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GLOSSARY

Conductor: Component of the electric distribution grid that transmits current.

Consumption charge: Utility fee for energy usage, typically charged per kilowatt-hour (kWh).

Demand charge: Utility fee for peak power demand, typically charged by kilowatt (kW).

Discount rate: Investment rate of return, representing the expected return on alternative investments.
Drivetrain: For marine vessels, the components between the gearbox and propeller.

Electric efficiency: For electrical equipment, the power output compared to power consumed.

Electric propulsion equipment: For marine vessels, the components delivering electric power to the
drivetrain.

Emission factor: As defined by the EPA, a representative value that attempts to relate the quantity of a
pollutant released to the atmosphere with an activity associated with the release of that pollutant.
Emissions & Generation Resource Integrated Database (eGRID): Comprehensive data source on the
environmental characteristics of U.S. electric power generation.

Energy storage system (ESS): In this study, an ESS refers to battery banks installed shoreside or onboard
a vessel.

Grid carbon intensity: The amount of carbon produced during electric power general.

Hybrid vessel: A marine vessel that uses multiple power sources for propulsion.

Junction box: A protective housing for electrical wiring connections.

Lifecycle cost analysis (LCCA): An economic evaluation of the total lifetime cost of a project, facility, or
other investment.

Line loss: The energy lost during the transmission and distribution of electricity.

Meter: An electric component that measures the amount of energy consumption.

Net present value (NPV): The present-day value of all cash inflows and outflows over the life of a project
or investment.

Plug-in vessel: A marine vessel equipped with an onboard energy storage system charged by the grid.
Rapid charging system: In this study, the power delivery system that supplies a large amount of power
(2-5 megawatts (MW)) to the vessel through an electrical connection.

Roll-on/roll-off ferry vessel: A ferry equipped to transport vehicles in which vehicles are driven directly
onto and off of the vessel.

Single phase power: AC power that is delivered through a single conductor, typically used in residential
applications to supply smaller loads than three-phase power.

Substation: A component of the electrical distribution grid, typically transforming power from one
voltage to another or acting as an interconnection between transmission lines, or both.

Three-phase power: AC power that is delivered through three conductors, typically used in industrial
applications to supply higher loads and more consistent power than single phase power.

Transformer: A component of the electrical distribution grid that transfers AC power from one circuit to
another, typically stepping up or stepping down the voltage between circuits.

Upstream emissions: In this study, emissions from power generation or fuel sourcing and transportation.
24-hour load shape: The time-of-day variations in energy consumption from the electric grid.
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EXECUTIVE SUMMARY

Background

Today more than 15 ferry systems in the United States operate or plan to soon operate either
fully electric or hybrid electric ferries. With the passage of the Bipartisan Infrastructure Law (BIL)
in 2021, the U.S. federal government is dedicating $500 million toward alternative fuel ferries
from 2022 to 2026. North Carolina’s Clean Transportation Plan' and Clean Energy Plan,? written
in accordance with Executive Order 803, outline strategies to reduce greenhouse gas emissions
by 40% in 2025 compared to 2005 levels and to achieve a 60% to 70% reduction in emissions
from the electric power sector by 2030 compared to 2005 levels—reaching zero emissions by
2050. With this context, the North Carolina Department of Transportation (NCDOT) is interested
in exploring the feasibility of electrifying portions of its ferry system—a system that includes 22
ferries along eight routes, serving over 700,000 vehicles and 1.5 million passengers annually.

Purpose

This study examines the techno-economic feasibility of electrifying four ferry routes in NCDOT's
Ferry System. Table 1 summarizes the four routes examined in the study.

Table 1. Summary of Routes Assessed in Report

Pamlico River | Currituck Sound | Cape Fear River Neuse River
(Bayview — (Currituck — (Southport — (Cherry Branch —
Aurora) Knotts Island) Fort Fisher) Minnesott Beach)
Distance (One-Way) 4 miles 5 Miles 4 miles 2 miles
Duration (One-Way) 30 minutes 40 minutes 35 minutes 20 minutes

No. of Vessels
Typically Operating
Crossings per Day

1 2 2

28 or 32 (season

14 10 56
(One-Way) dependent)
Tlme.ln Port between 15 minutes 20 minutes 10 minutes 10 minutes
Crossings

