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Abstract: As the global transportation sector increasingly adopts electric vehicles, the demand for
advanced and accessible charging infrastructure is rising. In addition to at-home electric vehicle
(EV) charging, there is a growing need for the swift development of commercial direct current fast
charging (DCFC) stations to meet on-the-go EV charging demands. While government funds are
available to support the expansion of the EV charging network in the United States, the establishment
of a robust nationwide EV charging infrastructure requires significant private sector investment. This
study was conducted to assess the economic feasibility of various business models for fast charging
stations in the U.S. using two case studies and exploring different operational strategies including
sole ownership and collaborative ventures with public and private entities. The results indicate that
based on the current adoption and utilization rates in the U.S., the business model involving an
owner-operator collaborating with a public partner ensures profitability and protects the investment
in DCFC stations from financial losses. The study also highlights that demand charges and electricity
retail prices are the factors that affect the profitability of a DCFC station.

Keywords: electric vehicles; DC fast charging; construction cost; net present value; charging infrastructure;
business model; economic analysis

1. Introduction

There is a growing concern regarding the accessibility of charging stations for electric
vehicles (EVs), with a focus on reducing charging time and enhancing efficiency. As EVs
continue to gain popularity in the United States (U.S.), there is a growing demand for
a fast and reliable charging infrastructure. This infrastructure is essential not only for
supporting the widespread adoption of EVs but also for mitigating climate change and
fostering sustainable economic growth. The expansion of the direct current fast charging
(DCEC) network is particularly important to bolster EV adoption [1-3]. According to a
recent report published by the National Renewable Energy Lab [4], there was a significant
8.3% increase in DC fast EV supply equipment (EVSE) ports in Q3 2023. However, to meet
the needs of a mid-adoption scenario where 33 million EVs are expected on U.S. roads by
2030, projections suggest that approximately 182,000 DC fast EVSE ports with a power
output of 150 kW or higher would be necessary, along with 1,067,000 Level 2 public EVSE
ports [5].

On the scientific front, researchers are working to create an efficient and effective
charging network for EVs. The goal is to optimize the charging process, reduce time, and
improve overall efficiency. Addressing these factors makes EV ownership more conve-
nient and practical and ultimately increases adoption rates. Improving EV infrastructure
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involves the design of charging stations that are compatible with various EV models and
charging technologies while emphasizing standardization and interoperability. It is crucial
to optimize construction and installation costs, aiming to balance between affordability
and scalability to enable the deployment of charging infrastructure in diverse locations.
Implementing smart charging technologies, monitoring systems, and maintenance pro-
tocols ensures efficient operations and encourages private investments. Furthermore, a
comprehensive approach to incentives, including vehicle purchase incentives, tax credits
for charging infrastructure, and reduced electricity rates during off-peak hours, is necessary
to promote EV adoption and the growth of charging infrastructure, fostering a favorable
environment for both consumers and investors.

The Bipartisan Infrastructure Law and Inflation Reduction Act of 2021 [6] is the most
significant legislation to accelerate transportation electrification in U.S. history, providing
$7.5 billion to support the buildout of electric vehicle (EV) infrastructure and an additional
$43 billion (not including loans and tax incentives) in flexible spending (battery manufac-
turing, grid updates, retooling auto industry facilities, and retraining and rehiring existing
auto workers). In a parallel effort, the Federal Highway Administration introduced the
National Electric Vehicle Infrastructure (NEVI) Program in 2022. This initiative allocates
a budget of $5 billion over the ensuing five years to enhance the nation’s infrastructure
with a primary emphasis on the installation of EV chargers. By expanding the charging
network, the program aims to address the availability and accessibility of charging sta-
tions. Furthermore, the formation of the National Electric Highway Coalition, which was
announced by the Edison Electric Institute, involves 51 electric companies collaborating to
establish a widespread network of DC charging stations. The overarching objective of this
coalition is to facilitate long-distance travel for EV owners by ensuring they have access
to fast-charging facilities across the country. Despite the availability of these funds, build-
ing a reliable EV charging infrastructure faces various challenges including site selection,
utility infrastructure, permitting, private investment, and regulatory compliance. To meet
the ambitious goals set by the U.S. government, it is vital to understand and explore the
complexities associated with charging station deployment and advocate for additional
support and resources through private investments to meet the growing demand for EV
charging infrastructure.

Research on the economic aspects of DCFC infrastructure in the U.S. has been relatively
limited, primarily relying on analyses focused on the owner-operator model and areas with
high EV adoption rates [7-13]. This narrow scope has left a considerable gap in the literature
regarding a broad spectrum of investment strategies for DCFC infrastructure, which is
essential for the widespread adoption of EVs. Expanding this research to encompass a
variety of investment models and broader geographical areas could provide deeper insights
into the financial dynamics that underpin the EV charging infrastructure market. This
broader approach would significantly contribute to understanding how to effectively scale
DCEC infrastructure to support the growth of the EV market while ensuring the economic
sustainability of these investments.

To address these economic complexities associated with the fast charging infrastructure
in the U.S., this research study was conducted with the following objectives:

e  Understand various components that contribute to the lifecycle cost of owning and
operating DCFC stations;

e  Evaluate the economic viability of deploying DCFC stations by analyzing various
investment scenarios using the Net Present Value analysis;

e  Conduct sensitivity analysis to evaluate the impact of key variables such as electricity prices,
charging tariffs, and utilization rates on the economic viability of DCFC deployment.

By offering insights derived from economic analysis, this study seeks to assist stake-
holders in making well-informed decisions about investments and infrastructure develop-
ment, thus facilitating the meeting of the escalating demand for EV charging infrastructure
in the United States.



