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Abstract of Praxis

A System Dynamics Model to Determine Costs Associated with Transitioning the
DoD Vehicle Fleet to a Zero-Emission Vehicle Fleet

This research focuses on developing a system dynamics model to determine costs
for transitioning the Department of Defense (DoD) fleet to a zero-emission vehicle (ZEV)
fleet. In December of 2021, the president of the United States (U.S.) issued Executive
Order (EO) 14057, Catalyzing Clean Energy Industries and Jobs Through Federal
Sustainability. This EO called for federal agencies to acquire vehicles for ZEVs by 2035.
An example of ZEVs is electric vehicles. As mandated in the EO, the transition requires
that light-duty vehicle acquisitions be one hundred percent ZEV by the beginning of
2027. Every Federal agency with a fleet of at least twenty vehicles shall develop,
annually review, and update a zero-emission fleet strategy. The strategy will include fleet
right-sizing, that is, optimizing fleet size, the composition of the fleet, installing ZEV
refueling infrastructure, and maximizing the acquisition and deployment of zero-emission
light, medium, and heavy-duty vehicles where the General Services Administration
(GSA) offers one or more ZEV options for the specific vehicle class. The Federal fleet
comprises approximately 380,000 vehicles; of these, DoD owns approximately 180,000
(Hwang, 2023), and of these vehicles, light-duty vehicles, which are the first tier of
vehicles to be replaced, make up about 70,000. The motivation for this research was the
aggressive nature of EO 14057 and the federal government's efforts to determine how to

comply with and implement the EO's goals.
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The modeling framework was developed in Vensim, a system dynamics modeling
software. This research provides a valuable tool for fleet managers, decision-makers,
DoD leaders, and stakeholders in assessing the ZEV fleet transition landscape. The
framework enables stakeholders to evaluate the financial implications of different
strategies and identify possible scenarios to make data-informed decisions regarding their
fleets in fiscally constrained environments. This model addresses a specific need for
forecasting and planning purposes among federal fleet leaders, who are not concerned

with the details of their fleets but rather with the broader landscape in which they operate.
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Chapter 1—Introduction

1.1 Background

In December of 2021, the President of the United States (U.S.) issued Executive
Order (EO) 14057, Catalyzing Clean Energy Industries and Jobs Through Federal
Sustainability. This EO called for federal agencies' vehicle acquisitions for ZEVs by
2035. An example of ZEVs is electric vehicles. As mandated in the EO, the transition
requires that light-duty vehicle (LDV) acquisitions be one hundred percent ZEV by the
beginning of 2027. Every Federal agency with a fleet of at least twenty vehicles shall
develop, annually review, and update a zero-emission fleet strategy. The strategy will
include fleet right sizing, that is, optimizing fleet size, the composition of the fleet,
installing ZEV refueling infrastructure, and maximizing the acquisition and deployment
of zero-emission light-, medium-, and heavy-duty vehicles, where the General Services
Administration (GSA) offers one or more ZEV options for the specific vehicle class. The
Federal fleet comprises approximately 380,000 vehicles; of these, DoD owns
approximately 180,000 (Hwang, 2023), and of these vehicles, light-duty vehicles, which
are the first tier of vehicles to be replaced, make up about 70,000 of these vehicles.

It is a huge undertaking for the Federal government and the DoD to transition its
internal combustion engine (ICE) vehicle fleet to a ZEV fleet. The DoD operates the
second-largest federal fleet, second only to the Postal Service. DoD is also the largest
bulk fuel purchaser and consumer in the federal government, which accounts for

approximately 77% of the federal government’s fuel consumption. (Belcher, 2019) Thus,



transitioning its ICE vehicle fleet to ZEVs will substantially impact DoD’s greenhouse
gas (GHG) emission quantities.
1.2 Research Motivation

The motivation for this research was the aggressive nature of EO 14057 and the
fact that the federal government was/is trying to figure out how to comply with and carry
out the goals of the EO. The recent worldwide pandemic created supply chain disruptions
in all sectors, especially the automotive sector. Consumers, businesses, and the
government are all competing for a limited number of ZEVs available in the market. This
was another challenge that the federal government and the DoD had to overcome. The
challenge the EO poses for DoD is something that the author of this Praxis has felt and
experienced firsthand. With some distance from the first onslaught of interpreting,
researching, strategizing, and devising plans to meet the EO goals, this undertaking
appeared to be a viable, helpful, and interesting topic to tackle. The research can also
assist with identifying, managing, and mitigating risks that such a drastic and dramatic
change poses to DoD and the Federal government. The idea was to gain insight into the

actions set into motion throughout the DoD and the Federal government through the EO.

1.3 Problem Statement
The Federal government has no formal plan to transition to a 100% zero-

emission vehicle fleet by 2035 as per EO 14057.

1.4 Thesis Statement
A system dynamics model can be developed for strategic planning of the
transition of the DoD vehicle fleet to a zero-emissions vehicle fleet, which accounts for

factors such as delivery and retirement rates, as well as replacement policy, which are



not currently considered in existing fleet forecasting tools in use by the Federal

government.

1.5 Research Objectives

The Federal government has started developing plans to transition the traditional
vehicle fleet to a ZEV fleet. They have also begun studying and considering the
installation of infrastructure to support the new ZEV fleets.

The objective of this research is to develop a system dynamics model in software
called Vensim that estimates or forecasts the number of vehicles associated with
transitioning the current DoD vehicle fleet to a ZEV fleet in a defined time period. This
will be accomplished by focusing on a small subset of the DoD fleet, which can then be
scaled up for different and larger sets of the fleet, as well as take into account additional
variables in the future. The proposed case is validated by comparing the results of the

Vensim model to current DoD reporting forecasts.

1.6 Research Questions and Hypotheses

The three Research Questions (RQ) identified for this research and the three
Hypotheses (H) are directly linked to each of the RQs. They are the following (The
numbering used below is used to associate the RQs and the corresponding Hs):

RQ1: How can a system dynamics model integrate delivery and retirement rates
to provide a strategic planning tool to meet a transition timeline?

RQ2: What utility can a system dynamics model provide that is not available in
current models?

RQ3: How can a system dynamics model serve as a forecasting tool for

headquarters-level leadership at DoD?



H1: A system dynamics model can enable strategic planning by integrating
economic and policy factors, such as delivery and retirement rates, to achieve the
transition timeline and budget.

H2: A model that integrates delivery and retirement rates and replacement policy
can provide “what-if” scenarios in reaction to changing economic and policy conditions.

H3: A system dynamics model can be flexible to accommodate changing

administration policies.

1.7 Scope of Research

The scope of this research is to develop and provide a cost assessment of
converting the existing gas-powered DoD vehicle fleet to a ZEV fleet. This will be
accomplished by examining the DoD fleet data, which can then be applied to larger sets
or the whole Federal government data set. The primary objective is to assess the
acquisition and transition of the fleet, as well as the fleet size, while also considering
budgets and costs.

To validate the Vensim model, a comparative analysis was conducted with the
actual reported spending on fleet vehicle purchases by DoD and the actual vehicle

budgets for the first two years. 1.8 Research Limitations

The research limitations have been set to examine a subset of the DoD fleet data,
specifically focusing on light-duty vehicles. The light-duty vehicle fleet is the first subset
of the three vehicle categories in the government fleet to be converted to ZEVs. This
aligns with the tiered approach mandated by the EO, which requires that each
government agency’s light-duty vehicle acquisitions be zero-emission vehicles by the end

of fiscal year (FY) 2027. The EO calls for deploying zero-emission vehicle refueling



infrastructure and maximizing the acquisition and deployment of zero-emission light-,
medium, and heavy-duty vehicles by 2035. The GSA offers one or more zero-emission
vehicle options for each vehicle class. This research does not consider medium- and
heavy-duty vehicles nor the tactical vehicle fleet. It only considers the first phase of the
transition, which is limited to light-duty vehicles. While the medium- and heavy-duty
vehicles are not considered in the research, a section utilizes a hybrid subset of these
vehicles, makes certain assumptions, and applies the model to forecast the evolution of
that particular set of vehicles over time. In a model validation attempt, data from the

United States Postal Service (USPS) was also used in the model.

1.9 Organization of Praxis

This Praxis is organized into five sections, with the first chapter comprising the
Introduction. The second chapter includes a Literature Review on topics such as EO
14057, ZEVs, fleet maintenance, and costs. The third chapter describes the Methodology
employed, which defines and explains the system dynamics model created and covers the
various data sources used. Results from the model are discussed in Chapter 4. Chapter 5
presents conclusions, including a discussion of the findings and potential future research

directions on this topic.



Chapter 2—Literature Review

2.1 Introduction

In response to the mounting global climate crisis, the President put forth EO
14057, which calls for Federal Agencies to lead the country by example and through a
whole-of-government approach. This effort is intended to demonstrate how innovation
and environmental stewardship can protect the planet, safeguard Federal investments
against the devastating effects of climate change, respond to the needs of American

communities, and expand American technologies, industries, and jobs. (EO 14057, 2021)

2.2 EO 14057

EO 14057 provides government-wide goals to lead the nation on a strong path to
net-zero emissions by 2050. Bold action will be necessary to transform Federal
procurement and operations to achieve a transition to clean and zero-emission
technologies. Through the coordinated whole-of-government approach, the President
hopes to use the Federal government's scale through its procurement power to achieve
one-hundred percent ZEV acquisitions by 2035. This includes one hundred percent light-
duty ZEV acquisitions by 2027. (EO 14057, 2021) The EO sets the outline of the goals,
and the accompanying Implementing Instructions provide more detail on how the EO is
to be accomplished. These are the main documents that are referenced when

implementing the conversion of the Federal fleet.

2.3 DoD Fleet
The DoD has the second-largest vehicle fleet in the federal government, second

only to the U.S. Postal Service. According to a December 2023 American Security



Project Report, titled: Perspective: Insights and Opportunities for the U.S. Department of
Defense Zero-Emissions Vehicle Transition in FY21, “the DoD had 181,000 non-tactical
vehicles and the Postal Service had over 232,000”. (Hwang, 2023) DoD is a key enabler
for energy security and resilience. However, reducing energy demand will have a
significant impact on GHG emissions. Since reporting began in 20210, DoD GHG
emissions have been trending downward. DoD has issued guidance that describes specific
GHG reduction metrics and milestones in its various reporting guidance. This guidance
has also entered DoD publications such as the DoD Plan to Reduce GHG Emissions.
DoD’s transition from its ICE vehicle fleets to ZEVs and plug-in hybrid electric vehicles

(PHEVs) strives to serve three primary purposes:

1. Reduce financial costs (Hwang, 2023)

2. Reduce DoD GHG emissions (Hwang, 2023)

3. Reduce casualties and increase lethality on the battlefield (Hwang, 2023)

DoD and each of the service branches and associated agencies have created plans
to transition their traditional ICE vehicle fleets to ZEV fleets. Along with all Federal
agencies, the DoD is collaborating with GSA and private automakers to acquire ZEVs to

meet the EO.

DoD vehicle electrification faces both technological and logistical challenges.
Ongoing research, development, testing, and evaluation (RDT&E) efforts have been
underway to facilitate the transition. (Noblet, 2023) For example, the U.S. Air Force
plans to acquire 100 percent zero-emission non-tactical vehicles by FY35. This quantity

includes the procurement of 100 percent light-duty ZEVs by FY27. This plan also



includes acquiring zero-emission aircraft support vehicles and equipment by FY32.
(Depledge, 2023) The U.S. Army plans to field an all-electric non-tactical vehicle fleet by
2035 and tactical vehicles by 2050 (Langone, 2023). The Navy aims to acquire 100
percent ZEVs by 2035, including 100 percent light-duty ZEVs by 2027. (Hwang, 2023)
Federal agencies must use the Federal Statistical Tool (FAST) to collect and report fuel
consumption, mileage, maintenance costs, inventory, and acquisition data on each owned
and leased vehicle. The FAST Data reporting period is from the first day of October to
the fifteenth of December, following the end of the FY, which is on the last day of
September. Fleet managers analyze the data collected and reported in the FAST database
to evaluate inventory, fuel usage, and mileage to identify vehicles that may be candidates
for electrification. This Praxis uses FAST data and only focuses on the DoD light-duty
vehicle fleet, the first group of vehicles required to be replaced by ZEVs in the EO. There

were other runs of the model for illustrative purposes.

2.4 7ZEVs

The EO defines a ZEV as any vehicle that produces zero tailpipe emissions of any
criteria pollutant or GHG during operation. This category includes battery electric
vehicles (BEVs), which are powered by a battery, and fuel cell electric vehicles (FCEVs),
which run on hydrogen. Plug-in hybrid electric vehicles (PHEVs) are not considered
ZEVs, despite the vehicles producing zero emissions when operating on their battery.
They are not considered ZEV's because these vehicles possess an ICE, even though these

engines tend to produce lower emissions. (Grimes, 2023)

In 2022, the Government Accountability Office (GAO) conducted a study of the

twenty-six agency strategic plans to acquire ZEVs that had been approved by the Council



on Environmental Quality (CEQ) and the Office of Management and Budget (OMB). The
GAO study stated that limited vehicles exist in the market, which creates a challenge in
meeting agency targets. DOT officials stated they initially wanted to order 430 ZEVs for
FY22, but GSA had reduced their order to 292 vehicles due to shortages and order
cancellations from vehicle manufacturers. (GAO, 2023) The Department of Energy
(DOE) estimated that about 25 percent of its FY 22 ZEV orders could be purchased. They
expected that future orders would increase in amount as the inventory of ZEVs in general
improved and would be available for Federal acquisition in FY23 and beyond. GSA is
revising its ordering process because it recognizes that cancellations have seriously
challenged agencies. According to GSA, many of these cancellations were due to the
vehicle suppliers either no longer offering the models that GSA had initially ordered or

not having the quantities of vehicles the agencies ordered. (GAO, 2023)

Lack of available ZEV models that could perform mission requirements was
identified in fifteen of the twenty-six approved plans by CEQ and OMB. This lack of
vehicles to carry out the mission poses a serious challenge to meeting vehicle purchasing
goals. In 2022, agencies requiring larger models of SUV's and pickup trucks to carry out
their missions found that these vehicles were not commercially available yet. (GAO,
2023) The DOE has provided estimates to agencies to assist them with their ZEV
acquisition goals. In these estimates, DOE stated that these types of vehicles would be
available beginning in 2024. Law enforcement agencies have stated that they did not
believe that existing ZEV technology can support law enforcement missions, especially

in extreme environments. Customs and Border Patrol (CBP) officials are devising pilots



and technical demonstrations to evaluate performance under various conditions and

scenarios of current ZEVs in the market. (Katz, 2023)

2.5 EV Infrastructure

GSA recommends that Federal Fleet managers acquiring Electric vehicles start by

installing charging equipment. Regarding chargers, there are typically three available

options: Level 1, Level 2, and Level 3, also called Direct Current (DC) Fast Charging

(DCFC). Charging a vehicle from empty can take anywhere from 20 minutes to more

than 40 hours, depending on the specific vehicle factors, such as the battery size and the

type of charger used. The three levels of EV chargers are the following:

120V

240V
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Figure 2.1 Types of EV Chargers
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Level 1 Charger: Is a cord that plugs into a regular 120-volt outlet. This is the
same type of plug that any item, such as a blender or lamp, has. The level 1 charger is
very slow. It takes approximately forty to fifty hours to charge a vehicle if you start

charging from empty. (Lindwall, 2022)

Level 2 Charger: This type of charger requires a 220-volt outlet. This is similar to
plugs used by heavy-duty appliances such as washers, dryers, or hard-wired equipment.
Charging with a level 2 charger is faster than with a level 1 charger. It takes
approximately four to ten hours to charge from empty. This is the most common charger
available at public charging stations at workplaces, residential buildings, and commercial
parking lots. These are the chargers that most EV owners install at their homes to charge

their vehicles overnight. Some government incentives cover the cost of level 2 chargers.