1 27 &2

Age of Vessel(s) 31 years 39 years & 23 years 25 & 23 years
(Vessel Name) (Governor (Governor James (Southport & (Neuse & Lupton)

Daniel Russell) Baxter Hunt Jr) Fort Fisher) P
Electric Utilities Tideland EMC Dominion Duke Energy & Carteret-Craven &

Brunswick EMC Tideland EMC

For each of the four ferry routes, the lifecycle cost, emissions, and health impacts of plug-in
electric hybrid ferry vessels (battery-electric with a diesel engine backup) were compared to
diesel mechanical and diesel hybrid vessels. All-electric vessels were not considered due to

! nc-clean-transportation-plan-final-report.pdf (ncdot.gov)
2 Clean Energy Plan Report Cover Rev 7.15 UPDATE.ai (nc.gov)
3 open (nc.gov
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requirements for vessels to periodically travel to Manns Harbor, North Carolina, for United
States Coast Guard (USCG) required inspections, emergency repairs, and to support operation in
times of emergency response. For the plug-in electric configuration, one-sided versus two-sided
charging and vessels with and without shore energy storage systems (ESS) were examined.

Findings

For all analyzed routes, plug-in electric ferries have the lowest lifecycle costs,* greenhouse gas
emissions, local air pollutant emissions, and human health impacts. These findings were robust
across most reasonable cost and financing assumptions. Table 2 presents the net present value
of costs during a 40-year lifecycle using a 2% discount rate for the various vessel and shore
configurations analyzed. At every route evaluated in this study, the configuration with the lowest
lifecycle cost is a plug-in hybrid vessel charging on one side and utilizing a shoreside energy
storage system. Emissions and health impacts are presented in the full report below.

Table 2. Estimated Lifecycle Cost Per Vessel, By Configuration and Location

Configuration Neuse
River'
Plug-in Hybrid, no Shore ESS, One-Sided Charging $57.5M  $50.0M $80.8M $62.9M
Plug-in Hybrid, Shore ESS, One-Sided Charging $51.7M  $49.5M $60.8M  $57.7M
Plug-in Hybrid, Shared Shore ESS, One-Sided Charging = $50.4M NA NA NA
Plug-in Hybrid, no Shore ESS, Two-Sided Charging $61.4M  NA $101.8M  $65.7M
Plug-in Hybrid, Shore ESS, Two-Sided Charging $57.4M  NA $69.7M $61.7M
Plug-in Hybrid, Shared Shore ESS, Two-Sided Charging ~ $56.1M  NA NA NA
Diesel Hybrid $63.9M $63.9M $69.9M $86.1M
Diesel Mechanical $62.8M  $62.8M $69.6M $84.8M

'One-sided charging on the following: Pamlico River — Bayview; Currituck Sound — Currituck; Neuse River — Cherry
Branch; Cape Fear — Fort Fisher.

Implementation Plan

Based on the potential for cost, emission, and health benefits, the recommendation is to pursue
electrification on all four of the routes analyzed in this study, prioritizing electrification of the
vessel(s) at Currituck Sound, followed by Pamlico River, Neuse River, and finally Cape Fear. The
recommended configuration at all four routes is a plug-in hybrid vessel, charging on one side
and utilizing a shoreside ESS that is accessible by the utility if applicable. This prioritization is
based on lifecycle cost, emissions, vessel age, and potential grid infrastructure improvement
requirements. Additionally, prioritization considered the number of vessels operated at each
route and the number of crossings per vessel per day. Phasing these projects allows the NCDOT
to gain experience in the funding, financing, and operations of the electric ferries prior to
moving to the next project.

4 Including upfront, maintenance, operating, and battery replacement costs.
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INTRODUCTION

Motivation of Report

The NCDOT Ferry Division is the second largest state-operated ferry system in the United States
and isa critical component of the state’s economy and transportation infrastructure for coastal
residents and tourists. In 2022, over 700,000 vehicles and 1.5 million passengers used the state’s
22 ferries.> The NCDOT Ferry System also plays a role in coastal emergencies, able to evacuate
people in advance of hurricanes and operate an emergency route in case of damage to NC
Highway 12. This is critical to Ocracoke Island which is only accessible by ferry vessel, private
boat, or private air transportation.

