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Executive Summary

The City of Raleigh has embarked on an ambitious
initiative to transition its fleet to electric vehicles
(EVs), in alignment with its sustainability, equity,
resilience and climate action goals . The fleet,
comprising 4,418vehicles, including 2,394 on-road
vehicles, is poised for a significant transformation.
This executive summary outlines the key
components of this implementation strategy |,
including vehicle replacement strategy,
infrastructure development, cost analysis, staffing
and equity considerations , and charging and fleet
management software needs .

This strategy implementation document focuses
on three key principles: achieving maximum
emissions reductions by transitioning to EVs
where feasible, ensuring cost - effective solutions
throughout the transition process, and
establishing a resilient charging infrastructure to
facilitate a seamless transition of the fleet to zero
emission technologies. Building on these three key
principles, this report provides a detailed vehicle
replacement strategy, outlines the necessary
infrastructure  requirements, and in cludes
comprehensive financial planning over the next2 4
years. This includes the upfront cost of vehicles
and infrastructure incurred over the next 10 years,
as well as the operational and maintenance costs
incurred over the lifetime of the procured EVs (on
average 15 years). This approach aligns with the
CtyzCC AiRo-DPIC -APR@6C
documents, ensuring a cohesive and forward -
thinking transition to zero emission technologies.

Vehicle Replacement Strategy

vbCgEUPC: - CAgoacCipiocCRgi C-

on-road fleet operations, the project team
recommends replacing 2,014 on -road vehicles
with EV equivalents, focusing on battery electric
vehicles (BEVs) and plug-in hybrid electric
vehicles (PHEVs). Additionally, this document
identifies 69 underutilized vehicles that travel less

than 1,000 miles per year, presenting an
opportunity to "right -size" the fleet by retiring
these vehicles without replacement, further
enhancing fleet efficiency, and reducing costs.

Infrastructure Requirements and Development

To facilitate the + R D fieetQransition to electric
vehicles, preliminary results suggest that the city
require as many as 31 DC Fast Charging (DCFC)
stations and 2,016 Level 2 charging stations, based
on a l:Icharger-to-vehicle ratio assumption. This
infrastructure approach considers the daily usage,
energy requirements, and operational downtime
associated with the vehicles' duty cycles to
maximize charging efficiency . In addition to the
charging recommendations, the project team also
developed an Electric Vehicle Fleet Charging
Infrastructure Planning Tool that is intended to
assist the City in identifying infrastructure needs
and associated costs as the City continues its
electrification efforts
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Cost Analysis and Financial Planning

The transition of 2, 014 vehicles to electric vehicles
(EVs) is projected to be financially advantageous
for the City of Raleigh, with estimated savings of
approximately $33 million over the lifetime of the
EVs compared to continuing with business -as-
usual internal combustion engine (ICE)
replacements. The lifetime savings include the
cost benefits of operating the EV fleet, as EVs will
replace ICE vehicles starting in 2025, with the last
replacement scheduled for 2034. Therefore, the
savings timeframe extends through the assumed
lifetime of the last veh icle replaced in 2034 (2025 -
204 8). Although the initial capital cost for EV
replacements is higher, the significant reduction in
fuel and maintenance expenses y exceeding $70
milliony over the total cost of ownership (TCO)
period justifies the investment. This TCO analysis
includes the preliminary cost estimates for EV
charger hardware and installation, which are over
$12 million. Furthermore, the project team has
considered potential savings from state and
federal incentive programs, estimated to reduce
vehicle capital costs by over $1Imillion.

Training and Software Management

A critical component of the transition is ensuring
that City employees are equipped with the
necessary skills and knowledge to operate and
service the new EV fleet. This document
recommends comprehensive EV training and the
selection of an effective Charg e Management
System (CMS) to optimize charging operations,
reduce energy costs, and ensure fleet readiness.
This analysis also includes a review of fleet
management software solutions, highlighting the
importance of software integration (e.g., charging
management, fuel tracking, preventive
maintenance, telematics) for efficient fleet
management.

Transitioning to an EV Fleet Requires
Detailed Strategy, Substantial
Investment, and Unwavering

Collaboration among Stakeholders, and
Experts

There are several challenges to consider
when transitioning to an EVfleet, including:
upfront costs, limited EV models
(particularly for medium - duty vehicles) ,
production capacity, charging

infrastructure, range anxiety, uncertainty

in charging time, dependence on the
power grid, parking space availability,
workforce availability , training , and various
community equity and resilience
considerations

Equity and Environmental Sustainability

The City of Raleigh's vehicle fleet transition to EV
represents a transformative move towards climate

action, sustainability , reducing greenhouse gas

(GHG) emissions, addressing equity and building
community resilience to the impacts of climate

change. These are the main objectives ofthe + RBDHZ CC
Community Climate Action Plan _ (CCAP). In
addition,th RCCG@gCéC- 1 CgC- i RU6GCCGRE
the city to illustrate leadership in tackling climate

change which helps drive change and taking action
throughout the community

vbi C+RDHCgUCI - i I Rweh be@odd’ 6 R DR
environmental sustainability, as it aims to address
and improve equity across the communit y. The
city asked the project team to develop a set of
recommendations for the City to leverage fleet
electrification as a means to enhance equity within
communities that might otherwise be left out of
this clean energy transition and have historically
been disinvested in . This work focuses on
mitigating equity issues through environmental
justice, improved accessibility, and economic
opportunities.
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By replacing conventional vehicles with EVs, the
city will improve air quality, particularly in
communities disproportionately affected by
vehicular emissions. This transition is expected to
reduce GHG emissions by approximately 250,000
metric tons of CO2 over the next 2 4 years. The
recommendations in this report also include
targeted electrification in areas where residents
might not otherwise have access to charging.
Additionally, the plan calls for expanding electric
public transit to underserved communi ties for
better accessibility, as detailed in Section 10:
Addressing Equity through Electrification. Finally,
fostering economic growth through workforce
development in the green technology sector is
emphasized, offering many opportunities for job
training in both existing and emerging
technologies within the transportation
electrification field. In summary, the City of
Raleigh's EV Implementation Strategy Rollout
presents a comprehensive approach to
transitioning its vehicle fleet to electric, with
significant benefits in terms of cost savings,
operational efficiency, sustainability , equity,
resilience and community benefit

Recommendations for Implementation

Moving an EV transition Assessment into the
implementation  phase demands thorough
planning, coordination, and resource allocation.
This report outlines best practices and solutions
to help the city navigate this complex process,
ensuring continued leadership in climate action,
equity, resilience, and the clean energy tr ansition.
Some of the implementation actions identified by
the project team are:

|J Create Supportive Processes: Engage with
stakeholders and the Clean Energy Vehicle
Replacement Committee to streamline the
transition.

|J Forecast Infrastructure to Align with
Budget Processes: Use the EVSE planning
tool developed as part of this project to plan

EV charging infrastructure in line with budget
cycles.

U Prepare a Financial Strategy for EV
Charging Needs: Develop a financial plan,
starting with a Capital Improvement Project
(CIP) request for FY2026, to meet identified
EV charging needs.

U Dedicate Specific Staff to Implementation:
Assign staff teams to manage the planning,
financing, and execution of the EV transition.

U Pilot, Test Ideas, and Educate: Launch pilot
projects and educational initiatives to build
support and reduce barriers for the EV
transition.

U Continue to Lead in Equity, Resilience, and
Accessibility: Maintain leadership in
embedding equity, resilience, and
accessibility into climate strategies.

More detailed information on these strategies
can be found in Section 11 of this report.
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Figure 1 Total Cost of Ownership for Replacing  City of Raleigh Fleet with EVs Compared to Internal Combustion

Engine Vehicle s (over the lifetime of vehicles which expand from 2025 through 204 8)1
$200,000,000
$180,000,000 $172Million
160,000,000 $139 Million
s $36,719,831 $6,512,726
$140,000,000 S $5.814,024
$120,000,000 $23,665,096
13,764,371
$100,000,000 $71,283,922 S e
$80,000,000
$60,000,000
$100,669,472
$40,000,000
$63,848,893
$20,000,000
$_ ________________________________________________________
$(11,384,089)
$(20,000,000)
ICE Replacements EV Replacements
Capital Cost Incentive/ Grant
NPV Fuel Costs NPV Maintenance Costs
m Charging Infrastructure Hardware Charging Infrastructure Installation
Based on our analysis, converting the 2,014 Over 24 years, those estimated CO, reductions
recommended on-road vehicles to EVs is equate to:

estimated to produce the following impacts:

AN eliminatin 28,498 homes’ energy use
$32'811'046 L@J foroneyegar,or: ¥

Net savings over 24 years®*
@ switching 9,41 6,6 20 incandescent
$57r519r551 lamps to LEDs, or:
fuel cost savings over 24 years*

&y recycling 84,254 tons of waste instead

& $13,054,735 &S of landfilling it, or:
maintenance savings over 24 years™* é}
£ ‘} lantin 4,088,523 rees
O 247,806 e t
[0a

metric tons (MT) of CO, eliminated
over 24 years

* NPV assumes a 5% discount rate

1The TCO analysis presented in this report focuses exclusively on the cost of ownership for the vehicles being replaced. The f irst vehicle
is scheduled for replacement in FY2025, and with an expected lifetime of 14 years, its cost of ownership extends from 2025 to 2039. The
last vehicle is anticipated to be replaced in 2035, with its cost of ownership calculated from 2035 to 2048. Consequently, th e TCO spans

a period of 24 years, from 2025 to 2048.
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1. Baseline Inventory and the Need to Transition to EV Fleet

Overview of theCity Z CC4hRCPROUC?i1 11 BC

Currently t here are 441851 PRAT I CCR6CPHPI C+RDPHC o UC! -2i394r0k adivehislesCCi 6 D
and 2,024 pieces of off -road equipment. However, 280 on - road vehicles were added to the fleet since the

transition assessment was conducted (i.e., Spring 2023), which are not reflected in this transition analysis,

therefore bringing the total number of on -road vehicles assessed for electrification to 2,114. Since this

study focuses exclusively on on -road vehicles, the following fleet statistics pertain only to on  -road

vehicle s and exclude off -road vehicles . TP COEO0 AT CCoUCHi PRAI I CCROCPPI C+RDPHZC
Table 1belowSCv bi CY46URG61 C?Ei 1 CvHal YCAgi E0O6CCPogGCCHDPI COEOAIT
sCRURG- 1 CE-D- CaCogREI ECPgCE+?2CAHCDPPI C+RPHSCvbPIi Cy CCEOI
by ICF for modeling purposes; these adjustments were complet  ed in consultation with the city .

Table 1 On-Road Fleet- Provided Fuel Type Distribution  (as of Spring 2023)

Not provided AFLEETAssumption 5 65
Bio- diesel, compressed natural gas, diesel Diesel 1
Bio- diesel, diesel Diesel 432
Bio- diesel, diesel, off - road diesel Diesel 2
Bio- diesel, diesel, propane Diesel 4
Compressed natural gas Gasoline 4
Diesel Diesel 1
Diesel, off- road diesel Diesel 1
Diesel, unleaded Diesel 1
E85, unleaded Gasoline 955
Off-road diesel, unleaded Gasoline 1
Propane, unleaded Gasoline 9
Unleaded Gasoline 638

Table 2. Existing On-Road Fleet Fuel Type Distribution 3 (as of Spring 2023)

Sedan 257 -
SuUVv 685 -
Minivan 14 -
Light- Duty Pickup 492 5
Medium - Duty Pickup 0 9
Van 62 3
Medium - Duty Vocational Truck 72 52
Box Truck - 2
Street Sweeper - 12
Refuse Truck - 124
Shuttle Bus 12 2
School Bus - 7
Heavy Truck - 194
Motorcycle 10 0
Other 74 44 56
TOTAL 1,648 466

2 AFLEET assumptions applied based on vehicle type. See assumption section of report for more details.
3 Gasoline and Diesel fuel categorization was discussed with City of Raleigh to remove fuel ambiguity from fleet - provided data.
‘vbi Cgi PRAT I ©OMerYwele excli€l-frinCtiie analysis and are detailed further  in Table C.
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vbi CIl ARCPROUCCI BPRCI 01 6 DCCAPI EE Fiju 0.4TAICsEhedul€is Bafedt anGrEUT 1 1| B
fleet - provided in - service date and retirement years for each vehicle. The existing retirement schedule

spans fifteen years with less than 50 vehicles retired per year between fiscal years (FY) 2035 through

2039SC CCGRi I CAIi CCbagG6Ci - Bi CCR 6 Cb b fife@Cyedr schcBude@WBs@dfisted? 7 CC- ¢
toaten-Hi - CCCAPI EEi I CR6C- AAg CE - 6 A ét.ClieReB-yedrsBhBdeI€shand in -FigureR Ub z C
4 differs from the fifteen -year schedule s hown earlier by rolling back vehicle replacements between

FY2035 through 203 9 by five years, such that the latest vehicle retirements in this analysis occur in

FY2034.

Figure 2. Existing Fleet - Retirement Schedule by Fiscal Year
400

350

300
750 N

-
5200
150 -

100 1 -
[

TTECT EE
0

FY2025 FY2026 FY2027 FY2028 FY2029 FY2030 FY2031 FY2032 FY2033 FY2034 FY2035 FY2036 FY2037 FY2038 FY2039

H Sedan m SUV B Minivan
Light-Duty Pickup m Medium-Duty Pickup Van
Medium-Duty Vocational Truck m Box Truck Street Sweeper
Refuse Truck Shuttle Bus m School Bus

m Heavy Truck Motorcycle Other

vbi CNNCgi PRAI | CCREI 0D piecBsiofnah:- 0dd gquipnieit r& sramafkzeddh the Table 3

below. The scope of this electrification strategy focuses solelyonon  -road vehicles. As a result, non - motorized

vehicles (such as trailers), non -road equipment (including tractors and forklifts), and marine craft were

excluded from the electric vehicle acquisition recommendations. TPi CPgb- 1 COEOAI CCroddCHPI C
fleet is 2,024.

Table 3. Vehicle Types Excluded from Analysis

Vehicle Type Quantity Reason for Exclusion

Non- Road Equipment 706 Non-road equipment are outside of the scope of this study
Trailers 17 Trailers do not have any motive power and therefore excluded
Boats 2 Marine crafts are outside of the scope of this study
Undefined 1 Unable to discern vehicle use case due to limited data
4WD Medium - Duty Vocational Truck 67
4WD Medium - Duty Pickup 8 ) . )

. Vehicles without EV equivalents
4AWD Heavy Straight Truck 2
Fire Response Vehicles g
TOTAL 806
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Drivers for Transition

The City of Raleigh is strongly dedicated to
climate action, focusing on strategies to
reduce GHG emissions, promote equity and
environmental  justice, and enhance
community resilience to the impacts of
climate change. As the capital of North
Carolina and one of the fastest -growing
regions in the country, Raleigh leverages its
rich blend of a warm climate, strategic
location near the Research Triangle Park, and
a diverse workforce to cultivate a thriving,
forward -looking community. The City's
commitment to sustainability is not just a
response to its rapid growth but a
fundamental aspect of its ide ntity and vision
for the future.