Level 3 Charger: These chargers are also known as DCFC chargers that use direct
current, 480 volts; they provide the fastest charging speeds and are usually more
expensive than the previous two chargers. DCFC chargers are also usually installed in
public charging stations, such as gas stations, as they are ideal for time-limited EV
drivers, such as folks on a road trip or urban drivers who may not be able to recharge at
their homes. The technology is evolving on these chargers, and each subsequent
generation is getting faster than the previous one. The first generation of these chargers
charged vehicles at 50kW; the new units installed are at least three times more powerful,

charging at 350kW. (Lindwall, 2022)

The type of chargers to be installed at government facilities depends on the types
of ZEVs the agency requires, as well as the operating characteristics of the vehicle. These

include miles driven daily, overnight parking at the site, or at a different location. For
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example, a light-duty vehicle not driven very much may be charged overnight with a
level 1 charger. In contrast, a vehicle with a larger battery, which is driven more, may
require a level 2 charging overnight to be ready for service the next day. In order to
integrate ZEVs into their fleets, Federal agencies must consider how they will meet their
missions with the performance characteristics of the ZEVs they are acquiring. One
cultural challenge the drivers of EVs may have to overcome is range anxiety, which is the
fear that an EV will run out of power before reaching its destination or a charging station.

Fleet managers at Federal agencies will implement this ZEV transition over several years,

requiring much planning and oversight. (Grimes, 2023)

(Business Wire, 2024)

Figure 2.2 Charge Point Charging Station
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Figure 2.2 above is an example of the types of charging infrastructure that DoD is
installing. This is one of the approved ZEV charging stations, ChargePoint. Another
company that received approval was Chargie. Companies like Leidos and TechFlow have

also worked with the DoD to install charging stations.

Chargie

(Chargie, 2024)

Figure 2.3 Chargie Charging Station

Figure 2.3 is a picture of a Chargie charging station. Below, Figure 2.4 is a Leidos
charging station for the Department of the Air Force, and Figure 3.18 shows a TechFlow

charging station at Camp Pendleton.
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(Leidos, 2024)

Figure 2.4 Leidos Charging Station
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(TechFlow, 2024)

Figure 2.5 TechFlow Charging Station

With such aggressive and ambitious clean energy goals for the Federal
government and consumers' demand, an expansive charging network is imperative if the
U.S. is to meet these energy goals. The National Renewable Energy Laboratory (NREL)
conducted a nationwide study in 2023 that intended to count the quantity, type, and
location of chargers needed nationwide to establish a convenient, reliable, and
affordably-priced charging infrastructure that Americans would have confidence in. The
study estimated that by 2030, thirty to forty million EVs would be on the roads. (Squires,

2023)

Key takeaways from this study are that investments in charging infrastructure are

crucial for achieving the national clean energy goals put forth by the EO. Investment in
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charging infrastructure nationwide will have to be a team effort, and this will be
accomplished with the federal government partnering with utility companies, private
industry, and local governments. Just as the nationwide effort to install charging
infrastructure is critical to getting EVs on the roads, the same is true for the whole of the

Federal Government and DoD.

2.6 Fleet Management

Fleet transitions to ZEVs are underway, and the Federal government and
businesses are leading the process. Growing government and private sector commitments
to purchase ZEVs highlight the enthusiasm to increase ZEV adoption in fleets. With the
rapid adoption of ZEVs, the economic, climate, and health benefits will be seen very
soon. Such positive societal outcomes could help mitigate any negative public perception
of ZEV adoption. (GSA Blog Team, 2023)

The Department of Energy recommended that Federal fleet managers take a
phased approach to fleet transition. Fleet managers will be responsible for implementing
EO 14057 goals and managing the emerging technologies in ZEVs and the accompanying
infrastructure, which will continue to evolve. They must also deal with the supply chain,
fluctuating costs, and customer confidence in ZEVs. Challenging times are already here
for fleet managers. It is best if they take a one-step and one-day-at-a-time approach to
vehicle fleet electrification. (DOE, 2022)

It is essential, however, to remember that there are different levels to fleet
management, and each of these levels has a part to play in maintaining a fleet. There are
headquarters fleet managers who are concerned with the big picture and budgets, and

then there are fleet managers who deal with day-to-day tasks and customers who use their
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fleet vehicles. Fleet managers who are positioned where the actual vehicle fleet resides
should ideally start planning their fleet transition by baselining their fleet. A baseline is a
reference point that represents the current state of the fleet. Part of the duties of a fleet
manager is to track and report fleet data on an annual basis as part of their required
annual reporting activities. Fleet managers will continue to use the existing reporting
tools and data management software they are accustomed to. Their existing fleet
information will help develop their fleet vehicle electrification plans. When making such
a huge change, it will be imperative to target the most cost-effective vehicles to replace,
keeping in mind that the first vehicles to be replaced will provide many valuable lessons
learned. The deployment of these ZEVs will be beneficial not only for the fleet manager
but also for the service technicians, drivers, and other stakeholders. (Harper, 2022)
Federal fleet managers are tasked with rightsizing their vehicle fleet. Rightsizing
the vehicle fleet means fleet managers must manage and maintain a right-sized vehicle
inventory to meet mission needs. This requires that fleet managers consider the vehicle
statistics for their fleet, such as the age of the vehicles, mileage maintenance, and vehicle
availability for purchase or lease, as well as the needs and usage patterns of different
internal customers. Additionally, they must consider budgets, policies, and other relevant

factors.

2.7 Fleet Electrification

Full fleet electrification presents various challenges for agencies, such as deciding
where to site charging stations, engaging with utilities and/or third parties regarding grid
capacities, financing, and maintaining the new peripheral equipment and software

necessary to maintain a fleet. In 2023, the U.S. Energy team of the World Research
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Institute (WRI) interviewed several electrification experts, fleet consultants, fleet
managers, transit agencies, and local governments. They also reviewed EV transition
plans and electrification research to understand how a mature electrification process and
the early stages of the electrification endeavor differ. (Womble, 2023) The research
conducted by WRI yielded a few key findings regarding how fleet managers are
preparing in the near term to support full electrification in the long run. The WRI
produced five steps for fleet managers to follow to reduce costs and capitalize on
efficiencies to reach their long-term electrification and sustainability goals. (Womble,
2023) These steps provide insight into the complexities of the fleet transition process.

Step 1. Identify workforce and organizational needs from the start. An EV fleet
requires new technology and equipment, such as vehicles, charging infrastructure,
management, and maintenance, that the population will have to contend with in addition
to existing work roles. There will be skill and knowledge gaps that must be addressed
through training and/or the hiring of employees. Some of the gaps may be filled by
contracting portions of the gaps. Such extras will cost money that will most likely be
unavailable to agencies. Therefore, to alleviate some of these cost burdens, agencies may
want to partner with one another or with other stakeholders, pool their resources to
maximize them, and develop expertise in these areas. (Womble, 2023)

Step 2. Engage with utilities early and often. The role of the utility companies
cannot be overstated. For the long-term success of vehicle electrification, a partnership
with the utility is essential. After all, as energy providers and distributors, they have a
vested interest in ensuring their infrastructure can handle current and future customer

needs. As a substantial customer of the utility agencies, they should engage with their
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utility company early and throughout their electrification process to ensure that the utility
is informed about the customer's plans, allowing them to budget and make any necessary
upgrades to their infrastructure. Without good communication, any necessary electrical
upgrades may be the customer's responsibility. (Womble, 2023)

Step 3. Be creative with siting electric vehicle depots and infrastructure. With
facility real estate at a premium and having other competing priorities for space at one’s
location, siting charging infrastructure is an important and challenging endeavor. This
action will be straightforward or involved depending on where the EVs will be parked
and the ease with which power can be brought to a siting location. With careful planning
of EV infrastructure, one can avoid costly pitfalls and keep electrification costs
manageable. (Womble, 2023)

Step 4. Budget for maintenance and replacement of the charging infrastructure.
Maintaining equipment in good working order is key to success, especially regarding
charging infrastructure. A JD Power study stated that twenty percent of EV drivers who
used public charging infrastructure have experienced charging or equipment failures that
prevented them from charging their vehicles. Maintaining the charging station network in
good working order will be paramount as the number of EVs and charging infrastructure
grows. It may also be beneficial to preemptively install extra equipment that will help
facilitate an EV transition, such as laying extra conduit, buying panels and switchgear
that will handle future loads. The fleet manager can also consider using creative
ownership, contracting models, and mechanisms to allay costs and maintain the system's

reliability. (Womble 2023)
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Step 5. Incorporate new technologies throughout the electrification journey. With
rapidly developing EV technologies, it is reasonable for fleet managers to want to reduce
the risk of their equipment becoming dated and obsolete. One way to address this is to
pilot new technologies and diversify their vendors as much as possible, being mindful of
their limited budgets and the GSA's provision of set vehicle options.

The DOE has established a Federal Fleet ZEV Ready Center online, which
provides guidance and processes to assist Federal fleet managers in selecting and
acquiring ZEVs and charging infrastructure. (DOE, 2022) It is essential to note that these
tools are primarily focused on the Fleet Manager, who is typically out in the field and
deals with day-to-day fleet vehicle operations. The DOE process consists of three phases
with fifteen collective steps. The three phases consist of the following:

1. Planning Phase (7 steps): This phase comprises seven steps. It includes all
aspects of fleet management, including training, fleet strategy, ZEVs, charging
infrastructure, and budgeting.

2. Design Phase (5 steps): This phase includes engaging with the utility, key
stakeholders, and leadership, evaluating requirements, and securing financial
commitments.

3. ZEV Active Phase (3 steps): This phase signifies the completion of all the ZEV
Ready steps, and the organization is now ready to acquire ZEVs and install electric

vehicle support equipment (EVSE).

The information in the Federal Energy Management Program’s (FEMP’s) Federal

Fleet ZEV Ready Center provides a process and guidance to assist federal fleet and
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facility managers in selecting and acquiring ZEV's and the accompanying equipment and

infrastructure.

Atlas Public Policy, a think tank committed to equipping businesses and
policymakers to make strategic, informed decisions that serve the public interest,
developed a Fleet Procurement Analysis Tool with funding from DOE. (Atlas, 2025) This
tool, based on Excel, provides relevant information on the financial viability and
environmental impact of light-, medium-, and heavy-duty vehicle fleet procurements.
This model compares procurements on a cost-per-mile basis and provides an analysis of
cash flows and lifecycle emissions by location. (Atlas, 2025) This tool is flexible and

utilizes customizable variables.

2.8 ZEV Costs

Federal agencies are estimated to spend approximately $770 million to meet
FY23 ZEV transition goals. This amount does not include approximately $200 million in
additional costs for the ZEVs compared to ICE vehicles leased from GSA, $470 million
in ZEVs, and $300 million to design and install charging infrastructure and other
miscellaneous expenses. CEQ is working with OMB to develop estimates for future
funding requests. (Katz, 2023) According to an Inner-City Fund (IFC) Climate Center
Report, the federal government could save $6 billion over the next fifteen years by
converting its traditional ICE vehicle fleet to a ZEV fleet. (Noblet, 2023)

Intuitively, ZEVs cost more than ICE vehicles. In 2022, battery-powered EVs
were approximately $3000 to $25,000 more expensive than their ICE vehicle
counterparts. (Kok, 2023) The total cost of ownership (TCO) refers to the overall cost of

operating a vehicle over the vehicle’s entire useful life. The TCO for a ZEV includes the
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purchase price, maintenance, refueling, and resale. ZEVs are more economical when
using this metric, and BEVs are more economical because they are cheaper over time and
have lower operating and maintenance costs. Due to the lower TCO compared to ICE
buses, buses have been the first heavy-duty vehicle category to have mass appeal for
adopting EVs. Research conducted by the International Council on Clean Transportation
(ICCT) showed that ICE and EV trucks used in urban delivery and regional long-haul
freight transport are currently about equal when comparing TCO to ICE trucks. However,
the ICCT predicts that in the U.S. and Europe, the TCO premium of EV trucks will
dwindle within the next decade. This will be due to decreasing material and
manufacturing costs; combining these factors with government incentives makes EV
trucks more attractive. (Kok, 2023)

The EVs are considerably more expensive when compared to the cost of medium-
duty EVs and their diesel counterparts. For example, in 2020, a Class 8 electric truck cost
over $300,000, compared to the average cost of $117,000 for a comparable diesel truck.
The high costs of medium-duty trucks can be attributed to battery costs, the development

costs of new EV models, demand, and market availability. (Kok, 2023)

2.9 Infrastructure Costs

Installing charging stations for a fleet is essential, but can be a complex and
expensive undertaking. There will be implications for charging and the mission
depending on the type of charger that fleet owners and stakeholders choose. A definite
tradeoff between charger cost and charging speed must be addressed. As detailed
previously, a level 1 charger is relatively inexpensive; however, it takes a considerable

amount of time to charge a vehicle, which may result in sacrificing fleet flexibility. Level
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2 and 3 chargers cost considerably more but deliver quicker charging rates. (Spiller,
2023)

Many charging infrastructure investments will be necessary to support growing
EVs on the roads. To meet policy goals, the national charging infrastructure network
must be expanded, including the commercial and Federal networks, to provide adequate
coverage to EV drivers by 2030 and beyond. According to NREL, approximately a
million chargers will be required at multi-unit dwellings to support ZEV owners. Rural
communities in the Midwest and South, as well as lower-income communities, require
investment in charging infrastructure to grow more rapidly and keep pace with early EV-
adopting areas. The cost for these communities will be about thirty percent of the
chargers and charging infrastructure through 2030. These costs seem high, but they are in
line with current pricing. It is estimated that between 2021 and 2030, investments in
charging infrastructure will total around $28 billion for public and workplace chargers,
which includes $15 billion for installation labor. Approximately seven percent of the
chargers will be DCFC chargers, providing fifty-seven percent of the charging energy
and sixty-six percent of the costs. These higher costs are the reason that the installation of
inexpensive chargers is popular at residences and workplaces. The initial cost of this first
wave of chargers is being subsidized by public funding, but a steady stream of funding is
expected to be developed in the future. (Bauer, 2021) Long-term funding needs to be
established; for now, the EO is covering expenditures because this infrastructure will
contribute to meeting climate goals. However, these costs are only about one to two

percent of agencies’ 2021 budgets. (Bauer, 2021)
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As EV drivers opt for great convenience and refer charging at or near their homes,
approximately seventeen million private residential chargers will be required by 2030 to
support the estimated twenty-six million EVs. An estimated one million chargers will
also be needed for multi-unit dwellings. (Bauer, 2021)

Along with accounting for ZEV acquisition, DoD has also been carefully
monitoring the installation of charging infrastructure. Figure 2.6 below illustrates charge
port addition predictions. There have to be ports for ZEVs to charge; this, too, has been a

significant effort by DoD.
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Charge Ports to be Added Annually
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Figure 2.6 DoD ZEV Charge Ports to be Added Annually

Cost sharing among stakeholders is one strategy that can be used to cover the
costs of the charging infrastructure. A diverse charging infrastructure landscape provides
ample opportunities for partnering and pooling resources. This is an all-hands-on-deck
effort that the power utilities, private charging companies, automakers, and property
owners have an incentive to contribute to the national infrastructure network. Charging

infrastructure investments have already been started with public support from federal,
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state, and local governments through tax credits, cost-sharing, and regulations. Charging
infrastructure raises the up-front costs of fleet electric vehicles, but it is an essential part
of the equation. It will provide fuel savings and reduce GHG emissions, making it a small

price to pay for the planet's future. (Bauer, 2021)

2.10 Emissions

Reducing emissions is the reasoning behind the EO goals and why this topic is
included in this praxis. Passenger cars and freight transport account for twenty-eight
percent of U.S. GHG emissions. This is a large enough amount that curbing it would
result in substantial gains in lowering the nation’s carbon footprint. In order to gain an
understanding of how and why we use transportation, NREL developed the
Transportation Energy & Mobility Pathways Option (TEMPO) model to investigate
travel behavior, technological advances, and policies to explore ways to reduce
emissions. (Bauer, 2021) TEMPO provides a framework to investigate various travel
scenarios while focusing on energy usage and emissions. (Hoehne, 2023) The model
considered household travel decisions and analyzed variables such as travel mode
choices, vehicle ownership, emissions, and technology adoption for different geographies
and socio-demographic groups. This parsing of conditions and variables allows for
considering varied outcomes and provides insight into how energy use impacts market
segments. NREL used TEMPO to model all U.S. passenger and freight systems across all
travel modes. Travel modes include walking, biking, light-duty personal travel, public
and intercity transit, aviation, maritime and passenger freight, and trucking. (Hoehne,

2023)
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With the aggressive policy goals set by EO 14057, the rapid adoption of ZEVs
and a clean energy grid is paramount to achieving the EO targets. It is estimated that ZEV
“sales will reach eighty-nine percent for light-duty vehicles, and sixty-nine percent for
freight trucks by 2030, and one hundred percent for both by 2040.” (Kok, 2023) With
such growth in the use of EVs, the amount of power needed in 2050 will be
approximately 3000 terawatt-hours (TWh) to power the EVs. In aviation, biofuel use has
been identified for the decarbonization of the industry. In 2050, it is estimated that ten to
forty-two billion gallons of aviation biofuel will be needed to handle vehicles through the
transition. Despite that, fleet vehicles are slightly over a quarter of the vehicles on the
roads; they are responsible for emitting approximately two-thirds of the GHG emissions
in the U.S. In Europe, fleet vehicles are responsible for about forty percent of total
vehicle mileage while being only twenty percent of the vehicles on the road. Studies and
modeling have indicated that road transport emissions are greater than passenger car
emissions, because these vehicles travel longer distances and haul heavier loads. The
climate impact of fleet vehicles is high and is only expected to increase if left
unaddressed. (Moultak, 2017)

Modeling of emissions, electricity, and ZEV use indicates a wide range of
outcomes, with most containing impactful emission reductions compared to the baseline
scenario. NREL, among other organizations, conducted two thousand simulations,
consisting of one thousand using a baseline grid and one thousand using a decarbonized
grid. (Hoehne, 2023) The results showed that the potential for decarbonization in 2050
was calculated to be an eighty-nine percent GHG reduction as compared to 2019.