In 2021, the NCDOT Research and Development Unit commissioned this study to address the
need for specific research on the feasibility of electrification of NCDOT ferry vessels operating
short haul routes. This study comes after the recommendation to examine electrification options
for vessels by the Ferry Division in “Ferry Forward 2050" and is aligned with North Carolina’s
commitment to a clean energy economy as outlined in Executive Order 80. The results will
support the NCDOT Ferry Division leadership in integrating milestone goals for infrastructure
improvements and vessel modification/acquisition into long-range budgetary and operations
plans, pursuing funding external to the NCDOT in support of ferry electrification, and effectively
communicating with stakeholders.

State of the Industry

Ferry electrification is expanding rapidly around the globe, driven by interest in reducing
operational and maintenance costs, and mitigating greenhouse gas emissions. Most ferries are
well suited for electrification due to their predictable fixed routes and their ample onboard
space for battery packs. Early deployments of electric ferries suggest beneficial impacts. For
example, the M/V Ampere in Norway, an all-electric ferry placed into operation in 2015, has a
reported 80% reduction in operating costs from cheaper fuel and maintenance and 95%
reduction in CO, emissions compared to similar fossil fuel-powered vessels.® After the launch of
the M/V Ampere in 2015, Norway has continued to invest heavily in electrifying its ferry fleet,
leading the world with around 80 electric commuter ferries in operation today.” In 2021 the
world's largest electric ferry, the Bastga Electric, was put into service across the busiest ferry route
in Norway. The 470-foot vessel draws up to 9 megawatts (MW) to charge its 4.3 megawatt-hour
(MWh) battery bank and is estimated to cut emissions by 75% along its route.’

Outside of Norway, Portugal and New Zealand are already operating electrified ferries while
Bangkok has ordered 30 electric ferries and Kochi, India, is slated to have the world’s largest
electric ferry fleet with plans to build 78 in the coming years.? Set to launch in 2025, a 2,100

> North Carolina Department of transportation 2022 Annual Performance Report

6 All-electric_ferry cuts emission by 95% and costs by 80%, brings in 53 additional orders | Electrek
7 Norway showcases award-winning electric ferry technology (businessnorway.com)

8 You're About to See Electric Ferries Everywhere
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and Uruguay.®

Within the United States, electrification of
ferry routesis also accelerating. Today, more
than 15 ferry systems are either operating
electrified vessels or have plans to do so in
the future. This trend is driven by similar
factors as the global shift toward ferry
electrification. Recent policy efforts to propel
the clean energy transition in the United
States feature funding specifically for low- or
zero-emission ferries.’ Beyond the positive
environmental and human health impacts of
reduced transportation emissions, U.S. ferry
operators are recognizing the economic
benefit of lower fuel costs and reduced
maintenance requirements. As an illustrative
example, Table 3 provides an overview of a

Vessel Electrification Investigation for the NCDOT Ferry Division Fleet

passenger battery powered ferry is currently under construction operation between Argentina

U.S. Federal Funding for Electric Ferries

The Infrastructure Investment and Jobs Act,
passed in 2021, includes more than $2B in
fundingforferry projects. Of this, approximately
$100M is available per year as a competitive
grant from FY 2022-2026 for the Electric or
Low-Emitting Ferry Pilot program (Low-No). The
Low-No program is designed to provide
funding for states, territories, and tribes to
purchase alternative fuel ferry vessels and build
supporting infrastructure. The definition of
alternative fuel for this funding does include
electrically powered vessels. Low-No program
grants cannot be used for planning or
operations and maintenance of ferry vessels.

subset of North American electrified vessels. For additional information regarding the status,
technology, costs, and other details on the electrification projects in Table 3, see Appendix B.

Table 3. North America Ferry Operator Electrification Overview

Timeline

perator
Converting 3

Powertrain

Charging Configuration

Near-t Rapid chargi t I ing t
Wi and replacing ear-term . ' apid ¢ arglng system, planning to
. . phase by Plug-in hybrid  have charging arm on the vessel and
State Ferries 5 out of 21 in .
2030 connect to shoreside power
the fleet
. . Dles.el hybrid Using low voltage AC shore charging
Replace 6 out  Delivery in  Designed to .
. . . (AC to DC power conversion on board).
BC Ferries of 38 in the January be plug-in - -
i When electrified, aiming for 2.5-3 MW
fleet 2022 hybrid in 10 . o
charging power (front runner is Zinus)
years
R 2
Maid of the OLejflsfczdin the In service All-Electric Cavotech fast-chargers
Midst in 2020 9
fleet
One-sided charging (Anacortes side),
. Replace 1 . selected Canal Marine as the electric
Skagit In service . . L
County Eerr vessel out of 1 by 2025 All-Electric system integrator delivering
v Y inthe fleet y approximately 2.0 MW of charging
power
Casco Bay :]?I:l::ihlom In service Plug-in hvbrid Using 1.4 MW, automated charger
Ferry floet by 2024 9 y provided by ABB