Underpinning this commitment are Raleigh's guiding principles and strategic documents, which emphasize
PDpiCRo&aI C- PRI CoUCDC:- 6CRPRBOROGUCPECCECD: R ¢ -Chrmniuditg C- ADR
Climate Action Plan (CCAP)$ C B b i C Str&emitt PlarC the 2030 Comprehensive Plan , and the
Transportation Electrification Study , along with departmental business plans, collectively chart a course

towards a more sustainable and resilient Raleigh. A critical component of these plans is the transition of

the City fleet to EVSs, the reduction of GHG emissions and a focus on equity and resilience . The CCAP sets

an ambitious target for the community: an 80% reduction in ~ GHG emissions by 2050. | - i | Beddntty C

updated GHG emissions inventory identified that transportation represents | - i | Rop ISH&ethissions

and make up more than half of the Raleigh community Z @@ emissions. The CCAP and these other key
documents highlight transportation electrification as a key high-impact strategy to not only reduce GHG
emissions, but also to address equity and resilience . 1 PPg EUPCHPI C+RBDPHCaUC!I -1 1 RUP:
GHG emissions is a small part of the total community GHG emissions, the city is committed to leading in

climate action , showcasing the City's commitment to sustainability and serving as a model for the
community, and other cities and communities to take climate action .



https://raleighnc.gov/climate-action-and-sustainability/services/community-climate-action-plan
https://raleighnc.gov/climate-action-and-sustainability/services/community-climate-action-plan
https://raleighnc.gov/government/services/strategic-plan
https://raleighnc.gov/planning/services/2030-comprehensive-plan
https://raleighnc.gov/climate-action-and-sustainability/services/transportation-electrification
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Accomplishing®bi CUg-1 CC:- 6ECCHPC:- Pi URI CCEI P- R idéca@merisCamlHHisC + B D H (
report will bring widespread support across the city and community . City leadership must support the
implementation by continuing to make fleet electrification an organizational priority . Additionally, individual
departments and divisions must actively contribute to advancing the implementation within their

respective areas of responsibility . This includes various aspects such as financing, budgeting,
implementation and installation of infrastructure, decision -making in individual departments, policy
development, education, outreach and more.

Currently, responsibilities for managing the EV transition are highly fragmented. EV charging provision has
historically been handled by individual departments that oversee specific facilities , while vehicle
procurement has been handled by Vehicle Fleet Services in conjunction with departments. This approach
has worked in the past but is not well suited to large -scale provision of charging. A more centralized
approach to planning, budgeting, installing, and maintaining charging infrastructure is needed to achieve
the goals of this implementation strategy

In particular, Vehicle Fleet Services (VFS), a division of the Engineering Services Department, plays a pivotal
role in this transition. Tasked with the maintenance, repair, and support of all City vehicles and motorized
equipment, VFS oversees an extensive inventory th at includes not only vehicles but also lawn equipment,
trailers, construction equipment, and more. The division operates through an internal service fund, ensuring
detailed accounting for the full costs associated with the  City's vehicle serv ice operations, including fuel,
tires, repairs, parts, and preventative maintenance. The costs are allocated to the respective City
departments based on actual usage, promoting accountability and efficiency.

The City's infrastructure to support its vehicle operations is robust, with three main fleet operation centers

and ten active fueling locations, some of which are already equipped with renewable propane and clean
fuels. Raleigh is proud to be the first city in North Carolina to implement renewable propane in our fleet,
setting a pioneering example in the state's efforts to adopt sustainable energy solutions.

As Raleigh continues to grow and
evolve, the City's leadership in
adopting and implementing
sustainable practices, especially in
transitioning its vehicle fleet to
electric and other low -emission
alternatives, stands as a testament to
its commitment to climate action,
economic vitality, and the well -being
of its residents . The City's proactive
approach in this regard not only
addresses the immediate challenges
of urban growth and mitigating
climate change, but also sets a
visionary  precedent for future
generations, aligning with the City's
overarching goal of fostering a 21st
Century City of Innovation.
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2. Fleet Transition Assessment

Electric Vehicle Acquisition and Timeline Recommendations

There are 4,418 I PRAT I CCROCPPI C+RDPHCog UC| -2j394 R oad Oetlidlds @G i 2@BMC UT | |
pieces of off -road equipment. Of the 2,114on-road vehicles included in this fleet transition study , 2,014

have EV equivalents commercially available. ® The analysis conducted recommends EV replacement for all

2,014 vehicles in order to assess the timeline, cost and emissions impacts of replacing all vehicles that

have EV equivalents. The vehicles not recommended for replacement are 100 Heavy - and Medium - Duty

Trucks with 4 -wheel drive requirements, which currently do not have EV equivalents in the market ©. The

fleet assessment vehicle breakdown is illustrated in ~ Figure 3. Note that non -road equipment is included in

the total vehicle count, but is excluded from this section.

Figure 3. Fleet Assessment Vehicle Breakdown

Total Fleet Vehicles, 4418

Active, On-Road Vehicles, 2394

Included, On-Road Vehicles, 2114

With EV Equivalents, 2014

Recommended for Conversion, 2014

The project team used its Fleet Assessment Model to identify the lowest -cost EV replacement on a
vehicle-by-g i PRAT I CA- CRCCPb- BCGgEiIi ECoi | BCi - ApCgi PRAI I 2zCCE- Ri
For model comparison of other EVs and PHEVs that may fit user needs, users are referred to Appendix A

of the report. Table4 Al i s GCCEO00- CRI I CCPbPi C4) Co-8&iCC-06ECO@EIiT CCCI
existing fleet vehicles through FY203 4, including both battery electric vehicles (BEV) and plug -in hybrid

electric vehicles (PHEV). Importantly, this initial analysis was designed to identify and recommend the

lowest - cost EV replacement that can meet the daily mileage requirements for each exi sting vehicle, and

as such the model used for this analysis did not filter for either all  -electric BEVs or PHEVs. BEVs are

5 Note that the total number of on -road vehicles is 2,394, which includes 280 vehicles that were added to the fleet during this study .

6 After the first Task 2 report draft was completed in the fall of 2022, the two major suppliers of 4WD capable medium - duty trucks have
ceased to offer these vehicles. Without EV equivalents in the market, these 4AWD -Ci g ERCIi ECgi PRAV i CCb- §gi CAi i 6 CCi Ai -
i AAI EEI ECUCgOCDPI C- CCIiCCo0i 6DzCCii1iADCRURA- DPRe6CCi Agooi 6E- PRg6CS
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expected to generate higher emissions reductions than PHEVs due to the PHEV having a hybrid ICE -EV
powertrain and BEVs producing zero tailpipe emissions

Table 4. 10 Year Electrification Summary

Quantity up for e
. ) y up ) Recommended to Recommended Make/ Model/
Vehicle Type Retirement (in 10 .
ears) Convert to Electric EV Type
y (in 10 years)
221 Nissan/Leaf SIBEV
Sedans 257 29 Tesla/Model 3 (Police)/ BEV
7 Toyota/Prius Prime LE/PHEV
353 Tesla/Model Y Long Range (Police)/BEV
131 Chevrolet/Equinox EV 1LT/BEV
SUVs 685 183 Fisker/Ocean Sport/BEV
B Hyundai/Tucson SEL/PHEV
13 Hyundai/Kona Electric SE/BEV
Minivan 14 14 CanoolLifestyle Delivery Vehicle/BEV
Light- Duty Pickups 497 497 Chevrolet/Silverado EV/BEV
Medium - Duty Pickup 9 9 ZEVx/Ford F- 350 (Pickup)/BEV
21 Maxwell Vehicles/ePro SR Passenger Van/BEV
Van 65
44 Maxwell Vehicles/ePro SR Cargo Van/BEV
Medium - Duty Vocational Truck 124 124 ZEVx/Ford 450 (Chassis Cab)/BEV
1 Ford/E- Transit Chassis Cab (Box Truck)/BEV
Box Truck 2
1 BYD/6F Cab- Forward/BEV
Street Sweeper 12 12 Global/M - 3 Supercharged/BEV
123 Peterbilt/520EV/BEV
Refuse Truck 124
1 Battle Motors/Battle LET/BEV
Shuttle Bus 14 14 Ford/E- Transit Cutaway/BEV
4 ZEVz/Chevrolet Express 3500/BEV
School Bus 7 2 Lion Electric/LionD Y 127 kWh/BEV
1 Starcraft/E - Quest XL/BEV
189 Xos/MDXT SR (Class 7)/BEV
Heavy Truck 194
5) Tesla/Semi/BEV
Motorcycle 10 10 Zero Motorcycles/Zero FXS ZF3.6/BEV
Other 100 0 -
TOTAL 2,114 2,014
vbi CaCoéi ADCDI - 0C-1 CoCEI§Giiosai EC. CCiApooi 6EI ECal CCi
retirement schedule and the projected availability of recommended replacement EV models. Figure 4

illustrates the recommended replacement timeline for these vehicles. The recommended replacement
timeline in Figure 4 differs from the existing retirement schedule in Figure 2, as vehicles that were

scheduled to retire after

FY2034 (approximately 265 vehicles) were adjusted to retire on or before
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FY2034. This was achieved by rolling back vehicle retirements between  FY203 5 through 203 9 by five years
such that the latest vehicle retirement occurs in ~ FY203 4.

Figure 4. Recommended EV Replacement Timeline: Vehicle Types (FR stands for Fiscal Year)
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Key Assumptions

The project team relied on several k ey assumptions and data sources for this analysis, including those
shown in the list below .v b1 Ci C- CCE0aDPR@6CCGI Ci C- 4341 Ri ECGRDPROCE+?72
model), which was used to analyze the fleet and develop EV replacement recommendations. Section 5
provides additional detail on the financial assumptions  used in the analysis.

1 10-Year Replacement Schedule: The goal of this assessment is to provide EV recommendations
for vehicles scheduled to retire between FY2025 through 203 4. The city provided scheduled
replacement dates for all on -road vehicles between FY202 3 through 203 8, and provided a follow
up dataset to specify which vehicles were retired or  acquired between FY2023 and early 202 4
while the assessment was in progress. This data was used to establish a baseline fleet list and
retirement schedule for the fleet.

For the purposes of modeling a 10 -year electrification assessment from FY2025 to FY2034,
vehicles scheduled to retire before FY2025 that were not accounted for in follow - up data lists are
assumed to be retired at the time of their fleet - provided retirement date and replaced with a
vehicle of the same make, model, and usage characteristics. Their new vehicle life is projected in
this assessment and replacements are recommended when deemed due for retirement, based on
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the _CU@661 CY-PRgS- 1 CR-AgC-PDagCHz7CC 1 DI Co6-DPRIIC?2EIIT C
Transportation (AFLEET) Tool vehicle lifetime standard assumptions, with the last vehicles retiring
in 2038.

For vehicles scheduled to retire in  FY2035 through FY2039, this assessment rolls the latest
retirement dates back by five years, such that the results reflect a 10 - year replacement timeline
from FY2025 through FY203 4. Thus, the recommended vehicle retirement/replacement schedule

for this analysis endsin FY2034SC BCBbpPi C+RBRPHZzZCCCi gEi CBPSCUiI 11 BCPC- 6¢C
Ci EEAPRgOCI CPRO- Pi CC Ugyedl RidcethenR Diedulé Gre a9 Bvkitabld Ghn N
Appendix C.

1 EV Replacement Recommendation Threshold : To assess the potential cost of a fleetwide EV

transition, all vehicles with available EV alternatives are recommended for replacement regardless
of their cost - effectiveness.

1 Vehicle Pricing : The model uses the manufacturer suggested retail prices (MSRPs) for EVs where
available. When MSRP pricing is unavailable, the model uses average pricing based on vehicle and
UEiI i Cbral CA. Cl EC g 60dmparReh 4ivMEdium E Girel HeazyCMity Technologies in
California report for the California Electric Transportation Coalition (CalETC report). Vehicle pricing
was escalated annually usingthe z Sp SC4 61 CURCE6OU@sCo - PRe6C EOROSRCHC: D
Outlook (AEQ) - 6 ECE+?2CC+-14v+CCiagChbCUgCCPPIiC+-1RUBCOR-
model assumed vehicles are owned, except for select police vehicles that were identified as leased.

f Fuel and Maintenance SCv bi CogEIi i CECI CCPbpPI CCP:- PI CoUCYgCPbPC+- C
prices in October 2022, which is  $5.02 per gallon of diesel and $3.41 per gallon of gasoline. The
model determines the average annual fuel use for each vehicle based on its average annual mileage
and average fuel economy (miles per gallon), and then multiplies the fuel use value by the price per
gallon of fuel. Where fleet - provided data are not ava ilable, we leveraged annual mileage and fuel
efficiency assumptions by vehicle and fuel type from  the AFLEET Tool- 6 ECE+?2 2 CC+ -1 4vVv +
Maintenance costs were escalated 2.2% annually.

 Electricity Pricing SCvbi CogEIl i CECI CCANSniit @8§bCA. Ci CC- Pi §CGbRA
as serviced by Duke Energy territory, escalated annually using projections from the zSpSC4arR 7 CCN
AEO Reference Case for Transportation: Electricity .

1 Timeframe : This analysis focuses on vehicle replacements for FY2025 through FY203 4, with TCO
calculations extending out across the vehicle lifespansto  FY204 8.

1 Discount Rate : A discount rate of 5% was used to estimate the net present value (NPV) of future
cash flows.

1 Vehicle Ranges : The EV mileage ranges per charge were accounted for when recommending
vehicle replacements. The analysis used an average temperature range of 31 to 90°F to assess the
potential impact temperatures can have on EV ranges; this reduced EV model ranges to 80% of
PPi RCCo- hBROEOCORI I - Ui CC:-6UI SC?2aCC+RDPHZCCAECCI 6DCygi
PDpi CCi gERCI ECE- Ri tsC@ren hick GrineaCndldage| ady+dat® Which were not
available or provided as an invalid data type (i.e., text string, blank entries), were corrected using
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Ppi C-gi C- Ui CgUCi REl CgiPp

BRAi 1 CSC?eCCih-0ai1il$§CRBRUC- 6Cp.

the numerical average annual mileage of all other SUVs was 10,712 miles per year, then 10,712 was

CEACDRPEDI ECR6CAI - Al CUg

CCPbPi CZROUROGRDHZCI 6DCHS

: The EVSE price assumptions applied in the

1 Electric Vehicle Supply Equipment (EVSE) Pricing
analysis are explained in the EV Charging Infrastructure Assumptions Applied section.
1 Electric Vehicle Supply Equipment (EVSE) Incentives:

applied in the analysis are detailed further in the
Applied section.