(Hoehne, 2023) The emission reductions by 2030 could be fifty-five percent from 2019.
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In these modeling scenarios, the breakout of the emission reductions is as follows:
eighteen percent is lower travel demand, thirteen percent is increased vehicle occupancy,
thirteen percent is biofuel use in aviation, thirty-five percent is from light-duty BEVs, and
thirteen percent is from medium- and heavy-duty vehicles, this also includes a
decarbonized grid. This scenario assumes that light-duty vehicles will account for eighty-
five percent of the market share, medium- and heavy-duty vehicles will account for sixty-
nine percent of sales, and 1.7 billion gallons of aviation fuel will be required.
Additionally, it assumes that the electric grid will have seventy percent reduced
emissions compared to 2019. With the adoption of ZEVs, unpredictable travel demand, it
is estimated that future electricity needs will be within the 120 to 3000 TWh range, but
on average around 1000 TWh. In some scenarios, the emission projections are estimated
to remain around the baseline or grow slightly above it. The importance of good charging
infrastructure and affordable, carbon-free electricity is evident with increasing demand.
(Hoehne, 2023) To achieve emission reductions, effective planning of travel demand
must be implemented. However, to achieve profound decarbonization, the electric grid
must be decarbonized. The uncertainty of the most sensitive variables, behavior,
technology, and policy, must be addressed for this to occur. A significant reduction in
terms of emissions can be achieved by lowering passenger travel frequency; a five
percent reduction can result in a 0.042 Gigatons (Gt) decrease in carbon dioxide
emissions and a reduction of 0.039 Gt in the decarbonized electric grid. For reference,
one Gt is equivalent to 2.2 trillion pounds. When decarbonization is lower, travel demand
is an even more impactful variable; improving travel efficiency has a greater effect in

emissions modeling. Improving all-duty fuel economy by five percent produces an
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average reduction of 0.064 Gt of Carbon Dioxide vehicle emissions and a reduction of
0.032 Gt for the electricity grid. Mandating ZEV adoption appears to be very impactful
on the surface; however, it may become less significant when considering emissions
reductions because so many variables affect ZEVs. The modeling scenarios have shown
that there is no decarbonization improvement without a decarbonized electric grid. These
results showcase the importance of the decarbonization of the power sector. When the
grid is decarbonized, this will improve transportation emissions. Adopting ZEV's impacts
emission reduction, but would be even more effective with power from a cleaner grid.
There are myriad variables that affect the adoption of ZEVs. For light-duty ZEVs, it is
estimated that in 2050 the number of ZEV's can vary between 7.8 and eighty-three
percent, and medium- and heavy-duty vehicles will make up in the range between zero
and eighty-eight percent. After various scenario runs, the most consistent value is that for
light-duty vehicles, calculated consistently at around eighty percent. It appears that
energy costs impact ZEV adoption less, but they are still significant. In terms of dollars,
five hundred dollars per ton of carbon dioxide can have an average impact on light-duty
vehicles of a positive eleven percent gain of market share in 2050. In this scenario, the
assumption is that eleven percent of households will have access to charging. Household
charging availability is up to seventy-five percent in the most aggressive models. If
households are assumed to have access to hydrogen refueling, FCEVs increase by ten
percent, which would mean lower hydrogen prices or lower FCEV prices. This is similar
for medium- and heavy-duty vehicles; access to refueling will mean a thirty-six percent

increase in FCEVs by 2050. (Hoehne, 2023)
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The use of biofuels in aviation and on roads will also impact emissions. The U.S.
consumed sixteen billion gallons of biofuel in 2019. By 2050, it is estimated that the U.S.
will consume between 1.5 and 61 billion gallons, equating to 0.092 to 0.25 Gt of carbon
dioxide. It depends on how the technology to produce biojet fuel and biodiesel evolves.
The worst-case scenario for biojet usage is if it were to have an unlimited supply and
increased demand for use. This would amount to approximately forty-seven and sixty-one
billion gallons consumed in 2050. However, scenarios most likely require less biojet fuel
use, with more like 8.7 billion gallons in 2050. (Hoehne, 2023) Ultimately, the

uncertainty of using ZEVs drives the uncertainty of what the emissions will look like.

2.11 Modeling

Models are used to consider the characteristics of the situation being modeled and
make sure that the needs of the undertaking are being met. The solutions provided must
be logical and achievable. Cost modeling is the process by which most optimization
calculations are made. The best solution is the most cost-effective one that meets all the
criteria.

The Vehicles Technology Office (VTO) of the U.S. DOE is the team that
analyzes and assesses potential energy and emission impacts by using projections of
market penetration of technologies in light-duty vehicles. Such analysis provides insight
into how factors such as fuel prices, policies, and technology affect ZEV adoption.
(Argonne, 2017) Similarly, the Fuel Cell Technologies Office (FCTO) performs the same
function for fuel cell vehicles while considering fuel cell and hydrogen storage,

production, and fueling infrastructure technology. (Argonne, 2017) These models deal
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with specific external technical factors that affect ZEV. These factors are far removed
from the day-to-day lives of government fleet managers and decision-makers.

The VTO and the FCTO developed five models for light-duty vehicles using
different assumptions and representing this market differently. These models have been
utilized to support the work of the Energy Efficiency and Renewable Energy (EERE)
VTO in order to determine the future of light-duty vehicle markets under various
conditions. The following models are not looking at the big picture of vehicle
replacement and procurement. The models are detailed and take into account variables
that are not relevant to the DoD fleet users, such as risk aversion. These models are more
geared to fleet managers in the field, dealing with end users and managing the fleet. The
five models are the following (Argonne, 2017):

1. Light-duty Vehicle Choice Flexibility (LVCFlex) Model

2. Market Acceptance of Advanced Automotive Technologies (MA’T)

3. Light-duty Alternative Vehicle Energy Transitions (LAVE-Trans) model

4. Parametric Choice (ParaChoice) model

5. Automotive Diffusion Outcome Prediction Tool (ADOPT) model

Table 2.1 below is a comparison of all the models.
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Table 2.1 Comparison of Key Characteristics of LDV Choice Models

LVCFlex

MA’T

LAVE-Tran

ParaChoice

ADOPT

Significant
vehicle
attributes

Make/model
diversity

Consumer
segmentation

Vehicle price (—)

Fuel cost per mi ()
Maint. cost per yr (—)
Range (+)
Acceleration (—)

PEV Batt. repl. cost (—)
Luggage space (+)

Make/model availability or

diversity (+)
Multi-fuel utility (+-)
Home PEV recharge (+)

Function of previous
3 years sales or exogenous

None (one segment per
vehicle size class)

Vehicle price (=)

Fuel economies (+)
Acceleration (-)

PEV Batt. repl. cost (—)
Luggage space (+)
Make/model diversity (+)
PEV charger costs (—)
Range (+)
Home/workplace/public
charging availability (+)
Refueling travel time (—)

Function of previous year
sales

Segmented by:

Annual driving distance
New technology attitude
Population density

U.S. Census Div. and State
Home charging

Vehicle price (—)

Fuel cost per mi (—)
Acceleration (—)

PEV Batt. repl. cost ()
Luggage space (+)
Make/model diversity
()

PEV charger costs (=)
Refueling time (—)

Function of previous
year sales

Segmented by:
risk aversion

Vehicle price (-)

Fuel cost per mi (—)

Fuel availability (+)

PEV charger costs (—)
CNG compressor cost (—)
Refueling time (-)
Make/model diversity (+)
Range(+)

Exogenous, based on
powertrain introduction
year

Segmented by:

Annual driving distance
Population density

State

Dwelling type (at home
charging/NG availability)

Wehicle price (—)
Fuel cost per mi (—)
Acceleration (—)
Fuel availability (+)
Wehicle size (usable
volume) (+)

Range (+)

Modeled by “evolving™
high-selling
makes/models

Segmented by:

Income

Can also segment
consumers by preference
for acceleration, size,
fuel cost

convenience

Workplace charging

avalability
Consumer risk No Function of stock and Function of stock and No Mo
aversion consumer segment consumer segment
Fuel availability Exogenous or endogenous, Exogenous or endogenous,  Exogenous or Endogenous; capacity Exogenous
(alt. fuels, as a function of estimated  as a function of stock; endogenous, as a INCTEASES N response to
electricity) vehicle stock can specify home, public, function of stock sales

and workplace charging

availability

LVCFlex MA'T LAVE-Tran ParaChoice ADOPT

Reference Birky, 2015; Argonne, Lin, 2015; Lin and Greene, Liu, 2015; NRC, 2013 Manley et al., 2015; Brooker, 2015; Brooker

Model type

Vehicle size
classes modeled

Vehicle
powertrain
choices

Total LDV sales

Buy/no-buy,
size class

(Argonne,

2014
Nested multinomial logit

Sm car, Lg car,
Sm SUV, Lg SUV, Pickup

SI Conv, EB5 FlexFuel
Conv, CI Conv, CNG,
LPG, STHEV, CI HEV,
PHEV 10 & 40, H2 FCV,
BEV100, 200, & 300,
CNG bifuel, LPG bifuel

Exogenous

Car/light truck shares
exogenous

Size class shares
exogenous

2017)

2011; Liu and Lin, 2017
Nested multinomial logit

Sm car, Lg car,
Sm SUV, Lg SUV, Pickup

SI Conv, FlexFuel Conv,
CI Conv, Conv CNG, 51
HEV, CI HEV, CNG HEV,
PHEV10, 20, & 40,
EREV10, 20, & 40, FCV,
BEV100, 200, & 300,
CIPHEV10, 20, & 40,

FC PHEV10, 20, & 40

Endogenous

Car/light truck shares
endogenous

Size class shares
endogenous

Nested multinomial logit

Car, Light truck

S1Conv, HEV, PHEV10,

PEEV40, FCV, BEV

Endogenous

Car/light truck shares
endogenous

Size class shares
endogenous

Levinson et al., 2016
Nested multinomial logit

Sm car, Lg car,
Sm SUV, Lg SUV, Pickup

SI Conv, FlexFuel Conv,
CI Conv, CNG Conv, 51
HEV, CI HEV, FlexFuel
HEV, CNG HEV,
SIPHEV10 & 40,

CI PHEV10 & 40,
FlexFuel PHEV10 & 40,
FCV, BEVTS, 100, 150, &
225,

CNG Bituel

Exogenous

Car/light truck shares
exogenous

Size class shares
exogenous

etal, 2015a
Mixed multinomial logit

All sizes

All existing makes,
models, and trim levels,
plus future FCVs

Endogenous or
Exogenous

Sales by model and trim
level endogenous

These models were used in a variety of studies. These studies include (Argonne,

2017):
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e -Sensitivity of Hydrogen Fuel Cell Vehicle (FCV) sales versus consumers’
preferences

e Market acceptance and societal benefits from impacts of DOE targets

e Cost effective distribution of BEV ranges for US consumers

e Cost effective distribution of PHEV ranges for US consumers

e Role of workplace and public charging on Plug-in Electric Vehicles (PEV) sales

e Uncertainty of PEV adoption

These studies include funding from different DOE offices and programs, such as
VTO, FCTO, Office of Policy, and EIA to name a few. (Argonne, 2017) These models
however, were not used for fleet replacement purposes. These models were developed to
represent vehicles markets in a realistic manner and capture the connections between
sales and impactful influences.

There have been attempts to conduct fleet replacement simulations that consider
several parameters. Usually, what is examined in these types of simulations is fleet
equipment replacement. The assumptions are that future fleet vehicle demand,
replacement, and overhaul costs are known. “The capital allocation for purchasing new
vehicles and rebuilding existing ones within the constraint of a fixed budget could be
obtained with linear programming”. (Pan, 2012) Models have been created for fleet
passenger vans for fleet condition forecasting. Regression models have found that items
such as age, total mileage, miles driven per year, lift equipment, and percentage of the
population over sixty-five years old were the best predictors of condition. (Pan, 2012)

Both researchers and fleet managers have identified the issue of equipment

replacement and have developed strategies to handle it. Fleet modeling programs have
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had models focus on two areas that are intertwined. The first area concerns engineering
economics replacement modeling, and the second deals with easy-to-use, well-
constructed modeling and documented fleet modeling. (Kim, 2009)

The Oregon Department of Transportation (ODOT) Fleet Services Section and the
ODOT Research Section participated in a joint project. ODOT developed its software.
The modeling project found that replacing the oldest class of vehicles first was the most
cost-effective prioritization. This is the de facto policy of the Federal government. It also
showed that newer vehicles were preferred over older ones, so vehicles were less used as
they aged. Another result was that fleet operating costs were higher if all vehicles were
used equally. However, even though the goal was to replace the fleet, all these findings
are for an ICE vehicle fleet; it is different than replacing a fleet with different types of
vehicles, such as ZEVs, and not considering or giving priority to vehicle usage and
condition for simply maintaining a traditional ICE vehicle fleet. Some of the features that
the software created by ODOT included were the following:

-Ran an entity relationship model, similar to a database design
-Reports were produced automatically

-User-friendly interface

-Recurring procedures were built in

-Consolidated replacement rankings into fleet management plan data

ODOT ran models for different scenarios, such as for optimal purchasing of
vehicles, operating, sales policy, and different operating levels. When the model was run
for an urban fleet of buses, it assumed two usage levels: one high for young buses and the

second low for older buses, with older defined as ten years or more. The young buses met
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the demand, and the older buses were used to fill in during peak times. However, they
assumed that use was controllable. The base of this model was the Life Cycle Cost
Analysis (LCCA) approach, which assumed constant use, which is not applicable for this
case. Another approach was the cost per unit time, which yielded lifetime limits of
infinity when the fleet showed a decrease in use with age.

DoD used an Excel spreadsheet tool developed by DOE FEMP and
NREL. This tool was made available to agencies for their recommended use for planning

purposes. Figure 2.7 below is the background tab of the tool.
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ZEV Federal Fleet Leadership Gro
ZEV & EVSE Ramp Rate Planning Tool

Background:

President Biden's Executive Order {E.0.) 14057 calls for the transition to 100% acquisition of Zero Emission Vehicles (ZEVs) by 2035 for the Federal flest, including 100% light-duty (LD]
wehicle acquisitions by 2027. The E.O. and accompanying Merr stipulate that agencies with fleets comprising 20 or mere wehicles, including leased and owned vehicles, must
annuzlly develop and update a Zero-Emission Fleet Strategic Plan, and submit it to CEQ and OMB for review and approval each fiscal year (ZEVs include fully battery electric vehicles [BEVs),
plug-in hybrid electric vehicles (PHEVz) and fuel-cell electric vehicles (FCEWs)).