9 FTA Ferry Programs | FTA (dot.gov)
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Description of Routes Included in Study

This section provides an overview of the crossings, vessels, and electric utilities of the four
NCDOT ferry routes considered in this study.

Currituck Sound

v

Currituck Sound

N.C. Depar“‘nem of o Currituck — Knotts Island Knotts ISl an dk 'Fg ‘
Transportation Ferry Division S o %

Bayview™N4urora

Swan Quarter - Ocranqke L ° s

Hatteras - Ocracoke % e e

Cedar Island Ocracoke

Cape Fear River Neuse River CU rrltu Ck

Cherry Branch -
o

B s oo ) -
Minnesott Beach S W

Southport - Fort Fisher

Figure 1. Location of Currituck Sound Crossing between Currituck and Knotts Island

Description of Crossing

The Currituck to Knotts Island route, crossing the Currituck Sound, is a year-round passenger
and vehicle ferry route between the towns of Currituck and Knotts Island, North Carolina,
operated by the NCDOT. The ferry departs each side five times daily (10 crossings total),
between 6:15 a.m. and 5:15 p.m. The vessel serves a fixed, five-mile route, averaging 12
passengers and four vehicles per crossing'®. There is no fee and ridership consists of 62%
permanent residents, 33.8% visitors, and 4.2% seasonal residents'". The crossing takes
approximately 40 minutes followed by a 20-minute embarkation/debarkation. The location of
the crossing is shown in Figure 1.

Vessel Description
The M/V Governor James Baxter Hunt Jris a 159" by 40’ roll-on/roll-off ferry vessel,
accommodating up to 150 passengers and 20 vehicles (Figure 4). The vessel was constructed in

Figure 2. The Governor James Baxter Hunt Jr

19 Internal NCDOT data report
1 2018-11 Final Report.pdf (ncdot.gov)
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1984 at a cost of $1.4M. The diesel-mechanical powertrain of the vessel includes two aft
propellers, each powered through a gear reduction box by a 425 horsepower CAT 3412 main
engine. The main engine room also houses two 105 kW CAT 3304 generator sets that alternate
days in operation to provide electric power to the vessel systems.

Electric Infrastructure

Electrical power is provided by Dominion Energy on both the Currituck and Knotts Island side.
To date, Dominion has shown interest in supporting ferry electrification.” There is limited
infrastructure on the Knotts Island side, with only single-phase, 120V power available. Knotts
Island is on the tail of a very long distribution side, whereas the Currituck side is located close to
a substation.

At the Currituck ferry terminal, pole mounted transformers provide three-phase 120/208V
power. Dominion Energy has indicated that a comprehensive engineering study would be
needed to fully understand the grid improvements and cost of providing power necessary to
support an electrified ferry. However, the results of an informal assessment conducted by
Dominion Energy for providing up to 2 MW of charging power at the Currituck terminal was an
estimated cost of $82,000."* Table 4 details the rate structure for Dominion Energy.

Pamlico River

} Currituck Sound -
N.C. Dﬂpartmﬁm of Currituck — Knotts Island . ’, BayVI ew
Transportation Ferry Division s
Bayview — Aurora ’
" Swan Quarter - Ocracoke
! » Hatteras — Ocracoke
o e i
Cedar Island Ocracoke = o“
Aurora
Cape Fear River Itleus'e R?ver
Southport - Fort Fisher SIS 2
Minnesott Beach 23 = ;

Figure 3. Location of Pamlico River Crossing between Bayview and Aurora

Description of Crossing

The Pamlico River crossing is a year-round passenger and vehidle ferry route between the towns
of Bayview and Aurora, North Carolina, operated by the NCDOT. The ferry departs each side
seven times daily (14 crossings total), between the hours of 5:45 a.m. and 6:15 p.m. The vessel
serves a fixed, four-mile route, averaging 11 passengers and eight vehicles per crossing*. There
is no fee and ridership consists of 91.7% permanent residents, 7.1% visitors, and 1.2% seasonal
residents'. The crossing takes approximately 30 minutes followed by a 15-minute
embarkation/debarkation. The location of the crossing is shown in Figure 3.