Underutilized Vehicles

The City expressed interest in identifying underutilized vehicles

The EVSE incentive program amounts
Incentives and Funding Source Assumptions

y vehicles which accrue less than 1,000

miles per year while in operation yDg CYy-CRUBE CBbi CUI [ | dysd@iEahd@se ®dCeplacdtheseCD P C
vehicles with the recommended EV replacements or choose to not replace underutilized vehicles and
retire them when the city sees fit. Figure 5 describes the number of underutilized vehicles by type; vehicles

in Figure 5 have model years between 1995 through 2020.
considered underutilized that the
again in the fleet . It should be noted that the assessment o

Overall, there are 69 on -road vehicles which are

city may choose to not replace with an EV or redeploy those vehicles

utlined assumes that underutilized vehicles are

replaced with the recommended EVs; overall costs and emissions benefits are subject to change based

g60CPPI C+RPHZCCEI ARCRB6CCPDg CCI & hicled FoT aliSt Gfumderd@iizédaehicldsi CE O E |
please refer to the Fleet Recommendations Data excel that accompanies this report. Underutilized vehicles

are identified in column BV on the On - Road Recommendation tab. See appendix D for a detailed list of

vehicles identified as underutilized.

Figure 5. Number of Underutilized Vehicles (e.g., less than 1,000 annual miles traveled)
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3. High Level Fleet EV Charging Infrastructure  Needs

To ensure a smooth transition to EVs, it is critical to have a thorough understanding of Electric Vehicle

Supply Equipment (EVSE) that need to be deployed atthe city U- ART BRPRI CCPo CCEaThis CHCDH
section examines the range of chargers available, estimates the infrastructure costs, and identifies the City

of Raleigh's fleet charging needs. It also outlines strategies for optimizing the charging infrastructure.

Furthermore, this section includ es a user guide for the EVSE Planning Tool and presents electrical site plans

and one - line diagrams to aid in plan ning and implementation.

In a fleet application, the majority of charging is typically done at the fleet facility J overnight, home
charging or between shifts. Facility -based charging can be supplemented with periodic charging at
workplaces, idle locations, and public destinations as needed. Based on previous discussions with the City

of Raleigh, however, ICF understands that the city may prefer to develop fleet charging infrastructure at
Park and Ride facilities and fuel depots .

There are three types of EV chargers: Level 1, Level 2, and Direct Current (DC) Fast Chargers.

1 Level 1 chargers provide charging through a 120 -volt (V) AC plug. A Level 1 charger plugs directly
ROP@C- CPgECIi Pgi ECOEDI I PCg6Cp6i Cil 6ESC- ECRODPaCHDPI Cg
Of the three types of EV chargers, Level 1 charging offers the lo west power and slowest charging
time.

1 Level 2 chargers provide charging through 240 V or 208 V electrical service. Level 2 charging
equipment is common for home, public, and workplace charging.  Most chargers in the United States
are Level 2. Level 2 chargers can operate at up to 80 Amperes (Amps) and 19.2 kilowatts (kW) of
power. They provide faster charging than Level 1 chargers but slower than  DC Fast Chargers.

1 Direct Current Fast Chargers (DCFC) enable rapid charging through 208/480 V three -phase
power input. These high - powered chargers cost significantly more than a Level 2 charger, but they
are able to provide much higher output power and faster charging speeds. Currently, DCFC are
able to provide output power levels in the hundreds of kilowatts, howev  er industry groups are
designing charging standards capable of providing output power levels of 1 megawatt and above. 7

The preliminary analysis suggests that City may need up to 45 DCFC and 1,969 Level 2 chargers to support
the recommended 2,014 EVs. This estimate conservatively assumes a) a single port and b) a one -to-one
charger-to-§g 1 PRAT I CC- PReSCGRDPPIEDC:- AAGEOPROUCUg CCWHIEHLILIh BRCH
vehicle - to - charger ratio ensures that every vehicle has access to a charger, this arrangement presents
substantial challenges related to both vehicle battery degradation and deployment. Charging a vehicle
every day, as might be common in this scenario, could accelerate battery degradation. Frequent charging
has the potential to reduce the overall lifespan of the battery, as it may contribute to faster wear and tear.
Moreover, a 1:1 ratio necessitates that the number of chargers matches the number of vehicles, which can

be problematic in facilities lacking enough dedicated parking spaces equipped for chargers. Such a
scenario would also significantly drive - up construction costs due to the extensive digging and trenching
required to supply power to each charger. This not only increases the financial burden but also
complicates the logistics of installing and maintaining such a widespread charging infrastructure

7 CharIN. Megawatt Charging System (MCS). CharIN. https://www.charin.global/technology/mcs/
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The EVSE planning tool, described later in this report, is designed to identify groups of vehicles that due to
their daily mileage demand and the battery capacity of the vehicle, can charge once every couple of days.
That said, for this analysis t he project team determined recommended  charger type s (Level 2 versus DC
Fast) based on battery size, range, mileage, number of shifts per day, and time  available to charge between
shifts and at night . The analysis assumes that vehicles will have a 6 -hour charging o pportunity window for
vehicles that do not have charging time data provided by the fleet. It should also be noted that the analysis
assumes procurement of networked chargers y chargers that can communicate with each other for energy
management purposes y for t he preliminary recommendations on EV charging infrastructure.

It may be possible to reduce the number of chargers by:
1 Manipulating the duty cycles of the vehicles to allow for successive (non - overlapping) charging
schedules;
1 Identifying managed charging solutions to optimize charger use;

1 Garaging EVs together to allow for shared chargers ; and
1 Leveraging publicly available EVSE, where appropriate.

The charger equipment and installation cost assumptions used for this analysis are listed by type and
power level in Table 5. The cost estimate for the preliminarily estimated 45 DCFC and 1,969 L2  single port
chargers is outlined in Table 6. Note that these costs cover only the EV charging stations' hardware and do
not include any make -ready infrastructure, such as electric panel upgrades. Similarly, the installation costs
include only the expenses associated with connecting an EVSE to the sit  e. They do not cover trenching or
other construction - related expenses, which can vary significantly from site to site and are necessary when
installing an EVSE.

Note that networked EVSE hardware costs exceed non -networked hardware costs; networked EVSE

p. CEG- CIiCA-6C-1CgCAIiCCiUICCIECDPgC-CC9Co0-CPYCADP- CUROG UC
personalized fleet networks to identify fleet charging patterns a  nd manage energy consumption more

easily. In contrast, non - networked chargers are unable to communicate with other chargers and do not

offer data analytic capabilities.

Table 5. EVSE Hardware and Installation Cost Assumptions by Type and Power Level

Average . Average Hardware Average Installation
Hardware Average Installation
kW Range Cost - Non- Cost - Non-

Cost - Cost = Networked networked networked
Networked

L2 L2 (3-6 kW) $2,500 $3,500 $500 $3,500

L2 L2 (6-8 kW) $3,000 $3,500 $1,000 $3,500

L2 L2 (8-11 kW) $3,500 $3,500 $1,500 $3,500

L2 L2 (12 15 kW) $4,000 $3,500 $2,000 $3,500

L2 L2 (15 19 kW) $4,500 $3,500 $2,500 $3,500

DCFC DCFC (50 kW) $35,800 $28,100 $29,000 $28,070

DCFC DCFC (150 kw) $100,000 $42,200 $50,000 $42,200

DCFC DCFC (350 kW) $150,000 $61,600 $128,000 $61,560
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Table 6. Preliminary EVSE Equipment and Cost Estimates

EVSE kW Level Quantity by Type Total Hardware Cost Total Installation Cost

(3-6 kW) 1271 $2,496,055 $3,494,478
(6-8 kW) 302 $874,159 $874,159
L2 (8-11kw) 138 $462,702 $404,864
(1215kwW) 66 $245,245 $190,746
(1519kw) 192 $487,158 $568,351
DCFC (50 kW) 45 $1,248,705 $980,129

Park & Ride Charging Infrastructure

The lack of space and electrical capacity at City facilities poses significant challenges for deploying the
necessary charging infrastructure to support the transition to EVs. Many City facilities do not have
dedicated spaces for fleet vehicles, and a cons iderable number of vehicles are take -home, making it
difficult to establish consistent and accessible charging points. The absence of these dedicated spaces
complicates the logistics of ensuring that all fleet vehicles have access to charging stations, par ticularly
during peak usage times. Without designated areas, the city will struggle to manage charging schedules
and ensure the entire fleet remains operational.

Additionally, many City buildings lack the electrical capacity required to support the deployment of the

extensive charging infrastructure needed for a full transition to EVs. Upgrading electrical systems in older

buildings can be both costly and time - consuming, involving significant modifications to existing power

grids and wiring. The installation of high - capacity chargers, such as DC fast chargers, demands

substantial electrical power, which many current facilities are not equipped to handle. This limita tion

61 Al CCRP-PI CC- CAgoacCipioCRFI CCIi gRI GC:- 6ECagDI 6DR- 11 HCCR
infrastructure to ensure it can support the increased load from multiple EV chargers. Without these

upgrades, the City's ambitious goals for fleet electr ification could be significantly hampered.

To overcome these challenges, the city is exploring the development of Park and Ride locations. By
establishing several Park and Ride sites across the City, fleet vehicles can utilize these strategically

placed facilities for charging. These locations will include DC fast charging stations for daytime "topping
off" and Level 2 chargers for overnight recharging, ensuring that the fleet remains fully operational and
ready for daily use. This centralized approach allows the City to efficiently manage the charging needs of
its fleet while addressin g the limitations of space and electrical capacity at individual City facilities.

Additionally, this Park and Ride strategy benefits the local community by offering charging solutions not

2601 ACUg CCHbbi C+RDHZCCUI | | BCA E-Ba@ily reSideidUnatrdidlile€®d g homé CAECR G 1
charging options, commuters, and other resident s. By providing access to charging stations during off -

peak times when they are not in use by the city fleet, the City can support a broader transition to

electric vehicles within the community. Figure 6 highlights potential locations for park -and- ride facilities

throughout thecity Pb- PCGIi Ci CREI 6 DPRURI EC- CCa- CPCogUCDPI C+RPHCgUCI
Charging & Fueling Infrastrcture (CFI) Discretionary Grant program . The map serves as an illustrative tool

to identify areas within Raleigh that warrant further exploration for such facilities. Note that not all of the

locations illustrated on the map are Park & Ride locations .
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Figure 6. Potential Park & Ride Locations Selected for the City & CFl Grant Application
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4. Raleighz EVSE Planning Tool

Given the dynamic nature of the EV market, characterized by the continual introduction of new models
and the discontinuation of older ones, we recognized the critical importance of equipping the City with a
comprehensive toolkit. This toolkit is designed to enable the City to accurately as sess its EVSEneeds over
the forthcoming decade, taking into account the specific EV replacements planned for purchase and
deployment. In response to this need, our team has developed the EVSE Planning Tool. This innovative
solution provides the City with the capacity to make informed decisions on their own regarding its EV
infrastructure development, ensuring that its transition to electric mobility is both strategic and well -
supported by the necessary charging infrastructure.

The EVSE Planning Dol developed for the City of Raleigh is specifically designed to evaluate the charging
energy and power requirements at each site where EV replacements are recommended and where EV
operation is concentrated. The algorithms embedded in the tool analyze expected vehicle operations at
each site and compare them with critical information on the EVs to accurately estimate daily charging
needs. Key factors considered include the vehicles Zenergy efficiency, daily mileage or operation hours,
battery capacity, maximum power acceptance rates, and charging time.

Based on the anticipated operating conditions and constraints at each site, the EVSE Planningtool will
provide tailored recommendations for specific charger types and power levels, ensuring that these are
optimized on a vehicle -by-vehicle basis. Several outputs from our fleet assessment model will be key
inputs for developing charging infrastructure ,including the following:

1 Which existing vehicles are recommended for replacement with EVs

1 How much energy and power each EV will need to charge, as a function of:

|J Average daily energy consumption (in kWh)

| Vehicle battery energy capacity (  in kWh)

|J The duration of time each vehicle has to charge between shifts and  operations.
| The maximum power acceptance rate for each vehicle (in kW)

Where EV replacements will dwell

What times of day each EV will be available to charge

Whether or not smart/networked charging is desired

Whether or not the fleet will use a charging management system

= =4 =4 -4

To determine the location of chargers, the tool will use information on vehicle dwell time, driving routes,
parking locations, and the operational characteristics.  Fleet vehicles do not necessarily need to be charged
at the locations where they are being parked. Similarly, depending on co -locations, charging infrastructure
may be considered at sites that multiple  agency fleets could share. Using this information, the tool will
develop a baseline charging infrastructure implementation scenario with rollout s chedule that projects the
following information:

1 The projected number of chargers needed at each site to support the EV replacements over the next
10-15years.

1 The recommended locations of EV charging infrastructure.

1 The recommended type (e.g., Level 1, Level 2, DCFC) and power level (in kW) of chargers for each
vehicle type

1 The overall power need associated with charging infrastructure at each  site.

22|Page



City of Raleigh U EV Implementation Strategy Rollout August 2024

One of the key features that sets the Raleighz EVSE Planningtool apart

from other charging infrastructure models in the market is its " "
embedded optimization algorithms. These algorithms enable agencies

to optimize the number of chargers by increasing the vehicle -to- plug in this Senao‘ each vehl.cleis pl.red
(V2P) ratio while maintaining the resilience of both charging and fleet with a dedicated charging plug, ensuring
operations. Following the development of the  baseline charging Z%a;r;xfg% gf{"de has its designated
infrastructure needs scenario (assuming 1:1 V2P)the tool uses its

optimization algorithm to develop an optimized charging infrastructure Optimized V2P Ratio Scenario
needs scenario. This involves de termining the most appropriate V2P

ratio for each facility and groups of vehicles and assessing the
feasibility of smart/scheduled charging. This approach implies using '-' " " '--
fewer charging stations to service a greater number of EVs, leading to
significant cost savings. It reduces the upfront investment in charging () ()
infrastructure and minimizes ongoing operational and maintenance
expenses. Moreover, this efficient use of resources is particularly « Optimized V2P ratio
beneficial in conserving space, a crucial aspect in urban or densel y & ISIe Vesiees e o Pt
populated areas. This scenario aims to optimize the number

of vehicles capable of sharing a charging

To showcase the capabilities of Raleigh's EVSE Planning Tool we  port. This s accomplished by acjusting the

L . - . . vehicle-to-plug ratio to ensure efficient use
conducted an examination of its ability to estimate the charging of infrastructure while still meeting each
infrastructure needs for vehicles scheduled for replacement with vehicle’s duty cycle.

electric vehicles (EVs) in 2024 as illustrated in the next subsection.

2024 Vehicle Equipment Fund  Charging Infrastructure Results

Toadvance B b | C +tfaiitiah ©© EVs, our analysis leveraged the | - 1 | EVUSERIaDGhg Tool to evaluate
the infrastructure requirements for the 2024 Vehicle Equipment Fund vehicles. This analysis encompassed
24 vehicles, including 9 Ford F - 150 Lightning Pro SSV SR, 6 Chevrolet Bolt, 5 Hyundai Kona SE, 3 Nissan
Leaf, and 1 Hyundai loniq 5. By incorporating key operational metrics such as daily usage and downtime,

we developed two str ategic charging infrastructure models: one ensuring individual charging stations for
each vehicle, and another optimizing the use of charging ports through an enhanced V2P.

