS-coordinates need to be provided to the 

network provider.  Other settings can be changed or initialized later. 

Depending on the site, space painting and signs may be added to finish off the project (Figure 

27 and Figure 30). 

 

Figure 28: Three bollard Style EVSE Concrete Pours with Protective Bollards, Anchor 

Bolts and Electrical Connections 
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Figure 30: Complete EVCS Installation with Protective Bollards and Signage (left) and 

combination of Level 2 and DCFC (right) 

During the installation period, owners should engage those personnel who will be responsible 

for operating and maintaining the EVCS.  This may include facility electricians, maintenance 

personnel, responsible managers, and IT personnel if networking is involved.  The installer can 

provide some basic training, although the provided and on-line documentation will work as well. 

 

 

Figure 29: Completed 

Installation with EVSE 

Tester 

 

EVSE Tester 
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INSPECTION 

Once installed, the contractor should validate the EVSE is functioning properly, both in being 

able to charge an EV and connecting with the network (if applicable).  Also, the installation 

should meet design requirements, workmanship quality and follows all applicable codes.  

Depending on the jurisdiction, the charging level and the complexity of the project, local 

inspectors may be required to provide onsite inspection and approvals.   Facility personnel may 

also require certain signoffs from the contractor after completion of the project’s final site review 

and testing. 

EVCS REGISTRATION 

In Illinois, each EVSC project should be registered with the utility.  Contacting ComEd will help 

ensure that the ComEd equipment connected is capable of serving the additional EV charging 

load.  Call ComEd's New Business organization at 866-NEW-ELEC (866-639-3532) and select 

Option 2. 

Also, for new public stations, owners interesting in letting EV drivers know where EVSE’s are 

located (e.g. to generate revenue) should register the new EVSE at sites like the AFDC’s 

“Submit New Location” form and/or the Plugshare site registration. 

Utility Considerations 

The electric utility companies in Illinois are central participants in the processes of installation 

and siting of EVCSs, as well as managing changes that will be needed to the grid and its 

supporting subsystems during a transition to more transportation electrification.  Utility 

companies in this context include the power generators, the transmission companies, and the 

electricity distribution entities.  Utilities are also central to the determining rate / tariff structures 

and have the ability to influence consumer behavior.  The following factors necessarily involve 

these entities:  

• Managing the electricity supply, transmission, and distribution 

• Managing power upgrades to facilities and to high EV charging demand areas. 

• Tracking load changes and user behavior, for example when EVCSs are added to the 

grid 

• Setting the electricity rates based on the balance between supply and demand 

• Anticipating the growth of EVs and their supporting charging infrastructure as new 

electricity consumers.  This means they need to accommodate the demand, but do so in 

smart and constructive ways, such as supporting good tariff practices and considering 

ways to influence behavior to encourage EV charging generally and specifically, to 

encourage charging off -peak. 

• Continually assessing, learning, and investing in the future of the marketplace.  Applying 

market tools to motivate EV drivers and facility owners to invest in EVs and EVCS, by 

https://afdc.energy.gov/fuels/electricity_locations.html#/station/new
https://afdc.energy.gov/fuels/electricity_locations.html#/station/new
https://www.plugshare.com/
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direct infrastructure investment, by participating in policy decisions and leveraging 

incentives and by finding useful ways to collaborate with facility owners. 

The utilities and Regional Transmission Organizations (RTOs, like PJM in Northern Illinois)  and 

Interconnecting Service Organizations (ISOs, like MISO in Ameren territory in downstate Illinois) 

are planning the roll out of new transmission plans.  The electricity market is dramatically 

changing as energy efficiency programs reduce consumption and renewable energy and energy 

storage solutions are expanding.  This means the amount of power demanded to be generated 

by existing power plants will likely decrease.  The changes driven by transportation 

electrification are the points of consumption.  For example, electrified fleets may need higher 

power levels from the grid at their fleet location.  This may impact transmission and distribution 

systems, but not existing generation, per se.   This change is expected to occur in stages as the 

EVs are purchased and increasing demand locations are identified.  Although the utilities are 

expected to gradually provide upgrades where required, this will not happen overnight and will 

likely require state, federal regulatory policy changes and clever business programs to 

encourage electrification. 

A new utility service line typically will require the establishment of a new customer account, 

which may include a credit evaluation of the entity applying for the meter, as well as a monthly 

meter charge in addition to the energy and demand charges.  In addition, the local utility may 

require an analysis of the anticipated energy consumption in order to justify covering the cost of 

the new service drop.  At some point in the future, when setting up new EVSEs, this may also 

involve new metering, possibly smart metering and local or regional energy storage to buffer 

demand load variation.  

The utility is also the party who sets the price for electricity, in concert with the ICC.  When 

considering EV charging, the EVSE facility should assess the charging demand pattern based 

on users and their daily charging expectations.  ComEd rate structures are reviewed in the next 

section and at the ComEd Rate Options for EVs webpage and can assist in planning. 

SMART GRID RATES FOR EV CHARGING 

There are various mechanisms available for utilities to control EV load and provide rate pricing 

benefits to the consumer.  More information for EV charging rates is provided at the ComEd EV 

Rates webpage, and for more information, see CUB’s Charging Ahead, Deriving Value for EVs 

for all Electricity Customers.  Rates and offered programs may be different based on class of 

service (residential, commercial, industrial, municipal).  For a complete list of ComEd rates, see 

here.lxxii  Discussion with the local utility prior to installation of the charging station is 

recommended to determine which of the rate programs you might consider.  The types of 

programs to consider for EV charging (hyperlinks are to ComEd specific documents for a 

category) include:  

Basic Electric Service (BES) is a fixed-price rate, based on an assumed average 

consumption rate.  This price varies by season; it is adjusted periodically but it does not 

change from hour to hour or from day to day.  The price for electricity is the same at any 

https://www.pjm.com/
https://www.misoenergy.org/
https://www.comed.com/SmartEnergy/InnovationTechnology/Pages/ChargingRates.aspx
https://www.comed.com/SmartEnergy/InnovationTechnology/Pages/ChargingRates.aspx
https://www.comed.com/SmartEnergy/InnovationTechnology/Pages/ChargingRates.aspx
https://www.citizensutilityboard.org/wp-content/uploads/2019/03/Charging-Ahead-Deriving-Value-from-Electric-Vehicles-for-All-Electricity-Customers-v6-031419.pdf
https://www.citizensutilityboard.org/wp-content/uploads/2019/03/Charging-Ahead-Deriving-Value-from-Electric-Vehicles-for-All-Electricity-Customers-v6-031419.pdf
https://www.comed.com/MyAccount/MyBillUsage/Pages/CurrentRatesTariffs.aspx
https://www.comed.com/SiteCollectionDocuments/MyAccount/MyBillUsage/CurrentRates/04_RateBES.pdf
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time of day or which day you use it.  This is the most common rate structure for 

residents. 

 

Real Time Pricing (RTP) 

Because the price of electricity varies based on supply and demand dynamics, attractive 

pricing programs are available from the utilities in Illinois to incentivize EV owners to 

charge during off-peak hours.  Some EVs are also provide programmable timers on the 

vehicle or within some EVSEs to be able to set the time when charging begins, in order 

to take advantage of favorable rates.  Two rate programs are commonly available from 

ComEd, hourly pricing and time of use pricing. 

 

• Basic Electric Service Hourly Pricing (BESH) is ComEd’s Hourly Pricing program, 

and allows customers to pay the dynamic, hourly market price of electricity.  The 

price varies by the hour, and customers can manage their costs by shifting some of 

their electricity use to times when the price is lower (typically night and weekend 

hours). 