Sustainability 2024, 16, 6701

3o0f21

The rest of the paper is organized as follows. Section 2 presents the literature review
focused on the need and ownership cost of fast charging infrastructure in the U.S. Section 3
explains the methodology, including publicly available datasets utilized to conduct the
economic analysis. Section 4 presents the data analysis, followed by sensitivity analysis
in Section 5. Finally, concluding remarks are included and future research directions
are discussed.

2. Literature Review
2.1. Need of Fast Charging Infrastructure

Transportation accounts for about one-third of total global energy consumption, with
road vehicles accounting for nearly 80% of the third (using mostly fossil fuel) [14]. Electri-
fied transportation currently only accounts for 1.4% of total energy usage [15], emphasizing
the impact of transportation electrification on the current grid with an increase in electrical
demand due to the transition of the transportation fleet. The projected power for publicly
available fast chargers will require 400 GW of installed capacity and over 100 TWh by
2030 [16,17]. To meet this demand, the grid deployment must follow a strategic path for
the charging infrastructure.

The development of charging infrastructure has gained significant attention globally,
as inadequate charging infrastructure can affect EV promotion in the market [18]. Due to
the increasing proportion of the EV market [19], operating public charging infrastructure
tends to become more profitable. While many public charging stations installed until early
2022 were subsidized by the government, some countries are reaching a point where it
could be financially viable for the private sector to install and operate stations without
public funding [16]. Private or public electricity producers and distributors may also benefit
from investing in charging infrastructure, as it can increase electricity sales for EVs and
benefit all ratepayers. This has led energy providers and car manufacturers to invest in
public charging infrastructure increasingly, indicating that it is becoming a more attractive
business opportunity [16,20].

The U.S. Federal Government aims to have 500,000 public EV chargers in the U.S.
by 2030. Currently, there are approximately 148,000 public chargers across the country,
with the cities of Los Angeles, San Francisco, and Seattle having a higher EV adoption
rate. Over the past couple of years, around $1.6 billion in funding has been approved
for charging infrastructure, with the majority coming from New York and California [3].
Volkswagen has pledged $2 billion for charging infrastructure as part of the Dieselgate
settlement, and other automakers are also investing independently or through partnerships
with charging companies. Automakers, including BMW, General Motors, and Nissan,
have a combined capitalization of around $15 billion, making significant investments in
addressing the need for charging infrastructure [21]. Utility transportation electrification
plans continue to be approved due to their broad economic benefits. Electric companies are
in a favorable position to invest, taking various approaches including developing “make-
ready” infrastructure (connection upgrades) and installing and owning infrastructure and
charging equipment [21]. The estimated investment required for public and workplace
chargers in the U.S. between 2021 and 2030 is $28 billion, whereas DCFCs make up 7%
of these chargers, provide 57% of the charging energy, and represent 66% of the costs [3].
Federal policies can play a role in supporting these investments by implementing incentives
such as federal tax credits. By sharing the costs and involving providers in the long-
term success of the charging installations, tax credits can incentivize the expansion of
charging infrastructure.

Proper management of charging power is necessary to maintain grid stability and
ensure the balance between the demand and supply of power. Hence, it is important to
understand the relationship between EVs and the grid. Over the last quarter of 2022, the
number of EV ports with a power output over 250 kW increased by 25.9% in the U.S. Today,
DCEFC and extreme fast charging (XFC) can provide charging power levels between 50 kW
and 350 kW or more [22]. However, the installation of new fast-charging stations requires



Sustainability 2024, 16, 6701

40f21

a significant increase in power generation just to meet the charging demand of EVs and
to upgrade transmission and distribution infrastructure. According to the U.S. Federal
Zero-Emission Target of 2030, the annual demand for electricity will surge from 11 billion
kWh to 230 billion kWh in 2030 if there is a 15% penetration of EVs [22].

Charging stations vary by design and have different charging functionalities, making
them adaptable and suit any client’s and EV’s needs. DCFCs are popular because they
reduce charging times to less than 30 min for a full charge. These stations are available
for the public to use, but due to their limited availability, they are the main reason for the
infrastructure demand. DC fast charging is supported by different connector standards,
including Combo Charging System (CCS), CHAdeMO, and Tesla Supercharger [23]. Stan-
dardization of EV community charging infrastructure is crucial to accommodate EVs from
various manufacturers with different specifications and charging standards because it is
not feasible to offer all types of charging options at every charging station [24]. The increase
in demand assumes that there will be technological improvements in the vehicles and
greater availability of high-power charging. The total public power output analysis refers
to the maximum power output that is publicly accessible simultaneously. However, some
charging pools may have power-sharing capabilities that can limit the charging stations’
power output due to grid capacity [20].

2.2. Ownership Costs of a DC Fast Charger Station

The ownership costs of a DCFC station include various components such as initial
infrastructure investment, ongoing operational expenses, and long-term maintenance costs
(Figure 1). The primary capital outlay involves the purchase and installation of charging
equipment, power supply infrastructure, and site development. Depending on factors such
as the number of charging ports, power capacity, and location, the upfront investment
for a DCFC station can range from tens of thousands to hundreds of thousands of dollars.
Additionally, regulatory requirements, land acquisition, and permitting processes can add
to the initial costs and project timelines. According to a study conducted by the Rocky
Mountain Institute [25], the cost range for a 50 kW DCFC station falls between $20,000
and $150,000. In contrast, data from the California Electric Vehicle Infrastructure Project,
which are self-reported by site applicants seeking rebates from the California Energy
Commission (CEC), show a total project cost per DC fast charger ranging from $75,841 to
$118,131 [26,27]. Beyond the initial investment, ongoing operational expenses consist of
electricity consumption, network connectivity fees (if applicable), and site maintenance.
Electricity costs represent a significant portion of the operational budget, especially for
high-power DCFC stations serving numerous vehicles daily. Network connectivity fees
may apply for stations integrated into charging networks, facilitating remote monitoring,
billing, and user access management. Moreover, routine maintenance, equipment servicing,
and occasional upgrades are essential to ensure the reliability and safety of DCFC stations,
adding to the long-term ownership expenses.