110 1 V2P Scenario Results Figure 7.1 to 1 V2P Ratio Scenario Estimated

For the scenario providing a dedicated charging station for each Costs
vehicle, our findings indicate a requirement for 13 level 2 charging
stations of mid - power capacity. The bulk of these installations will
serve the VFS Motor Pool with seven 9.6kW charging units,
catering to a diverse range of vehicles from sedans to light -duty
pickups. Given the acquisition timeline of these vehicles in 2024,
prompt installation is paramount. The projected cost for this
configuration is approximately $128,000, which breaks do wn into
$76,000 for installation services and $52,000 for the charging
units. The VFS Motor Pool emerges as the most significant
expenditure at about $75,000, with RDOT following at roughly

$32,000. Hardware = Installation

$52,404
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Table 7. 1 to 1V2P Ratio Scenario Infrastructure Results

Dwelling Location Number of Vehicles Number of EVSE Type of EVSE

Fire 1 Level 2 (6.6 kW)
Parks and Rec 2 1 Level 2 (6.6 kW)
Police 2 1 Level 2 (9.6 kW)
RDOT 5 3 Level 2 (9.6 kW)
VFS Motor Pool 14 7 Level 2 (9.6 kW)

Total 24 13

Maximum V2P Scenario Results

This strategy aims to maximize efficiency by adjusting the Figure 8. Max V2P Ratio Scenario Estimated
vehicle-to-charging port ratio, resulting in a Costs

recommendation for nine stations |J a mix of five level 2
(19.2 kW) and four DC fast- charging (DCFC) units (25 kW).
This is particularly recommended for the VFS Motor Pool
(Smart Fleet), accommodating a 2:1 V2P ratio for 14
vehicles. Despite a smaller number of recommended
stations compared to the first scenario, the cost is higher,
nearly $182,000, reflecting the premium associated with
higher- capacity DCFC technology. This includes around
$110,000 for installation and $72,000 for hardware.

$72,596

Table 8. Max V2P Ratio Scenario Infrastructure Results ]
Hardware = Installation

Dwelling Location Max V2P Ratio Number of EVSE Type of EVSE

Fire 1 1 Level 2 (19.2 kW)

Parks and Rec 2 1 Level 2 (19.2 kW)

Police 2 1 Level 2 (19.2 kW)

RDOT 2 2 Level 2 (19.2 kW)

VFS Motor Pooled 2 4 DCFC (25.0 kW)
Total 9

First and Second Scenario Comparison

A comparative analysis of both scenarios reveals distinct advantages and considerations. While both
scenarios present common recommendations for the Fire, Parks and Recreation, and Police departments,
differences emerge with larger vehicle fleets, especially at the VFS Motor Pool. Additionally, peak load
estimates suggest minimal impact from either scenario, with the optimized V2P scenario pro jecting a
modest increase of 161 kW.
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Table 9. Scenario Comparison

_
Fire 1 (6.6 kW) $5,769 1 (6.6 kW) $5,769

Parks and Rec 1 (6.6 kW) $5,769 1 (6.6 kW) $5,769

Police 1 (9.6 kW) $10,577 1 (9.6 kW) $10,577
RDOT 3 (9.6 kW) $31,731 2 (19.2 kW) $38,462

VFS Motor Poole 7 (9.6 kW) $74,038 4 (25 kw) $121,154
Total 13 (119 kW Peak Load) $127,885 9 (161 kW peak load) $181,731

EVSE Planning Tool User Guide

As described earlier, the Raleighz EVSE Planningtool was developed with the objective of streamlining the
process for identifying the scope of infrastructure requirements and the financial implications of
establishing EV charging capabilities. This section of the report serves as a user guide, intended to b e
referenced when navigating and utilizing the tool

Please review these instructions thoroughly to guarantee the correct use of the tool. Familiarizing USER INPUTS
yourself with these guidelines will help you optimize its features and avoid potential errors.

In general, the tool is organizedinto | BUPDCGeg Ceé Chi i BCSCyI1 i - EXI §YCyzCi CCEGAE
PEOO- CASYCYnCPDPeCnC! Ni C4! paCl i CEIi BDCSYCYX-hC! NiCa!pacCli
+.4- ARDPHSYCEO &g CD: 6 Di H & dGeily@éel ORittaractiwith@ Sityle @I BUthe BUser

Inputs” tab Y to input data, s treamlining the data entry step .Users can navigate the tool by clicking on the

tabs located at the bottom of the screen. Additionally, navigation buttons have be en integrated into each

sheet, guiding users through the analysis process and results overview in a logical sequence.
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The tool offers a strategic framework through two carefully designed charging infrastructure scenarios,
addressing the evolving needs of fleet EV charging infrastructure planning. The first scenario assumes a
one-to-one V2P ratio, a common approach that guarantees a dedicated charging station for each EV. This
method is widely recognized for its simplicity and reliability in ensuring that every vehicle is adequately
charged and ready for use . However, advancements in fleet management, alongside improvements in
charging software and hardware, have made the concept of sharing charging ports across multiple vehicles
increasingly viable. This shift towards shared charging resources can potentiall y optimize fleet operations
by enhancing the efficiency of charging infrastructure use.

The first scenario maintains the traditional one -to-one allocation, aligning with the needs of fleets that
prioritize individual vehicle charging. In contrast, the second scenario introduces an optimized V2P ratio
where feasible.

1. Dedicated Charging Port Scenario (1:1 V2P) : This approach allocates one charging port per EV,
ensuring a direct match between vehicles and charging points. For example, a fleet of 100 vehicles
would require an equivalent number of charging ports, achievable with either 100 single - port
chargers or 50 dual-port chargers, depending on the available infrastructure and space
considerations .

2. Optimized V2P Charging Scenario (Max V2P): This scenario optimizes the utilization of charging
ports by allowing multiple vehicles to share a single port. It calculates the most efficient vehicle -
to- port ratio by analyzing the specific charging needs and frequency of each vehicle, based on
their usage patterns and parking locations.

For the estimation of charging infrastructure deployment costs, our team utilized comprehensive insights
gained from a detailed literature review conducted by ICF. This review included sourcing information from
respected bodies such as the International Co uncil on Clean Transportation (ICCT), National Renewable
Energy Laboratory (NREL), Rocky Mountain Institute (RMI), Environmental Defense Fund (EDF), Department
of Energy (DOE), and Electric Power Research Institute (EPRI). These sources have been instrumen tal in
providing a well - rounded perspective on both the equipment expenses and the installation costs involved.

It is important for users to recognize that the cost estimates provided by our tool primarily focus on the
charging equipment and its immediate installation requirements. These estimates do not encompass
broader infrastructural modifications or upgrades, like  those to the distribution network, which may be
initiated by utility providers to support the deployment.

Tool Walkthrough

User Inputs Tab

The "User Inputs" tab serves as the central hub for entering vehicle data, which is essential for generating
infrastructure analysis results. Figure 9 displays the "User Inputs"” tab, highlighting all sections where user
data or input is necessary. The list below details user input categories, corresponding to the numbered
fields in Figure 9, along with their descriptions:

1. Vehicle ID : Assign a unique ID to each vehicle.

2. Power Take - Off (PTO)Usage SCEG6ERA- DI CRUCPbPI Cgi PRAI I CGRi1 1 CEDPRI BRI

to power auxiliary equipment such as refuse compactors, hydraulic lifts, or water pumps, adding
versatility to public service vehicles.
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PTO Usage Hours: If PTO is used, specify the number of hours per day.

Home Dwelling SC&8Ri 1 CBbi Cgi PRAI I CAi Ca- Céi EC- bCbbi Cgpai C.- Do
Towing Operations : Is the vehicle expected to perform towing tasks?

High Idling : Will the vehicle have significant daily idling times, such as a refuse truck?

Replacement Year : Specify the year the EV will replace the current vehicle.

© N o 0k w

Replacement Make and Model : Identify the make and model of the replacement EV. (Refer to the
additional details provided below)

9. Dwelling Location : Where will the vehicle be parked between shifts?

10. Daily Mileage : Record the vehicle's average daily mileage .

11. Dwell Time : Note the duration the vehicle is parked between shifts.

12. Discount Rate : Input the discount rate for calculating the net present value of estimated costs.
13. Baseline Year : Enter the current year in which the analysis is being conducted.

Figure 9. User Inputs Tab

B2. FLEET
]2
13

Below is a sample of 10 vehicles added to the User Inputs Tab, illustrating the process. This example is
based on a mock data analysis conducted in 2023, establishing 2023 as the baseline year for this analysis.

Figure 10. Populated User Inputs Tab

B2. FLEET
SUMMARY

2023

1 suv Light Duty No N N N 2023 BEV Chevrolet - Blazer EV S5 Dwelling Location 1 62 8
2 Suv Light Duty No N N N 2024 BEV Chevrolet - Blazer EV 2LT Dwelling Location 1 62 8
3 Suv Light Duty No N N N 2025 BEV Chevrolet - Blazer EV 2LT Dwelling Location 2 10 8
4 Suv Light Duty No N N N 2028 BEV Chevrolet - Blazer EV 2LT Dwelling Location 3 10 8
5 suv Light Duty No N N N 2027 BEV Chevrolet - Blazer EV 2LT Dwelling Location 1 10 8
6 suv Light Duty No N N N 2025 BEV stang Mach-E Select RWD Stand  Dwelling Location 2 14 8
7 suv Light Duty No N N N 2024 BEV Chevrolet - Blazer EV 2LT Dwelling Location 4 62 8
8 Suv Light Duty No N N N 2023 BEV Chevrolet - Blazer EV 2LT Dwelling Location 1 62 8
9 Sedan Light Duty No N N N 2024 BEV Hyundai - lonig 6 SE SR RWD Dwelling Location 5 62 8
10 Sedan Light Duty No N N N 2026 BEV Hyundai - lonig 6 SE SR RWD Dwelling Location 1 58 8
Users should note that the functionality of the tool is significantly enhanced by its reliance on the battery

capacity library, encompassing a wide array of EV models as of August 2023. This comprehensive

database is critical for accurately determining the battery capacity of potential EV replacements, a

cornerstone of the infrastructure calculation proce  ss. Ininstances where a desired vehicle does not appear

in the "Replacement Make/Model" section within User Inputs, it is essential to manually input the gi PRAT I zC
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specifications. This includes the make, model, battery size (in kwh), fuel type (BEV or PHEV), and vehicle
type. To add a vehicle to the library, users are instructed to navigate to row 2, insert a new row, and
populate it with the relevant vehicle information. This procedure ensures the tool can effectively
support a broad spectrum of EV planning needs.

Fleet Summary Tab

After entering data in the User Inputs tab, the Fleet Summary Tab should be  reviewed next. This tab serves
as a key resource for verifying the accuracy of B b i CZ z Ci V@it cfdri@iahzirluding the count by
vehicle type and dwelling location, as well as the total number of vehicles. Should discrepancies arise in
the vehicle types or numbers listed in this tab, errors can typically be resolved by revisiting and correcting
a data point in the ZJser Inputsztab. The figure below shows the table found in the Fleet Summary tab,
exhibiting mock data, but illustrating how vehicle information is summarized

Figure 11 Example of the Fleet Summary Tab

Number of EVs by Dwelling Location

Cl1. 1to 1 V2P EVSE
Results.

Light-Duty Bucket Street

Truck

Medium-Duty  Van- Van - Medium-Duty Heavy Truck - Heavy Truck -

Dwell Location

Pickup Pickup Cargo  Passenger Vocational Truck Sweeper  Straight Truck Truck Tractor Moatorcycle Total

Total (vehicle type) ]

Dwelling Location 1 2 37 45 2 1 3 6 4 100
Dwelling Location 2 13 23 1 2 39
Dwelling Location 3 1 5 12 1 1 20
Dwelling Location 4 7 10 2 1 20
Dwelling Location 5 1 5 11 1 1 1 20
Dwelling Location & 2 5 9 1 1 1 19

Once a user is satisfied with the accuracy of the data for each vehicle in the fleet, they are encouraged to
proceed to the '1 to 1 Vehicle to Charging Port Ratio Results' Tab to review the outcomes of the first
scenario.

1to 1 Vehicle to Charging Port Ratio Results Tab

This section presents the
findings for the 1 to 1 V2P ratio

Summary of Results

A1

Light Duty Medium Duty Heavy Duty Street Sweeper Motorcycle

Total Number of Chargers 99 a 5 2 4

scenario, organized as follows:

1. The "Summary of Results"
table catalogs the total
count pf charging stations
by vehicle type, with an
adjacent row specifying
the number of vehicles for
each type.

2. Below, the "Number of
Dual- Port EVSE" chart
enumerates the quantity
and category of EVSE,

Total Number of Vehicles

195

5

9

3

6

Total Installation and
Hardware Costs (NPV):

| $1,566,048 |

Total Hardware and Capital Costs

Number

of Dual-Port EVSE

3

$1,102,693

Hardware

$780,651

Installation

2

ml2

DCFC

Number of DPCs by
Dwelling Location

Maximum Port
Power Level

Maximum Port
Power Level
(standard)

Hardware Costs

Installation Costs

differentiating between Level 2 chargers and DC Fast Chargers. @

8 Note that the a nalysis does not consider the use of Level 1 (120V) charging stations, as they typically offer slower charging speeds that
may not align with the operational demands and efficiency requirements of fleet vehicles.
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3. The "Total Hardware and Capital Costs" chart provides a breakdown of the EVSE costs for this
scenario, itemizing both the hardware and installation expenses.

4. Users can access a detailed breakdown via the "Number of DPCs by Dwelling Location" button,
presenting the recommended number of EVSE by vehicle type and location.

5. The subsequent analysis on recommended power levels features two tables: the first lists the exact
kilowattage required by vehicle type and dwelling location.

6. The second table aligns these requirements with standard power level models of EVSE available in
the market, with assumed capacities at 6.6, 7.7, 9.6, 11, 15.4, 19.2, 25, 50, 100, 150, and 350 kW.

7. EVSE hardware costs are detailed in the penultimate table, focusing on the expenses associated with
the recommended hardware.

8. The final table, "Cost of Installation of EVSE," outlines the installation costs, ensuring users have a
holistic view of the financial aspects of deploying the suggested charging infrastructure.

Max V2P Ratio Results Tab

The "Max V2P Scenario" results tab mirrors the structure found in the first scenario's tab but introduces a
unique element y the "Max V2P Port Ratio" table, accessible via a designated button. This distinctive table
delineates the primary difference between the two scenarios. In the first scenario, this ratio would
uniformly be 1 across all vehicles and locations, indicating a one -to-one vehicle - to - charging port
allocation.