• Time-of-Use (TOU) Pricing:  TOU is currently being implemented by some utilities, 

including ComEd (summer 2020).  TOU is similar to Hourly Pricing, except the utility 

and user agree to fixed rates that vary during the course of the day, week, and 

season.  The rates do not vary based strictly on the market but are pre-determined.  

For example, a TOU rate design might have three pricing periods, such as on-peak 

weekday hours, off-peak overnight hours and weekends, and shoulder-peak hours in 

early morning and early evening.  These periods might be modified between summer 

and non-summer to reflect seasonal changes in load patterns.  Prices could be set 

annually. 

 

EV Only Rates: Some utilities (not Illinois) will provide a special EV Only Rate for EV 

charging and will require the installation of a second meter specifically for this purpose.  

Customers in Illinois are widely using cellular / wireless technologies to provide power 

consumption information in real time through smart meters.  Wireless integration may be 

used to measure EV-only power based on the EVSE and not require a second electricity 

meter to be installed.  At some point, this technology approach could provide the lowest 

charging costs for EV owners, if integrated into other smart grid technologies (refer to 

Vehicle to Grid Integration section). 

 

Demand Response: Demand response is a voluntary or utility system-managed 

program that allows a utility to send out a signal to customers to cut back on loads (such 

as EV charging) during times the utility is experiencing a high peak on their utility grid 

(not currently available in Illinois).  This has been used in some areas for electric dryers 

and heaters, and air conditioners, to allow usage to be curtailed by the utility during peak 

usage times.  Voluntary customers are compensated when they participate in these 

programs.  EVs may participate in such programs.  Utilities may enter into contracts with 

EV owners to allow the utility to maintain more control on EV charging.  Refer to Vehicle 

to Grid Integration section. 

https://www.comed.com/SiteCollectionDocuments/MyAccount/MyBillUsage/CurrentRates/05_RateBESH.pdf
https://www.comed.com/SiteCollectionDocuments/MyAccount/MyBillUsage/CurrentRates/75_Rate_RTOUPP.pdf
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According to the Chicago Tribune, industry watchers say 80 to 90 percent of plug-in 

vehicle charges are likely to occur at home and high-tech home chargers will be outfitted 

with technology that can detect the cheapest time to switch on.  This would also allow 

the utilities and independent power producers to gain better use of their assets.   Utilities 

can apply real time pricing as options to encourage EV drivers to charge during off peak 

hours – e.g. while they are sleeping, they pay the lowest rates.lxxiii   

 

Demand Charges for DCFCs: When considering DCFC installations, demand charges 

can be a significant part of the electrical costs for DCFC installations, dependng on the 

utility’s tariff structure.  During a normal day, a DCFC may actually have a relatively low 

consumption profile on a average basis, but may operate during peak operating times, 

and incur high peak demand tariffs.  Policy makers working with utilities need to consider 

this and work to find ways of setting up tariffs specific for this evenutality – to not overly 

impose these additional costs and dissuade EV drivers from using DCFCs during peak 

hours.  Perhaps when stationary energy storage systems are more broadly in place, 

energy used during the peak periods can be drawn from storage to enhance the 

management of peak load on the grid and this storage energy can be used during peak 

periods, perhaps in combination with renewable power sources. 

 

ADVANCED METERING INFRASTRUCTURE: “SMART-GRID” 

The Advanced Metering Infrastructure (“AMI”) or the “Smart-Grid” in Illinois is widespread.  AMI 

is essentially electricity metering that measures the amount of kilowatt hours and/ or monthly 

peak power demand in kilowatts and wirelessly communicates these data to the utility.  AMI 

captures traditional measures of consumption and demand but does so with accurate digitized 

cellular communication in real time, versus monthly, manual meter readouts.  AMI allows the 

utility to identify power outages and make fast repairs.  It enables the grid to be remotely 

managed and improves grid reliability.  Adding an EVSE in this communication loop is just an 

additional, manageable electrical load.  AMI provides the foundation for “beyond the meter” 

energy management.  By having this real time access to grid data, software tools and advanced 

computing power are increasingly being used to analyze and optimize the overall grid.  This 

provides for the grid to “talk” to smart appliances, EV-to-Grid integration, and smarter integration 

of renewable energy resources. 

AMI includes all the end-to-end grid technologies that allow all participating devices and 

participants on the utility grid to communicate various data, such as how much and when a 

facility or an EVSE uses, produces, or stores electrical power.  The infrastructure includes all 

the wires, interconnections, wired and wireless communication and transmission devices, 

metering, and management software.  Some existing infrastructure may be used in the AMI, but 

new meters and network management technologies will be needed.   

Through Smart-Grid technologies, utilities can minimize their investment in new power plants 

and electrical distribution and transmission by shifting and controlling loads while minimizing the 
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impact to the customer base.  Over time, this should reduce the cost to operate and maintain 

the grid and provide more resilient service. 

EVSE Operation and Maintenance 

Once an EVSE is up and running, the EVSE owner is responsible for operating and maintaining 

the EVSEs.  Operationally, these systems are largely self-serve and most EVSEs are very 

reliable.  Many EVSEs are cloud or WiFi based.  Some EVSE vendors integrate the network 

software and the hardware as one package and others split these responsibilities between two 

different providers.  If not networked, EVSEs are basically plug and play. 

A trained facility staff may provide maintenance services, or this could be done under a service 

contract or on an as needed basis.  EVSE vendors and qualified EVSE installers may provide 

aftermarket services and stock spare parts.   

NETWORKING 

For networked EVSEs, once installed and powered up, a connection must be made with a local 

network (e.g. Wi-Fi) or a cellular network (cloud connected).   The details of these connections 

vary, but fundamentally each program will have specific instructions to connect and configure 

the available features.  Included programs set up the physical location using GPS coordinates, 

manage access control (who can charge and when), multiple pricing tiers, reporting, wait listing, 

power sharing, and other features.  The installer, software vendor and/or the EVSE vendor 

should support setting up the networking.  Some EVSE suppliers manage the hardware and 

software and some EVSE suppliers work with third party apps to manage the EVSE.   A site 

administrator will need to be trained on the interfacing software as changes may be made going 

forward (e.g. changing pricing).  These programs normally require paying an annual or monthly 

license fee, which should provide automatic software upgrades and 24/7 support.  Diagnostics 

on the EVSE vendor’s sites commonly manage and solve software problems remotely.   

OPERATION 

For simple, non-networked EVSEs, the EV owner needs only remove the connector from its 

holster and plug in.  The EV will complete a communication handshake with the EVSE to make 

sure the connection is electrically safe and communication links have been made.  Once 

connected, the vehicle cannot be started until the connector is removed.  Some EVSEs have 

access control security features, meaning some form of code, wireless communication (e.g. 

RFID), pass code or other means allows the driver to access charging.      

Owners of EVSE with cloud-based networking will have to become familiar with the software 

interfaces used to manage the site, including setting up features like reservations and billing, 

pricing structures, reports and more.  The vendors provide telephone and on-line support and 

many of the sites provide good video training.  However, the first time a new owner logs into the 

online systems will involve a learning curve to find the right screens to manage each feature of 
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interest.  This can involve setting up EV drivers that have special privileges, the method of 

payment, the ability to reserve, and the visibility of each charger on the network.  

MAINTENANCE  

Electromechanically, EVSEs are essentially electrical devices with built-in safeties, and in most 

cases, there is limited maintenance required.  EVSEs may be compared to televisions or 

computers.  There are few or no moving parts to wear out.  EVSEs may have cooling fans, like 

computers, which typically last a long time.  For the EVSEs currently available in the 

marketplace, the vendors will be the primary point of service for their brands, until such time as 

private technicians are trained in servicing these products.  Depending on the number of EVSEs 

in a given facility, items like cords and connectors may be damaged and the vendors will be 

able to provide replacement parts.  The EVSE vendors should be able to provide onsite support 

or recommend local qualified service technicians. 