To meet thiz annual requirement, agencies must complete the Zero-Emizsion Fleet Strategic Plan Template, which CEQ and OME are making available annually. More details on the Flan
Document and the overall requirement can be found in the Strategic Flan Template itself, and the instructional materials that accompany it. The first section of the Template asks sgencies
to complete three tables that cover specific annuzl ZEV goals that ramp to the 100% LD and 100% medium- and heavy-duty vehicle goals, annual EVSE goals, and near-term cost estimates.
CEQ and OME =re making avzilable in this Excel document a ZEV & EVSE Ramp Rate Planning Tool, developed by DOE FEMP and MREL. The results generated using this Tocl can be used to
complete the noted tables in the first section of the Template. Agencies are not required to use thiz Excel document to complete those tables in the Strategic Plan, slthough it is highly
recommended, as this Tool relies upon the latest estimates of future ZEV model availabiliy, ZEV and EVSE costs, and other such information assembled from government subject matter
experts. Using this Tool, agencies may simply cut the three tables from the "Executive Summary” tab of this Tool document and paste them into the first section of the Strategic Plan
Template. If using this Excel document Tool, submittal of this Excel document iz not required.

Tool Instructions:

On the "Agency Inputs” tab, update the blue cells for Sections I-1V, as follows:

Section I: Update the blue cells with the agency-specific planned total number of acquisitions for each year and segment. The cells are initially prepopulated with the prior 3-year
average number of acquisitions. Agencies can overwrite the prepopulated averages with fleet-specific estimates.

Section Il: Update the blue cells with the agency-specific planned ZEV percentage of the total acguisitions planned for each yesr and zegment. The cells zre initizlly prepopulated
with a smooth ramp rate to the 100% goal by 2027 for LD vehicles and 100% goal by 2035 for MD/HD vehicles. Agencies should replace these prepopulated rates as necessary to
reflect agency plans.

Section lll: Update the blue cells with the agency-specific planned BEV percent of ZEV acquisitions for each year and segment. Az an example, if an agency plans to acquire 100 ZEVs
with 20 of them being BEVs, the BEV percentage to enter would be 20%. The PHEV percentage is reflected in the secondary table.

Section IV: Update the blue cellz with the agency-specific planz for total number of EVSE ports for each year. The cells are prepopulated with suggested EV3E port counts bazed on
the number of ZEVs planned to be acquired in the following year. Through 2027, the prepopulated EVSE counts are based on one Level 2 EVSE port per BEV and one Level 1 EVSE
port per PHEV. For early years, agencies may choose to increase the number of EVEE counts to more than 1 to 1 to ensure sufficient EWSE iz in place for incoming ZEVs. For years
beyond 2027, zgencies may choose to scale the suggested ports based on ratios other than 1 to 1in the support table that is to the right in Section V.
Support summary tzbles are provided below the agency inputs that detzil the associated impacts of the planned acquisition rates. The executive summary tables at the top of the "Agency
Inputs" tab of this Excel file are duplicated on the "Executive Summary” tab of this file, to allow agencies to easily copy the results/projections znd pasting them into the required Zero-
Emizsion Fleet Strategic Plan template submittal document.
Additional tabs included in this Tool, for context, are:
VWehicle Summary tab: Includes the latest FAST reported agency inventory.
Vehicle Acquisitions tab: Includes the prior three years of FAST reported agency fleet vehicle acquisitions.

EVSE Site Summary tab: Includes the FAST reported agency EVSE port counts.
Assumptions tab: Includes EVSE and vehicle cost assumptions.

(GSA ZEV Planning Tool, 2021)

Figure 2.7 DOE NREL ZEV Tool
According to a report from the Office of the Inspector General (OIG) of the USPS

they also developed a ZEV acquisition plan that was based on tabulated data. (USPS,

2024)

The modeling literature focused more on vehicle purchases or whether it was a
good idea to purchase EVs. A great deal of research preceded the publication of the EO.
After the EO was issued, modeling efforts turned to facilitating the adoption of EVs and

were fixated on the details of the task.
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2.12 Summary and Conclusions

The U.S., specifically the Federal government, has taken a leadership role in
spearheading the reduction of our nation’s GHG emissions by issuing an EO that contains
very aggressive goals. For the U.S. to meet its climate goals by 2050, it must significantly
curb its GHG emissions. One of the actions identified as having a substantial impact on
GHG reduction will be the rapid decarbonization of the light-duty vehicle fleet. ZEVs
have become the preferred technology for achieving these ambitious goals (DOE, 2023).
In order to achieve worldwide GHG reductions, a transition to ZEVs requires
governments and private industry actions on a global level. In the U.S., ZEV sales were 7
to 10 percent of the light-duty vehicle market in 2023. (Argonne National Laboratory
2023) Globally, light-duty ZEV sales were fourteen percent of the market in 2022. China
and Europe accounted for twenty-nine and twenty-one percent, respectively. (IEA, 2023)
EO 14057 is attempting to increase the number of U.S. passenger cars and light-duty-
truck sales to 50 percent ZEVs by 2030. California has established requirements for 100
percent light-duty ZEV sales by 2035. (California Air Resources Board, 2022) Several
states are considering implementing similar legislation to reduce GHGs. (Khatib, 2022)
The EO goals were issued before the passage of the U.S. Bipartisan Infrastructure Law
and Inflation Reduction Act, which provides hefty policy support through various tax
credits and investment grants. (Electrification Coalition, 2023) The automotive industry,
for its part, has wholeheartedly signed on to support the transition; they have even
committed to expanding their vehicle model offerings (Bartlett, 2023) Many companies
have even pledged to become ZEV-only manufacturer’s, similar to Tesla, that has been a

ZEV only company since its founding in 2003. Even other auto manufacturers of ICE
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vehicles, such as Audi, Mercedes-Benz, Fiat, and Volvo, are committing to ZEV-only
sales by 2030. Other manufacturers, such as Honda and General Motors, target 2035 and
2040, respectively. (Bloomberg, 2022) The combination of policy and industry goal-
setting has led analysts to estimate that by 2030, light-duty ZEVs on the roads could
account for approximately 48 to 61 percent of vehicles. (Slowik, 2023) Similar in
magnitude to the transition from horse-drawn carriages to automobiles, the transition
from ICE vehicles to ZEVs will be a monumental change in transportation. This
transition will require several facets of society to work together and much support. Most
importantly for this effort is getting the supply chain to cooperate. Providing policy
incentives, consumer education, grid integration, and a national charging network must
be pursued to ensure a successful transition to ZEVs. Government agencies are required
to optimize their fleets. Through their fleet management efforts, agencies determine
where and how ZEV's can meet their mission needs. Agencies whose ZEV Strategic Plans
have been approved set a FY23 ZEV acquisition target of approximately nine thousand
five hundred light-duty vehicles. NREL conducted a national charging analysis, which
estimated that the Federal light-duty ZEV efforts could equal thirty to forty-two million
electric vehicles on the roads by 2030. (Spiller, 2023)

Adopting ZEVs will be a critical strategy to decarbonize the transportation sector.
This will be a challenge as travel demand increases, requiring greater amounts of
electricity. Studies have found that between 1100 and 2000 TWh of additional electricity
demand will be required by 2050 to accommodate vehicle electrification. These studies,
however, do not include the adoption of FCEVs. A scenario that assumes one hundred

percent renewable energy and demand from FCEVs equates to approximately 800 TWh.
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(Argonne, 2017) Three different scenarios were investigated, and it was found that for
light-duty vehicles, with travel demand increases of forty to eighty percent, would require
1100 to 2000 TWh of additional energy by 2050. These results indicate that the
uncertainties in the transportation sector will require more electricity and call for an
increased demand to decarbonize the transportation sector. According to studies, the
average decarbonization scenario with no reductions in travel demand requires 1500
TWh of electricity by 2050. (Argonne, 2017) However, vehicle travel is likely to grow,
which brings it to an uncertain range between 1100 and 3000 TWh, which is three-
quarters of the existing power structure. Again, this does not account for FCEV demand,
which ranges from zero to 3100 TWh by 2050. When both these scenarios are considered
together, total future electricity demand increases to about 4000 TWh in 2050. FCEVs
will need to be used for some applications, increasing electricity demand. These increases
in electricity generation to 4000 TWh that will be required in the future are why ZEV
infrastructure charging management is imperative. It would also be great to couple this
with renewable energy generation. Some sectors, such as electrified aviation and off-road
vehicles, still have not been fully explored. In any case, increased travel demand and
ZEV usage will significantly impact the electric grid; this is why it is important to plan

and execute the decarbonization of the electric grid to lower our GHG emissions.
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Chapter 3—Methodology

3.1 Introduction

This Praxis employs a multifaceted approach to solve the three research questions
and hypotheses discussed in Chapter 1. The first research question is: What are the types
and costs of available EVs for purchase? The second research question is: What are the
fleet size quantities? The final research question is: What is the cost of replacing the
fleet? In the data section of this chapter, a more thorough discussion of the research
questions and hypotheses will be provided.
This methodology chapter covers the assumptions made, the data used, and an analysis of
the data used to test the three hypotheses. This section also discusses different existing
validation methodologies for vetting outputs. The methodology integrates the system
dynamics to model an interactive process, incorporating input variables such as ZEV
delivery rates, vehicle budgets, and vehicle retirement rates. The model forecasts how
these variables will affect the DoD fleet size. In this real-world application, what is
important to DoD is complying with the EO, which equates to converting the fleet within
the prescribed time, thereby elevating vehicle fleet size to a key variable in the
application. DoD is closely monitoring the purchase and availability of ZEVs and the
installation of ZEV charging infrastructure. The research employs an approach that
combines qualitative and quantitative methods to gain a better understanding of the topic.
Using the model, users can investigate the various parameters that can be adjusted when
managing a vehicle fleet. The model was run multiple times, and the results and

parameters used in creating the model are discussed. Example runs of the model for the
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upcoming medium- and heavy-duty vehicle class are also provided to demonstrate the
model's flexibility. This model was developed with the upper management group in
mind, which considers the big picture and needs to make data-informed decisions. This
group would welcome a tool to help them make informed data-based decisions. The
Praxis model provides a broader view of budgets and vehicle replacement, enabling
decision-makers to forecast and consider risks.
3.2 System Dynamics Model

A system dynamics model was created using simulation software called Vensim.
The software allows users to build, simulate, analyze, and consider complex dynamic
systems. The system dynamics model allows for flexibility, allowing users to simulate
different parameters such as time, cost, and other important variables. Being able to vary
one or more variables allows for testing of different scenarios depending on conditions.
Such flexibility is functional when forecasting and planning under normal conditions and
especially valuable during uncertain times. The Vensim model is focused on the
relationships between the different variables that affect meeting the EO fleet acquisition
goals, whereas the DoD tool is an Excel spreadsheet that displays calculated data.

The basic process flow of the research model is illustrated in Figure 3.1 below.
The variables in the grey boxes are not included in this Praxis, but are additional
variables that could be added to a future model. The variables in the white boxes are
included and have varying input values. The items in the blue boxes use the dataset
values as initial conditions in the model. The variables that can be adjusted are
represented by the grey and white boxes. The input variables in the blue boxes are from

government data sets. The actual model created in Vensim for this research is discussed
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in Section 3.4 of this Praxis. The following represents a flow diagram of what a fully

realized light-duty vehicle model could resemble.

ZEV Received —— DoD Fleet ———— Vehicle Retirement
Delivery Rate ZEV Purchased Retirement
Rate

T AN

Charging . Average Cost
Infrastructure Vehicle Budget of ZEVs Leased Owned
Rightsizing Policy Commercial
Availability
Usage/Mission, Technology

etc.
Figure 3.1 Diagram of Possible Vensim Model

One of the benefits of a system dynamics model is the ability to execute
simulations with simultaneously changing values for multiple variables to analyze
solutions for a specific problem with its own set of parameters. Sensitivity analysis
capability is the primary benefit of a system dynamics model. This research identifies and
simulates different use cases and discusses the rationale for each one. This chapter
concentrates on the use cases for the iterations performed and their results. There is also
an exploration of additional analysis that extends beyond the model's original design,

illustrating its flexibility and functionality.

3.3 Data and Assumptions
Some of the data sets used as the model inputs were the FY22 Federal Fleet Open
Data Set, which was released in June of 2023, and the FY23 GSA Federal Fleet Open
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Data Set, released in May of 2024. Both data sets were acquired from the GSA website.
(GSA Federal Fleet Report, 2022) and (GSA Federal Fleet Report, 2023). The specific
data sets used to create the model are sub-sets of the GSA fleet; these are the DoD light-
duty vehicles, because that is the focus of this praxis. This data set is part of the reporting
mechanism, FAST (GSA Federal Fleet Report, 2022), used by all federal fleet managers.
The data set is comprehensive, as it partitions the data into sections for vehicle types,
government agencies, and other relevant categories. Table 3.1 below is the index of tables

from the FY22 Federal Fleet Open Data Set:

Table 3.1 FY22 GSA Federal Fleet Data Set

®

G S ‘J}\ Y 2022 Federal Fleet Open Data Set*

Section 1: Overall Fleet Profile

Table 1-1

Section 2: Inventory

Index of Tables

Inventory, Cost, and Use Summary

Table 2-1 Worldwide Inventory

Table 2-1T Worldwide Inventory by Year

Table 2-2 Vehicle Sources

Table 2-2T Vehicle Sources by Year

Table 2-3 Domestic and Foreign Inventory

Table 2-3T Domestic and Foreign Inventory by Year

Table 2-4 GSA Fleet Profile

Table 2-4T GSA Fleet Profile by Year

Table 2-5 Passenger Vehicles

Table 2-5T Passenger Vehicles by Year

Table 2-6 Trucks and Other Vehicles

Table 2-6T Trucks and Other Vehicles by Year

Table 2-7 Passenger Vehicles (Law Enforcement)

Table 2-7T Passenger Vehicles (Law Enforcement) by Year

Table 2-8 Trucks and Other Vehicles (Law Enforcement)
Trucks and Other Vehicles (Law Enforcement)

Table 2-8T by Year

Table 2-9 Average Age of Federally Owned Vehicles
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Section 3: Cost

Table 3-1
Table 3-1T
Table 3-2
Table 3-2T
Table 3-3
Table 3-3T
Table 3-4

Table 3-4T
Table 3-5
Table 3-5T
Table 3-6

Table 3-6T
Table 3-7
Table 3-7T
Table 3-8
Table 3-8T

Section 4: Utilization

Table 4-1
Table 4-1T
Table 4-2
Table 4-2T
Table 4-3
Table 4-3T
Table 4-4
Table 4-4T
Table 4-5
Table 4-5T
Table 4-6
Table 4-6T

Section 5: Fuel Consumption

Table 5-1
Table 5-1T
Table 5-2
Table 5-2T
Table 5-3
Table 5-3T
Table 5-4
Table 54T
Table 5-5
Table 5-5T

Another GSA data set used was the FY24 GSA ZEV Fact Sheet, which contains a

Worldwide Cost

Worldwide Cost by Year

Cost Breakdown by Category

Cost Breakdown by Category by Year

Cost Per Mile — Overall

Cost Per Mile — Overall by Year

Cost Per Mile — Agency Owned Vehicles

Cost Per Mile — Agency Owned Vehicles by
Year

Cost Per Mile — GSA Fleet

Cost Per Mile — GSA Fleet by Year

Cost Per Mile — Commercially Leased Vehicles
Cost Per Mile — Commercially Leased Vehicles
by Year

Domestic and Foreign Cost

Domestic and Foreign Cost by Year

Domestic and Foreign Cost Per Mile

Domestic and Foreign Cost Per Mile by Year

Worldwide Miles

Worldwide Miles by Year

Average Miles Per Vehicle

Average Miles Per Vehicle by Year
Miles — Domestic and Foreign

Miles — Domestic and Foreign by Year
Miles — Agency Owned Vehicles

Miles — Agency Owned Vehicles by Year
Miles — GSA Fleet

Miles — GSA Fleet by Year

Miles — Commercially Leased Vehicles
Miles — Commercially Leased Vehicles by Year