However, in the Max V2P scenario, the tool employs a sophisticated algorithm to analyze the daily
operations of vehicles within the same type and location. It contrasts this operational data with each

vehicle's dwell time and battery capacity. The goal is to strategically optimize the number of vehicles

that can share a single charging port without compromising the individual duty cycles of the vehicles. In
the example below, light-duty vehicles at Dwelling Location 3 increased the V2P ratio to 3. This
adjustment means tha t each charging port can now accommodate 3 vehicles, and consequently, a dual -
port EVSE can support up to 6 vehicles.

Figure 12 Example of the Max V2P Ratio Table

Dwelling Location 1
Dwelling Location 2
Dwelling Location 3
Dwelling Location 4

Dwelling Location 5

PR R we |-

Dwelling Location 6

Rollout Schedule & Costs Tab

This tab presents users with visual charts detailing the deployment schedule of EVSE across different
dwelling locations and vehicle types, alongside annual cost breakdowns for hardware and installation. The
trio of charts located on the left side of thet ab corresponds to the first scenario (1 to 1 V2P), while the
charts on the right side outline the rollout  schedule for the second scenario (Max V2P).
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Executive Summary

The Executive Summary tab, arguably the most informative, offers a comprehensive overview of the
results. The initial table, "Number and Type of EVSE by Dwelling Location & Cost," juxtaposes the two
scenarios, detailing the quantity and variety of EVSE per dwelling location alongside their associated costs.
This comparison is instrumental in highlighting the distinctions and parallels between the scenarios.

The subsequent table, "Scenario Comparison: Number of Chargers by Dwelling Location and Vehicle Type,"
provides a further comparative analysis, focusing on the number of EVSE by vehicle type and location, as
well as their power levels. A key insight to gra sp from these comparisons is the relationship between
vehicle daily demands and scenario outcomes. For vehicles with higher daily usage, the scenarios tend to
converge more closely, reflecting similar infrastructure needs. Conversely, for vehicles with les  ser daily
mileage, the scenarios are likely to present more significant differences, underscoring the tailored
approach of each scenario to specific fleet characteristics.

Figure 13 Image of Table. 1 Number and Type of EVSE by Dwelling Location & Cost

1:1 V2P Scenario Max V2P Scenario
Dwelling Location

2. pcrc  cost(Nev)  [ERNNNINBCREI Ncast NPV

Dwelling Location 1 46 5 51,020,542 46 5 51,020,542
Dwelling Location 2 19 1 $327,087 19 1 $327,087
Dwelling Location 3 10 596,971 1 3 $219,290
Dwelling Location 4 11 5147447 11 $147,447
Dwelling Location 5 11 $146,013 11 $146,013
Dwelling Location 6 11 $145,284 11 $145,284

Figure 14. Image of Table 2. Scenario Comparison Number of Chargers by Dwelling Location and Vehicle Type

Light Duty Medium Duty Heavy Duty Street Sweeper Motorcycle

. . 1:1 | Max 1:1 | Max 1:1 | Max 1:1 | Max 1:1 | Max

Dwelling Location
# Chargers/EVSE Power # Chargers/EVSE Power # Chargers/EVSE Power # Chargers/EVSE Power # Chargers/EVSE Power
Level Level Level Level Level

Dwelling Location 1 3/15.4 kW | 43/154kV 1/66kW | 1/6.6 kW = 3/50kW | 3/50kw  2/100kW | 2/100 kW  2/2kW | 2/2 kw
Dwelling Location 2 9/15.4 kW | 19/15.4 ky 1/50 kW | 1/50 kw
Dwelling Location 3 9/9.6 kW | 3/50kW 1/154kW | 1/15.4 kW
Dwelling Location 4 0/15.4 kW | 10/15.4 kv 1/9.6 kW | 1/9.6 kW
Dwelling Location 5 9/15.4 kw | 9/15.4kW 1/11kwW | 1/11 kW 1/2kW | 1/2 kw
Dwelling Location 6 9/15.4 kW | 9/15.4 kW 1/15.4 kW | 1/15.4 kw 1/2kw | 1/2 kw

30|Page



City of Raleigh U EV Implementation Strategy Rollout August 2024

5. Conceptual Site Maps and  Single Line Diagrams

To assist the city with the strategic deployment of its charging infrastructure at key sites, the ICF team
crafted detailed conceptual engineering designs along with single -line diagrams for four City facilities.
These are namely the VFS- COF facility at 2501 North Raleigh B Ivd., the Transportation Field Services facility
at 2550 Operations Way, the Marsh Creek Maintenance Facility at 4225 Daly Road, and the VFS - NERO at
7702 Burwell St. The conceptual designs and single - line diagrams for these facilities are presented in Figure
15through Figure 18

These designs were based on the assumption that each facility would accommodate a specified number

of 11.5 kW chargers) 53 at 2501 North Raleigh Blvd., 35 at 2550 Operations Way, 21 at 4225 Daly Road, and
18 at 7702 Burwell St. Leveraging the City utility bills as well as the electrical capacity analysis conducted
as part of the Raleigh EV Infrastructure Report in 2021, the project team determined the necessary
specifications for the electrical infrastructure. This includes estimated kVA loads for utility transformer
evaluation, the number and sizes of the electrical panels, and the requirements for any step  -down
transformers.

The following utility transformer s capacities are needed:

1 2501 N Raleigh Blvdhas an existing 1000 kVA transformer and is estimated to require 1077&VA
1 2550 Operation Way has an existing 190kVA transformer and is estimated to require 496kVA
1 4225 Daly Rd has an existing 300 kVA transformer and is estimated to require 355kVA

1 7702 Burwell St has an existing 300kVA transformer and is estimated to require 303kVA

While all estimated demand exceeds the transformer rated nameplate capacities it is important to note
existing load is estimated at 125% of the highest values calculated and does not include any coincidence
factors. Utilities often size existing transformers between 120 - 130% of the name plate capacity. Ultilities
also have access to exact meter data and can  accurately determine peak transformer demand.  Addresses
2501 N Raleigh Blvd, 4225 Daly Rd, and 7702 Burwell Stall fall within 120% of the transformers name plate
rating, meaning it is unlikely to need utility transformer  upgrades. However, 2550 Operation Way will need
an upgrade from a 150 KVA to a 500 KVA transformer to meet the projected needs. Keep in mind utilities
create their own estimates for existing and new load, thus utilit y will have the final say in determining the
utility transformer size.

The following step transformer capacities are  also needed:

1 2501 N Raleigh Blvd will require one 300kVA 120/208 3P and one 400kVA 120/208V 3P step -down
trans former.

1 2550 Operation Way will not require any step - down transformers .
1 4225 Daly Rd will not require any step -down transformers.
1 7702 Burwell St will require one 300kVA 120/208V 3P step -down transformer.

Additionally, the assessment revealed the necessity for secondary panels to feed the chargers at each of
these facilities. The determined panel sizes needed to satisfy the charging demand are 20 8 V panels with
the following amperages:

1 2501 N Raleigh Blvd will need one 800A and one 1000A panel.
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1 2550 Operation Way will need one 600A and one 1000A panel.
1 4225 Daly Rd will need one 400A and one 600A panel.
1 7700 Burwell St will need one 800A panel.

Detailed information regarding the panel and transformer sizes for each facility can be found within the
conceptual designs provided in the subsequent figures.
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Figure 15 Single- Line Drawing : 2501 North Raleigh Blvd.
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Figure 16.Single- Line Drawing: 550 Operations Way
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Figure 17 Single- Line Drawing: 4225 Daly Road Marsh Creek PRCR
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Figure 18 Single- Line Drawing: 7702 Burwell St.
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6. Funding Programs

Transitioning to EVsis a substantial financial undertaking, primarily due to the higher upfront costs of EVs
compared to ICE vehicles, as well as the additional expenses associated with deploying charging
infrastructure. To facilitate this transition, various levels of government  y federal, state, and local y as well
as utility companies have established numerous rebate and incentive progra  ms. These initiatives are
designed to mitigate the costs associated with acquiring EVs and installing necessary infrastruc ture,
thereby making the adoption of EVs more economically feasible. This section aims to detail the array of
funding and financing programs available, providing the City with the knowledge to strategize effectively

on how to leverage these funds to accelerate the transition to a cleaner, electric - powered fleet. Raleigh
can take advantage of various funding opportunities to  help offset the upfront costs and investments,
while also benefitting from the longer-term cost savings and other benefits from  transitioning to clean
fuels and EVs.

To conduct this research, the team used the Alternative Fuels Data Center's (AFDC) Laws and Incentives
Database®, containing information on nearly 1,000 laws, incentives, and programs related to electric
vehicles (EVs) and electric vehicle supply equipment (EVSE). This funding strategy outlines the various
programs available for EV procurement and charging infrastructure deployment, including federal
programs like the tax rebates and grants for EVs and charging infrastructure provided through the
Bipartisan Infrastructure Law (BIL) and Inflation Reduction Act (IRA). The overview also provides
information on eligibility requirements, application procedures, and the possibility of stacking multiple
funding sources. A summary of funding and financing options is available in Table 10, and stacking
opportunities are summarized in  Table 11

The financing component outlines methods to minimize the expenses associated with transitioning to an

EV fleet. This can be achieved through public - private partnerships (PPP), charging infrastructure -as-a-
service, and low - interest loans. In a PPP, the public sector partners with a private company to jointly
finance, build, and operate a project or service. This type of partnership can bring together the resources,
expertise, and incentives of both the public and private sectors to achieve a common goal. In the context
of charging infrastructure deployment, a PPP can be used to finance the installation and maintenance of
charging stations. The private partner could be an infrastructure provider, such as an energy company, a
charging network operator, or a pri vate equity firm. Under a PPP arrangement, the private partner could
provide the financing for the charging infrastructure in exchange for along  -term contract with the public
sector to operate and maintain the charging stations. This would provide the pri vate partner with a steady
revenue stream, while also enabling the public sector to benefit from increased access to charging
infrastructure.

With respect to Charging Infrastructure - as- a- Service (ClaaS), a provider offers charging infrastructure for
EVs on a subscription or pay - per-use basis. This model enables customers, such as fleet operators and
commercial property owners, to access charging  stations without having to invest in and maintain their
own physical charging infrastructure. In a ClaaS model, the provider is responsible for the installation,
operation, and maintenance of the charging stations, which can range from simple Level 2 char  ging to fast -
charging stations. Customers pay for the charging services they use, typically based on the amount of
energy consumed or the length of time spent charging. By providing access to charging stations, the ClaaS

9 https://afdc.energy.gov/laws
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model enables fleet operators to transition to electric fleets without having to make significant upfront
investments. The choice between these business models, as well as the loan financing options, will depend

on the specific characteristics of the fleet

evaluates which one would be most suitable for the circumstances.

Table 10. Summary of funding and financing programs

Eigiiiy Funding Avalbilty

IRA Commercial
Clean Vehicle
Credits

IRA Alternative
Fuel
Infrastructure Tax
Credit

BIL Charging &
Fueling

Infrastru cture
(CFI)
Discretionary
Grants

DERA

Low- No

Clean School Bus
Program

CMAQ Program

CFAT Project

PPP

Sourcewell

ClaaS

Federal tax
credit

Federal tax
credit

Federal grant
program

Federal grant
program

Federal grant
program

Federal grant
program

State grant
program

State grant
program

Joint financing
Purchasing
contracts

EV charger
revenue

Individuals, businesses, and tax -
exempt organizations

Individuals and businesses

states, local governments, MPOs,
special purpose districts, Indian
Tribes, U.S. territories, and
authorities or entities associated
with transportation functions

Regional, state, local or tribal
agencies/consortia or port
authorities with jurisdiction over
transportation or air quality
City/municipality, transit

authority, recipients of FTA grants
City/municipality, n onprofit
school transportation
associations

Public and private organizations

City/municipality, transit authority

Public and private organizations

Individuals, businesses, and tax -
exempt organizations

Individuals and businesses

. This section considers the pros and cons of each option and

Up to $7,500 for light-duty ZEVs
Up to $40,000 for medium - and heavy -
duty ZEVs

30% of the cost or 6% in the case of
property subject to depreciation, not to
exceed $100,000

Minimum award amount of $500,000
and maximum award amount of $15
million.

Up to 45% of EV and EVSE costs, must
replace a diesel vehicle with 7,000+
annual miles

Up to 85% of BEV transit buses and
related equipment

Up to $190,000 vehicle funding per
replaced school bus. Up to $13,000
infrastructure funding per replaced bus

Up to 50 percent of identified funds

In 2022:

Min per project: $5,000
Max per project: $300,000
Varies

EV lease- to - purchase pathways

Varies by electric utility rates

To take advantage of opportunities such as the federal IRA  commercial clean vehicle credits , the City will need to
establish processes for tracking and applying for opportunities. Incentives can have stringent requirements that
require upfront planning , attention to deadlines and alignment with City processes . Several departments such as
Engineering Services (especially the Vehicle Fleet Services division) , partnering departments who  will benefit from
grants to install infrastructure and transition vehicles, the Office of Sustainability, and Finance will need to
collaborate to identify funding opportunities and apply for credits when relevant. The city also will need to plan for
grant matching and other EV funding needs, beginning in FY26.
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Stacking Opportunities

Aside from each incentive program providing funding to facilitate the transition to clean vehicle

technologies, to the extent possible, fleets may want to stack up and combine multiple funding sources to

reduce the cost of transition. Examples include usin g one grant to fund vehicles and another to fund

charging infrastructure, using a state grant to meet the match requirements of a federal grant, or stacking

non- utility funding with participation in a utility program. It should be noted that despite the in centive

programs having their own unique eligibility criteria, these programs often provide stacking opportunities.

To clarify this, Table 11shows the stacking opportunities across various funding sources described in this

report. Each cell in the table shows whether the two funding programs (the one representing the row and

the one representing the column) can be stacked or not. In cases where one funding program only pays
UsCCROUC- CDCEAPECI C- 6ECPPIi Cgbbi CCaCaUC- 0Cgb61 ACa- HACCUgC

Table 11Stacking Opportunities across various programs

Alt. Fuel Clean Bus
Program IRA CFlI Infrastructure CMAQ DERA Low- No School CF.AT
. Program Project
Tax Credit Program
IRA N/A Yes Yes Yes Yes Yes Yes Yes

CFI Yes N/A Yes No No No No Yes
Alternative Fuel

Infrastructure Tax Yes Yes N/A Yes Yes Yes Yes Yes
Credit

CMAQ Yes No Yes N/A No No Yes Yes
DERA Yes No Yes No N/A No No Yes
Low-No Yes No Yes No No N/A No Yes
Srizrr]a?nus School Yes No Yes Yes No No N/A Yes
CFAT Project Yes Yes Yes Yes Yes Yes Yes N/A

Recommendations

To guide the City in leveraging funding and programs that offer the most significant financial advantage

for their fleet electrification efforts, this section provides a curated selection of funding and financing
options. It highlights the most accessible federal and state programs that align with the City's qualifications
and electrification goals. These programs offer substantial support, ranging from substantial tens to
hundreds of thousands of dollars, though it is essential to consider that some might necessitate matching
funds and have specific compliance criteria. Variability in funding is also influenced by vehicle
specifications and the power requirements of charging infrastructure. For the City to effectively capitalize
on these opportun ities as it progresses with fleet electrification, it is recommended to follow the strategic
insights and in - depth details provided in Appendix B.