TRAINING 

As EVSEs will be new to many, training programs should be considered for those maintaining 

and operating the charge stations and vehicles.  The EVSE interfaces are simple for the users, 

but software administrations will want to take advantage of training from the vendor or use 

online training courses. 

 

Safety, Risk and First Responders  

As these electric vehicles and the chargers are based on new technologies, some new risks 

exist, and new safety practices must be applied.  First responders (fire, police, other emergency 

services and towing services) must know how to render the vehicles and the EV infrastructure 

safe in order to properly remediate a situation.  Facility personnel and management should be 

aware of the risks and have plans for mitigation in the unlikely event of an accident or other 

emergency.   

Much of the safety precautions related to EVs are the same as most vehicles, but there are new 

situations due mainly to the larger and higher voltage and amperage wiring and battery packs.   

For the EVSEs and connecting infrastructure, EVSEs need to be de-energized in the case of a 

incident where a vehicle has struck an EVSE.  Although the EVSEs are largely self-protecting 

and will disconnect power to the unit if damaged, the source power to the EVSE may still be 

energized.   An early action may be to find the source of the EVSE’s power and turn a breaker 

off to de-energize the EVSE.   Once de-energized, first responders should be relatively 

comfortable with incidents involving the chargers, but there still are some new things to be 

aware of for the EVs and the EVSEs.   

The National Fire Protection Association (NFPA, a main safety organization in the US) and 

other organizations offer training courses and documentation to illustrate steps to take and 
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where unique actions may be required on a given vehicle model – for both EVs and HEVs.  

Each EV and HEV vendor provides information for first responders as well.   

One example of a new consideration is the high voltage potential of the electric batteries.  

These high voltage cables (typically orange colored, over 300 VDC) should never be cut as they 

may be energized and power from charged or partially charged batteries can cause electric 

shock, injury, or death.  Each vendor provides certain safeties that isolate the high voltage 

system, including ignition system isolation, high voltage battery disconnects, automatic fuse 

disconnects, automatic isolation with high battery temperature, automatic battery isolation when 

airbags deploy and other safeties.  However, even when isolated, the battery itself should 

always be considered as being high voltage.   

For additional ideas on training programs for first responders, the following resources should be 

reviewed by first responder from the National Fire Protection Association (NFPA) and National 

Electrical Manufacturers Association (NEMA): 

• NFPA Electric Vehicle Emergency Field Guide  

• Alternative Fuel Vehicles Safety Training 

• NFPA Emergency Response Guides:  

• NEMA EV and EVSE Safety Video  

 

EVSE installations require compliance with several codes, standards, regulations, and other 

requirements.  In the US, the National Electric Code (NEC) sets the main requirements for 

aspects of the electrical design of the EVSE.  The Society of Automotive Engineers (SAE) has 

defined the main requirements for the vehicles and connectors.  Underwriters Laboratory (UL) 

sets additional electromechanical requirements for the EVSEs and the EVs.  The various EV 

and EVSE technology vendors are required to comply with standards, codes, and regulations, 

but may approach their compliance differently from a design standpoint. 

Municipalities, counties, and other Authorities Having Jurisdiction (AHJ) may have additional 

electrical, mechanical, building, structural, appearance or zoning requirements as related to the 

installations of the EVSE and balance of infrastructure.   

 

 

 

 

 

 

 

 

https://catalog.nfpa.org/Emergency-Field-Guide-2015-Edition-P13872.aspx?icid=D762
https://d.docs.live.net/4ec9df1662c020ea/Documents/
https://d.docs.live.net/4ec9df1662c020ea/Documents/•%09https:/www.nfpa.org/Training-and-Events/By-topic/Alternative-Fuel-Vehicle-Safety-Training/Emergency-Response-Guides
https://d.docs.live.net/4ec9df1662c020ea/Documents/•%09http:/www.nema.org/News/Pages/EV-and-EVSE-Safety-Simply-Explained-by-ESFI-Video.aspx
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7. MEASURES OF SUCCESS 

H. James Harrington, a leader in quality assurance processes, said “Measurement is the first 

step that leads to control and eventually to improvement. If you can’t measure something, you 

can’t understand it.  If you can’t understand it, you can’t control it.  If you can’t control it, you 

can’t improve it.” 

The various ideas presented in this Guide necessarily have to have a foundation in 

measurement.   Significant investments are contemplated, and, in many cases, costs will be 

applied in stages.  In order to assess the success of first steps and to decide how and when to 

take new steps, some basis for measuring success should be established up front.  Tools and 

methods can be improved with experience; therefore, an ongoing assessment basis should be 

established.  Some examples of the types of measures are shown in Table 7: 

 

Table 7: Examples of Measures 

The effort to establish measures is not always seen up front as a priority and some suggest they 

will be able to later tell if a change or an investment was worthwhile.   In this age of data 

management, online resources, telematics and the ability to communicate with smart devices in 

the Cloud, there are many methods that may take some training efforts to initiate, but these 

investments can pay for themselves in a short time, and, more importantly, allow decision 

makers to make informed decisions. 

 

 

 

 

 

 

Environmental: Financial Utility Grid Considerations Operational Electric Mobility Goals

Greenhouse gas reduction

Net present Value / Return on 

Investment and total life cycle costs, 

Time to positive cash flow 

(compared to current)

Collaboration with Beneficial 

Electrification programs 

Impact on public parking 

space counts

Number and level of public 

EVSEs

Other pollution reduction Capital Costs (EV, EVCS)
Rate usage leveraging 

beneficial pricing

Impacts on operations – 

refuel time and logistics

Time of day charging vs. 

electricity rates

Contribution points to LEED 

certifications

Life Cycle Operating and 

Maintenance Costs, material and 

labor, $/VMT

Installation of collaborative 

EVSEs with utility

Time of use/ hourly 

charging savings

Availability, timing and amount of 

incentives

Effect on local grid loads and 

need for utility investments.  

Increased reliability fo grids

EVSE tracking: user 

quantities, turns, kwh 

charged, time of day 

usage behavior

Support of local business 

development

https://www.inspiringquotes.us/quotes/7dXU_9YzocTMx
https://www.inspiringquotes.us/quotes/7dXU_9YzocTMx
https://www.inspiringquotes.us/quotes/7dXU_9YzocTMx
https://www.inspiringquotes.us/quotes/7dXU_9YzocTMx
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8. LOOKING FORWARD 

As mentioned, several times in this Guide, planning for the future is a key element of electrifying 

transportation.  The focus thus far has been on planning for future EV charging and planning the 

appropriate number of EVSEs and the supporting electrical and mechanical infrastructure and 

how and when to fund projects.  This section provides some insights looking a bit further into the 

future.   

As with all technology, R&D drives changes to prove ideas, add capabilities, reduce costs, and 

within the EV ecosystem, improve the environment.  New EVs will inevitably have batteries that 

will add travel range, which will need charging infrastructure.  Advances in battery technologies 

will increase battery storage capacity (range miles) by making batteries physically larger and/or 

others will improve storage by increasing the battery’s energy density.  EVSEs will grow to 

include more and faster charging power levels, which may affect a facility’s power capacity 

planning.  Although many of these ideas may not immediately apply to project planning today, 

being aware of these ideas should prove helpful in the future and may affect decisions made 

today for new construction. 