12 Email correspondence between Dominion and Dr. John Hildreth
13 Internal NCDOT data report
14 2018-11 Final Report.pdf (ncdot.gov)
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Vessel Description

The M/V Governor Daniel Russellisa 180" by 44’ roll-on/roll-off ferry vessel, accommodating up
to 300 passengers and 40 vehicles (Figure 4). The vessel was constructed in 1992 at a cost of
$3.4M. The diesel-mechanical powertrain of the vessel includes fore and aft propellers each
powered through a gear reduction box by a 575 horsepower CAT 3412 main engine. The main
engine room also houses two 105 kW CAT 3304 generator sets that alternate days in operation
to provide electric power to the vessel systems.

Electric Infrastructure

Electrical power is provided at both the Bayview and Aurora terminals by the electric co-op
Tideland EMC. Conversation between the research team and Tideland EMC staff suggest the
utility has great interest in supporting ferry electrification.’

A 150-kVA pad mounted transformer currently provides three-phase power at 7200 V to the
Bayview terminal. Tideland EMC estimates up to 1 MW can be provided without grid
infrastructure improvements. Additionally, Tideland EMC estimates a cost of $1M for grid
improvements at the Bayview terminal to provide power above 1 MW for vessel charging. Such
improvements would likely include a transformer upgrade at the substation and upgrading the
conductor from the substation to the Bayview terminal.

The existing electric service at the Aurora terminal is single phase 120/208V. However, three-
phase power at 14400 V is available immediately adjacent to the terminal with an estimated
capability of providing up to 500 kW without grid infrastructure improvements. Table 4 details
the rate structure for Tideland EMC.

15 Email correspondence between Tideland EMC and Dr. John Hildreth
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Figure 5. Location of Neuse River Crossing Between Cherry Branch and Minnesott Beach

Description of Crossing

The Neuse River crossing is a year-round passenger and vehicle ferry route between the Cherry
Branch and Minnesott Beach, North Carolina, operated by the NCDOT. The ferry departs each
side 28 times daily (56 crossings total), between the hours of 5:00 a.m. and 11:00 p.m. The vessel
serves a fixed, 2-mile route, averaging 18 passengers and 11 vehicles per crossing . There is no
fee and ridership consists of 79.9% permanent residents, 10.8% visitors, and 9.3% seasonal
residents'’. The crossing takes approximately 20 minutes followed by a 10-minute
embarkation/debarkation. The location of the crossing is shown in Figure 7.

Vessel Description

The M/V Neuse and M/V Lupton are both 180" by 44’ roll-on/roll-off ferry vessels,
accommodating up to 300 passengers and 40 vehicles (Figure 8). The vessels were constructed
in 1998 and 2000, respectively, at a cost of approximately $5.4M each. The diesel-mechanical
powertrain of the vessels includes fore and aft propellers each powered through a gear
reduction box by a 475 horsepower CAT 3412 main engine. The main engine rooms also house

Figure 6. Neuse River Ferries Underway (left) and Loading (right)

16 Internal NCDOT data report
17.2018-11 Final Report.pdf (ncdot.gov)
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two 105 kW CAT 3304 generator sets that alternate days in operation to provide electric power
to the vessels.

Electric Infrastructure
Electrical power is provided by Carteret-Craven at the Cherry Branch terminal and by Tideland

EMC at the Minnesott Beach terminal. To date, both Carteret-Craven and Tideland EMC have
shown interest in supporting ferry electrification.™

At both the Cherry Branch and Minnesott Beach terminals, the respective utilities have indicated
that there is capacity to support the 3 MW required for single-sided charging without grid
infrastructure upgrades. At both terminals, on-site electrical equipment such as transformers,
meters, and junction boxes would require upgrades to support electrified ferries. Table 4 details
the rate structure for Carteret-Craven and Tideland EMC.