Worldwide Fuel Consumption

Worldwide Fuel Consumption by Year
Fuel Cost by Fuel Type

Fuel Cost by Fuel Type by Year

Vehicle Inventory by Fuel Type

Vehicle Inventory by Fuel Type by Year
Vehicle Acquisitions by Fuel Type

Vehicle Acquisitions by Fuel Type by Year
Vehicle Disposals by Fuel Type

Vehicle Disposals by Fuel Type by Year

(GSA, 2022)

breakdown of the ZEV models available for purchase and lease through GSA for the
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federal government, not just DoD. This was used to calculate the average ZEV costs
input into the model. An example of the Fact Sheet and the descriptions and types of
light-duty vehicles contained in this data set is shown in Table 3.2 below:

Table 3.2 GSA ZEV Fact Sheet

GSA IREs:
Sedan Offerings
A,
SIN, Make & Model 8E Nigsan Leaf (BEV) 9E Tesla Model 3 RWD (BEV) 10E Hyundai loniq 6 (BEV)
Availability OPEN OPEN OPEN
Qty Restriction: 2,000
Acquisition Price $26,940 $49,591 $39.668
$35.100 (XEVR) $57.241 (AWD & XEVR) $43.972 (XEVR)
347,542 (AWD & XEVR)
Incremental Cost 5,006 $25,238 $0
GSA Lease Rate $289/mo. & $0.034/mi. $281/mo. & $0.053/mi. $290/mo. & $0.071/mi.
$404/mo. & $0.034/mi. (XEVR) $356/mo. & $0.053/mi. (AWD & XEVR) | $342/mo. & $0.071/mi. (XEVR)
$405/mo. & $0.071/mi. (AWD & XEVR)
Range 149 miles 272 miles 240 miles
212 miles (XEVR) 315 miles (AWD & XEVR) 361 miles (XEVR)
316 miles (AWD & XEVR)
Charging Time L1: 30 hours L1: 20+ hours L1: 22 hours
L2: 7.5-11 hours L2: 7.5 hours L2: 5-7 hours
DC Fast: <1 hour DC Fast: 20-60 minutes DC Fast: 20-60 minutes
Contract Ship Days 270 90 180
Passengers 5 4 5
Pass. Volume (cu. ft.) | 92.4 91 103
Rear Legroom (inches)| 33.5 33.4 34.7
Cargo Capacity (cu ft.) | 23.6 23 11.2
(GSA Fact Sheet, 2022)
3.4 Basic Model

This section discusses the Vensim model simulation and explains each of the
variables and the associated data used, as well as the equations used to calculate the DoD
fleet size. The DoD fleet data was extracted from the existing FAST data sets; this section
will describe the methodology applied to the Vensim simulation model. The model
development began with a simple DoD light-duty fleet diagram and the variables
affecting the light-duty fleet. Figure 3.2 below is the flow diagram of the basic Vensim

model:
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DoD Light

ZEV Received ———— Duty Fleet . Vehicle Retirement
. Retirement
Delivery Rate ZEV Purchased e

T

Average Cost

Vehicle Budget of ZEVs

Figure 3.2 Flow Diagram of the Basic Vensim Model

A model was created in Vensim using the flow diagram. Figure 3.3 below is a

screenshot of the initial model created in Vensim to model the DoD light-duty fleet

behavior.
Q X P DoD Fleet 2 -
ZEV Received Vt_ehlcle
/ Retirement
Delivery Rate
Retirement
ZEV Purchased e
Vehicle Average Cost of
Budget ZEVs

Figure 3.3 Basic Vensim DoD Light-Duty ZEV Fleet Model

The model was further developed to account for the replacement policy, which
plays an oversized role in the process, and the relationship between the Vehicle
Retirement Rate and ZEVs Purchased. Figure 3.4 below shows the Vensim DoD ZEV

light-duty fleet model:
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DoD Light

ZEV Received —— Duty Fleet — ,Vehicle Retirement
Delivery Rate ZEV Purchased Replacement Retirement

Policy Rate

T

Average Cost

Vehicle Budget of ZEVs

Figure 3.4 Vensim DoD ZEV Light-Duty Fleet Model Flow Diagram

Once the flow diagram was created, a model was developed in Vensim. Figure 3.5

below is a screenshot of the Vensim model that was developed.

-, % B DoD Fleet Z gy

ZEV Received Vf_ehlcle
Retirement

/ Retirement

ZEV Purchased
Replacement Rate

/N

Vehicle Average Cost of
Budget ZEVs

Delivery Rate

Figure 3.5 Vensim DoD ZEV Light Duty Fleet Model

The Vensim model is structured to calculate the DoD light-duty fleet size in order
to determine whether the EO goals will be met. The initial number of light-duty

passenger vehicles was 69,095, and that of light-duty trucks was 45,202. These values
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were extracted from the FY22 FAST data set. This data was then refined to reflect the
nuances of the ZEV purchasing process, including other variables such as the number of
ZEVs ordered and received.

Each of the variables in the model input was developed as follows:
DoD Fleet variable: This initial value is the subject of what is to be optimized and
replaced. The fleet consists of ICE light-duty vehicles that are scheduled to be replaced
by ZEVs.

DoD Fleet = ZEVs Received -Vehicle Retirements 3.4-1

ZEVs Received variable: comprises the ZEVs purchased times the Delivery Rate. This
variable acknowledges the reality that simply purchasing an item does not guarantee
timely receipt.

ZEVs Received = ZEVs Purchased * ZEV Delivery Rate 3.4-2
Delivery Rate variable: This is a changing variable expressed as a factor in this model
that will increase with time. This factor depends on various external factors not part of
this investigation. However, with more insight into what affects this number, it could be
added in the future as another variable.

Delivery Rate = variable access to a spreadsheet of values the user can change.

ZEVs Purchased: the quantity of ZEVs purchased, which is a function of the fiscal year
(FY) vehicle budget provided by each of the military services’ needs, as well as the
average cost of ZEVs, which is a fluctuating amount.

ZEVs Purchased = Vehicle Budget / Average Cost 34-3
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Vehicle Budgets: actual data was used for the first two years, then an escalation of four
percent was used until FY30, which then changed to three percent afterwards. However,
this variable can be changed to develop different scenarios.
Vehicle Budgets = variable access to a spreadsheet with values the user can change.
Average Cost of ZEVs: This value was an input value that can be changed yearly. For
the first two years, the value was calculated using the GSA Fleet ZEV Fact Sheet
Retirement Rate: This variable depends on several factors not explored in this praxis.
Retirement Rate = variable accessed as a spreadsheet with values the user can change.
Vehicle Retirement: This variable is dependent on the DoD Fleet times the Retirement
Rate
Vehicle Retirement = variable accessed as a spreadsheet with values the user can
change.
Replacement Policy: Vehicle fleet policy will change depending on many factors, such
as the administration in power, the economy, environmental goals, etc. This played a
huge role when the EO was issued and mandated that the Federal fleet be changed to a
ZEV fleet, and now, presently, in the new administration, it has been a huge factor since
the EO was revoked. This can be varied to be more or less aggressive depending on the
administration's goals.

The following variables were not included in the baseline model, but could be
added in a future, more comprehensive version.
Charging Infrastructure: The existence of charging infrastructure is essential for the
successful deployment of a vehicle fleet. This variable can be dependent on the DoD

charging infrastructure being installed, as well as the public charging infrastructure.
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Rightsizing: Rightsizing the fleet is a term that describes the management practice that
fleet managers employ to create and maintain an ideal (by some policy measure) vehicle
inventory.

Commercial Availability: This variable would depend on the availability of raw
materials for manufacturing vehicles, ZEV manufacturing rates, consumer purchasing
rates, and the supply chain in general.

Technology: The availability of new technological advances in both manufacturing the
vehicles themselves and the advancement of technology.

Owned Vehicles: The retirement age of owned vehicles is approximately ten to twelve
years.

Leased Vehicles: When considering retirement rates, leased vehicles are retired at a
different age than owned vehicles. These vehicles are typically kept for approximately

five to seven years, a shorter period than for owned vehicles.

3.5 Vehicle Budgeting & Costs

The DoD vehicle budget varies from year to year, depending on several factors,
including the size of the overall DoD budget. Then, it is up to the Services and DoD
agencies to determine their fleet needs. The headquarters provides a budget to be
allocated across various line items. Once the money trickles down through the different
commands and organizations, one of the many items is the vehicle fleet. The vehicle

budget is to be optimized by the fleet managers to support the mission.

The Praxis model takes a broader look at budgets and replacing vehicles so that
decision makers can forecast and consider risks. For this Praxis, the first two years of

how much was spent on purchasing light-duty vehicles are known. This value was
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extracted from the FY22 and FY23 Federal Fleet Open Data Sheet. Beyond that, a
customary escalation factor (that represents inflation) of four percent was used until
FY30, and then the factor was changed to three percent. It is typical DoD practice to use
an escalation factor when considering the out years. This assumed that by FY30, the
mandate would be met and vehicle prices would be lower.

The Vensim model was run several times. Each time, different variables were
changed, yielding different outcomes, to experience the model’s behavior. The first run
was a rudimentary assumption of Average Vehicle costs. In the second run of the
simulation, the assumption was revised to reflect a higher average cost. In the third run of
the simulation, the average cost of a ZEV fleet vehicle was calculated from the FY23 and
FY24 GSA ZEV Fleet Fact Sheet, as seen in Table 3.3 below. From here, a three percent
decreasing inflation (escalation) factor was used for the following years. The average cost
was higher, and it yielded better results, and by better, the numbers were closer to the

calculated DoD numbers.

Table 3.3 GSA Light-Duty Vehicle Cost Average

Manufacturer | Model FY23 FY24
Chevy Bolt S 26,054

Nissan Leaf S 31,020 S 31,020
Toyota Prius S 39,270

Tesla Model 3 S 59,069 S 53,416
Ford Mach-E S 53,402 S 49,227
Kia loniq 5 S 48,999 S 44,817
Kia loniq 6 S 43,727
Kia EV6 $ 50,362
Nissan Ariya S 42,004

Chrysler Pacifica S 51,444
Tesla Model Y S 64,810 S 56,623
Kia Niro S 40,278 S 40,749
Hyundai Kona S 37,161 S 37,161
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Subaru Solterra S 47,207
Chevy Bolt S 28,251

Chevy Blazer S 58,635
VW ID4 $ 49,139 $ 46,680
Cadillac Lyrig S 63,347

Hummer $113,618

Ford F150 $ 52,409 $ 52,193
Chevy Silverado S 78,948 S 78,948
Ford Lightning S 56,254 S 49,995
Ford Transit S 53,394 S 49,988
Ford Transit S 58,399 S 70,595
Total Average S 52,412 $50,710

3.6 Future Model Evolution

Figure 3.6 below is an example of another iteration of the ZEV Vensim model
that might be developed to introduce some of the current and future uncertainty
associated with all government policies, especially those dealing with the environment,
sustainability, and energy. The red shapes below highlight some of these additional
variables. Adding more branches to the model can further refine the inputs and yield a
more informed result. Currently, the model can continue to be used by DoD or any other

Federal agency.
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3.7 Additional Analysis

Having calculated the average cost of medium—and heavy-duty vehicle (MHDV)
trucks, it was only natural to see how the model would handle these types of ZEVs. Table
3.4 below presents the total average cost of MHDYV trucks for FY23 and FY?24 that were

available to agencies through GSA.

Table 3.4 Average Costs of MHDYV Trucks

Type Model Manufacturer FY23 FY24

Class 6 Delivery Van Global Enterprise S 467,142 S 467,142
Class 4/6 Stake Bed/Box Global Enterprise S 400,964 S 400,964
SIN 494E Step Van Freightliner S 260,111 S 260,111
SINs 524E & 624E | Tractor Volvo S 435,913 S 435,913

Freightliner

SINs 524E & 624E | Tractor eCascadia S 449,077 S 449,077
SIN 624E Tractor Kenworth S 482,695 S 482,695
SIN 533E Stake/Flatbed Volvo VNRE 300 S 437,188 S 437,188
SINs 531E, 533E, | Stake/Flatbed &

571E, & 573E Dry Van Freightliner eM2 S 304,609 S 304,609
SINs 531E, 533E, | Stake/Flatbed &

571E, & 573E Dry Van International eMV S 313,508 S 313,508
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SINs 531E, 533E, | Stake/Flatbed &
571E, & 573E Dry Van Kenworth K2E/K3E S 368,026 S 368,026
Total Average $ 391,923 $391,923
(GSA Fact Sheet, 2023)

The MHDVs were grouped together in the GSA Fact Sheet, as seen below in
Figure 3.7. When considering these vehicles in the future, they may be grouped in this
way or separated into their respective sizes, including buses and other vehicles, as seen

below in Figures 3.8 and 3.9.

Most HD vehicles require Level 3/DC
Fast charging. Please review the
owner's manual or work with onsita
experts or GSA fo confirm the
minimum level of charging required,

GSA IEEES

Medium & Heavy-Duty Truck Offerings

Lps

Class 4/6 Stake Bed/Box
Global Enterprise (BEV)
Price: $350,357- $451,571
Incremental Cost: N/A
Range: 105 miles

GSA MAS OPEN

e

Class 6 Delivery Van
Global Enterprise (BEV)
Price: $467,142
Incremental Cost: N/A
Range: 105 miles

GSA MAS OPEN

=

SIN 624E Tractor
Kenworth TBE (BEV)
Price: $482,685
Incremental Cost:
$344.453

Range: 150 miles
AutoChoice OPEN

o —

SIN 533E Stake/Flatbed
Volvo VNRE 300 (BEV)
Price: $437,188
Incremental Cost:
$349.116

Range: 150 miles
AutoChoice CLOSED

(GSA Fact Sheet, 2022)

SIN 494E Step Van
Freightliner MT50e (BEV)
Price: $260,111
Incremental Cost: $0
Range: 170 miles
AutoChoice CLOSED

SINs 531E, 533E, 571E, & 573E

Stake/Flatbed & Dry Van
Freightliner eM2 (BEV)

Price: $276,502-$332,716
Incremental Cost: $186,566-
$237.120

Range: 165-210 miles
AutoChoice CLOSED

Figure 3.7 MHDV Truck GSA Offerings
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SINs 524E & 624E Tractor
Volvo VNRE 300 (BEV)
Price: $429,015-5442 811
Incremental Cost: $303,402-
$304,960

Range: 110-150 miles
AutoChoice CLOSED

— \\.

SIN 531E, 533E, 5T1E, & 573E
Stake/Flatbed & Dry Van
International eMV (BEV)

Price: $306,745-5320,270
Incremental Cost: $215,287-
$222.939

Range: 135 miles

AutoChoice CLOSED

SINs 524E & 624E Tractor
Freightliner eCascadia (BEV)
Price: $405,134-3493,019
Incremental Cost: $279,755-
$354 677

Range: 155-230 miles
AutoChoice CLOSED

;ﬁ;

SlNs 531W, 571W, 533W, &
573W

Stake/Flatbed & Dry Van
Kenworth K2E/K3E (BEV)
Price: $295,086-5440,966
Incremental Cost: $181,614-
$185,324

Range: 100-200 miles
AutoChoice OPEN



GSA IFESs

Heavy Duty Low-Floor Transit Bus Offerings

SIN 377D

34 Pass. 40 Ft.

Proterra ZX5+ (BEV)

Price: $1,042,548
Incremental Cost: $535,065
Range: 232 miles
AutoChoice OPEN

SINs 377D & 377H

34 Pass. 40 Ft.

AT&B AXESS (BEV)

Price: $1,045,326-51,091,408
Incremental Cost:
$537,815-8583 446

Range: 170-198 miles
AutoChoice OPEN

SINs 377D & 377H

34 Pass. 40 Ft.

Gillig Low Floor Electric (BEV)
Price: $912,698

Incremental Cost: $406 488
Range: 234 miles

AutoChoice OPEN

E
SINs 377E & 3771 SINs 377E & 3771 SIN 377F
46 Pass. 60 Ft. 46 Pass. 60 Ft. 34 Pass. 40 Ft.
New Flyer XBE6O (BEV)  BYD K11M (BEV) AT&B AXESS (FCEV)

Price: $1,517,385
Incremental Cost:

Price: $1,368,301
Incremental Cost: $857.624

Price: $1,317 391
Incremental Cost: $807,213

$1,005,247 Range: 193 miles Range: 400 miles
Range: 153 miles AutoChoice OPEN AutoChoice OPEN
AutoChoice OPEN

(GSA Fact Sheet, 2022)

Figure 3.8 Heavy-Duty Bus GSA Offerings
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SINs 377D & 377H

34 Pass. 40 Ft.

BYD K9M (BEV)

Price: $894,707-$925,307
Incremental Cost:
$388,673-3418,973
Range: 160-200 miles

AutoChoice OPEN

SIN 377F

34 Pass. 40 Ft.

New Flyer XFC40 (FCEV)
Price: $1,271,070
Incremental Cost: $761,346
Range: 240 miles

AutoChoice OPEN

SINs 377D & 377H

34 Pass. 40 Ft.

New Flyer XBE40 (BEV)
Price: $1,027,846
Incremental Cost:
$520,508

Range: 213-251 miles
AutoChoice OPEN

SIN 377G
46 Pass. 60 Ft.