The following funding strategy for EVs combines different incentives for maximum financial support:
1. Federal programs (*indicates non - stackable)
a. Charging and Fueling Infrastructure (CFIl) Discretionary Grant

The Charging and Fueling Infrastructure (CFI) Program , established under the Bipartisan Infrastructure Law,
with a total funding of $2.5 billion from FY 2022 to 2026, is a competitive grant initiative aimed at deploying
publicly accessible electric vehicle charging and alternative fueling infrastructure along designated
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alternative fuel corridors. A key aspect of the program is that at least 50% of the funding is allocated to a
community grant program that prioritizes expanding access to this infrastructure in rural areas, low - and
moderate -income neighborhoods, and commu nities with a low ratio of private parking spaces. Eligible
projects include the acquisition and installation of publicly accessible EV charging or alternative fueling
infrastructure, operating assistance for the first five years post  -installation, and the installation of traffic
control devices. Eligible entities include state or local governments, metropolitan planning organizations
(MPOs), special purpose districts with a transportation function, Indian Tribes, and U.S. territories. As of
August 30, 2024, the program has awarded a total of $1.144 billion in grants to 98 applicants across two
rounds.

b. Diesel Emissions Reduction Act (DERA)
c. Inflation Reduction Act
d. Low-No Emission Vehicle

2. State programs

a. Clean Fuel Advanced Technology (CFAT) Project
b. Congestion Mitigation and Air Quality (CMAQ) Improvement Program

3. Financing for leased or owned fleet vehicles, through options such as:

a. Public-Private Partnerships
b. Purchasing Contracts from Sourcewell
c. Charging Infrastructure - as- a- service

First, consider the funding potential from federal programs. The funding potential of federal programs is

significant, ranging between thousands and hundreds of thousands of dollars for eligible zero emission

vehicles. However, funding provided by one federal program typically cannot be stacked with funding from

another federal program. Pursuing any of the three primary federal programs suggested here Yy DERA, IRA,

Low- Noy would require that the City obtai n non-federal dollar matching funds, which range between 15

through 45 percent. The funds would need to be available from other sources, which can either be the

- 3341 BA.- 6DzCCgG6CoO- PAPROUCUEGECCgCCUEGECCUCg0OCaDbPI CCi gA
Since IRA funds can be stacked with the other two federal programs, the decision for which programs to

apply for are based between a) a DERA -backed approach and b) a Low - No- backed approach. Deciding

which funding strategy to pursue, with either DERA or Low -No as primary federal programs, can be

6- CCoGI ECEgGOCA- Cl ECgoCPbI C+RPHzZCCACI Ui CCi ECgIi PRAT I C- E
for most medium - and heavy-EEDHC§I PRATi | CAi - CCIi CC- 6ECCEad3a8CPROUCRO U
amount of fun ding for vehicles between Class 5 through 8 is 45 percent of EV and EVSE costs. One caveat

with DERA is the scrappage requirement based on mileage, which can potentially disrupt operations for

the fleet. According to the Fleet Transition Assessment, DERA offers the most federal funds for fleet
electrification based on the makeup and retirement schedule of the fleet. It is anticipated that the fleet

could be eligible for up to $180,259 in DERA funds for at least 5 vehicles identified as potentially eligible.

This value may be higher if proposed legislation reauthorizes funding through 2029.

Direct payments are available specifically for the Commercial Clean Vehicle Credit and Alternative Fuel
Infrastructure programs within IRA. Based on the Fleet Transition Assessment, it is anticipated that the
fleet could be eligible for up to $ 11.3million in Commercial Clean Vehicle tax credits for the 836 vehicles
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identified as potentially eligible. This value is subject to total funding capping, which the IRS has not yet
released details regarding. As with vehicle procurement, the IRA (through the Alternative Fuel Refueling
Property Credit) is another funding option available to reduce overall charging infrastructure project costs,
provided that the site meets the environmental justice requirements established by the program

Assuming the City opts for one of the three primary federal funding programs, the subsequent potential
source of funds could be from state - oriented programs, such as CFAT and CMAQ. It should be noted that
neither CFAT nor CMAQ funds have been allocated to the Fleet Transition = Assessment. Regarding CMAQ,
the city has the option to apply for funding of zero emission vehicles and infrastructure, provided it can
demonstrate emission reductions benefiting a nonattainment area. It is anticipated that such state -
apportioned funding would be utilized after the discount provided by the federal program of choice. Any
outstanding balance on the vehicle purchase would then need to be covered either directly by the city or
through a financing arrangement, such as a loan or bond program.

This funding and financing analysis has estimated that $ 13.3 million ($14 million in NPV) in grants and
incentives may be available over the next ten years to defray the capital costs of the fleet transition. These
funds include the following:

a. $2 million from DERA. These funds are available for application now.
b. $11.3nillion from IRA funds. These funds will be available for application by the end of 2023.

Once incentives and grants are applied, the city will require $10 1million in NPV funding for the capital costs

(for both vehicles as well as charging infrastructure ). This analysis estimates that $63.8 million will be

funded through the same budgeting process that would be used if the City were replacing its vehicles with

internal combustion engine vehicles. That leaves $ 37.8 million in additional funding needed for the higher

cost of EVs, the cost of charging equipment, and the costs to install the chargi ng equipment. There are a

variety of options to address this $ 37.8 million funding need, including, but not limited to the following:

increased taxes, low - interest debt, shifting funding from other programs, or lease arrangements.

vbi CUgii sGROUCUC:- aPCCRiI 1 ECDC:- i CbbPi CA- aRD-1 CAgCbCSCga
Fleet Transition Assessment year over year between FY2025 and FY2034.

For example, Figure 19illustrates that despite the availability of incentives in  earlier years between FY2025

through FY203 1there is a significant incremental EV capital costs that the  city should pay for purchasing
EVs.

Figure 19. Comparative NPV Capital Costs
$25.0
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41|Page



City of Raleigh U EV Implementation Strategy Rollout

August 202 4

Despite such higher capital costs, Figure 20 illustrates that by transitioning to EVs, the City will incur

significant savings through reduced fuel and maintenance  costs.

Figure 20. Comparative NPV Lifetime  Operational Costs by Vehicle Purchase Year 10

$25.0
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FY2025 | FY2026 | FY2027 | FY2028 | FY2029 | FY2030 | FY2031| FY2032 | FY2033 | FY2034

As illustrated in Figure 21when combining the incremental capital cost of EVs, available incentives from
federal and state programs, and operational savings, the City can expect to realize annual savings of
anywhere from $ 1.9million to $ 5.1million for each year between FY2025 and FY2034.

Figure 21 Net Present Value Lifetime Financial Benefit by Year of Vehicle Purchase

Net EV Capital & Operational Benefit Incentive Benefit Net Financial Benefit
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10 Operational cost values represent theel and maintenanceostsoverthe lifetime of the vehicles replaced each year fr6N2025 through FY2034.
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7. Projected Costs & Benefit & Other Barriers to Fleet Conversion

Cost of Fleet Electrification

CCa- CPCgUCDPPIC-6-1HCRCSCPbPi CaCogéil ADCPI -0Ci CPRO- DI ECPb

two scenarios: a business - as- usual (BAU) scenario in which existing vehicles are replaced with the same
ICE vehicles as before, and the recommende d EV replacements scenario in which existing vehicles are
replaced with the EVs recommended per Section  2: Fleet Transition Assessment . Figure 22 below shows a
comparison of the total estimated costs for each scenario, shown in terms of net present value. The TCO
used in this assessment includes, as applicable, the following cost components:

1 Capital costs

Charging infrastructure hardware costs
Charging infrastructure installation costs
Annual fuel costs

Annual maintenance costs

1 Potential EV or EVSE incentives or grants

=A =4 =4 =4

Figure 22. Comparison of Net Present Value TCO Across All Vehicle Replacement Lifetimes (over the lifetime of
vehicles which expand from 2025 through 204 8) 1t

$200,000,000

$180,000,000 $172 Million
$160,000,000 illi
$36,719,831 $145 Million $6,512,726
$140,000,000 I $5,814,024
$120,000,000 $23,665,096
13,764,371
$100,000,000 $71,283,922 ®
$80,000,000
$60,000,000
$100,669,472
$40,000,000
$63,848,893
$20,000,000
$-
$(11,384,089)
$(20,000000) “—/—/—---— - - - - CC - - - - - - - - - - "-""-""-"-""-""-""-"-""-""-""-""-"-"""-"-""-"""°"°"-""=-"""
ICE Replacements EV Replacements
Capital Cost Incentive/ Grant
NPV Fuel Costs NPV Maintenance Costs
m Charging Infrastructure Hardware Charging Infrastructure Installation
The TCO analysis presented in this report focuses exclusively on the cost of ownership for the vehicles being replaced. The f irst vehicle
is scheduled for replacement in FY2025, and with an expected lifetime of 14 years, its cost of ownership extends from 2025 to 2039. The
last vehicle is anticipated to be replaced in 2035, with its cost of ownership calculated from 2035 to 2048. Consequently, th e TCO spans

a period of 24 years, from 2025 to 2048.
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Collectively, the recommended EV replacements are estimated to cost $ 33 million less than BAU ICE
replacements across all vehicle lifetimes for one round of replacement, including charging infrastructure

and incentives. While the capital cost of EV replacements is estimated to be $ 37 million greater than the
AgCPCoUCACoAECROUCE+4CCi ai - Al ol 6PCS$CHPi C+BBsHiaeCiEI i C -
generate more than $70 million in savings over the TCO timeframe. This initial draft analysis estimates
preliminarily that EV charger hardware and installation costs may be approxi  mately $12 million. Also,
according to our assessment of quantifiable EV incentive programs, the  city could receive a total of $ 11.4
million in incentives.

The table below shows the incremental cost of the EV replacement scenario compared to the BAU ICE
replacement scenario on a vehicle type - by-vehicle type basis. Values shown in red text indicate that the
recommended EV replacement scenario costs more than the BA U ICE replacement scenario while black
text indicates a savings from the recommended EV replacement scenario. For example, it is estimated that
Refuse Truck replacements will cost $ 708,982 more in lifetime costs under the recommended EV
replacement sc enario than in the BAU ICE replacement scenario.

Table 12 Estimated Cost to Transition to Recommended EVs Compared to BAU ICE Replacements 1213
NPV NPV Charging NPV Charging NPV Incremental
Vehicle NPV Capital NPV Fuel Maintenance Infrastructure Infrastructure Incentive/ Cost to
Types Cost Cost Costs Hardware Installation Grant Convert
Sedan 257 $2,298,956 $1,460,980 $449,608 $(644,252) $(750,862) $86,513 $2,900,944
SUvV 685 $(2,617,675) $9,170,400 $1,368,866 $(1,861,803) $(2,069,163) $2,341,989 $6,332,614
Minivan 14 $82,379 $220,032 $22,018 $(66,488) $(64,593) $2,966 $196,314
Light- Duty
Pickup 497 $518,117 $12,069,961 $1,804,110 $(1,220,817) $(1,528,170) $35,255 $11,678,457
Medium -
- 9 $(217,000) $448,676 $86,833 $(17,278) $(24,189) $38,223 $315,265
Duty Pickup
Van 65 $83,378 $581,163 $144,591 $(133,219) $(181,754) $120,294 $614,452
Medium -
Du.ty 124 $391,978 $3,626,046 $1,195,422 $(240,906) $(334,193) $117,308 $4,755,655
Vocational
Truck
Box Truck 2 $(100,479) $41,156 $3,970 $(3,960) $(5,544) $36,281 ($28,575)
Sit;';ter 12 $(2,837,594) $576,406 $266,253 $(31,664) $(30,912) $304,166 (%$1,753,345)
RelUse | 124 s(8681148) = $18851177  $5.479433 $(1,141,987) | $(930,087) $5,713,630 ($708,982)
Shuttle Bus 14 $(36,461) $142,421 $118,519 $(28,432) $(39,804) $46,987 $203,230
School Bus 7 $(903,466) $82,953 $33,767 $(14,173) $(19,842) $158,048 ($662,713)
Heavy Truck 194 $(5,097,878) $10,193,982 $2,080,525 $(375,382) $(502,994) $2,382,429 $8,680,683
Motorcycle 10 $296,313 $54,197 $819 $(33,663) $(30,620) $0 $287,046
Total 2,014 | $(36,820,579) $57,519,551 $13,054,735 $(5,814,024) $(6,512,726) $11,384,089 $32,811,046

Figure 23 shows the estimated total cost of ownership (TCO) for all 2,0 14 recommended vehicle
replacements on an annual basis, and like the previous charts it also compares the ICE replacement and

2Green text boxes reflect fleet savings (e.g., recommended EV replacements cost less than ICE replacements) and red text boxes
indicate costs (e.g., recommended EV replacements cost more than ICE replacements).
13 A discount rate of 5% was used to estimate the net present value  (NPV) of future cash flows .
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recommended EV replacement scenarios. The estimated maximum annual cost for recommended EV
replacements is estimated to be approximately $2 5 million, but the annual cost is estimated to decrease
to $4 million by FY2035 and decrease through FY204 8. Further, Figure 24 shows the estimated annual fuel
and maintenance cost for vehicle replacements under each scenario, and it indicates that the
recommended EVs are estimated to incur significantly less fuel and maintenance costs each year.

Figure 23. Fleet Recommended Replacements TCO Comparison J Annual
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Barrier s to Transition and Proposed Solutions

Transitioning D1 C+ RPHZ CCi - CUI CUI | | B CD of@ls indohied & RultitcetédE @pbprbakch 6 C- 1 1
that requires careful planning, partnership, and leadership . Despite the numerous opportunities that

transitioning to EVs brings to the city, several challenges exist. These include the higher upfront cost of

EVs compared to ICE vehicles, the limited availability of EV models, potential production capacity

constraints, a constantly evolving distribution network, and the need for extensive charging i nfrastructure
development. Moreover, factors such as range anxiety, reliance on the power grid, space constraints for

charging, and workforce training for EV and EVSE maintenance could pose challenges in the transition

process. This section explores these challenges in greater detail and provides a path towards both

addressing these barriers and taking advantage of opportunities

Technology Availability & Procurement Challenges
One of the most significant procurement challenges -

associated with fleet electrification is the limited
availability of vehicles and charging infrastructure at Technology Availability & Procurement
hand or ready to deploy . On the vehicle side, although Challenges

the number of EV models on the market is increasing,
the selection remains limited compared to ICE vehicles.
This can pose challenges for cities trying to find the right
type of EV to meet specific needs and requirements for
various  municipal  services. Furthermore, EV
manufacturers may encounter limited production
capacity, potentially leading to longer delivery times for
cities purchasing EVs for their fleets. The COVID -19
pandemic has underscored the vulnerability of global
supply chains, with disruptions in parts and components
supply impacting EV production. Despite the availability
of EV technologies, the distribution network is still
evolving. In some regions, dealership networks might be
limited, making it more difficult for cities to access and
purchase EVs for their fleets. Ultimately, the se issues
could affect the pace of fleet electrification.