Cape Fear River
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Figure 7. Location of Cape Fear River Crossing between Southport and Fort Fisher

Description of Crossing

The Cape Fear River crossing is a year-round passenger and vehicle ferry route between the
towns of Southport and Fort Fisher, North Carolina, operated by the NCDOT. Depending on the
season, the ferry departs each side fourteen to sixteen times daily (up to 32 crossings total),
between the hours of 5:30 a.m. and 7:00 p.m. The vessels serve a fixed, four-mile route,
averaging 40 passengers and 15 vehicles per crossing'®. The vessels can accommodate vehicles
up to 65 feet in length and fares range from $1 to $28, depending on vehicle type. Ridership
consists of 50.4% permanent residents, 41.2% visitors, and 8.4% seasonal residents®. The
crossing takes approximately 35 minutes followed by a 10-minute embarkation/debarkation.
The location of the crossing is shown in Figure 7.

8 Meetings conducted between research team and Tideland EMC/ Carteret-Craven Utilities
19 Internal NCDOT data report
20 2018-11 Final Report.pdf (ncdot.gov)
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Vessel Description

The M/V Southport and M/V Forth Fisher are both 180" by 44’ roll-on/roll-off ferry vessels,
accommodating up to 300 passengers and 40 vehicles (the Fort Fisher shown in Figure 8). The
vessels were constructed in 1996 and 2000, respectively, at a cost of $5M each. The diesel-
mechanical powertrain of the vessels includes fore and aft propellers each powered through a
gearreduction box by a 475 horsepower CAT 3412 main engine. The main engine rooms also
house two 105 kW CAT 3304 generator sets that alternate days in operation to provide electric
power to the vessels.

Figure 8. The Fort Fisher Underway (left) and at Southport Ferry Terminal (right)

Electric Infrastructure

Electrical power is provided by Duke Energy at the Fort Fisher terminal and by the City of
Southport at the Southport terminal. To date, both Duke Energy and the City of Southport have
shown interest in supporting ferry electrification.'

At the Fort Fisher terminal, Duke Energy indicated it has the capacity to support the 4 to 5 MW
required for single-sided charging without grid infrastructure upgrades. On the Southport side,
the City of Southport noted that grid improvements would be required to support an electric
ferry charging for both one- and two-sided charging. Additionally, the City of Southport
indicated that a comprehensive engineering study would be needed to fully understand the grid
improvements and cost of providing power necessary to support an electrified ferry. Both
terminals would require upgrades to on-site electric equipment to support electrified ferries.
Table 4 details the rate structure for City of Southport and Duke Energy.

Electric Utility Rate Structure

Table 4 shows the electricity charges for an electric ferry operating in the service areas relevant
to each route. Of note, demand charges typically account for the majority of electricity costs for
sites with megawatt-plus loads. Additional fees or discounts could apply to the electric rates
shown in Error! Reference source not found. depending on assessment of the 24-hour load
shape from vessel charging by the utility.

21 Meetings conducted between the research team and Duke Energy/Brunswick EMC Utilities
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Table 4. Power Provider Rates

Fixed

. h D h
Consumption Charge emand Charge Charge

Utility

(Terminal) $/kWh for every kWh

$/kW for maximum

consumed during power drawn during $/year
month month
Pamlico Tideland EMC
River (Bayview/Aurora) $0.06232 $9.17 $2,220
Currituck Dominion
Sound (Currituck/Knotts Island) HOLDE = e el HEZile
Duke Energy
(Fort Fisher) $0.0536 $15.02 $3082
Cape Fear $26.00
Ri
ver City of Southport coincidental peak
(Southport) $0.0578 $900
$4.00
non-coincidental peak
Carteret-Craven
Neuse (Cherry Branch) $0.0411 $9.75 - $13.00 $6,000
River Tideland EMC
(Minnesott Beach) $0.06232 $9.17 $2,220
METHODOLOGY

This section details the methodologies utilized in the technical and economic analyses
conducted during this study including the ESS sizing, lifecycle cost analysis (LCCA), and
estimation of emissions and human health impacts. This study also included interviews with
integrators, utilities, naval architects, battery system suppliers, and ferry charging system
suppliers, as well as ferry crossing site visits and a literature review.