Reducing the ownership costs of DCFC stations through federal or local incentives
requires leveraging available programs and incentives tailored to support electric vehi-
cle infrastructure development. Furthermore, streamlined permitting processes, zoning
incentives, and reduced or waived fees for land use or electricity connections can help
lower the overall ownership costs of DCFC stations. Collaborating with local governments,
utilities, and community stakeholders to advocate for supportive policies and funding
initiatives can also create an enabling environment for EV infrastructure development,
reducing barriers and costs for station owners.
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commercial fast charging station.

2.2.1. Capital Cost

When it comes to DCFC, the cost is closely tied to the power rating of the charger.
Generally, the higher the charger’s power rating, the greater the associated cost. However,
it is important to note that the relationship between power and cost is not strictly linear.
High-power DCFC requires specialized features to manage the increased power output
effectively (Figure 2) [18,25,28]. For instance, these chargers often necessitate liquid-cooled
cables to mitigate the risk of overheating while delivering more power. This cooling
mechanism enables the chargers to operate at higher capacities without compromising
safety or performance. Additionally, to ensure practical usability, high-power chargers
must strike a balance between power output and physical weight. Thus, engineering
considerations are crucial to ensure that these chargers remain lightweight enough for users
to handle comfortably while delivering the required power levels. As a result, the design
and manufacturing complexities associated with these advanced features contribute to the
overall cost of high-power DCFC stations.

DCEFC stations usually incorporate the essential electrical infrastructure for electric
vehicles, ensuring sufficient power to charge 80% of a car within 30 min. This necessitates a
substantial retrofit, typically involving 480 V AC at the input. Location impacts the cost of
DCEFC installation because city ordinances require fees, depending on how it is connected
to the city’s electric circuit or a third-party provider [29]. Another associated cost is the
type of internet connection; EV chargers should be connected to the internet to allow EV
software systems to monitor their use, allowing for software updates, data recollection,
and communication [30-33]. Like other system-tracking software, it is essential to forecast
and determine how well operations are going and if additional tweaks are needed to the
piece of equipment. Depending on where the chargers are plugged in, there may be need
for a stronger a panel. Electricity connection from a building or power source will need to
be flown in after panel work, trenching, and parking lot repaving. Metering systems are
required to measure the voltage, current, and power of the EV charger or charging station.
Metering systems also take the information and transfer the data out of the system into
communication lines. Software and payment attachments can also be added to the station
along with their subscription fees. Public charging stations are the costliest due to their
requirement to connect to a citywide public network. Contracted work labor costs depend
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on the construction hours, with labor union costs adding an extra 20% to the contracted
amount [32,33].
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Figure 2. Range of DC fast charger costs [25].

2.2.2. Maintenance and Operation Cost

The maintenance cost of DCFC stations constitutes a significant aspect of their opera-
tional expenses. These costs encompass routine upkeep, repairs, and periodic upgrades
necessary to ensure that stations function reliably and efficiently (Table 1). Several factors
contribute to the maintenance expenses of DCFC stations. Firstly, the complexity of the
charging infrastructure, including power electronics, cooling systems, and high-voltage
components, necessitates regular inspections and maintenance to prevent malfunctions
and ensure user safety. Additionally, environmental factors such as temperature variations,
exposure to dust, moisture, and electrical surges can accelerate wear and tear, requiring
proactive maintenance measures. Furthermore, as DCFC technology advances and regula-
tory standards evolve, stations may require updates or retrofits to remain compliant and
compatible with emerging electric vehicle (EV) models and charging protocols.

Table 1. EV charging station-Maintenance cost factors [33].

Charging Station Type Maintenance Recommendation

Replacement of parts
Vandalism repairs
Cords or entire station over time
DCFC Cost of adding a network
Cost of connecting to the network
Software updates or resets
Cooling systems or additional filters (exclusive to DCFC)

According to a study by the International Council on Clean Transportation (ICCT)
on the total cost of ownership for electric vehicles, maintenance costs for DCFC stations
typically range from 7% to 10% of the total operational expenses over the lifetime of the
infrastructure [3]. This includes expenditures on equipment servicing, technician labor,
spare parts, and software updates. Most networks also offer a maintenance plan for an
additional annual fee. According to the California Energy Commission’s EV Charger
Selection Guide [26], annual extended warranties for DC fast chargers can cost over $800
per charger per year. Moreover, data from industry reports and case studies provide
insights into specific maintenance cost trends and best practices adopted by operators to
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optimize the reliability and cost-effectiveness of DCFC networks [25,34]. By implementing
proactive maintenance strategies, leveraging predictive analytics, and investing in durable,
high-quality equipment, operators can mitigate downtime, reduce repair expenses, and
enhance the long-term sustainability of DCFC infrastructure.

2.2.3. Infrastructure Development Incentives and Private Investment

Numerous studies have highlighted the vital role of government incentives in the
expansion of charging infrastructure [35-38]. The landscape of EV charging infrastructure
incentives in the U.S. is dynamic and multifaceted, with support coming from various
sources including federal resources, private electric companies, and local governments.
These incentives are crucial in promoting the growth of EV charging networks and encour-
aging the widespread adoption of electric vehicles. In the U.S., incentives often come in the
form of rebates, fee coverage, and assistance with installation costs, making it financially
appealing for businesses and individuals to invest in EV charging stations.