As we move into the next decade, many regions are looking at transportation electrification as 

not only a way to power vehicles, but also support grid optimization and reliability.  This includes 

the realm of “smart “, “sustainable “, or “green “buildings, where facilities are optimized to 

manage and reduce energy consumption, minimizing electricity costs.  These approaches fall 

under the rubric of “Beneficial Electrification”, which is a term for replacing fossil fuel use with 

electricity in ways that reduce overall emissions and energy costs. 

This overall concept of smartly integrating EVs, EVSEs, solar power, energy storage, facility 

control systems, smart technologies, etc. with the grid may also grouped under the term 

“Beneficial Electrification “, and some interesting upcoming examples are considered next. 

Vehicle to Grid Integration 

As EVs and EVSE’s evolve, the grid becomes smarter and the ability to reduce emissions 

grows, the integrated set of hardware, software, and control systems for all these technologies 

provides an opportunity to use EV batteries as energy storage and supply devices to and from 

the grid.    

The process of moving electrons to and from an EV battery and the gird is termed Vehicle Grid 

Integration (VGI).   Advancements in smart devices and facility and vehicle management 

systems provide means to control these devices using the “Internet of Things”lxxiv or SCADAlxxv 

systems as managed by the utility, OEMs, and other market stakeholders.   

According to a 2020 report by the California Public Utilities Commission and assembled by 

working group led by Gridworks, “Electric vehicle grid integration means any method or altering 

the time, charging level or location at which grid-connected EVs charge or discharge, in a 

manner that optimizes plug-in electric vehicle interaction with the electrical grid and provides net 

benefits to the rate payers by doing any of the following:  

https://en.wikipedia.org/wiki/Internet_of_things
https://en.wikipedia.org/wiki/SCADA
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a) increasing electrical grid asset utilization 

b) avoiding otherwise necessary distribution infrastructure upgrades  

c) integrating renewable energy resources,  

d) reducing the cost of electricity supply and 

e) offering reliability services consistent with the Independent System Operator tariff.”lxxvi 

 

VGI can accelerate the adoption of EVs by providing EV owners with a revenue stream or tariff 

rate reductions and therefor reduce the total cost of ownership.   Using EV batteries to 

temporarily store electricity can reduce grid load, reduce the utility’s need to add power 

generating assets and helps to further reduce GHGs produced in the power sector.  Using 

mobile (and stationary) energy storage can offset some of the issues related to availability and 

curtailment of renewable energy.  As the number of EVs grows, the scenarios to integrate EVs 

with the grid are expected to grow.   

Electric vehicles are good electrical loads for the utilities to manage through smart technologies 

(on board vehicle devices, cell phones, other digital devices), smart meters, smart EVSEs, 

telematics and GPS systems.  These mobile power sources can be pin-pointed and tracked and 

because EVs have on-board GPS systems and energy storage systems and other smart 

technologies, so they can be integrated as individual grid electricity resources.   Technology to 

manage the flow of electrons into and out of an EV battery can be set up to have limited impact 

on the EV owner, as opposed to lighting or air conditioning loads, which can have an immediate 

impact on the customer when turned off.  Additionally, a neighborhood transformer may not be 

big enough to simultaneously support every EV-owning customer in an area, unless the 

infrastructure is upgraded.  The most economical solution may be to load share rather than 

increase the capacity from the utility by adding more distributed and/or transformed power.  The 

ability to schedule and manage when the EV charger is connected to a neighborhood 

transformer could delay or eliminate the need to replace the transformer with a larger size.   

As the adoption of EVs increases, load control strategies for multiple user applications (e.g. 

businesses, neighborhoods, apartment complexes, fleets) may allow the utility to manage 

charging times to maximize the effectiveness and utilization of existing infrastructure.  For 

example, assume multiple EVs are sharing a common electrical service during the hours of 8:00 

PM to 6:00 AM.  If the charging were automatically shared, more vehicles could be charged with 

a smaller overall load capacity (and smaller investment).  If only 2 charging hours are needed 

per vehicle, this would mean 5 cars could be charge during the same 10-hour period versus 

charging all cars say from 10 to 12 PM, which could require a larger service.  The smart grid, 

smart devices and smart metering systems can automate these charging programs.  Naturally, 

participants need to agree to have their electrons used, but the market would provide financial 

benefits to motivate participation. 

 

 

 

https://codes.findlaw.com/ca/public-utilities-code/puc-sect-380.html
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Such VGI concepts include: 

• Grid distribution applications:   

o Vehicle to Grid – single-directional (V1G, Grid to Vehicle), that allows managed 

charging of EVs and flexible demand (demand response) 

o Vehicle to Grid – bi-directional (V2G) charging and discharging, allowing 

vehicles to receive and also discharge energy back to the grid or into a building 

or local power system 

• Commercial applications – Vehicle to Business (V2B) 

• Residential applications – Vehicle to Home (V2H) 

• Indirect or passive control of charging involves adjusting the EV charge/discharge 

based on time-varying price signals or grid conditions.   

• Direct or active control of charging involves adjusting the EV charge/discharge in 

response to active external instructions that prescribe or command charging behavior. 

The idea is to provide grid-managed one way or two-way electron exchange.  This may also 

involve converting AC power to DC and vice versa.  Considerable R&D has been completed 

and continues to prove concepts, technologies, and their integration, towards the goal of 

applying VGI broadly.   

SINGLE DIRECTION CHARGING (V1G) 

Single direction (V1G) control of EV battery charging, applies Managed Charging, the term 

commonly applied for the capability of the utility to determine when to charge an EV, based on 

an agreement with the EV owner.   By having this ability, the utility can control the grid’s peak 

demands by controlling when and where EVs are charged within a given region, normally tied to 

demand response management.  Figure 31 depicts this process.  The grid is connected to the 

EVSE and the EV is plugged in.  The start time for charging is controlled by the supplier.  There 

will be business models to accompany this to ensure it benefits the EV owner.   This will be 

managed using the Internet using Automated Metering Interface (AMI), interfacing with the 

EVSE, which in turn provides power to the EV. 
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Figure 31: Simplified Flowsheet of Managed Charging 

BI-DIRECTIONAL CHARGING (V2G) 

Bi-direction (V2G) control of EV battery charging takes the V1G idea and adds the capability of 

the EVs battery to provide intermittent power back to the grid.  This requires more sophisticated 

and comprehensive controls than V1G to manage the balance between power supply and 

demand.  Figure 32 depicts a simplified set of interacting scenarios possible on V2G, including 

tying in homes (V2H) and businesses (V2B) in addition to the grid, as customers to trade 

electricity to and from EV batteries.  The ecosystem integrates controls and communication 

using AMI, the Internet, the EVSEs and EVs, as well as the various power form (AC/DC) 

conversion technologies.   

The use of passive or active controls will be used to reduce costs, provide grid flexibility and 

reliability and influence ratepayers behaviors in different ways.  Passive controls will be largely 

up to the EV owner to determine when charging occurs based on time of day, vs. active controls 

which will be determined by the grid operator to manage demand. 

The applicability and relevance of V2G strategies will be influenced by the size and number of 

EVs involved and the range miles needed to be replaced daily.  A large EV truck or bus fleet 
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using V2G may be able to save money per energy recharged, but this may create operational 

constraints, which need to be balanced. 

 

Figure 32: V2G Charging Flowsheet 

V2B takes power from an EV battery (or groups of EV batteries, possibly fleets) and acts as a 

small power source for a business facility.  This approach can be used for municipal, business 

and other organizations to reduce demand charges, act as a facility power backup, supply 

power during power outages, integrate with solar power to capture electricity from the sun and 

other capabilities, plus reduce the cost of electricity though special utility rate programs. 