New Flyer XFC60 (FCEVY)
Price: $1,742,200
Incremental Cost:

$1,227 858

Range: 240 miles
AutoChoice OPEN



GSA IgEEn

Law Enforcement Offerings

R

55E Ford F150 Lightning (BEV)
Unmarked Pickup (LUE8 Option)

Dog Handler (LU70 Option)
Acquisition Price: $62,355-579,393
Lease Rate: $432-$644/mo & $0.119-
$0.134/mile

Incremental: $4,194 (Lease Only)
AutoChoice CLOSED

G

20P Chrysler Pacifica (PHEV)
Unmarked SUV (LU50 Option)
Acquisition Price: $58,990

Lease Rate: $445/mo & $0.127/mile
Incremental: $9,928 (Lease Only)
AutoChoice CLOSED

e =

96E Mustang Mach-E (BEV)
Unmarked SUV (LUS0 Option)
Acquisition Price: $74,597.70
Lease Rate: $613/mo & $0.107/mile
Incremental: $19,575 (Lease Only)
“Upgrades to GT Trim

*“Includes extended range option

Upfitting Bulletin
AutoChoice OPEN

98E Kia Niro (BEV)

Unmarked SUV (LUS0 Option)
Acquisition Price: $53,564

Lease Rate: $399/mo & $0.076/mile
Incremental: $12,333 (Lease Only)
AutoChoice CLOSED

96E Hyundai lonig 5 (BEV)
Unmarked SUV (LUS0 Option)
Acquisition Price: $69,069.30
Lease Rate: §544/mo & $0.102/mile
Incremental: $22,315 (Lease Only)
AutoChoice CLOSED

OPENING SEPTEMEBER 2023

(GSA Fact Sheet, 2022)

Figure 3.9 More Heavy-Duty Vehicle GSA Offerings

The model was also further tested with some Postal Service data. (USPS OIG,
2024) Some assumptions had to be made, as some of the input data in the Postal Service
report was redacted; therefore, there were data gaps. For example, as seen in Table 3.5
below, the average costs of the USPS vehicles were based on the GSA Fact Sheet, as a
USPS vehicle factsheet was not available. In their plan, the Postal Service only made
estimates up to 2028; thus, the calculation time length was modified, and assumptions
such as budget growth were made for the remaining years. Table 3.5 below shows the
Postal data used. The budgetary and fleet data numbers were derived from the FY22 and

FY23 FAST datasets used for DoD.
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Table 3.5 Annual Delivery Vehicle Acquisition Schedule

FY FY FY FY FY FY

2023 2024 2025 2026 2027 2028 Towl
14,500

RHD COTS ICE - Metris

LHD COTS ICE - ProMaster 9,250
LHD COTS BEV - E-Transit 9250
RHD Purpose-built BEW - NGDV 35,000
RHD Purpose-built ICE - NGDV 15,000
RHD Purpose-built = NGDY 10,000°
LHD/RHD COTS or Purpose-built BEY 1500

(TBD)

RHD COTS BEV (TBD) 11,980°

Total 1,222 26,403 13427 25,665 24,788 14,975 106,480

(USPS OIG, 2024)

Table 3.6 below presents the USPS FAST data used in the Vensim model from

the FY22 and FY?23 data sources.

Table 3.6 FY22 & FY23 USPS GSA Federal Fleet Data

PASSENGER TRUCKS

Department Passenger Passenger Light
*

orAgency | LSEVs Sedans Vans SUVs Subtotal Trucks
2022 U.S.
Postal Service S0 | $26,130,452 | $3,380,314 | $11,058,109 | $40,568,875 | $1,744,327,398
2023 U.S.
Postal Service SO | $34,457,022 | $4,575,606 | $13,589,139 | $52,621,767 | $1,993,546,683

3.8 Validation Methodology

Modeling and simulation have proven to be important tools in engineering and
design, and are also helpful in vehicle systems. However, verification, validation, and
accreditation (VV&A) are necessary and pose challenges. The verification process asks
whether the model solves the mathematical problem correctly. The Vensim model was

compared to the DoD tool developed by DOE FEMP and NREL. As shown in Table 3.7
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below, the DoD's projected results were compared to those of the Vensim model. The

DoD tool is an elaborate Excel spreadsheet that requires agencies to provide input and

calculates a final output in the executive summary tab.

Table 3.7 DoD Projected ZEV Targets

2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035

Metric Actual*  [Actual Projected |Targets |Targets |Targets [Targets |Targets |Targets |Targets |Targets |Targets |Targets |Targets
LD ZEV Added 1,490 3,400 2,008 4,308 6,063 8,656 8,677 8,692 8,647 8,654 8,654 8,654 8,654 8,654
Army| 1,013 1,855 965 1,138 1,343 3,348 3,348 3,348 3,348 3,348 3,348 3,348 3,348 3,348
Navy 219 761 335 1,018 1,602 1,991 1,991 1,991 1,991 1,991 1,991 1,991 1,991 1,991
Air Force| 74 371 292 894 1,506, 1,302 1,300 1,315 1,270 1,277, 1,277 1,277 1,277, 1,277
USMC| 53 192 186 682 690 863 886 886 886 886 886 886 886 886
Defense Agencies 131 221 230) 576 922 1,152 1,152 1,152 1,152 1,152 1,152 1,152 1,152 1,152
Total LD Acq 6,717| 11,884 9,231] 9,677 9,437 8,656 8,677, 8,692 8,647| 8,654 8,654 8,654 8,654 8,654

(GSA ZEV Planning Tool, 2021)

Based on user input, this tool was used to project DoD ZEV acquisition rates.

Below, Figure 3.10 DoD ZEVs to be Added Annually depicts a monthly snapshot of the

data above, presented in a slightly different format.
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ZEVs to be Added Annually

Total ZEVs Added mLD ZEVs Added

14,000 13,314
12,000

10,000
8,906

8,000

6,000 2}[}03

4,000 3,485

2,000 I

(DoD IEWG, 2024)

Figure 3.10 DoD ZEVs to be Added Annually

System dynamics models are being developed and applied to many examples in
operational and policy areas. In the case of this Praxis, this is a policy example rather
than an operational one. The evaluation criteria of model validation differ for each case.
The model in this Praxis is a policy model designed for policy analysis, management, and
scenario planning. It was difficult to conduct validation for the model, as most existing
models aim to answer a different question. These models are designed to consider the
details of fleet management and focus on the day-to-day operations of a fleet. Whereas

59



the Vensim model was created to assist decision-makers who consider the big picture of
their fleets and are not interested in the minutiae. For this reason, Structural Validation
should be used in a case such as the one considered in this Praxis, as it tests the model's
limits and ensures the model outputs make sense. Behavioral Validation is concerned
with the result; it compares the model-generated results to observed “real-world”

behavior. (Qudrat-Ullad, 2009)

3.9 Structural Validation

Structural validation typically involves five tests to verify that the model utilizes
sufficient real-world settings. The fundamental step in a structural validation is that the
input and output of the model provide information that fulfills its intended purpose.
(Qudrat-Ullad, 2009) One of the benefits of using Vensim is that it includes built-in
checks to ensure the model being developed is structured correctly. If the units or a
formula do not make sense, Vensim will alert the user to errors in the model and will not

run the model until the errors are remedied.

The first step in the structural validation process is to validate the boundary
adequacy of the variables. This consists of reviewing which variables are independent
and which are dependent. This check confirms that the variables are consistent with their
use in the model. When put into Vensim, the variables were defined as independent and
dependent. In the Praxis model, the dependent variable is the DoD Fleet, while an

independent variable is Vehicle Budget.

The second step in the structural verification requires determining whether the
model structure is consistent with what the system is supposed to do. This is

accomplished by checking that the model flow is correct. When the model was built, this
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step was performed for each variable since there was a manageable number of variables.

This step ensures that the model can run.

The third step is determining dimensional consistency, which requires
determining whether each equation in the model corresponds to what is happening in the

real world. This step was performed when developing the model.

The fourth step is parameter verification, similar to the previous step. This step

requires determining whether the model parameters are consistent with their intended

purpose.

The final step is extreme conditions testing, which requires that the model be
tested and exhibit logical behavior when parameters are assigned extreme values. This
test requires the model to be run under extreme values; for this Praxis, introducing a

negative value to any variable will produce unrealistic results.

3.10 Behavioral Validation
The behavioral validation aims to compare the model-generated results to the
observed behavior of the real-world system. In the next chapter there will be discussion

on how the model behaved.

3.11 Summary

This chapter outlines the methodology used to evaluate the transition of the light-
duty DoD vehicle fleet from ICE to ZEVs by 2027. A Vensim model was developed to
analyze vehicle quantities associated with the transition in the out years, given some
known data. The methodology integrates data from the FAST database to model

implementation scenarios over time. The method presented in this section leverages the
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Vensim systems dynamics tool. The model began simple and became more complex once
it started yielding results. Once the basic model was developed, it became feasible to
incorporate additional variables to enhance its comprehensiveness. This methodology
section also includes variable definitions, data assumptions, descriptions of the datasets
used in the Vensim model, and what was used to validate the model. There was also a
discussion of the validation methodology employed, as well as an examination of some

modeling scenarios used in transportation.

The DoD model was an Excel spreadsheet that relied on user input and forecasted
out to 2035, but assumed that ZEV acquisitions would be one hundred percent starting in
2027. This does not appear realistic, given the demand for ZEVs and the shortages
experienced by agencies due to supply chain challenges, as well as federal and consumer
demands. Additional analysis was conducted with a different use case—the DoD
medium- and heavy-duty vehicles. This data was available in a different format than what
would be required to keep track of for the EO. Thus, modifications were made to the

relevant inputs, and the model was run for this set of data.

There was also further analysis using non-DoD data, specifically USPS data from
a heavily redacted USPS OIG report. Since there was existing FAST data for a civilian
Federal agency, it was a natural next step to run different data through the Vensim model

to see whether it provided an output that was feasible given the known inputs.

Vensim provides a structured framework for assessing the feasibility of
transitioning from a DoD light-duty ICE vehicle fleet to a ZEV fleet within the expected
timeframe. The methodology combines quantitative data analysis with qualitative

scenario modeling to determine the ZEV fleet transition. Using the Vensim model to
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forecast ZEV fleet quantities enables consideration of various factors related to fleet
management, as well as unrelated but critical factors, such as policy and management

preferences.
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Chapter 4—Results

4.1 Introduction

This section discusses the results and outputs that support the conclusions for the
three research hypotheses. As described in the Methodology section, the model's results
were compared to actual DoD results for the first few years to ensure the model aligned
with the DoD predictions. This chapter discusses the model simulation results and several
runs made with the different variables. This section also discusses alternate scenarios that
could be added in future iterations to make the model more complex and can be applied
to additional use cases. The validation of the model, conducted using structural and
behavioral validation tests, is also discussed in this chapter.

The results will be presented for each phase and the different runs of the model.
After the summary table, the details of the various model runs will be provided and
discussed. Phase 1 is the result yielded by the Basic model. Phase 2 contains the results of
the final model. Phase 3 is the result of the additional analysis of the MHDV and the
USPS.

The Vensim model discussed in the previous chapter was developed through
several iterations, beginning with the creation of the basic model and then its subsequent
evolution. The model can be configured to run different scenarios, making it ideal for
planning purposes, forecasting, and running what-if scenarios. The model described in
this Praxis can be used to investigate scenarios for converting the light-duty ICE vehicle

fleet to a ZEV fleet. Figure 4.1 below is an example of a typical DoD light-duty vehicle.
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(Reuters, 2021)

Figure 4.1 Typical DoD Light-Duty Vehicle

The model was run several times, with each iteration varying one of the variables
to assess how these changes impacted the outcome. In one of the runs, the average cost of

the vehicles was varied, and it was evident that this had a substantial effect over time.

4.2 Results of the Basic Vensim Model
The light-duty vehicle basic model is functional and yielded results. Figure 4.2
below is a screenshot of the basic Vensim model, which was initially used to verify that it

was working and yielding reasonable results compared to the DoD data.
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The model development process was iterative. Thus, the results of the model will

be presented in phases, and the different runs within the phase will be discussed. The

summary results of the data are contained in the tables below. The phase 1 results are

included in Tables 4.1 and 4.2 below

Table 4.1 Basic Model Passenger Light-Duty Vehicle w/Arbitrary Average Cost

Basic Run 1 Run 2 Run 3
DoD DoD Vensim Vensim Vensim
Year ZEV Added | Fleet Total Fleet Total | Fleet Total | Fleet Total
Actual 2022 1,490 69,095 69095 69095 69095
Actual 2023 3,400 73,985 74188 74210 73370
2024 2,008 75,993 80874 79789 78496
2025 4,308 80,301 88011 86109 84189
2026 6,063 86,364 95624 93256 90504
2027 8,656 95,020 104475 101327 97499
2028 8,677 103,697 114496 110430 105240
2029 8,692 112,389 124726 119580 112744
2030 8,647 121,036 136329 130245 121335
2031 8,654 129,690 149098 142273 130843
2032 8,654 138,344 162992 155663 141227
2033 8,654 146,998 177509 170552 152558
2034 8,654 155,652 191308 185821 163721
2035 8,654 164,306 205685 202819 175921
2036 8,654 172,960 220451 221462 189050
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Table 4.2 Basic Model All Light-Duty Vehicles w/Average Cost

Basic Run4 Run 5 Run 6
DoD DoD Vensim Vensim Vensim
Year ZEV Added Fleet Total Fleet Total Fleet Total | Fleet Total
Actual 2022 1,490 114,297 114297 114297 114,297
Actual 2023 3,400 117,697 119157 119157 119,157
2024 2,008 119,705 124634 123967 123,300
2025 4,308 124,013 131824 129758 128,395
2026 6,063 130,076 139548 137354 134,522
2027 8,656 138,732 147841 145513 142,553
2028 8,677 147,409 156906 154272 151,177
2029 8,692 156,101 165057 162128 158,921
2030 8,647 164,748 174573 170787 167,278
2031 8,654 173,402 184979 180883 176,479
2032 8,654 182,056 196135 191713 187,194
2033 8,654 190,710 208302 203326 198,682
2034 8,654 199,364 219920 213736 209,006
2035 8,654 208,018 232398 225207 220,619
2036 8,654 216,672 246792 238309 233,355

The model was first built in its simplest form. To allow for hand
calculations to check whether it was running correctly. Table 4.3 is the detailed first run
of the first phase of the model development. When the results from Table 4.3 are
compared to the DoD numbers in the table, the results start close and then, very quickly
after the first year, diverge by less than one percent. This difference grows to six percent,
and then hovers at an average of about ten percent for the first few years. However, after
2031, the DoD calculations level out because they keep adding the same number of
vehicles in the out years and beyond 2031. This is an unlikely scenario, because budgets
and mission needs would at the very least vary if not experience growth. Beyond 2031,

the delta increases from eighteen to twenty-seven percent, through 2036. Tables 4.3, 4.5,
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and 4.5 below show the percentage differences between the years comparing the DoD

fleet vs the Vensim fleet numbers.