One significant driving force behind these incentives is the National Electric Vehicle
Infrastructure Program (NEVI), a federal initiative aimed at accelerating the deployment of
EV charging infrastructure. The NEVI program plays a pivotal role in providing funding
and support to construct more electric charging stations across the country, but the funding
varies between the states. For example, Texas is projected to receive over $86 million in
NEVI funding, while Utah has a notable allocation of $7.7 million. Similarly, the National
Electric Highway Coalition further amplifies the push for EV charging infrastructure ex-
pansion. With its substantial funding acceptance program of $3.7 billion, this coalition
challenges entities across states to be more open and proactive in implementing incentive
plans. The funding provided by the coalition serves as a catalyst for innovation and collab-
oration, encouraging states, private companies, and local governments to work together
to create a comprehensive and accessible charging infrastructure. As the demand for elec-
tric vehicles continues to rise, the incentives offered by federal, private, and local entities
become pivotal in ensuring the accessibility and affordability of EV charging solutions.

Although these funds and incentives will contribute significantly to the development
of an expanded charging network, private investment is needed to bring additional cap-
ital into the EV charging sector, enabling faster deployment and expansion of charging
networks. With the rising adoption of electric vehicles, especially in urban areas, the
demand for convenient and accessible charging infrastructure is growing rapidly. Private
investors can contribute funding, expertise, and innovation to accelerate the development
of DCFC stations, addressing this increasing demand and promoting EV adoption. By
supplementing public funding with private sector innovation and efficiency, the U.S. can
maximize the impact of government programs like NEVI, accelerating the deployment of
DCEC infrastructure and facilitating the transition to sustainable transportation.

3. Methodology

Figure 3 shows the methodology used for this case study. The process was completed
in three steps: data acquisition, economic analysis, and sensitivity analysis to gain greater
insights into the most significant cost factors. The Net Present Value (NPV) analysis was
used to assess the financial health of the DCFC stations at the selected sites. Additionally,
sensitivity analysis was performed to understand how changes in key assumptions (like
the cost of capital, charge rates, or utilization rates) impact the profitability for various
business scenarios.

This study explored business scenarios where owners independently construct and
operate DCFC stations, as well as scenarios involving partnerships with public and private
entities. The partners represent entities that would have a financial stake in the project.
The Owner-Operator is the entity involved in the daily management of the project and
the particular owner of the equipment and business. The Public Partner could either be
a publicly owned utility or a government entity that provides a financial incentive to the
project. The incentive could take the form of a loan or grant. Furthermore, the Public
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Partner also represents the public good via social benefits and obtains a financial return in
the form of taxes collected, financial investments in the electric grid, carbon dioxide (CO,)
abated, and other typical public benefits [39—-42]. The Private Partner is a private business
or entity that could provide some additional capital funding to the Owner-Operator for
a small return on the revenue generated or other types of business deals. For example, a
Private Partner could be the one that provides some capital funding and a space in the
parking lot for the EV charging site. All partners take part in the financial outcome of an
EV charging site. The market inputs used in the research are based on existing trends,
calculations, and assumptions collected from literature and private industry. The initial
utilization rate was established at ~20% [43—-45] for assessing profitability.

Start

Identify Data
Input Types

Addition

L 4

New Variable or
Data Addition

conomic Too
Adjustment or
Addition?

Data Acquisition

Adjustment
J Formula

. 4
Adjustment

Require More
New Data?

Simulation Test Error

No Sensitivity Output Results
Analyses & Graphics

Figure 3. Research Methodology.

3.1. Data Acquisition

The data acquisition phase was focused on collecting data on costs associated with the
locations of the selected sites: El Paso, TX, and Logan, UT. El Paso, situated as the largest
among West Texas cities, shares borders with Mexico and the state of New Mexico. Its
sole electric utility, the investor-owned El Paso Electric Company, serves over one million
residents across the El Paso metropolitan area. On the other hand, Logan, Utah, is nestled
within the Rocky Mountain Range. Positioned to the north of Salt Lake City and to the south
of the Idaho state border, Logan enjoys its scenic location amidst this rugged landscape. Its
metropolitan area comprises approximately 150,000 residents. Logan is serviced by two
electric utilities: Logan Light & Power (LLP) and Rocky Mountain Power (RMP). While
LLP is a locally owned power company, RMP is a substantially larger utility owned by
MidAmerican Energy Holdings Company [46]. Therefore, for the purpose of this case
study, LLP was chosen. The two case studies helped ground the research in real geographic
locations that can face distinct barriers to having profitable DCFC businesses.

Table 2 shows the sources from which all the information, such as cost trends and in-
centives, was acquired for each partner and market inputs and their distinct data types. This
information was used to run a comparison analysis between El Paso, TX, and Logan, UT.

The utility data collected was primarily taken from the National Renewable Energy
Lab’s Utility Rate Database (URDB) and cost schedules available through electric utility
websites. This data consists of retail electricity price, demand charge costs, and others that
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make up the largest portion of the yearly operating costs. Table 3 shows the utility-related
costs, including the utilities used in each selected city (as of December 2023). Furthermore,
data on construction costs was also collected and adjusted using city cost indices provided
in RS Means Cost Data (2023). The differences in construction costs are largely tied to
the existing infrastructure. These differences could mean needing new electrical conduits,
pavement resurfacing, and other construction operations to ensure that an EV charging site
meets requirements.

Table 2. Data sources for the data acquisition phase.