Best practices include transitioning vehicles
to clean fuel technologies, such as
renewable natural gas or renewable diesel,
and using other low - carbon fuels when EV
technology is not yet feasible. This also
involves piloting new technologies as they
becom e available to assess their feasibility
for City operations, leveraging grants and
incentives to trial new technology solutions,
and proactively ordering available EV models
amid supply chain challenges. Additionally,
strategically partnering with manufact urers
and industry partners to plan for necessary
parts and components is crucial. Refer to
Section 6 for more information regarding
available funding programs that could help
Regarding infrastructure, the manufacturing of specialty establishing pilot programs.

equipment, like transformers to provide power for EV
charging, can involve long lead-times, potentially
delaying planned vehicle or charger purchases. This is
because, without the added load capacity, the grid
might be unable to accommodate the increased power
demand. Coordination with suppliers and contractors to
identif y areas where site readiness can be expedited will
be critical for seamless EV charger installations

It is noteworthy to mention thatt he City of
Raleigh is actively utilizing a range of
alternative fuels in its fleet vehicles,
including Compressed Natural Gas (CNG),
Renewable Propane, and R99 renewable
diesel. In addition to these, the city also
employs E85 ethanol and B20 biodiesel
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Infrastructure Buildout Challenges

As the City moves towards expanding its fleet of  EVs, it Best Practice

must proactively anticipate and address the challenges Infrastructure Buildout Challenges
associated with installing sufficient charging stations to

support its goals. Deploying charging infrastructure in a
strategic and planned manner can help address these
challenges more effectively. One of the challenges the city
may encounter is the limitation of the electric grid and
constraints in  site electrical infrastructure. This
necessitates a thorough review of the distribution network

by utility representatives to determine whether upgrades
are required or recommended . Interconnection challenges
may vary based on the location, number, and schedule of
charging stations, as well as charging speed. There is
another potential challenge that may arise during the
transition to an all - electric fleet, which is related to site
constraints. EV charging infrastructure typically requires
dedicated parking spaces for charging, potentially affecting
the availability of parking for other vehicles. This ca n be
particularly challenging in areas where parking is already
limited.

Best practices include considering a

yi - CéC.- 6ECI REI YCo0 g
City is already developing a strategy.
This model allows the City to select
strategic locations where fleet

vehicles can "fill up" similar to diesel or
traditional gas vehicles, with capacity
for parking and charging in the
evenings. This strategy enables
strategic planning and partnerships
with utilities on electrical capacity for
various charging needs, including DC
U. CBCApP- CUR6UCUgCCH

and Level 2 charging for ov ernight
recharging. Additionally, this approach
benefits the local community by
creating opportunities for public -
private partnerships and providing

Moreover, EVs rely on electricity, and disruptions to the charging solutions for private
power grid can impact the City's ability to charge its businesses, multi - family residents
vehicles. This is particularly challenging during extreme with limited at - home charging
weather events that cause widespread power outages. options, co mmuters, and other

Most EV charging stations lack backup power sources, residents who can use the charging

which can impact the ability of the  city to keep its EV fleets stations when not in use by the City

charged and operational during emergencies. Additional fleet. Refer to Section 3 for more

costs could potentially be incurred as it relates to back  -up [ReECUSRSTEER RTINS o[ =RST=Toli{e]y)

generation sources and fuel to operate said equipment. Al i 6GCo6CCoi EPRgO6CQC
back up power options when needed.

47|Page



City of Raleigh U EV Implementation Strategy Rollout

August 202 4

Emergency Response Vehicles

Transitioning emergency response vehicles to
EVslJ such as police patrol vehicles and specific
vehicles that are utilized for response in a
prolonged emergency with power outages U
presents a unique set of challenges. One
concern is ensuring that EVs can meet the
rigorous performance and reliability standards
required for emergency response, including
high-speed acceleration, extended driving
range, and the ability to handle diverse driving
conditions. Additionally, these vehicles must be
able to support the power demands of
specialized equipment, such as communication
systems, emergency lights, and other life -
saving tools, without significantly reducing their
driving range. Another challenge lies in the
availability and deployment of charging
infrastructure that can provide fast and reliable
charging for emergency response vehicles.
These vehicles may require more frequent
charging due to the high energy demands
associated  with  emergency  response
operations, which could lead to inc reased
downtime if charging infrastructure s
insufficient or unreliable.

Emergency Response Vehicles

To address the challenges of transitioning emergency
vehicles to zero emission technology, best practices
include ensuring the availability of high - speed
charging technologies that can charge these vehicles
in less than an hour or in certain cases in the order of
20 - 30 min. These chargers should be dedicated to
emergency vehicles and strategically located ne ar
emergency response facilities, with compatibility
tailored to the unique needs of these vehicles to
maintain an effective response capability. Another
strategy involves utilizing Distributed Energy
Resource (DER) systems, such as photovoltaic panels
wit h battery energy storage systems (BESS), which
can support emergency response vehicles and
equipment. The City is piloting these technologies
and using grants to invest in more solar - powered EV
charging. Additional charging technologies can be
deployed dur ing power outages or when vehicles
need supplemental power. Solutions also involve
creating processes to prioritize vehicles and charging
equipment for emergency response and establishing
protocols to ensure this equipment is ready for use in
unexpected si tuations. The EVSE Planning tool
described in Section 4 enables the fleet to determine
the charging infrastructure specifications required for
emergency response vehicles.
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8. Training Recommendations

As the City of Raleigh moves to transition much of its vehicle fleet to electric , the city must be proactive
and ensure that as its fleet changes the training for employees who operate and service those new vehicles
remains comprehensive. EV Training is essential for employees who are new to EVs, to familiarize them
with the differences between electric vehicles and internal combustion vehicles. This education and
training also helps to shift the culture in the City and community , and gain buy-in from all levels of the
organization related to the many benefits of EVs , which include benefits for direct City operations ; meeting
PDbi C+RDPHRZ CCHRAII RHAUICET Raw U6 T | ECUgCCDbbIi C+ R Bsaving @dndy, GEIGSCCP R &
and creating many efficiencies; as well as the many community benefits.

To ensure that City employees , including the technicians that will work on the EVs and charging
infrastructure, will have the necessary skills and knowledge to work safely and effectively with these
electrical systems ,the project team recommends the below topics be considered and included as part of
the standard City training portfolio. These trainings are also necessary for EV drivers, and not just
technicians working on the vehicles and charging equipment. Training drivers on how to properly use and
care for an EV (and associated charging best practices) is an important step for the city to meeti ts climate
action goal of reducing GHG emissions by 80% by 2050. Moving toward EVs can generate significant
savings over time that can be reinvested into other City projects, but training will be essential for a
successful transition .

Addressing Climate Action, Equity and Resilience through Education and Training for the City and
Community: This training can educate the city employees on the equity and resilience impacts and
opportunities. Climate change has unjustimpacts onthe Raleighcommunity and beyond, so itis important

to put forth efforts to reduce the problem and its effects. Historically people of color, low -income people
and others in the community have been disinvested in and unjustly impacted by climate change, health,
and economic issues. EVs are another market transition that can easily leave out low  -income and people

of color community members. The City is dedicated to including everyone in this transition, and these
type s of trainings will have a focus on educating staff on these equity issues , and opportunities to
incorporate equity solutions and benefits as a part of this transition

There is also the potential to expand trainings on EVs into the community in the future (which is a common
request from community members and is already identified as a high  -impact CCAP climate action to
support the adoption of EVs across Raleigh and other large private fleets). The city is already discussing
collaboration with Wake Technical Community College to provide electric vehicle charging trainings and
certification for the community. The city can also work with small and minority -owned businesses to
support equity in the transition to clean energy. Working toward community trainings on EV maintenance

will be important for increasing job opportunities and reducing the racial wealth gap in Ralei gh in addition
to mitigating climate change, which are goals of the CCAP and the Bloomberg American Sustainable Cities
challenge for which Raleigh was recently selected.

Introduction to Zero Emission Vehicles: A broad introduction to zero emission vehicles will help
employees understand the unique features and benefits of zero emission vehicles, including their
environmental impact, energy efficiency, and performance capabilities. This is particularly important for
employees who are new to electric vehicles, as they may not be familiar with the technology and its
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applications. The below topics are essential to cover with employees who are just starting to interact with
Zero Emission Vehicles in order familiarize them and ensure successful operation:

1 Electric vehicle architecture in comparison with conventional vehicle electrical architecture
Electrical vehicle motors, controllers, power converters, electronic devices

Battery Pack Configuration

BMS architectures, characteristics, and capabilities

Battery Thermal Management Systems

Vehicle Thermal Management Systems

1 EV Subcomponents

=A =4 =4 —a 4

High Voltage Safety and Awareness: High voltage safety and awareness is a mandatory training top, as it
teaches employees to identify and mitigate electrical hazards in the workplace. This is particularly
important for employees who are new to electric vehicles, as they may not be familiar with the risks
associated with high voltage systems. Training topics of training for high voltage safety and awareness
should include:

1 Describe high voltage systems and components.

Explain the dangers of electricity to a technician.

Explain the proper PPE.

Demonstrate how to safe down an electric  vehicle.

Explain the high voltage interlock loop (HVIL).

Explain the appropriate DMM and attachments and their use.

=A =4 =4 4 =4

Electrical System Diagnosis:  With the addition of electric vehicles certain employees will need to
diagnose and troubleshoot electrical faults in various systems. This training will be catered to the unique
electrical components and systems used in electric vehicles. The topics which are recommended to be
covered for employees who will diagnose electric vehicles are:

91 Electrical Terms and Definitions

Basic Circuit Construction and Components
Circuit Types and Characteristics

DMM operation and Circuit Connections

Circuit Faults

Wiring Diagrams

Current Flow

Diagnosing Electrical Circuits and Malfunctions

=A =4 =4 4 -4 -4 4

Advanced Electrical Systems Diagnosis: Training will be needed to help employees diagnose and
troubleshoot complex electrical faults in the advanced electrical systems that are used in electric vehicles.
Specifying and educating which electrical systems are important with electric vehicle use and
maintenance will help fleet employees understand, troubleshoot, and operate these vehicles to the fullest
extent. Topics that are necessary to cover include:

1 Diagnosis of electrical systems using wiring schematics
1 Frequency, pulse width and duty cycle
1 Advanced Meter Functions
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1 Computer Controls
1 Sensors (Inputs)
1 Actuators (Outputs)

Electric Vehicle Supply Equipment Maintenance and Operations: Training in maintenance and operation
of electric vehicle supply equipment is essential as all employees will interact with EVSE. Most employees
will be new to electric vehicles and may not have interacted with charging stations before. Learning the
basics and termin ology of EVSE will be essential to ensure that City vehicles can be properly used and
ready for work when needed. This training will also highlight best operational practices for charging electric
vehicles and other considerations which are outlined in the  below topics:

1 Basic EVSE System Operation

Requirements for EVST Installation

Charger Types and Charge Levels

AC and DC Charging

Common EVSE Charger Cable Connectors

Charge Rate and Time

Factors Affecting Charge Rate

Proximity Pilot Circuit Operation

Control Pilot Circuit Operation

Circuit Inspection and Testing (DMM and Oscilloscopes)
On Board Vehicle Chargers

yYab- CUIl YCOR-UO6@CROUC+gb6Al CoC
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CAN BUS and Other Network Communications: In addition to training on EVSE (Electric Vehicle Supply
Equipment), City employees must also become familiar with the unique features and benefits of CAN BUS
and other network communications protocols used in electric vehicles. A comprehensive understanding

of EVSE technology, along with the associated software applications and their uses, is crucial for
employees as they manage electric vehicle charging and the related software requirements. Notable
topics to cover are:

1 Network Fundamentals

Network Advantages

Network Architecture and Types of Module Communication
Controller Area Network (CAN)

CAN Signals

CAN Communication Diagnostics

Network Repair

Additional Networks

=A =4 =4 4 -4 -4 4

NFPA 70E Electrical Safety Training : The program outlines the dual hazards of electric shock and arc flash,
detailing the factors that contribute to the severity of injuries. It includes an explanation of the incident
energy associated with an arc flash and how this determines the Arc Flash B oundary distance. The training
further addresses the conditions that necessitate the establishment of an electrically safe work condition
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and the systematic process involved in creating and verifying such a condition. Here are some of the key
points covered in the training:

1 The hierarchy of controls to eliminate electrical  hazards.

The required elements of the electrical safety program

Worker training requirements .

Program audits.

Risk assessments.

Proper labeling of electrical equipment for shock and arc flash hazards

=A =4 -4 4 =4

As the City of Raleigh moves forward with its procurement and use of ~ ZEVs having a robust and proficient

training program to educate its employees will be key to the successful transition. The categories and

topics laid out above will provide a comprehensive understanding among Pbi C+RPHZCCIi oai oH
departments on how this change can be managed and utilized in the best way possible.
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9. Fleet & Charge Management Solutions

Charging Management Market Overview and Features Comparison

Charge management solutions play a crucial role in the efficient operation of EV fleets, serving as the
linchpin for balancing energy demands, optimizing charging schedules, and reducing operational costs. By
intelligently managing when and how quickly EVs are charged, these systems can significantly mitigate the
impact on the electri cal grid, preventing costly upgrades by smoothing out peak demand periods.
Additionally, charge management allows for the integration of renewable energy sources, further reduc ing
the carbon footprint of EV operations. These solutions not only ensure that vehicles are charged and ready

for use according to operational needs but also extend the lifespan of the EV batteries by avoiding
excessive charging speeds and timings thatca n degrade battery health. This section is intended to provide
an overview of the charging management software market and offer guidance on how different products

in the market vary with respect to the specific features discussed

Market Summary

Charging management software is a broad category of products and is referred to by many terms,
including but not limited to charging management system (CMS), charging and energy management (CEM),
charging network software, charge point operation (CPO) software, charging station management system
(CSMS). These terms are sometimes used to refer to software providing the same fea  ture set and other
times used to refer to software with overlapping but distinct feature sets. Most charging stations are sold

with some native charging management software capability (notable exceptions are Tritium and
ChargeTronix), but a smaller percentage of the market has embedded charging management software that
provides a complete set of features when compared to the possibiliti es discussed below. To assist with
understanding the range of products available, it is useful to segment the market in various ways and
consider four key trade - offs.

Monitoring vs. Control

The charge management software market includes a spectrum of software that provides only monitoring

and reporting of charger activity, often facilitating payments as well, to software that provides, in addition

to monitoring and reporting, a high level of dynamic load management and integration with distributed
energy resources. Understanding where a software falls on the continuum of monitoring - only to a full suite
of energy management applications is useful when considering the benefits of that product.