Table 4.3 Light-Duty Vehicle w/Arbitrary Average Cost

Run1 only LDV using arbitrary ave cost
DoD DoD Vensim

Year ZEV Added | Fleet Total Fleet Total Delta %

Actual 2022 1,490 69,095 69095 =

Actual 2023 3,400 73,985 74188 0.3%
2024 2,008 75,993 80874 6%
2025 4,308 80,301 88011 10%
2026 6,063 86,364 95624 11%
2027 8,656 95,020 104475 10%
2028 8,677 103,697 114496 10%
2029 8,692 112,389 124726 11%
2030 8,647 121,036 136329 13%
2031 8,654 129,690 149098 15%
2032 8,654 138,344 162992 18%
2033 8,654 146,998 177509 21%
2034 8,654 155,652 191308 23%
2035 8,654 164,306 205685 25%
2036 8,654 172,960 220451 27%

Figure 4.2 below shows the Vensim model output of the first run. The first graph
illustrates the growth of the fleet over time. The second graph shows how the vehicles
received will react over time. The third graph shows the increasing steps, which represent
the changing retirement rates used. These rates varied because the assumption is that,
over time, they will change with the conversion of the fleet. These will remain the same

for all the runs of this model.
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Figure 4.3 Vensim Model Run Graphs
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Table 4.4 below represents the retirement rate that varies because this variable
differs for leased and owned vehicles. Therefore, this quantity would naturally have some
inherent variation. The retirement rate will fluctuate in the future because the fleet will

eventually consist of both ICE vehicles and owned and leased ZEVs.

Table 4.4 Retirement Rate

Retirement Rate
Year Time Value Rate

2022 1 0.01
2023 2 0.01
2024 3 0.01
2025 4 0.01
2026 5 0.01
2027 6 0.01
2028 7 0.02
2029 8 0.02
2030 9 0.02
2031 10 0.02
2032 11 0.02
2033 12 0.03
2034 13 0.03
2035 14 0.03
2036 15 0.03

Thus, the second run of the basic model consisted of passenger cars and a
calculated average cost for only passenger light-duty vehicles offered by GSA. This
result was better than the previous run. By better, meaning, the difference between the
DoD Fleet totals and the Vensim fleet totals was approximately six percent between 2023
and 203 1. This suggests that the average cost for all ZEVs is a more accurate estimate of

the average vehicle cost.
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The second run, shown in Table 4.6 below, consisted of passenger cars and the
calculated average cost for light-duty vehicles offered by GSA. This began yielding

better results. The difference was six percent between 2023 and 2031.

Table 4.5 Light-Duty Vehicle w/Total Average Cost

Run 2 only LDV using different ave cost
DoD DoD Vensim

Year ZEV Added | Fleet Total Fleet Total Delta %

Actual 2022 1,490 69,095 69095 =

Actual 2023 3,400 73,985 74210 0.3%
2024 2,008 75,993 79789 5%
2025 4,308 80,301 86109 7%
2026 6,063 86,364 93256 8%
2027 8,656 95,020 101327 7%
2028 8,677 103,697 110430 6%
2029 8,692 112,389 119580 6%
2030 8,647 121,036 130245 8%
2031 8,654 129,690 142273 10%
2032 8,654 138,344 155663 13%
2033 8,654 146,998 170552 16%
2034 8,654 155,652 185821 19%
2035 8,654 164,306 202819 23%
2036 8,654 172,960 221462 28%

The third run, shown in Table 4.6 below, consisted of passenger cars and the
calculated average cost for light-duty vehicles offered by GSA. This began yielding

better results. The difference was two percent between 2023 and 2031.

Table 4.6 Light-Duty Vehicle w/Total Average Cost

Run 3 only LDV using total Ave cost
DoD DoD Vensim
Year ZEV Added | Fleet Total Fleet Total Delta %
Actual 2022 1,490 69,095 69,095 -
Actual 2023 3,400 73,985 73,370 -1%
2024 2,008 75,993 78,496 3%
2025 4,308 80,301 84,189 5%
2026 6,063 86,364 90,504 5%
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2027 8,656 95,020 97,499 3%
2028 8,677 103,697 105,240 1.5%
2029 8,692 112,389 112,744 0%
2030 8,647 121,036 121,335 0%
2031 8,654 129,690 130,843 1%
2032 8,654 138,344 141,227 2%
2033 8,654 146,998 152,558 4%
2034 8,654 155,652 163,721 5%
2035 8,654 164,306 175,921 7%
2036 8,654 172,960 189,050 9%

Beginning with run 4, all of the light-duty vehicles were included. Table 4.7,
below, includes all the light-duty vehicles and the same arbitrary cost as the first run.

This result was off by six percent between 2023 and 2031.

Table 4.7 All Light-Duty Vehicles w/Arbitrary Average Cost

Run 4
DoD DoD Vensim

Year ZEV Added Fleet Total Fleet Total Delta %

Actual 2022 1,490 114,297 114297 =

Actual 2023 3,400 117,697 119157 1%
2024 2,008 119,705 124634 4%
2025 4,308 124,013 131824 6%
2026 6,063 130,076 139548 7%
2027 8,656 138,732 147841 7%
2028 8,677 147,409 156906 6%
2029 8,692 156,101 165057 6%
2030 8,647 164,748 174573 6%
2031 8,654 173,402 184979 7%
2032 8,654 182,056 196135 8%
2033 8,654 190,710 208302 9%
2034 8,654 199,364 219920 10%
2035 8,654 208,018 232398 12%
2036 8,654 216,672 246792 14%

Run 5, shown below in Table 4.8, consisted of all light-duty vehicles with a

different average cost and an adjusted two percent per year increase in budget, as well as
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an adjusted delivery rate. This yielded slightly better results than the previous run. The

difference was four percent between 2023 and 2031.

Table 4.8 All Light-Duty Vehicles w/Different Average Cost

Run 2
DoD DoD Vensim

Year ZEV Added Fleet Total Fleet Total Delta %

Actual 2022 1,490 114,297 114297 -

Actual 2023 3,400 117,697 119157 1%
2024 2,008 119,705 123967 1%
2025 4,308 124,013 129758 5%
2026 6,063 130,076 137354 6%
2027 8,656 138,732 145513 5%
2028 8,677 147,409 154272 5%
2029 8,692 156,101 162128 1%
2030 8,647 164,748 170787 1%
2031 8,654 173,402 180883 4%
2032 8,654 182,056 191713 5%
2033 8,654 190,710 203326 7%
2034 8,654 199,364 213736 7%
2035 8,654 208,018 225207 8%
2036 8,654 216,672 238309 10%

The sixth run, shown in Table 4.9 below, consisted of all light-duty vehicles and a
calculated average cost for light-duty vehicles offered by GSA. This yielded better

results. The difference was two percent between 2023 and 2031.

Table 4.9 All Light-Duty Vehicles w/Total Average Cost

Run 3
DoD DoD Vensim
Year ZEV Added Fleet Total Fleet Total Delta %
Actual 2022 1,490 114,297 114,297 =
Actual 2023 3,400 117,697 119,157 1%
2024 2,008 119,705 123,300 3%
2025 4,308 124,013 128,395 4%
2026 6,063 130,076 134,522 3%
2027 8,656 138,732 142,553 3%
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2028 8,677 147,409 151,177 3%
2029 8,692 156,101 158,921 2%
2030 8,647 164,748 167,278 2%
2031 8,654 173,402 176,479 2%
2032 8,654 182,056 187,194 3%
2033 8,654 190,710 198,682 4%
2034 8,654 199,364 209,006 5%
2035 8,654 208,018 220,619 6%
2036 8,654 216,672 233,355 8%

4.3 Results of Vensim Model

After establishing that the basic Vensim model was working and yielding results,
the final Vensim model was developed and run. Figure 4.3 depicts the modified flowchart
of the model. This adds a replacement policy variable and establishes a link back from
vehicle retirement to ZEVs purchased. The average cost was based on the calculated total
GSA light-duty vehicle offering. Figure 4.4 below depicts the flow diagram of the

Vensim model.

DoD Light-

ZEV Received ——— — s Vehicle Retirement
Duty Fleet
Delivery Rate ZEV Purchased Replacement Retirement

Policy Rate

T

Average Cost

Vehicle Budget of ZEVs

Figure 4.4 Vensim Model Light-Duty Flow Diagram

Figure 4.5 below is a screenshot of the Vensim model.
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Figure 4.5 Vensim Light-Duty Vehicle Model

Table 4.11 below contains the results of running the Vensim model for all light-
duty vehicles, using the calculated average for light-duty vehicles offered by GSA. This
is phase 2 of the modeling methodology. The replacement policy variable was set equal
to two. The results are three percent between 2023 and 2031. In this case, looking beyond

the out years appears to be within a realistic amount.

Table 4.10 All Light-Duty Vehicle w/Total Average Costs

Final Run 1 Run 2 Run 3
DoD DoD Vensim Vensim Vensim
Year ZEV Added Fleet Total Fleet Total Fleet Total Fleet Total
Actual 2022 1,490 114,297 114,297 114,297 114,297
Actual 2023 3,400 117,697 119,157 118,871 118,586
2024 2,008 119,705 123,062 122,423 121,786
2025 4,308 124,013 128,036 127,067 126,104
2026 6,063 130,076 134,167 132,890 131,623
2027 8,656 138,732 142,469 140,937 139,420
2028 8,677 147,409 151,408 149,613 147,838
2029 8,692 156,101 159,874 157,538 155,236
2030 8,647 164,748 169,043 166,159 163,324
2031 8,654 173,402 179,223 175,798 172,441
2032 8,654 182,056 191,317 187,405 183,582
2033 8,654 190,710 | 204,330 199,920 195,620
2034 8,654 199,364 | 217,181 212,006 206,974
2035 8,654 208,018 231,806 225,913 220,200
2036 8,654 216,672 247,963 241,372 234,997
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Taking a closer look at Run 1, with the costs the same but the Replacement Policy
variable set at two, yielded the results shown in Table 4.11 below. These results were

within approximately a three percent difference from the DoD fleet forecast quantities.

Table 4.11 All Light-Duty Vehicles w/Total Average Cost & Replacement Policy

Run1 p 2
DoD DoD Vensim

Year ZEV Added Fleet Total | Fleet Total Delta %

Actual 2022 1,490 114,297 114,297 -

Actual 2023 3,400 117,697 119,157 1%
2024 2,008 119,705 123,062 3%
2025 4,308 124,013 128,036 3%
2026 6,063 130,076 134,167 3%
2027 8,656 138,732 142,469 3%
2028 8,677 147,409 151,408 3%
2029 8,692 156,101 159,874 2%
2030 8,647 164,748 169,043 3%
2031 8,654 173,402 179,223 3%
2032 8,654 182,056 191,317 5%
2033 8,654 190,710 204,330 7%
2034 8,654 199,364 217,181 9%
2035 8,654 208,018 231,806 11%
2036 8,654 216,672 247,963 14%

The second run, with the costs the same but the Replacement Policy variable
changed to one, yielded the results shown in Table 4.12 below. These results were within

approximately two percent off of the DoD fleet forecast quantities.

Table 4.12 All Light-Duty Vehicles w/Total Average Cost & Replacement Policy

Run 2 1 2.5
DoD DoD Vensim
Year ZEV Added | Fleet Total Fleet Total | Delta %
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Actual 2022 1,490 114,297 114,297 -

Actual 2023 3,400 117,697 118,871 1%
2024 2,008 119,705 122,423 2%
2025 4,308 124,013 127,067 2%
2026 6,063 130,076 132,890 2%
2027 8,656 138,732 140,937 2%
2028 8,677 147,409 149,613 1%
2029 8,692 156,101 157,538 1%
2030 8,647 164,748 166,159 1%
2031 8,654 173,402 175,798 1%
2032 8,654 182,056 187,405 3%
2033 8,654 190,710 199,920 5%
2034 8,654 199,364 212,006 6%
2035 8,654 208,018 225,913 9%
2036 8,654 216,672 241,372 11%

The third run, with the same costs but the Replacement Policy variable changed to
three, yielded the results shown in Table 4.13 below. These results were within

approximately half a percent off the DoD forecast.

Table 4.13 All Light-Duty Vehicles w/Total Average Cost & Replacement Policy

Run 3 2.5 Rp 3
DoD DoD Vensim

Year ZEV Added | Fleet Total Fleet Total Delta %

Actual 2022 1,490 114,297 114,297 =

Actual 2023 3,400 117,697 118,586 0.8%
2024 2,008 119,705 121,786 2%
2025 4,308 124,013 126,104 2%
2026 6,063 130,076 131,623 1%
2027 8,656 138,732 139,420 0%
2028 8,677 147,409 147,838 0%
2029 8,692 156,101 155,236 -1%
2030 8,647 164,748 163,324 -1%
2031 8,654 173,402 172,441 -1%
2032 8,654 182,056 183,582 1%
2033 8,654 190,710 195,620 3%
2034 8,654 199,364 206,974 4%
2035 8,654 208,018 220,200 6%
2036 8,654 216,672 234,997 8%
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Figure 4.6 below shows the Vensim model output of the third run of the final

Vensim model.
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Figure 4.6 Vensim Run 3 Qutput Graph
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The first graph above illustrates the growth of the fleet over time. The second
graph shows how the vehicles received will react over time. The third graph shows the
increasing steps, which represent the changing retirement rates used. These rates varied
because the assumption is that, over time, they will change with the conversion of the
fleet. These will remain the same for all the runs of this model. The graphs are helpful as

they provide a visual of certain fleet quantity behaviors.

In the future, the model could support the addition of other variables, as is
depicted in the flow diagram in Figure 4.7 below. This diagram represents what such a

model could look like:

ZEV Received —— DoD Light- — »Vehicle Retirement
Duty Fleet
Delivery Rate ZEV Purchased Replacement Retirement
Policy Rate

T AN

Charging Average Cost

Infrastructure pZ LTRSS of ZEVs Leased Owned

. » . Commercial
Right Pol

ightsizing Gy Availability
Usage/Mission, Technology

etc.

Figure 4.7 Possible Future Vensim Model Light-Duty Diagram

A more complex model could be constructed, encompassing the light-duty vehicle
model and the other vehicle classes. The Vensim model is flexible and can accommodate
a three-tiered model, including the three vehicle classes: light, medium, and heavy-duty.
The vehicle budget can potentially link the models together, or each vehicle class can be
run separately.
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4.4 Results of the Medium- & Heavy-Duty Vehicles & USPS

Since the model was successful in forecasting the fleet for the DoD light-duty
vehicle fleet, it was natural to look ahead and attempt to use the model for a different
dataset. Since the medium- and heavy-duty fleet GSA offerings were available, the model
was modified and adapted to forecast what dealing with these vehicles may look like in
the future. However, the medium- and heavy-duty offerings are mixed together in the
GSA Fact Sheet; therefore, the vehicles were lumped together when calculating initial
inputs for the model. This hybrid MHDYV set became the first half of phase 3 of the

Vensim model runs

Figure 4.8 below illustrates what the Vensim medium-duty vehicle model

diagram might look like.
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Usage/Mission, Technology
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Figure 4.8 Vensim Model Possible Medium-Duty Vehicle Flow Diagram
The difference in this configuration is that there are few commercially available

vehicles in this vehicle category.

Figure 4.9 below is a typical DoD medium-duty type of vehicle.
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(Wheeled Coach, 2024)

Figure 4.9 Typical Medium-Duty Vehicle

Figure 4.10 below illustrates what the Vensin heavy-duty vehicle model diagram
might look like. The technology for these types of vehicles barely exists. A few vehicles
are being piloted; however, performance concerns in different climates and functions
require further development. The government and the public await vehicles that can

perform difficult tasks under rigorous conditions.
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Figure 4.10 Vensim Model Heavy-Duty Vehicle Flow Diagram

Similarly, the difference in this configuration is that there are only a few

commercially available vehicles that can meet the specifications for this vehicle category.