Data Sources

Partner Data Types Sources *
EV Fuel Economy U.S. EPA, Office of EERE, Dept of Energy
Conventional Vehicle replacement Fuel Economy Electric Power Research Institute
Energy Security Benefit Oak Ridge National Lab

Market Inputs Electrical Grid Benefit Electric Power Research Institute
Electrical Grid Emission Rate EPA
Climate Benefit EPA

Capital Costs (EVSE, installation, construction, etc.) Literature, NREL, ETA

Site Details (# of stations, # of sites)

IJA, TX Department of Transportation

Rocky Mountain Power, Logan Light and Power,

Owner-Operator Utlity Energy Costs El Paso Electric (EPE), NREL, U.S. URDB
Sale of Energy (energy usage, utilization, etc.) Literature
Operating Costs (maintenance, network, etc.) IIJ A, literature
Utility Incentives EPE, EEI, Austin Energy

Public Partner .
Local, State, Federal Incentives

Alternative Fuels Data Center, Office of EERE,
Utah Dept of Env. Quality, Dept of Energy,

NEHC
Capital Cost Contribution Literature
Revenue Cut from Charging Site Literature
Expected Increase in Revenue due to Increased Traffic Literature

Private Partner

Marginal Tax Rate

Government websites

Site Lease Revenue

Literature

* EPA: Environmental Protection Agency; EERE: Office of Energy Efficiency & Renewable Energy; EIA: Energy
Information Administration; NREL: National Renewable Energy Lab; IIJA: Infrastructure Investment and Jobs
Act; URDB: Utility Rate Database, EEI: Edison Electric Institute; NEHC: National Electric Highway Coalition.

Table 3. Utility costs per kWh.

Utility Costs ($/kWh)
Customer Demand
ore . Charge Summer Summer Winter Winter
Utility Provider Charge
(per Meter per Charge Charge Charge Charge (per Month)
Month) (On-Peak) (Off-Peak) (On-Peak) (Off-Peak)
Pacific Gas and Electric 185.198 0.258 0.231 0.208 0.207 19.490
El Paso Electric 250.000 0.224 0.003 0.009 0.009 21.780
Rocky Mountain Power 90.170 0.074 0.038 0.066 0.033 18.830
Logan Light and Power 50.000 0.038 0.038 0.038 0.038 16.860
Duke Energy 23.910 0.051 0.051 0.051 0.051 4.017
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3.2. Economic Analysis

Equation (1) shows the NPV assessment for each partner. The net cash flow contains
different inflows and outflows, given the partner type.

10 CF;

NPV assessment (NPVz) =) .~ 1+1)t

— initial investmentyz (1)

where ‘Z’ is the specific partner: Owner-Operator, Public, and Private; CF; is the net
cash flow of the given year t; and r is the discount rate utilized for the given partner
(Appendix A).

The following equations distinguish the net cash flow between the partners. Equation (2)
shows the CFowner Where it equals the net cash flow from operation plus two additional
terms. Equations (2)—(6) display the breakdown to calculate the NPV for the Owner-
Operator. The Owner-Operator data inputs are mostly closely associated with the operation
and management of the EV charging site. It takes on the capital costs data inputs associated
with construction, the electric vehicle supply equipment (EVSE), leases, additional capital
costs such as energy storage systems (ESS), and equipment lifespan. In this paper, 6
refers to the ‘change of.” Thus, the change of non-cash assets and liabilities will be shown
as deductions.

Net cash flow OwnerOperator (CFowner) = CFoperations + & non cash assets + 8 liabilities (2)

Cash flow from operating the DCFC site (CFoperaﬁon5> = EBIT + interest expense — taxes 3)

where EBIT = Earnings before interest and taxes
BIT = Owner (EBITowner) = Rsite — Operating Costsg — debt repayments 4)
where Rgjte = Revenue of the DCFC site; Operating Costsg = Operating Cost
Rsite = Energy Sold + user fee R (5)

Operating Costsp = Energy Cost 4+ Maintenance + Warranty + Site Lease + Network (6)

Equations (7)—(9) display the breakdown to calculate the NPV for the Public Partner.
Equation (8) is made up of loan repayments that the Owner-Operator may have to pay to
the Public Partner for subsidizing a loan. The R share is the revenue share that the Public
Partner receives for the percentage of the capital investment it put down. The variables
with the B subscript mean the monetary benefit for improving those qualities, which the
public good overall benefits. The cash outflow is made up of the loan that the Public Partner
subsidized, any incentive it gave to the Owner-Operator, and any recurring grants.

Net cash flow for Public Partner (CFpypjic) = CFin — CFout (7)
where CFj, = Cash Inflow for Public Partner; CFy,t = Cash outflow for Public Partner.
CFjn = R share + taxes + energy securityy + electrical gridg + climatep 8

CFout = Incentive + Grant 9)

Equation (10) displays the general breakdown of calculating the NPV for the Private
Partner. The Private Partner data inputs are associated with the financial benefits the private
entity can capitalize upon being tied to the charging site. Private revenue is made up of
indirect revenue generated from increased traffic caused by the attraction of customers,
primarily for the DCFC charging service. The Private Partner may represent a grocery store,
restaurant, shopping mall, or other business that provides goods and services. Given that
the average DCFC charge time is 18 min, there is enough time for customers to potentially
make purchases from the Private Partner. The private revenue may also be made up of
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point-of-sale revenue and site leasing revenue if they provide the physical land to the
Owner-Operator to have the DCFC site operated. The Private Partner operating costs are
made up of the cost of goods and services sold. Furthermore, the Owner share is made up
of the revenue cut and annual fees the Private Partner may provide to the Owner-Operator
of the DCFC site. This may include EVSE cost subsidies, a flat fee, or a one-time payment.

Net cash flow Private Partner (CFpyiyate) = Rprivate — Operating Costspyivate — Owner Share — taxes (10)

Rprivate = revenue generated from the increased customer volume due to customers
parking to charge their EV.

The NPV for each partner can make up the Project NPV, which is the summation of
the NPV of all partners. Even if any partner incurs a loss, the Project NPV will reflect the
total financial benefit of having a DCFC site over a 10-year period.

3.3. Sensitivity Analysis

This study used deterministic sensitivity analysis (DSA) to assess how variations in
input parameters influence the model’s output. By applying a one-at-a-time approach,
where one input variable is changed while all others remain constant, the study isolated the
effect of each variable on the outcome. The NPV of each partner served as the dependent
variable (output), while the independent variable (input) represented the parameter under
adjustment to observe its influence on NPV. For instance, analyzing the installation and
construction cost through sensitivity analysis explained the extent to which this capital
expenditure impacts the NPV for each partner and the project holistically. Key data inputs
included variables such as construction and installation costs, electricity retail prices, energy
prices for users, and demand charge costs, among others. Through these analyses, the
research aimed to determine which economic factors exerted a uniform influence on NPV
across different cities and which factors demonstrated location-specific dependencies.