V2H takes power from an EV battery and acts as a power source for a residence.  V2H can be 

used for homeowners and renters to act as a power backup, supply power during power 

outages, integrate with solar power to capture electricity from the sun and other capabilities, 

plus reduce the cost of electricity though special utility rate programs. 
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Distributed Energy Resources 

An extension of the V2G ideas considers EV batteries acting as a smaller or virtual power 

plants.  Once EV batteries are charged, they can be used to support local electricity demand, 

instead of getting electrons from a centralized power plant.  The idea is EV batteries are 

Distributed Energy Resources (DER), similar to solar power on rooftops.   

Using the Internet and the Smart Grid, EV batteries can be used to temporarily store electrons 

and then the grid can decide when and where to use them, using VGI technologies.  Similar 

approaches can be applied for stationary Energy Storage Systems (ESSs).  For example, 

imagine a series of EVs in an area, connected to the grid through their connectors (SAE J1772, 

CCS, CHAdeMO or Tesla).  Using V2G methods, power can 1) be delivered and the batteries 

can be filled or 2) power can be supplied to the utility, as determine by the utility, but with the 

concurrence of the EV owners.  By having temporary storage and possibly combining the 

available storage capacity with ESS, this can smooth out the grid’s supply and demand curves, 

making the overall system more operationally efficient and cost effective.  This can allow fewer 

power plants to be required to be online at certain times of the day.  This will reduce pollution 

overall.  This concept is simply depicted in Figure 33. 

DER and VGI represent changes in the grid, electricity supply, electricity demand and 

transportation that many think is on the horizon.  Although municipalities, businesses, other 

organizations, and homeowners do not have a current means to participate in Illinois, 

awareness of this new upcoming reality may influence decision making, especially larger 

infrastructure projects in planning stages.  DER and VGI projects are underway elsewhere in the 

US and some related projects have been started in Illinois.  Moreover, renewable energy (most 

notably solar power), can be integrated into the same concept.  Renewable power is a DER, 

and can trade electrons with EV batteries, stationary ESS and the grid.  Once the combination 

of DER, EV/EVSE, ESS and renewable energy can be logically tied together and safely 

managed, demand can be optimized, meaning lower demand costs and lower rates for 

participants.  These computer-managed solutions can also benefit from incorporating Time-of-

Use rates, Demand Response Management, and other smart grid rate structures. 

At this time, decision makers should support smart policies and practices that nurture smart 

technologies for the general needs and policies of our governments. 
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Figure 33: Simplified Illustration of Distributed Energy Resources 

EV and EVSE Technology Advancements 

One of the most interesting and revolutionary advances that is now happening is the addition of 

Autonomous EVs (AEVs).  In addition to being able to navigate travel without a human behind 

the wheel, these smart vehicles will be able to communicate with facilities and the “Internet of 

Things”, meaning new paradigms will have the potential to reduce congestion, pollution and 

costs.  The AEVs being designed are almost all EVs as well. 

Fleets are increasingly using telematics integrated on vehicles.  These data can be applied to 

optimize the range of EV use, including route optimization, identifying lowest recharge costs 

along routes and many more functions.  Telematics will be tied into AEVs. 

Other EV strategies are being considered.  One idea is to swap out batteries, where a vehicle 

pulls into a service bay and the battery is mechanically exchanged with another fully charged 

battery for a fee.  This approach has not yet been embraced in the US, but has elsewhere in the 

world, according to Elektrek.lxxvii This approach requires coordination with the vehicle 
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manufacturers who need to provide a drop-down battery carriage as part of their vehicle design 

that works with the swapping technology and the battery replacement company requires 

swapping stations.  This approach includes the swapping company taking ownership for the 

batteries and the EV owner paying a monthly subscription fee under a contract, like a cell 

phone.  When a battery needs replacement, the swapping company does this, but the EV owner 

continues to pay a regular subscription fee. 

Another idea uses special fueling depots that replace the electrolyte material in the battery, 

like putting gasoline in the tank.  The depleted electrolyte is sucked out or pressured out of the 

battery housing and new fully charged electrolyte is put in its place, essentially recharging the 

battery.  This provides a relatively fast solution, but there are certain risks handling these 

electrolytes, as they may be corrosive.  This solution has not been tried on any large 

commercial scale. 

Companies have developed mobile / portable chargers that can transfer electrons into an EV 

battery when the vehicle runs out of power.  This can fit into a business such as a towing 

company. 

More EV-related technology is under development that intends to suppler the various 

ecosystems related to transportation, fleet management, grid optimization and other areas yet 

unseen.  Like any new market, ingenuity will provide for many new technologies and processes 

to support the new EV paradigm. 
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9. REGIONAL CONSIDERATIONS 

When thinking about siting EV charging stations, much of the focus in this Guide has been site 

specific, with public and private facility owners being the primary decision makers.  A goal to 

make EVs successful and for a broader section of the general public to take part is to make 

public EV charging ubiquitous, akin to gasoline.   To achieve this objective, regional, state, and 

national efforts are necessary.   Use of public highways to site EVSCs needs to be an integral 

part of the plan, particularly with DCFCs.  Regional sites should consider proximity to major 

roads, with easy access, locations near populations where EVs are likely and consideration for 

effective regional use and local equity. 

To be successful, regional planning should include sharing ideas within an area to optimize 

siting of public EV charging stations.  By having regional goals and plans, use of public funds to 

support strategic installations can fairly leverage incentives as well as volume purchasing 

agreements with EV and EVSE companies and installers.   In Illinois there a number of 

associations that collaborate to establish regional plans that benefit their respective member 

communities.  This includes the following: 

• Chicago Metropolitan Agency for Planning (CMAP) Sub-regional Councils 

10 councils covering Cook and Collar Counties)  

o Per CMAP, The Subregional Councils of Mayors (COMs) are defined by 

specific geographic boundaries– six in suburban Cook County and one for each 

of the five collar counties. The region also has nine regional municipal 

associations, or Councils of Government (COGs).  They exist to promote sub-

regional coordination and collaboration between municipalities on a broader 

range of issues.  Together with the City of Chicago, the COGs are members of 

the Metropolitan Mayors Caucus (MMC), which is a forum for Mayors to 

collaborate on broad regional issues and a partner for the development of this 

Guide. 

• Illinois Association of Regional Councils (ILARC)   

Illinois collaborating councils outside of Chicago Metropolitan area 

State and federal agencies need to be engaged as related to siting along Illinois and interstate 

highways.  The Illinois Department of Transportation (IDOT) and the Federal Highway 

Administration (FHWA) may be involved, as related to siting, specific requirements and 

incentives   An ongoing effort at state and federal levels is to post standardized EV wayfinding 

signage at strategic locations.   