Figure 4.11 below is a typical DoD heavy-duty vehicle.
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Figure 4.11 Typical Heavy-Duty Vehicle

The MHDV was run on a modified Vensim model shown below in Figure 4.12.

The modifications are in the form of the initial inputs that are made to the model.
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Figure 4.12 Vensim Model

Undertaking modeling the MHDYV requires a multitude of assumptions to be
made. First of all, this is a subset of medium and heavy-duty vehicles. This calculation
does not include law enforcement vehicles, which are considered heavy-duty vehicles.
The category is also being combined with medium and heavy-duty vehicles. Other
assumptions were made to run the model for the MHDVs in order to fill data gaps.
Among these was the Delivery Rate factor, which was changed and has held steady since
fewer vehicles are available. The assumption was made that these vehicles would start
being ordered later than the light-duty vehicles. Replacing these vehicles will probably
take longer due to their high cost, among other factors. Currently, federal agencies are
focused on the goals of the EO, which calls for light-duty vehicles to be ordered first,
with the next group of ZEVs being medium- and heavy-duty vehicles, with limited
offerings in the GSA Fact Sheet. This is partly why there is limited data on the MHDVs.
Thus, the acquisition of these vehicles is expected to commence in 2027 and continue
through 2035; for this group of vehicles, available data was used.

The summary results of the Vensim model run for the combined MHDYV are

shown in Table 4.15 below.
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Table 4.14 Summary of MHDYV Vensim Model Run Results

MHDV Run 1l Run 2
DoD DoD Vensim Vensim
Year ZEV Added Fleet Total | Fleet Total | Fleet Total
Actual 2022 745 55,282
Actual 2023 -9,510 45,772
2024 1,004 46,776
2025 1,004 47,780
2026 1,004 48,784
2027 1,004 49,788 49,788 49788
2028 1,004 50,792 50,643 51085
2029 1,004 51,796 51,711 52451
2030 1,004 52,800 52,880 53889
2031 1,004 53,804 54,154 55402
2032 1,004 54,808 54,157 56300
2033 1,004 55,812 54,309 56899
2034 1,004 56,816 54,612 57568
2035 1,004 57,820 55,066 58309
2036 1,004 58,824 54,269 58601

When examining the first run of this third phase, the difference between the
calculated DoD additions and the Vensim model results was slightly over two percent. In

this iteration, the Replacement Policy was kept at three.

Table 4.15 MHDYV Vensim Model Run 1 Results

Run 1 3 0.15
DoD DoD Vensim
Year ZEV Added Fleet Total Fleet Total Delta %
Actual 2022 745 55,282 -
Actual 2023 -9,510 45,772
2024 1,004 46,776
2025 1,004 47,780
2026 1,004 48,784
2027 1,004 49,788 49,788 0.0%
2028 1,004 50,792 50,643 -0.3%
2029 1,004 51,796 51,711 -0.2%
2030 1,004 52,800 52,880 0.2%
2031 1,004 53,804 54,154 0.6%
2032 1,004 54,808 54,157 -1.2%
2033 1,004 55,812 54,309 -2.7%
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2034 1,004 56,816 54,612 -3.9%
2035 1,004 57,820 55,066 -4.8%
2036 1,004 58,824 54,269 -7.7%

Table 4.16 represents the second run of this third phase; the difference between
the calculated DoD additions and the Vensim model results was slightly over one percent.
In this iteration, the Replacement Policy was kept at three.

Table 4.16 MHDYV Vensim Model Run 2 Results

Run 2 3 2
DoD DoD Vensim
Year ZEV Added Fleet Total Fleet Total Delta %
Actual 2022 745 55,282 -
Actual 2023 -9,510 45,772
2024 1,004 46,776
2025 1,004 47,780
2026 1,004 48,784
2027 1,004 49,788 49,788 0.0%
2028 1,004 50,792 51,085 0.6%
2029 1,004 51,796 52,451 1.3%
2030 1,004 52,800 53,889 2.1%
2031 1,004 53,804 55,402 3.0%
2032 1,004 54,808 56,300 2.7%
2033 1,004 55,812 56,899 1.9%
2034 1,004 56,816 57,568 1.3%
2035 1,004 57,820 58,309 0.8%
2036 1,004 58,824 58,601 -0.4%

Editing this model to estimate a hybrid subset of vehicles is part of what makes it
useful. The model's versatility enables the running of different scenarios, as illustrated.
Figure 4.13 below shows the Vensim model output graphs for the second run of

the MHDYV case.
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Figure 4.13 Vensim Output Graphs for MHDV Run
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A future step in the evolution of the Vensim model is to create additional models
for the various vehicle types outlined in the EO, and potentially integrate all three once
the budgets and implementation details have been finalized. Alternatively, one could run
separate Vensim models, one for each vehicle class, and consider them individually.

As mentioned previously, the development of the model was an iterative process;
thus, after doing the additional work to calculate the MHDYV inputs and run the model on
yet another DoD subset. The USPS data was right below the DoD data in the GSA FACT
data source. It was decided to try the model out using USPS data. Table 4.8 represents the
second half of the phase 3 Vensim model run.

Table 4.17 USPS Summary Vensim Model Run Results

USPS Planned Run 3 Run 4
Postal Postal Vensim Vensim
Year ZEV Added Fleet Total | Fleet Total | Fleet Total
Actual 2022 196141 196141 196141
Actual 2023 1,222 204,850 210226 209246
2024 26,403 206,072 222655 220643
2025 13,427 232,475 238506 235635
2026 25,665 245,902 254696 250940
2027 24,788 271,567 268334 262756
2028 14,975 296,355 282769 275420
2029 15,574 311,330 297541 288418
2030 16,197 326,904 314665 303976
2031 16,845 343,101 335327 323877
2032 17,519 359,946 356428 344196
2033 18,219 377,464 378418 365417
2034 18,948 395,684 402218 388532
2035 19,706 414,632 426531 412150
2036 20,494 434,338 453233 435790

Conducting this run demonstrates the model's versatility and its applicability to
different agencies with their unique datasets. Although the USPS plan data was limited,

sufficient data was available to run the model. The USPS plan data covered a short time
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interval, from 2023 to 2028. The third and fourth runs of this phase 3 data yielded
differences between the USPS plan and the Vensim model output of 1.8 percent and 0.4
percent, respectively.
4.5 Validation of Model Results

As stated previously, validation was found to be a challenging process. However,
using the tests for structural and behavioral validation described in the Methodology

section indicates that the model is valid.

Beginning with the five tests involved in Structural validation, which requires that
the model utilizes sufficient real-world settings. The first step in the structural
validation process is to validate the boundary adequacy of the variables. This consists of
reviewing which variables are independent and which are dependent. This was conducted
at the creation of the model, both manually and through the Vensim software. When put
into Vensim, the variables were defined as independent and dependent. As stated
previously, this check confirms that the variables are consistent with their use in the
model. In the Praxis model, the dependent variable is the DoD Fleet, while an

independent variable is Vehicle Budget. The model passes this test.

The second step in the structural verification requires determining whether the
model structure is consistent with what the system is supposed to do. This is
accomplished by checking that the model flow is correct. When the model was built, this
step was performed for each variable since this process was iterative; along every step,
each variable’s contribution to the model was considered. Again, the Vensim software
does not allow a model to run that contains errors. This step ensures that the model can

run. The model passes this test.
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The third step is determining dimensional consistency, which involves verifying
whether each equation in the model accurately represents what is happening in the real
world. This step was performed when the model was developed. The model passes this

test.

The fourth step is parameter verification, similar to the previous step. This step
requires determining whether the model parameters are consistent with their intended
purpose. When creating the model and populating the model variables, the parameters for

each case were defined and changed as needed. The model passes this test.

The final step is extreme conditions testing, this required that the model be tested
and exhibit logical behavior when parameters are assigned extreme values. This test
requires the model to be run under extreme values; for this Praxis, introducing zeros

value to any variable will produce unrealistic results. The model passes this test.

The behavioral validation aims to compare the model-generated results to the
observed behavior of the real-world system. In each of the phases of the model
development and testing, the model yielded real-world results that were mathematically
similar to the DoD plan, and in the other use cases, in line with the data provided. The

model passes this test.

Fundamentally, in this type of validation methodology, the input and output of the

model provide information that fulfills its intended purpose, which the model does.

4.6 Summary
The results of this undertaking provide a comprehensive evaluation of the basic

Vensim model and the final Vensim model, which was created to assess the transition of
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the DoD light-duty ICE vehicle fleet to a ZEV fleet. The results of the final Vensim
model run indicate that the model is functional and yields results that align with the DoD
projections. In the phase 1 runs, which involved the basic model, adjustments were made
regarding the retirement rate and the average cost of vehicles. This allowed the model to
evolve into its final structure.

The Vensim software enabled the creation of a model that has more variables than
a Microsoft Excel spreadsheet projection. The model developed in this Praxis
successfully illustrates the possibilities for transitioning to a ZEV fleet from a traditional
ICE vehicle fleet. This model can be expanded in the future to accommodate more
variables and other scenarios. More variables that affect the DoD fleet acquisition process
can be added in the future. It can also be adapted to the different vehicle classes and

agencies, or used by other fleet managers.
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Chapter 5—Discussion and Conclusions
5.1 Discussion

The motivation for this Praxis was spurred on by the aggressive nature of EO
14057, Catalyzing Clean Energy Industries and Jobs Through Federal Sustainability. The
EO called for Federal government vehicle acquisitions to be ZEVs, such as electric
vehicles, by 2035. The research can assist with identifying, managing, and mitigating
risks that such a drastic and dramatic change poses to DoD and the Federal government.
This transition requires one hundred percent ZEV light-duty vehicle acquisitions to begin
by the end of FY 2027. Annually, the DoD receives a budget for acquiring vehicles that is
then distributed to the military services and the other associated agencies to be spent on
vehicles. The goal of this research is to determine the answer to the following research
questions and test the following hypotheses:

RQ1: How can a system dynamics model integrate delivery and retirement rates
to provide a strategic planning tool to meet a transition timeline?

H1: A system dynamics model can enable strategic planning by integrating
economic and policy factors, such as delivery and retirement rates, to achieve the
transition timeline and budget.

RQ2: What utility can a system dynamics model provide that is not available in
current models?

H2: A model that integrates delivery and retirement rates and replacement policy
can provide “what-if” scenarios in reaction to changing economic and policy conditions.
The model developed for this Praxis indicates that, provided the necessary data are

available, the model can produce results for the remaining tiered vehicle categories that
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are required to be replaced in the future. However, depending on a new administration’s
policies, the model can be modified in order to accommodate changes that will affect the
acquisition of ZEVs.

RQ3: How can a system dynamics model serve as a forecasting tool for
headquarters-level leadership at DoD?

H3: A system dynamics model can be flexible to accommodate changing
administration policies. The model developed for this Praxis produced results, illustrating
its capability to produce results for other use cases.

Despite being challenging to validate, the model was successfully tested and
passed the structural and behavioral validation criteria.

The model also proved capable of processing data from different groups of
vehicles and other agencies to yield valuable results. Due to its inherent flexibility, the
model also allows for model expansion. The model can be expanded by adding new
variables and, therefore, can consider more complex scenarios.

5.2 Conclusions

The conclusions for this Praxis are to continue refining and evolving the model
and use it for forecasting and/or running through different scenarios. The model is also
helpful in considering risks posed by the ZEV fleet replacement. Such risks can include
loss of funding which could mean delaying or not meeting the EO goal, or an increase in
funding that the agency cannot accommodate the execution of the funds due to a shortage
of other resources, such as personnel. The model lends itself to continued additions of
sections for medium- and heavy-duty vehicles. The validation confirms the system

dynamics model’s results align with the existing DoD fleet quantity predictions. This
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model provides a flexible framework for analyzing the fleet transition from an ICE
vehicle fleet. The model is primarily geared toward decision-makers who view the big
picture of fleet management. The types of people who are looking at a simplified version
of fleet management, such as funding and vehicle quantities, are not interested in the
details of fleet management. Future iterations should incorporate additional refinements
to enhance the applicability of particular factors in the fleet management area, as well as
policy, mission, and any other factors the user may deem relevant and essential.

The modeling framework developed in this research provides a valuable tool that
enables fleet managers, DoD leaders, and stakeholders to assess the ZEV fleet transition
landscape when making important decisions. The Vensim model provides a framework
that allows stakeholders to evaluate the financial implications of different strategies and
identify possible scenarios, allowing for data-informed decisions in a fiscally constrained
environment.

Future research should consider additional factors to account for the nuances in
retirement rates of owned and leased vehicles. Mission needs must always be at the
forefront of decision-making that impacts funding. Another critical component that was
mentioned but was not included in the model is the charging infrastructure. If there is
inadequate infrastructure or, worse, no charging infrastructure, it will have a significant
impact on vehicle purchasing decisions. A policy implemented in the DoD requires
charging infrastructure to be in place by the time ZEVs arrive. Therefore, making the
installation of charging infrastructure a top priority in the ICE-to-ZEV transition process.
Policies also play a significant role in the ZEV fleet transitions. For example, a policy can

potentially slow or speed up the transition process. Another factor that can significantly
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impact the transition to ZEVs is the commercial availability of vehicles. Whether the

availability of vehicles is tied to supply chain issues or a lack of technology to meet the

agency's demands, this is a factor that is beyond the agency's control. Another factor that

may be considered in the future is right-sizing, which means maintaining a fleet that

meets the agency's needs to fulfill its mission. This is difficult to quantify, as mission and

needs change depending on circumstances. Additionally, integrating future actual data

will allow for improved decision-making by stakeholders, as they will have more

information available to consider.

5.3 Contributions to Body of Knowledge

1.

Created a system dynamics model that will work to forecast ZEV fleet
quantities.

Created a system dynamics model that can have other pertinent variables
added to it in the future; for DoD or any other agency, the possible
expansion can be both in variables or the next tier of vehicle categories
that need to be converted to ZEV, such as medium- and heavy-duty
vehicles.

Created a system dynamics model that can be used not only for DoD but
can also be adapted to other agencies, potentially even for the whole of the
Federal government. The model may be expanded and refined to include
other variables that affect the acquisition of the ZEV fleet.

This model can be useful as a fleet planning tool to model fleet growth

with respect to time.
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5.4 Recommendations for Future Research

This research highlights that system dynamics modeling is a practical simulation
tool for evaluating scenarios with varying parameter variables. This model is a prototype
tool for assessing the transition of an ICE vehicle fleet to a ZEV fleet, as per EO 14057,
for light-duty vehicles. It also provides insight into various possible scenarios, given
specific variables, to aid in informed stakeholder decision-making. The model was
designed to consider the first tier of the ZEV fleet transition. Therefore, the model also
allows for both additions of variables and future refinement. These future refinements
will enhance functionality and enable consideration of more complex scenarios. Future
iterations of this model should incorporate these additions to provide a ZEV fleet
transition model that considers factors affecting the fleet transition process. This Praxis
was limited to only considering the conversion of the light-duty DoD fleet. In the future,
this model could potentially be expanded to the other tiers of vehicles, such as medium-
and heavy-duty vehicles. Any agency could also use it in the federal government, not just
the DoD. Thus, this Praxis focused only on a very narrow subset of DoD vehicles
targeted by EO 14057. In this Praxis, only the DoD light-duty ZEVs that are supposed to
start being acquired by 2027 were considered. Not considered in this Praxis are the
medium- and heavy-duty ZEV acquisitions that are to occur by 2035. The EO also covers
the whole-of-government fleet, which was also not considered in this Praxis. Therefore,
there is ample room for future research; in the future, the following vehicle categories
may be considered and added to the model. Additional variables were not considered,
such as mission/usage, charging infrastructure, all that right-sizing the fleet encompasses,

policy, technology, and the commercial availability of vehicles. The data used in the
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model is actual Federal government vehicle data from fiscal years 2022 and 2023. Future
research should incorporate any pertinent data from subsequent fiscal years, as well as

any other available information.

Transitioning the DoD ICE vehicle fleet to a ZEV fleet is just one of many actions
outlined in EO 14057. This model can be a helpful tool in facilitating the ZEV transition.
Reducing GHG emissions will require an all-hands-on-deck approach, which includes
implementing policies and the participation of all aspects of our society and economy on

a global scale.
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