Table 4 displays the data types and the specific data inputs within those types that
were the independent variables in each distinct sensitivity analysis.

Table 4. Independent variables for sensitivity analyses.

Independent Variables for Sensitivity Analyses

Data Type Data Input
Capital Costs Construction and Installation Costs
p EVSE Costs
Demand Charge ($/kWh/month)
Utility Energy Costs Retail Electricity Cost ($/kWh)

Annual Compound Growth Rate in Electricity Cost (%)

Expected Annual Utilization Growth Rate (%)
Energy Cost to User per kWh ($/kWh)
Sale of Energy to EV Users Per-Charge Event User Fee ($/session)
Average Charge Event (kWh)
Maximum Power Draw (kW per Charging Station)

4. Data Analysis and Results

This research presents data analysis by comparing business scenarios between two
selected cities: El Paso, TX, and Logan, UT. This involved conducting sensitivity analyses
for each scenario followed by trend analysis to explain any disparities identified within
the existing literature. Scenario 1 was designed alongside three additional cases which
involved the inclusion of partnerships or combinations thereof into the business scenario.
Subsequently, these scenarios were designated as Scenarios 2, 3, and 4. The base case
(scenario 1) entailed an assumed utilization rate of 20% for the DCFC site commencing in
the first year. This translated to an average 5548 charging events per year per charging
port, or approximately 15 charging events per day. Considering that the average DCFC
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event lasts 18 min at 150 kW, the total utilization amounted to 4.5 h per day. Figure 4 shows
important variables used for analysis under each business scenario.

Scenario 1: Owner-Oper- Scenario 2: Owner-Oper- Scenario 3: Owner-Oper- Scenariod: Gwner-Oper.
ator as Sole Financier ator with Public Partner ator with Private Partner atorwith Eublicand Pri_
vate Partners
100% capital invest- e 50% capital investment Scenario 1 details + Scenario 2 details
ment funded by equity funded by equity Private Partner is retail +
No incentives ® 50% capital investment business Scenario 3 details

Average capital costs funded by Publicin- $5000 one-time subsidy
No PV or ESS* centive per station paid by Pri-
Expected annual utili- e No cap on Public eq- vate Partner

zation growth rate set uity holder returns $2000 annual lease is

at 20% o Average Capital Costs paid to Private by

Year 1: 5548 charging

e NoPVorESS

Owner-Operator

events

o $1 EVSE charge fee per e Cost of Goods Sold

charging event 75%

o Expected annual utili- e Private Sector Marginal
zation growth rate 20% Tax31%

e Year 1: 5548 charging e Average expected reve-
events nue per min. per cus-

Figure 4. Business scenarios. * PV: Photovoltaic; ESS: Energy Storage System.

4.1. DCFC Investment Scenarios in EIl Paso, Texas

Figure 5 presents the Owner-Operator NPV for each simulated scenario for El Paso.
The results have shown that based on the variables selected and assumptions made in
this study, the DCFC business is at a negative NPV, thus losing money when the Owner-
Operator is the sole financier and sole equity holder of the business, as shown in Scenario 1.
Similarly, in Scenario 2 the site is still losing money because it must split the revenue with
the Public Partner for being an equity shareholder for providing capital funds through an
incentive. There may be instances where the incentive is not expected to return an equity
share to the Public Partner. This would make it easier for the Owner-Operator to return a
profit over time if it does not have to share the DCFC business’s generated revenue. For
a DCEFC site to be most profitable in El Paso, there needs to be a multi-partner business
model where a Public Partner provides capital via an incentive or grant, and a Private
Partner is tied to a revenue-sharing agreement directly with the Owner-Operator. This
diversifies the revenue streams for the Owner-Operator. Specifically, the revenue stream
that it receives through the revenue-sharing agreement does not incur extra operating costs
to the Owner-Operator. When the DCEFC site sells energy to EV users for charging, it must
buy electricity from the utility to provide the charging service. In the revenue-sharing
agreement, there is no cost to providing more business activity to the Private Partner. The
Owner-Operator simply receives a cut from the additional revenue generated by the Private
Partner due to increased customer volume in the Private Partner’s business.
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Figure 5. Owner-Operator NPV in El Paso across scenarios.

Figure 6 illustrates the differences in NPVs for the three partners (owner, public, and
private) across four scenarios, highlighting Scenarios 3 and 4 as the most profitable for
all partners, with higher NPVs. This is primarily attributed to the inclusion of a Private
Partner within the business model. Introducing a Private Partner stimulates increased
economic engagement for all involved parties, thereby benefiting the entire project. The
presence of EV charging services incentivizes EV users to patronize businesses equipped
with such amenities, enabling them to conveniently accomplish multiple tasks simultane-
ously. Consequently, businesses allied with DCFC are more inclined to attract EV users
who might otherwise spend their money elsewhere or refrain from spending during the
charging process.

$500,000
$400,000
$300,000
$200,000
$100,000
$' [ ] —
Scenario 1 Scenario 2 Scenario 3 Scenario 4
$(100,000)

m Project NPV ® Owner-Operator NPV ®Public Partner NPV ® Private Partner NPV

Figure 6. Scenario comparison for all partner NPVs in El Paso.