In some cases, counties and townships can similarly participate regionally, in concert with these 

Councils.  Similarly, other entities in Illinois can play important roles in regional solutions, 

including the Rapid Transit Authority (RTA), the Chicago Transit Authority (CTA), Metra, 

and Pace, which are Service Boards under the RTA.   These agencies own and leverage a lot of 

public parking property, own many vehicle,s and there is a strong synergy between their 

services and regional solutions for EV charging. 

https://www.cmap.illinois.gov/committees/advisory/council-of-mayors/subregional-councils
https://www.cmap.illinois.gov/committees/advisory/council-of-mayors/subregional-councils
http://www.mayorscaucus.org/
https://ilarconline.org/member-councils
http://www.idot.illinois.gov/
https://www.fhwa.dot.gov/
https://www.fhwa.dot.gov/
https://en.wikipedia.org/wiki/Regional_Transportation_Authority_(Illinois)
https://en.wikipedia.org/wiki/Chicago_Transit_Authority
https://en.wikipedia.org/wiki/Metra
https://en.wikipedia.org/wiki/Pace_(transit)
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Volunteer and advocacy groups like the Illinois Environmental Council (IEC), Natural Resources 

Defense Council (NRDC), Environmental Law and Policy Center (ELPC), Chicago Area Clean 

Cities, Illinois Sierra Club, Citizens Utility Board (CUB), Indivisible Chicago Alliance (ICA), 

MoveOn and others will support regional solutions. 

https://ilenviro.org/
https://www.nrdc.org/
https://www.nrdc.org/
http://elpc.org/
https://chicagocleancities.org/
https://chicagocleancities.org/
https://www.sierraclub.org/illinois
https://www.citizensutilityboard.org/
https://www.indivisiblechicago.com/
https://front.moveon.org/
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10. MAKING DECISIONS FOR LOCAL GOVERNMENT 

FLEETS 

When making decisions for local government fleets, the following criteria need to be considered: 

• Operational needs of the fleet / community 

• Application and fleet usage load profile  

o Current and expected energy (fuel) needs 

o Daily, weekly, annual miles 

o Logistics related to providing goods and services to the public 

o Types of vehicles to use 

o Right sizing of fleet (payload, volume, duty cycle, power, acceleration, torque) 

• Current vehicle retirement plan (age, operating hours, mileage) 

• Capital and operating cost budget frameworks 

• Purchasing strategies – timing, volume pricing, availability of incentives 

• Goals related to pollution and greenhouse gas reduction 

These parameters should be captured within an integrated set of strategies and actions along a 

timeline.  This process typically starts with a fleet assessment or feasibility study, a setting of 

sustainability goals and a set of metrics to track decisions. 

Assessing Fleet Usage and Operational Needs 

The first step for a local government is to assess which vehicles might be considered for 

electrification and when they might be deployed.  This planning typically considers current and 

future operational usage profiles, current vehicle life, mileage/operating hours and retirement 

goals, budget, current fuel type, replacement timing and the availability of applicable EV 

models.  The Usage Profile considers the number of miles driven daily and annually, the type 

of service, the operational requirements and logistics of refueling and any new constraints 

imposed due to using EVs.  This information may be captured for each vehicle uniquely or 

groups of vehicles (e.g. police cars, service trucks).  This set of decisions will depend on how 

the public entity is structured and who is involved in the strategic, operational, and economic 

decisions.  Some municipalities may group all vehicles in one purchasing group, while others 

may separate based on emergency services, public works, administration, schools, parks, etc. 

The next step is to determine which vehicles should be considered for replacement, why, when 

and what the budget might be.  Related to this are related current or anticipated incentives for 

EVs and/or EV Charging stations and the incentive availability time frame.  

Assessing Municipal Fleet EV and Charging Needs 

Assuming decisions are made to consider which EVs and the impacts on operations, the next 

assessment step is to define the types of vehicles, how many, how, when and where they will 
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be refueled and confirm the desired EVs can be purchased in the area (now or in the future).  

A fleet assessment should also define a multi-year purchasing plan, an approach to defining 

the requirements of the vehicles (“right sizing”), applicability for electrification, charging needs 

and accessibility, investment requirements and other factors. 

Table 8 provides a sample list of decisions to identify and quantify in the process of planning to 

move from ICEVs to EVs.  This starts by understanding the current fleet makeup, current fuel 

consumption, the profile of how the vehicles are used, and criteria for retiring current vehicles.  

For those vehicles being considered for replacement, another question to answer is whether to 

purchase new or used vehicles or to lease.  

Based on these inputs, a return on investment can be assessed based on total lifecycle costs 

for various scenarios, including vehicle costs over time, operation, and maintenance.  Finally, 

for electrification, the consideration of investing in EV charging infrastructure versus using 

publicly available resources needs to be calculated.  If a fleet decides to invest in charging 

infrastructure, they may want to evaluate sharing with other EV drivers and generate revenue 

or strictly use the EVSEs for fleet needs.  Refer also to Total Cost of Ownership Evaluation: 

Electric Vehicles section. 

Evaluation Category 
Current 
Vehicles 

Future Vehicles 
(EVs) 

VEHICLES     

Vehicle Types (car, van, truck, bus)     

Quantities to replace     

Vehicle Makes and Models     

FUEL     

Current Fuel Type     

Fuel Capacity Gallons/kwh     

Miles to refuel/recharge     

USAGE PROFILE     

Daily / Annual Miles     

Fuel efficiency (MPG, Miles/kwh)     

Gallons/Year, kWh/year     

Gallons/Day, kWh/ day     

Return to Home Base each Day (Y/N)?     

Need to use third party refueling/recharging?     

Right sizing needs (torque, acceleration, horsepower, 
payload weight, delivery volume, seat count, accessories, 

fuel storage volume, etc.)     

VEHICLE LIFE: for each existing vehicle     

Date Entered into Service     

Days in Service     

Annual Mileage     

Actual Mileage Now     

Retirement Mileage (if known)     

Remaining Lifetime in Miles     

Est. Years Useful Life     

Est. Retirement Date     

Est. Date to Retire from Service     
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Evaluation Category 
Current 
Vehicles 

Future 
Vehicles (EVs) 

PURCHASING     

Replacement w/ used candidate?     

Replacement w/ lease candidate?     

Replacement w/ new candidate?     

Type of replacement vehicle     

New/used leased vehicle costs     

Schedule of which fleet vehicles to replace and when     

      

VEHICLE LIFECYCLE COSTS     

Insurance costs     

Finance charges     

Purchase fees: License, destination, and registration fees     

Annual license fees     

Depreciation     

Annual Maintenance Costs     

      

REFUELING / RECHARGING INFRASTRUCTURE COSTS     

Initial cost of installed infrastructure (fossil fuel, EVCS)     

Depreciation of refueling infrastructure     

Insurance     

Finance Charges     

Network services annual license fees      

Special warranty programs     

Potential revenue      

Table 8: Fleet Assessment Criteria Checklist 

Such fleet assessments may be completed internally for a local government or with the 

assistance of consultants. 
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11. CLOSING THOUGHTS 

To try to wrap all the factors discussed in this Guide, an overarching perspective is offered in 

this section to help analyze possible paths forward, the involved factors and how they might 

interact.  This Guide mainly describes the current state of EVs and EV charging and attempts to 

look into possible near- and longer-term futures, in order for readers to consider when planning.  

Predicting the future is always a challenge and carries risks.  To maximize success, leaders 

must envision what goals might be or should be targeted and possible approaches to achieve 

them.   Figure 34 to Figure 36 attempt to conceptualize and organize the various components, 

their interactions and possible trends and outcomes over time.  Although not explicit, the time 

scale is on the order of 30 years.  This illustration is meant to communicate concepts amidst the 

complexities.  Intentionally, no vertical scales are presented.  Some of the elements can and 

should be measured and some are more subjective.  The goal is to associate some possible 

outcomes, relationships and even interdependencies over time.   The elements considered and 

predicted trends fall into three categories: costs, availability, and incentives and legislative 

impacts, as follows:  

 

Cost Trend Vision (Figure 34) 

• Reduction in the costs of EVs  

• Reduction in the cost per vehicle mile traveled ($/VMT) 

• Reduction in consumer utility electricity costs due to Beneficial Electrification actions 

such as integration of Vehicle to Grid Integrations (VGI), Distributed Energy Resources 

(DER), Renewable Energy (RE), Energy Storage Systems (ESS) and integration using 

Smart Technologies and the “Internet of Things” 

Availability Trend Vision (Figure 35) 

• Growth of renewable energy as a power source 

• Utility advances including grid technologies, best practice adoptions and supply of grid 

capacity where needed 

• Increased EV availability: EV types, EV sales growth, EV competitiveness 

• EV Charging ubiquity – achieving charging availability where demand and supply meet 

Stimulation/Regulation Vision (Figure 36) 

• Incentives and other programs to stimulate equitable market growth  

• Legislation, laws, policies, and regulations to launch and then support the market safely, 

fairly, and effectively 

• Social programs to support environmental justice 

• Metrics that monitor decisions made, including climate (GHGs), air quality (pollution), 

health outcomes, incentive effectiveness, ROIs, operational impacts and more 

These graphs associate the trends over time and with respect to the listed elements.  The next 

few years should focus on investing in this new paradigm, through a combination of laissez faire 
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market mechanisms augmented with stimulus through policies, incentives, and education.  