Reliability

The charge management software market also has a range of system architectures. There is a dichotomy
between systems that are exclusively cloud -based (most systems) to systems that leverage a local
controller in addition to a cloud back -end. Cloud- based systems have fewer installation requirements but
do not function if the internet connection at the site is interrupted. Systems with a local controller require
some additional planning during installation but add redundancy and ensure that charging is not reliant on
unreliable internet.

Integrations

Another useful way of segmenting the charge management software market is to understand integration
capability. In addition to features native to the software, many software systems can integrate with
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external systems to expand their functionality for the customer. These integrations can be separated into
two categories:

1 Energy integrations: Usually local in nature, although they could be cloud based, energy integrations
are primarily integrations between a charge management system and on - site energy resources
such as an electricity meter, generator, solar or a microgrid  controller - these integrations are
usually done using hardwiring between a local controller and the on -site equipment and they
expand the energy management functionality of the charging management software

1 Software ecosystem integrations: Usually cloud -based, software ecosystem integrations are

between a charging management software and other software tools used by a fleet such as a fleet

management information system, fueling management system, scheduling o r routing software,

depot management system or even a yard management system. Each fleet type will have a

different software ecosystem, meaning the relevant software integrations will differ.
Zz6EI CCP- 6EROUCIH - APCAP- CURGUCO- 6- Ui 0i 6bCCagUDG:- Ci zCcCCHC
ROPIi UC- PRBO6CSC- ECR6CAgoa- CRCg6SCHhgC- CUI I I BPzCCo6i 1 ECSCA
Interoperability

In addition to market segmentation, interoperability is a final important characteristic to consider in the
charging management software market. Open Charge Point Protocol (OCPP) is the industry -standard
communication protocol between a charging station an  d charging management software. OCPP has
different versions, and the most widely adopted version currently is OCPP 1.6. Most charging management
software is based on OCPP, but some systems communicate with charging stations using proprietary
communication .

Despite the presence of this standard, OCPP is not implemented the same across all charging stations.
OCPP includes several optional features. For full interoperability, it is recommended that all charging
stations and charge management software uses OCPP  1.6j, which includes the full suite of optional features.

A final consideration of interoperability is the ability of the charging management software company to
maintain an integration throughout the lifespan of the charging station. Charging management software
companies that excel at interoperability  can test new charger firmware prior to any updates to that
firmware to ensure that an integration does not fail after a charger is operational due to an unexpected or
untested update to the charger firmware. To enable this, the charging software company must have mature
testing processes, including relationships with charging station companies, developed, and implemented.

Interoperability is important because it enables a fleet to avoid technology lock - in. Fleets can easily switch
between charging station vendors or integrate chargers from multiple vendors on a single system.
Additionally, interoperability gives fleets the option to easily switch software vendors if the vendor is not
meeting their needs.

When considering charging management software, it is important to consider the tradeoffs and key
features discussed above and summarized below.

9 Local controller vs cloud -based.
1 Monitoring & reporting only vs advanced load management.

1 Which energy integrations are available, and which are important to your fleet?
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1 Which software integrations are available, and which are important to your fleet?

1 Is the software OCPP 1.6j or above compliant? Has the software been extensively deployed with
different charger types?

Figure 25 presents a detailed comparison of various products in the charging management software
market, segmenting these systems into distinct categories. This segmentation is based on the
comprehensiveness of the software ecosystem versus those with limited integr ations. Additionally, the
figure distinguishes between systems that solely provide monitoring and reporting functionalities and
those that offer advanced load management and on -site energy integration. This visual representation
aids in understanding the d iverse capabilities and specializations within the market, helping stakeholders
make informed decisions about which solutions best meet their needs.

Figure 25. Charging Management Market Segmentation
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Fuel/lEV Management Software Review: EKOS & EJ Ward

As the City of Raleigh continues to modernize its fleet operations and integrate sustainability initiatives,

the selection of an appropriate  Fuel/lEV management software becomes increasingly important.
Transitioning a fleet to EVs makes the implementation of an effective ~ Fuel/ EV Management solution critical
Fuel/EV Management solutions are vital for the efficient operation of the City of Raleigh's fleet, offering a
comprehensive approach to managing its diverse array of vehicles. By leveraging advanced soft  ware and
technologies, these solutions provide real -time data on vehicle usage, and maintenance needs, enabling
proactive management and optimization of fleet performance. This not only enhances the operational
efficiency by reducing downtime and extending vehicle lifespans but also contributes to significant cost
savings throu gh improved fuel management and the identification of underutilized assets. Furthermore,
fleet management systems are instrumental in supporting the City's transition to EVs, facilitating charge
scheduling, and monitoring to ensure the fleet meets its sustainability goals.

This section provides an overview of two fuel/lEV management software solutions; EKOS *and EJ Ward?®®,
These are the two - software system that the city has been considering for their Fuel/EV Management
solution which is why the evaluation presented in this section is focused on these two systems. Both
platforms deliver a comprehensive set of tools aimed at improving the efficiency, reliability, and cost -
effectiveness of fleet operations.

Gasboy - EKOS
GasA g # EKDS Fuel/EV management software is designed with a modular approach,
EKQS catering to diverse operational needs of fleet management. It offers comprehensive
monitoring capabilities across various modules, facilitating vehicle maintenance
management. This includes a structured maintenance schedule for both preventive and reactive
maintenance tasks. The software streamlines the digital transformation of work orders, enabling detailed
tracking of service costs per vehicle and the generation 0 findividual invoices with ease.

My EKOSystem

e B B G [F

Bulk Fue Fuel Sites Fuel Cards Fleet

The platform also incorporates parts management functionality, which is helpful for maintaining an
accurate parts inventory U a critical component for efficient fleet operations. Relevant to the City, EKOS'
platform offers the ability to automate vehicle inspection schedules for each vehicle in the fleet as well.

14 https://info.myekos.com/
15 https://www.ejward.com/products/
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EKOS Preventative Maintenance
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The software is versatile, supporting the management of vehicles of all fuel types (e.g., maintenance,
telematics, etc.). However, the EV charging management capabilities of the platform, especially concerning
CMS, is still in the developmental phase. At present, the platform does not have the capability to manage
charging operations for EVs. EKOS' suite of tools thus presents a robust solution for traditional fleet
management, while its full potential for EV management remains to be realized with future updates.

E.J. Ward Inc., SimplyFuel Solutions
EJ Ward's fuel/lev management software presents a comprehensive solution  to
@ ward optimize fleet operations through a range of features and capabilities tailored to the
needs of modern fleet management. With a focus on fuel management, driver
behavior monitoring, and operational efficiency, EJ Ward's software offers a suite of tools designed to
address the challenges faced by both  small and large vehicle fleets .

EJ Ward's software supports multi - fuel operations within a single platform , allowing for management of
various fuel types such as unleaded, diesel, propane, CNG, and electric when utilized within the fleet.
Moreover, pump chaining functionality optimizes fueling processes, improving efficiency, and reducing
fueling time for fleet owners. The software also incorporates multiple authorization options and  vehicle
diagnostics functionality, providing real - time insights into vehicle health and performance, facil itating
proactive maintenance practices. °In order to fully leverage the platforms vehicle diagnostic capabilities,
vehicles would need to be outfitted with telematic devices.

E.J. Ward's software platform offers a comprehensive solution for monitoring, managing, and optimizing
EV charging stations. It stands out with its capability to schedule charging operations for fleets of EVs,
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ensuring that vehicles are charged during optimal times to reduce energy costs and maximize

operational efficiency. E.J. Ward also brings a significant level of integration to the table, with its ability to
incorporate all Open Charge Point Protocol (OCPP) enabled EV chargers into its fuel management
system. This capability ensures a unified management experience, allow ing fleet operators to oversee
their EV charging infrastructure alongside traditional fueling operations within a single platform. Such

inte gration not only simplifies the management process but also provides valuable insights into the
overall energy consumption and efficiency of the fleet, enabling more informed decision - making and
strategic planning.
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EV Manager
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The EJ Ward system also provides customers with the ability to remotely control access or to schedule

specific start and shutdown times for their operations. Its application stands out by offering the

capability to independently manage EV chargers, BEVs, PHEVs, and ICEehicle fuel types. This versatility

makes it an invaluable tool for fleets that operate a mix of vehicle types. Moreover, the software excels in

managing traditional fueling processes and optimizing fleet vehicle operations, providing a

comp rehensive solution that enhances the efficiency and effectiveness of fleet management.
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10. Address ing Equity through Electrification

The electrification of the City of Raleigh's fleet represents a transformative step forward, offering both
substantial cost savings and significant environmental and community benefits. Beyond the clear
economic and environmental advantages, it is critical that this implementation strategy also advances
equity , community health, access, and environmental justice. This focus is especially crucial for the
communities within the City of Raleigh which have been most impacted by historical disinvestments
climat e change and negative environmental impacts .. The strategies outlined be low emphasize
addressing disparities and ensuring inclusive participation in the clean energy transition. Specifically, the
strategy aims to prioritize investments in communities of color and low -income neighborhoods, which
have been disproportionately affected by  climate change and lack of infrastructure.

Ensuring that these communities benefit from  the transition, including from reduced pollution and
improved air quality resulting from fleet electrification is not just a matter of policy efficiency but is also
a key value and core responsibility that the City highly values and prioritizes, as  outlined through many of
its guiding documents and work that is mentioned throughout thisreport .v bi C+ R PHZ CC+ 200 EO R D1
Action Plan and associated CCAP Implementation Reports also have several specific examples and
strategies related to equity, environmental justice, and resilience to further inform an equity framework
6ECHPPI C+RDHZ CCUg A E C Cphé EabshithCo@@ds & ze© PryissinCHilged ust eC C
inclusive, aiming to rectify past inequities and promote health and well - being for all residents. Figure 26
below illustrates areas of the impacted by historical disinvestment and environmental impacts in the
City of Raleigh, as identified by the Federal Ug § | C 6 0Jusfice4d @\&ps, highlighting the areas that
stand to gain the most from a thoughtful and equitable implementation of this initiative. This map is a
useful reference, and the City has many other resources, data and initiatives related to equity and
environmental justice that further refine | - i [ gds bf@bcus, priority and communities of need.

Figure 26. Justice40 map illustrating  areas of the communit y impacted by historical disinvestment and environmental
impacts in the City of Raleigh
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In this chapter, our objective is to present a series of recommendations on how the city could strategically
leverage the implementation strategy to advance equity within communities across the city. Recognizing
the unique challenges and needs of these areas, our recommendations are designed to ensure that the
benefits of electrification y such as improved air quality, reduced noise pollution, and increased access to
clean technology y are equitably distributed. By integrating equity - focused strategies into the heart of this
strategy , we hope to not only enhance the environmental and economic land  scape of the city but also to
contribute to the building of a more just and inclusive community for all Raleigh residents .

Environmental Equity and Health

The transition to EVs offers a benefit for local air quality, especially in communities disproportionately

affected by vehicular emissions. Conventional medium and heavy -duty vehicles (MHDV) contribute
significantly to local air pollution, impacting health  outcomes in nearby communities. The city currently

operates roughly 550 MHDVs, with electrification offering an immediate improvement to local air quality.

XeCilggi CsSCiii ADPCRURROUCDPI C+ R b E&HGeMigsions Bylah dstin@ted’ 53,856 R U 6 R U
metric tons (MT) over 2 4 years.

Targeted Electrification in Vulnerable Areas
The city should prioritize the replacement of vehicles that operate
predominantly within or near communities with historical exposure to
higher pollution levels. By adopting this targeted approach, immediate
and tangible benefits in air quality improvements can be  secured where
they are most critically needed. Leveraging telematics data, the City has
the capacity to accurately identify vehicles that spend most of their
operational time within these vulnerable communities. This data - driven strategy allows for the
prioritization of those vehicles for electrification . An example of the city already implementing this
strategy includes the renewable, clean and electric buses the City is rolling out across the community
as a part of its expansion of Bus Rapid Transit. Similar approaches can be planned for various other
City service vehicles.

Continuing to Rollout Equity and Accessibility Strategies for Public Transportation

Electrification of transit vehicles, including shuttles and buses, is a strategic move towards advancing
transit equity and environmental sustainability in the community that the city has been planning for and
investing in for decades, as outlined in the CCAP and various transit initiatives . Implementing electric public
transportation offers the City enhanced reliability and operational cost savings in the long term, while
significantly improving access , health, economic benefits, and quality of life for its underserved
communities. By prioritizing EVs within its transit fleet, the  city mitig ates environmental and community
impacts and foster s a cleaner, more equitable transportation network. This approach not only underscores
the City's commitment to sustainability and equitable access but also ensures that all community
members benefit from improved mobility and reduced emissions.
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Expand Electric and Clean Energy Public Transit Routes
The city is already strategically increasing both the number and
frequency of electric and clean renewable fuel buses and shuttle
routes across Raleigh, and prioritizing underserved areas, ensuring
that all residents have access to reliable and accessible
transportation options. By prioritizing the expansion of electric
transportation in areas that have historically lacked sufficient transit
services, the City can continue to make a significant impact in
bridging the mobility gap as well. This approach not only supports
the City's broader goals for sustainability and equity , but also
empowers communities by improving connectivity, health,
facilitating easier access to employment, education, and healthcare
services, and contributing to the overall reduction of the  City's
carbon footprint. The City should continue its strong progress in this
area, such as the BRT Project Connect.

Economic Opportunities and Workforce Development

The shift to an electric fleet opens avenues for local economic development and job creation in the clean
technology sector. There is a unique opportunity to foster workforce development and job training
programs, particularly in communities facing economic challenges , as well as with youth engagement, both
of which are focus areas for the city .

EV Maintenance and Operation Training Programs
Integrating the transition to zero  emissions
technologies with a strategic workforce
development plan is crucial, especially considering
the direct impact the disappearance of traditional
internal combustion engine related jobs, such as
mechanic shops and gas stations, will have on low -
income communities. The shift towards EV
presents an opportunity not only for environmental
improvement but also for enhancing equity across
the community . By partnering with local
educational institutions and vocational schools to
offer training programs focused on EV maintenance
and operations, the city can ensure that individuals
from communities impacted by a history of disinvestment  are not left behind in this large economic
transition to electrification . This initiative can help mitigate the potential negative effects of job
displacement by providing pathways to higher - paying, sustainable green jobs. It is about transforming
the challenge of a changing economy into an opportunity for all, particularly for those in low -income
areas who stand to gain the most from equitable access to new skills and employment opportunities.
Through deliberate planning and co llaboration, the city can foster a just transition for its workforce,
aligning economic development with  sustainability and social equity. This can also include a focus on
youth and those underrepresented in the sustainability and clean technology field. Certain
communities are underrepresented in the sustainability and clean energy fields, such as people of
color. Raleigh has existing partnerships, programs and initiatives focused on youth,  equity,
apprenticeships, job training and workforce development. The  city can continue to build out these
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