4.2. DCFC Investment Scenarios in Logan, Utah

Figure 7 presents the NPV for the Owner-Operator business model specifically tailored
for Logan. To ensure consistency in cross-city comparisons, the same assumptions as those
used for El Paso were applied. In scenarios 2 and 4, where the DCFC site benefits from in-
centives provided by a Public Partner, the Owner-Operator realizes lower profits compared
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to scenarios 1 and 3, where revenue from charging services is not shared with any equity
holders. However, it can be reasonably inferred that if there were a cap or no anticipated
return for the public equity holders, the profitability of a DCFC site in Logan would progres-
sively increase with each scenario offering additional financial support. Hence, if a DCFC
site demonstrates sufficient utilization and sulfficiently low utility-related costs, it may not
necessitate financial support from a Public Partner to achieve profitability. A strategy to en-
hance profitability and overall economic activity for all partners would involve establishing
a revenue-sharing agreement between the Private Partner and Owner-Operator.

$450,000
$400,000
$350,000
$300,000
$250,000
$200,000
$150,000
$100,000

$50,000

$-
Scenario 1 Scenario 2 Scenario 3 Scenario 4

m Owner-Operator NPV

Figure 7. Owner-Operator NPV in Logan across scenarios.

In Figure 8, the NPVs of all participating partners are compared across all the scenarios.
Similar to the findings in the El Paso case, this analysis reaffirms that a multi-partner
business model yields the highest economic returns for a DCFC site. However, the choice
of partners can significantly impact the distribution of returns. For the Owner-Operator,
refraining from involving a public equity holder in the business yields the highest return
on their initial investment, depending on their priorities. In scenarios 3 and 4, the Private
Partner earns the same rate of return, as their earnings remain unaffected by the revenue
generated solely from the charging services.
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Figure 8. Scenario Comparison for all partner NPVs in Logan.
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Figure 9 illustrates the significant variations in profitability observed between a DCFC
site located in El Paso and another in Logan. Across all scenarios, Logan consistently demon-
strates superior performance compared to El Paso, attributed to its lower utility-related
costs. Moreover, the graph highlights that under Scenario 3, Logan attains the highest
profitability, whereas in El Paso, Scenario 4 yields the greatest profits. This underscores the
potential benefits of a multi-partner business model for the Owner-Operator, particularly in
scenarios where utility costs are higher. Conversely, when faced with lower utility expenses,
the imperative for a multi-partner business model to ensure profitability diminishes.

$450,000
$400,000
$350,000
$300,000
$250,000
$200,000
$150,000
$100,000

$50,000 .
$_ ]

$(50,000) cenario 1 Scenario 2 Scenario 3 Scenario 4

m Owner-Operator NPV El Paso Owner-Operator NPV Logan

Figure 9. Owner-Operator NPV city comparison across scenarios.

5. Sensitivity Analyses

Figure 10a demonstrates the effect on the Owner-Operator NPV with an increase or
decrease in the costs of the data inputs. The annotated letters represent the range, where
H is the high-cost, A is the actual cost, and L is the low-cost range of the data inputs. The
results have shown that utility-related costs have the most effect on the Owner-Operator
NPV compared to capital-related costs in Scenario 1. Particularly, the demand charge
emerges as the factor with the most significant influence on the Owner-Operator NPV. In
both Logan and El Paso, an increase in the demand charge results in reduced profits for
Logan and increased losses for El Paso, respectively.

Figure 10b shows sensitivity analysis conducted on the Owner-Operator NPV within
the context of Scenario 2. In this scenario, the additional financial support applied to the
capital costs has resulted in a comparatively milder impact on the Owner-Operator NPV
as compared to the effects seen in Scenario 1, as presented in Figure 10. Furthermore,
the analysis indicates a significant profit potential for El Paso if El Paso Electric (EPE)
were to reduce their demand charge. However, it also becomes apparent that when the
Owner-Operator collaborates with a Public Partner and operates under a low-cost demand
charge scenario, the generated profit is lower than what was observed in Scenario 1, where
the Owner-Operator retained all revenue generated. This underscores the disadvantage of
having a partner transition into an equity holder through their capital investment.

Figure 10c illustrates the impact of sensitivity analyses for the Owner-Operator NPV
within the context of Scenario 3. This particular scenario demonstrates the highest level of
advantage for Logan. However, it also reveals that Logan remains significantly responsive
to fluctuations in electricity prices and demand charges. Notably, El Paso displays greater
sensitivity to reductions in utility-related costs compared to increases. Nevertheless, with
lower utility expenses and the additional revenue influx from the Private Partner, El Paso
manages to achieve a substantial level of profitability.
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Figure 10. Sensitivity analysis for scenarios 1-4. (a) Sensitivity Analysis for Scenario 1. (b) Sensitivity
Analysis for Scenario 2. (c) Sensitivity Analysis for Scenario 3. (d) Sensitivity Analysis for Scenario 4.
(H) stands for a High-cost scenario for that specific data input. (A) stands for an Actual-cost scenario
for that specific data input. (L) stands for a Low-cost scenario for that specific data input.

Figure 10d displays the sensitivity analyses for the Owner-Operator NPV in Scenario 4.
The figure demonstrates that in both urban scenarios, the implementation of a multi-partner
business model serves as a mitigating factor, preventing significant fluctuations in costs
from causing drastic shifts in the profitability of the DCFC business. Notably, Scenario 4
distinctly exhibits the least susceptibility to cost variations for both El Paso and Logan.