During this “Market Growth” period, innovation and technology advances within the vehicle 

markets should drive down prices until EV cost parity with ICEVs will be reached.   More electric 

models and larger electric vehicles will be available, and more people will purchase EVs.  The 

cost to drive per Vehicle Mile Traveled ($/VMT) should drop with more technology and grid 

advances.  The charging infrastructure will become more ubiquitous and the grid itself will be 

integrated with smart technologies in vehicles, EVSEs and on many devices.   

As EVs become affordable and EV charging becomes more abundant, the EV and EVSE 

markets will begin to stabilize, and incentives can be curtailed (i.e. “Market Stabilization”). 

A longer-term goal is for the marketplace to stabilize and migrate toward a laissez fare market,  

At some point, incentives and market mechanisms will be needed to support the evolving grid 

and these investments should follow a similar path of public investment followed by a return 

through lower costs and positive health and climate impacts. 

As EVSEs become more ubiquitous and innovative Beneficial Electrification technologies, 

supported by the utilities, will drive the cost down of operating the grid, and the need for 

incentives will wane.   This can be done in concert with growth in renewable power generation, 

meaning electrification of transportation can proceed with a decreasing well-to-wheels 

contribution from fossil fuels.   

In this vision, at some time, the public sector is no longer subsidizing the growth the markets 

and the various market stakeholders will operate on a strictly competitive basis.  This “Market 

Self-Sufficiency”) requires a complex set of co-reliant processes.   Measures need to put in 

place to assess the ongoing effectiveness.  In order to effectively steer the market and assure 

the collective set of incremental advancements stay on course, metrics for sustainability, 

economics and social change should be defined at the onset and thereafter monitored, 

improved, and continued into the foreseeable future.   
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Figure 34: Cost Trend Vision 
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Figure 35: Availability Trend Vision 

`  

Figure 36: Stimulation/Regulation Vision 
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Governments 
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South Suburban Mayors & Managers 
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Go Green Illinois GGIL 
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The authors would also like to thank Dave Milburn and Paul Jensen for their contributions in the 

review of this document. 
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13. GLOSSARY OF TERMS AND ABBREVIATIONS 

Abbreviation Description 

A or Amp Ampere, a measure of electronic current 

AAA American Automobile Association 

AC Alternating Current.  A charge of electricity that constantly changes direction, 
which is the kind of power that comes from the power plant to homes and 
businesses. 

ADA American With Disabilities Act 

AER All-Electric Range.  The range any EV can reach solely using electricity. 

AEV All Electric Vehicle, also called BEV 

AFDC US Department of Energy's Alternative Fuel Data Center 

ARES Alternative Retail Electricity Supplier.  Entity allowed to resell electricity on 
the market. 

BEV Battery Electric vehicle.  Also known as an “All-electric” vehicle (AEV).  
BEV’s/AEV’s utilize energy that is stored in rechargeable battery packs.  
BEV’s sustain their power through the batteries and therefore must be 
plugged into an external electricity source in order to recharge. 

BMS  Battery Management System.  An electronic system within the vehicle that 
manages and protects the battery. 

CAFÉ 
Standards 

Corporate Average Fuel Economy Standards 

CCID Charge Circuit Interrupting Device.  A safety protection component within an 
EVSE that reduces the chance of a person getting an electric shock. 

CCS Combined Charging System.  A method to quickly charge electric vehicles 
through a special electric connection.  CCSs often use the SAE J1772, which 
is the North American electrical standard for Electric Vehicles. 

CEJA Clean Energy Jobs Act (Illinois proposed legislation) 

CHAdeMO  a DC Fast Charging standard developed for Japanese EVs, under the JEVS 
G105-1993 standard.   CHAdeMO is a method developed to quickly charge 
Electric Vehicles using a special adapter that delivers up to 62.5 kW.  This is 
used in Japan. 

CMAP Chicago Metropolitan Agency for Planning 

DC DC (Direct Current): A charge of electricity that flows in one direction and is 
the type of power that comes from a battery. 

DCFC Direct Current Fast Charger 

EERE Energy Efficiency and Renewable Energy, division of US DOE 

EREV  EREV (Extended-range electric vehicles): Vehicles that can run on a gasoline 
engine if the battery gets low 

EV  A broad category that includes all vehicles that are fully powered by 
Electricity or an Electric Motor, including HEVs and EVs.  EVs commonly 
refer to EVs. 

EVB EVB (Electric Vehicle Battery): A battery that is used to power the movement 
of a BEV. 

EVCS Electric Vehicle Charging System, including EVSE, conduit, wiring circuit 
breakers, etc. 
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EVSE Electric Vehicle Supply Equipment- Infrastructure designed to supply power 
to EVs.  EVSE can charge a wide variety of EVs including BEVs and PHEVs. 

FEJA Future Energy Jobs Act (Illinois public policy) 

FHWA Federal Highway Administration 

GFI Ground Fault Interruption (GFI) 

GHG GHG (Green House Gas): A gas such as Carbon Dioxide that contributes to 
global warming through the absorption of infrared radiation. 

GIS  Geographic Information System 

GPS Global Positioning System 

HEV  Hybrid Electric Vehicles.  An HEV utilizes a dual system of electric 
propulsion and an internal combustion engine. 

HEV HEV (Hybrid Electric Vehicles): An HEV utilizes a dual system of electric 
propulsion and an internal combustion engine. 

HOA Homeowners Association 

IBC International Building Code 

ICC  Illinois Commerce Commission 

ICE  Internal Combustion Engine - An ICE is powered by combustible fuel, often 
petroleum or natural gas products. 

ICE ICE (Internal Combustion Engine): An ICE is powered by combustible fuel, 
often petroleum or natural gas products. 

ICEV ICEV (Internal Combustion Engine Vehicle): All vehicles that are powered by 
Fossil Fuels are ICEVs. 

IDOT Illinois Department of Transportation 

IECC International Energy Conservation Code 

IEEE Institute of Electrical and Electronics Engineers  

IEPA Illinois Environmental Protection Agency 

IEC International Electro Technical Commission (IEC) International group 
responsible for electromagnetic compatibility 

kW  kW (Kilowatt): A unit of electric power. 

kWh or Kwhr kW (Kilowatt-hour): A unit of electric energy. 

L1 Level 1 Charging.  Charging your EV using a common household outlet up to 
120 VAC. Level 1 is the slowest method of charging and can take up to 24 
hours or more to full charge your EV. 

L2 Level 2 Charging.   Charges your EV at 240v using an installed outlet.  Level 
2 chargers are the most recommended chargers to EV owners.  Depending 
on your EV model and charger, Level 2 can give you vehicle 5x as quickly as 
Level 1 which translates to up to 26 miles per hour of charging. 

L3 Level 3 Charging.   Also known as DC charging, the fastest method of 
charging for all EVs.  It can fully charge an EV battery in about half an hour.  
Level three chargers are currently rare as they are expensive and require 
more power. 