Vessel and Shore Configurations

The research team considered the following three vessel configuration options in its analysis of
the four routes.

e Plug-in hybrid. Plug-in hybrid vessels are electrically powered vessels whose primary
power source is an onboard battery system regularly charged by connection to a
shoreside charging system. The hybrid vessels also have onboard diesel-powered
generator sets as a secondary power source to be used for range extension and/or
emergency operations.

o Diesel hybrid (diesel electric hybrid with peak shaving). Diesel hybrid vessels are
electrically powered vessels that utilize onboard diesel-powered generator sets as the
primary power source. Energy is stored in relatively small onboard battery systems and
availableto meet peak power requirements. Batteries may also be used in times of low
power requirement.
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¢ Diesel mechanical. Diesel mechanical vessels are propelled by a traditional mechanical
powertrain configuration with diesel-powered main engines connected to shaft
propellers through a gear reduction box. Onboard generator sets provide power to
electrical equipment.

A 100% battery electric powertrain (without diesel backup) was considered but not evaluated
due to the need for emergency operation and periodic travel to the NCDOT Manns Harbor
Shipyard for maintenance and inspections.

For the plug-in hybrid configuration, the following shoreside options were considered for
providing charging power to the vessel:

¢ No shoreside battery (no shore ESS). Plug-in hybrid vessel charges from the grid.

e Battery used by ferry operator only (shore ESS). Plug-in hybrid vessel rapid charges
from a shoreside battery slow charged from the grid. Only ferry operator access to the
battery.

e Battery shared between utility company and the ferry operator (shore ESS
(shared)). Plug-in vessel rapid charges from a shoreside battery slow charged from the
grid. The ferry operator and utility company share use of the battery as a grid asset.

Currituck Sound

At Currituck Sound, plug-in hybrid configurations were evaluated for charging on a single side
(Currituck) only, which requires approximately 2 MW. Charging was only considered at the
Currituck terminal because the Knotts Island terminal is located at the tail end of a distribution
line with only 120V single phase power currently available. Table 5 below shows all the
configurations included in the analysis of Currituck Sound.

Table 5. Configuration Included in Analysis of Currituck Sound

No Shore ESS Shore ESS Shore ESS (Shared)
Plug-in Hybrid One-Sided Charging v v
Diesel Hybrid v
Diesel Mechanical v

Pamlico River

At Pamlico River, plug-in hybrid configurations were evaluated for charging on a single side
(Bayview) and both sides (Auroraand Bayview). The Bayview terminal was selected for one-sided
charging because the M/V Governor Daniel Russell currently docks overnight at Bayview. One-
sided charging requires approximately 2 MW and two-sided charging requires approximately 1
MW per side. Table 6 below shows all the configurations included in the analysis of Pamlico
River.
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Table 6. Configuration Included in Analysis of Pamlico River

No Shore ESS Shore ESS Shore ESS (Shared)
Plug-in Hybrid One-Sided Charging v v v
Plug-in Hybrid Two-Sided Charging v v v
Diesel Hybrid v
Diesel Mechanical v

Neuse River

At Neuse River, plug-in hybrid configurations were evaluated for charging on a single side
(Cherry Branch) and both sides (Cherry Branch and Minnesott Beach). The Cherry Branch
terminal was selected for one-sided charging because the M/V Neuse and M/V Lupton currently
dock overnight at Cherry Branch where the NCDOT Ferry Division has significant facilities. One -
sided charging requires approximately 3 MW and two-sided charging requires approximately 1.5
MW per side. Table 7 below shows the configurations included in the analysis of Neuse River.

Table 7. Configuration Included in Analysis of Neuse River

No Shore ESS Shore ESS Shore ESS (Shared)
Plug-in Hybrid One-Sided Charging v v
Plug-in Hybrid Two-Sided Charging v v
Diesel Hybrid v
Diesel Mechanical v

Cape Fear River

At Cape Fear River, plug-in hybrid configurations were evaluated for charging on a single side
(Fort Fisher) and both sides (Southport and Fort Fisher). One-sided charging at Southport
terminal was considered, but not included in the analysis because the energy costs were
significantly higher and the utility's estimate for grid improvement cost would need additional
study. One-sided charging requires approximately 4.6 MW and two-sided charging requires
approximately 2.3 MW. Table 8 below shows the configurations included in the analysis of Cape
Fear River.

Table 8. Configuration Included in Analysis of Cape Fear River

No Shore ESS Shore ESS Shore ESS (Shared)
Plug-in Hybrid One-Sided Charging v v
Plug-in Hybrid Two-Sided Charging v v
Diesel Hybrid v
Diesel Mechanical v
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Energy Storage System Sizing

Energy storage system (ESS) or battery size requirements were estimated based on the energy
estimated for a single trip and by using th
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