The comparative insights drawn from the sensitivity analysis of NPV across different
scenarios provided a detailed assessment of how various financial structures and cost
influences can significantly impact profitability in different urban contexts. Some of the key
insights are:

Operational vs. Capital Cost Sensitivity: In scenarios where operational costs domi-
nate, such as in Scenarios 1 and 3, the profitability of the Owner-Operator is signifi-
cantly more sensitive to fluctuations in utility-related expenses like demand charges.
This sensitivity analysis indicates that the control and reduction of these costs are
pivotal for maintaining and improving profitability. In contrast, Scenario 2, which
introduces additional financial support for capital costs, shows that capital costs can be
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managed more predictably through external financial mechanisms such as subsidies
or partnerships, which cushion the impact of these costs on the NPV.

e  Partnership Impact on Financial Outcomes: Scenario 2 introduces the complexity of
partnerships where external support lessens the financial burden but also dilutes the
ultimate profitability. This suggests a strategic dilemma: gaining financial support and
sharing risk at the cost of potentially higher profits. Scenario 4, with a multi-partner
model, demonstrates that having more stakeholders can provide a buffer against cost
volatility. This model offers a more stable, albeit potentially less lucrative, financial
outcome as risks and profits are spread across more entities, reducing the financial
impact of negative shifts in cost or demand factors.

e  Strategic Focus on Demand Charges: Demand charges emerge as a critical lever in all
scenarios. For instance, in Scenario 1, Logan and El Paso show drastically different out-
comes based on the same cost factor, emphasizing the local regulatory and operational
environment’s role in financial modeling. The potential for strategic management of
demand charges, whether through negotiation with utility providers or technological
solutions to reduce peak demand, can be a crucial strategy for enhancing NPV.

e  Risk Mitigation vs. Profit Maximization: Scenarios 2 and 4 offer insights into the
trade-offs between mitigating risks through partnerships and maximizing profits
when operating independently. Scenario 2 shows that while partnerships that provide
capital can reduce the burden of initial expenses, they can also lead to lower returns
due to the sharing of generated revenue. Scenario 4 illustrates that while multi-partner
models add complexity, they also distribute the financial risks, making the business
model more resilient to economic or regulatory changes.

e  Flexibility and Adaptability: Across all scenarios, a theme of needing flexibility and
adaptability emerges. Owner-Operators need to stay agile, adapting their business
strategies based on evolving market conditions and regulatory environments. This
might include shifting from solo operations to partnerships, renegotiating financial
terms with partners, or investing in technologies that mitigate the most sensitive costs.

6. Conclusions, Limitations, and Future Work

The primary objective of this study was to present a comprehensive analysis of the
financial dynamics of the DCFC ecosystem in the United States and provide valuable in-
sights for stakeholders, investors, and industry players. Through extensive data collection
and rigorous analysis, the study sought to explore the cost structure associated with the
entire lifecycle of DCFC installations. By dissecting these costs into various elements, the
research aimed to identify key drivers and potential areas for optimization. To address
this the study explored various business models, meticulously examining their potential to
gauge the economic viability of DCFC sites. A comprehensive analysis of multi-partner
business models was conducted to unlock synergies and foster collaboration among var-
ious stakeholders, ranging from energy companies and infrastructure developers to EV
manufacturers and technology providers. Through this analysis, the research presented
avenues that could drive down costs, optimize resource allocation, and enhance the overall
efficiency of DCFC infrastructure deployment. Moreover, the research included a sensitivity
analysis of specific cost factors deemed pivotal in determining the financial viability of
DCEFC ventures. This granular analysis provides a deeper understanding of the variables
that exert the most significant influence on profitability. By quantifying the impact of
fluctuations in these key factors, the research contributed to the comprehension of risk and
reward within the context of DCFC investments. Some of the significant findings of this
research are as follows:

e The demand charge and electricity cost factors are most indicative of financially
profitable DCFC investments.

e A multi-partner business model that includes a public and private partner can best
ensure profitability but also shields the business profitability from any unexpected
cost increases.
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e  There must be greater collaboration between public, private, and utility stakeholders
when designing incentives and energy regulations to grow DCFC infrastructure.

e  There must be more diversity in public incentives aimed at utilities and DCFC operat-
ing costs rather than those only focused on capital investment.

e A private partnership can be greatly beneficial to a DCFC business model as long as the
site attracts new customers and additional spending to the private partner’s business.

While this study provides valuable insights, several limitations should be acknowl-
edged, and future studies are warranted for the following reasons:

e A limitation of this study is its focus on the net present value (NPV) for each partner
without considering other potential outcomes or performance metrics. Future research
should analyze additional performance metrics such as internal rate of return, return
on investment, and operating margin, among others, to provide more comprehensive
insights for investors and policymakers [47].

e  The study was limited to specific economic factors, such as capital costs, demand
charges, and electricity retail prices, potentially overlooking other relevant variables
like insurance costs, carbon credits, and environmental incentives, etc.

e  Given the insight on the demand charge being an integral cost to the profitability of
a DCFC site, future work may include investigating the technological and financial
pathways for utilities, DCFC site owners, and governments to reduce the cost of
demand charges.

e  This study conducted economic viability analyses for El Paso, TX, and Logan, UT.
Given that demand charges are utility-related costs and vary across the U.S., a compre-
hensive comparative analysis across utilities in the U.S. could identify trends and rank
optimal locations for profitable DCFC sites.

e Additionally, expanding the economic analysis to include photovoltaic and energy
storage systems at DCFC sites could help reduce energy loads during peak hours and
lower energy charges.

e  This study relied on deterministic sensitivity analysis (DSA), which does not account
for interactions between variables or input uncertainty. Future research should conduct
a more robust optimization analysis that considers these factors to provide more useful
information [47,48].

Finally, the economic feasibility assessment reveals that a business model where
owner-operators partner with public entities is the best strategy for profitable DCFC station
operations in the U.S., with demand charges and electricity prices as key determinants of
profitability. Although the current analysis was performed within the U.S., the model can
be adapted to other geographical locations using specific local inputs.
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Appendix A

Table Al. List of Abbreviations used in the Economic Analysis.

Abbreviated Term Term

DCF Discounted Cash Flow

NPV Net Present Value

Rsite Revenue of the DCFC Site
5 Change

EBIT Earnings Before Interest and Taxes
r Discount Factor

CF; Net Cash Flow

CF;, Cash Inflow

CEout Cash Outflow
R Revenue Generated
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