LEED Leadership in Energy and Environmental Design, part of US Green Building 
Council 

LEV Low Emissions Vehicles 

LIB  Lithium-ion battery: Also known as a Li-ion, a common rechargeable battery. 

MUD Multiple Unit Dwelling (also called Multiple Family Dwelling (MFD)) 

NEC National Electric Code 

NEC (625) National Electric Code, Section 625 is focused on EVCS 

https://simple.wikipedia.org/wiki/Residual-current_device
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NEMA National Equipment Manufacturer's Association 

NFPA National Fire Protection Association 

NOAA National Oceanic and Atmospheric Administration (part of US Department of 
Commerce)  

OEM Original Equipment Manufacturers - usually refers to the automotive 
manufacturer 

PHEV Plug-in Hybrid Electric Vehicles:  PHEVs contain a battery that can be 
charged with an external electric power source, PHEV’s are a mixture of all 
electric vehicles and ICEV’s. 

PTO Power Takeoff – using vehicle motor or engine to power an ancillary device 

RBC Residential Building Code 

RFID Radio Frequency Detection Device 

ROI Return on Investment 

SAE Society of Automotive Engineers 

SAE J1772 The standard North American electrical connection for Electric Vehicles.  Two 
standards exist 1) Level 1 and Level 2 connectors and 2) Combined Charging 
System (CCS) connectors for Level 3/DCFC 

TCOO Total Cost of Ownership 

TCOVO Total Cost of Vehicle Ownership 

UL Underwriters Laboratories 

US DOE  U.S. Department of Energy (Also referred to as DOE) 

US DOT  U.S. Environmental Protection Agency (Also referred to as EPA) 

US EPA  U.S. Department of Transportation (Also referred to as DOT) 

USDA  U.S. Department of Agriculture  

USGBC United States Green Building Council 

V2B Vehicle to Business.  A system that allows Electric Vehicles to communicate 
with the power to and from businesses 

V2G Vehicle to Grid.  A system that allows Electric Vehicles to communicate with 
the power grid to manage the flow of electricity in either direction. 

V2H Vehicle to Home.  A system that allows Electric Vehicles to communicate with 
the power to and from Homes 

VAC Volts, Alternating Current 

VDC Volts, Direct Current 

VGI Vehicle to Grid Integration.  The overall combinations of technologies that 
allow Electric Vehicles to communicate with the power grid and manage the 
flow of electricity in either direction.   

VW Funding Money paid to the states as part of a consent decree paid by Volkswagen for 
falsifying emissions 

WiFi A family of wireless communication standards managed under IEEE 802.11 

ZEV Zero Emissions Vehicle 
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14. REFERENCES  

The Internet website addresses provided in this book were accurate as of the date of publication 

and / or retrieval.  However, website addresses are subject to change or closure by website 

administrators.  Therefore, some website addresses may become invalid over time.  Users of 

this Guide are strongly encouraged to search actively for the most recent updates of 

governmental regulations, policies and incentives that may apply.   Some generally useful 

resources are first provided followed by the end notes referenced throughput the Guide, 

Useful EV Resource Links 

There are many articles and examples of what has already been done related to EV and EVSE 

buying decision making.   The following links assist the reader in gaining some head start on 

information gathering and not having to “reinvent the wheel”.  

Key Illinois Policies 

• Illinois Future Energy Jobs Act (FEJA, 2016) - Illinois 

• Illinois Clean Energy Jobs Act (CEJA, Illinois Clean Energy Jobs Coalition website 

• Illinois State Policy Opportunity Tracker for Commercial Property Assessed Clean 

Energy  

Permitting 

• Electric Vehicle Charging Station Permitting Guidebook California Governor’s Office of 

Business and Economic Development (GO-Biz) JULY 2019 

Federal Investment Tax Credits for Alternative Fuel Refueling 

• IRS Form 8911, Alternative Fuel Vehicle Refueling Property Credit 

Utility Considerations  

• Citizens Utility Board: Charging Ahead Deriving Value from Electric Vehicles for All 

Electricity Customers v6-031419.pdf, Illinois Citizens Utility Board 

• How Leading Utilities are Embracing Electric Vehicles, Southern California Edison 

Ordinances 

• Summary of Best Practices in Electric Vehicle Ordinances.lxxviii June 2019, Claire Cook 

and Brian Ross, Great Plaines Institute 

Installation 

• EVSE Installation FAQs; SoCal website  

 

https://www.futureenergyjobsact.com/resources
https://ilcleanjobs.org/who-we-are/clean-energy-jobs-act/
https://spotforcleanenergy.org/state/illinois/commercial-property-assessed-clean-energy/
https://spotforcleanenergy.org/state/illinois/commercial-property-assessed-clean-energy/
https://spotforcleanenergy.org/state/illinois/commercial-property-assessed-clean-energy/
https://businessportal.ca.gov/wp-content/uploads/2019/07/GoBIZ-EVCharging-Guidebook.pdf
https://www.irs.gov/pub/irs-pdf/i8911.pdf
https://www.citizensutilityboard.org/wp-content/uploads/2019/03/Charging-Ahead-Deriving-Value-from-Electric-Vehicles-for-All-Electricity-Customers-v6-031419.pdf
https://www.citizensutilityboard.org/wp-content/uploads/2019/03/Charging-Ahead-Deriving-Value-from-Electric-Vehicles-for-All-Electricity-Customers-v6-031419.pdf
https://www.swenergy.org/data/sites/1/media/documents/publications/documents/How_Leading_Utilities_Are_Embracing_EVs_Feb-2016.pdf
https://www.betterenergy.org/wp-content/uploads/2019/06/GPI_EV_Ordinance_Summary_web.pdf
https://www.sce.com/sites/default/files/inline-files/PEV_ElectricianFAQs.pdf
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Codes and Standards 

• EV-READY CODES FOR THE BUILT ENVIRONMENT Electric Vehicle Supply 

Equipment Support Study, NYSERDA 

• National Electric Code 

• Standardization Roadmap for Electric Vehicles  Prepared by the Electric Vehicles 

Standards Panel of the American National Standards Institute, 2013 

Policy and Planning 

• Creating EV-Ready Towns and Cities: A Guide to Planning and Policy Tools, Electric 

Vehicle Supply Equipment Support Studylxxix 

• AchiEVe: Model State & Local Policies to Accelerate Electric Vehicle Adoption, Sierra 

Club and Plug in America, 2018. 

Illinois Installer Qualification Regulations 

• Illinois Legislation: Certification of EVSC installers, maintainers, or repairers, Illinois 

Commerce Commission 

Tools & Resources 
 

• Electricians Guide for Electric Vehicles 

• Electrician FAQs  

• Electrical Service Requirements (ESR) Manual 

• AFDC Federal & State Incentives  
 
Multiple Unit Dwelling Standards 

• California Air Resources Board: Electric Vehicle (EV) Charging Infrastructure: Multifamily 

Building Standards 

Illinois Codes 
• Illinois Energy Conservation Code - 2018 

• List of Codes Used Throughout the State of Illinois by City or County 

• County/Municipal Code Reporting 

• Illinois Construction Related Statutes and Rules Directory 

 

Endnotes 

 
i “Electric Vehicles to Accelerate to 54% of New Car Sales by 2040”, July 6, 2017, Blomberg New Energy 

Finance, https://about.bnef.com/blog/electric-vehicles-accelerate-54-new-car-sales-2040/ 

ii CNN Business website, “These countries want to ditch gas and diesel cars”, Alanna Petroff, July 26, 

2017: 3:19 PM ET Retrieved July 15, 2020 
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