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Abbreviation Term/Phrase/Name

BESS Battery energy storage system
CAP climate action plan

CCF hundreds of cubic feet

CCS Combined Charging Standard
CHa Methane

CHE cargo handling equipment

CO2 carbon dioxide

DC direct current

DSPA Duluth Seaway Port Authority
ECM energy conservation measure
EPA Environmental Protection Agency
GHG greenhouse gas

GWh gigawatt hour

HPS high-pressure sodium

ICE internal combustion engine

JA Infrastructure Investment and Jobs Act
IMO International Maritime Organization
IRA Inflation Reduction Act

kW Kilowatt

kWh kilowatt hour

LED light-emitting diode

LEP lithium iron phosphate

LSW Lake Superior Warehousing Company, Inc.
MMBtu one million British thermal units
MW Megawatt

MWh megawatt hour

N20 nitrous oxide

NMC nickel manganese cobalt

OEM original equipment manufacturer
oGV ocean-going vessel

PPA power purchase agreement
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PV Photovoltaic

REC renewable energy certificate
UTR utility tractor rig

\Y Volt

W Watt

ZE zero-emissions
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Executive Summary

The Duluth Seaway Port Authority (DSPA) is committed to continually improving its
environmental performance, including reducing criteria pollutant and greenhouse gas (GHG)
emissions from port operations. To advance environmental performance within the Great
Lakes-St. Lawrence Seaway System, DSPA has developed a Climate Action Plan (CAP) that
focuses on DPSA-operated facilities, including the Clure Public Marine Terminal and Duluth
Lake Port. The CAP defines existing conditions along with goals, objectives, and strategies to
reduce GHG emissions from port operations. In doing so, DSPA provides an example that can
be replicated by its tenants and other Great Lakes port terminals and port authorities while
also providing human health benefits to DSPA staff, workers, and the surrounding community.

The planning process began with a baseline assessment of DSPA's existing climate initiatives,
operational conditions, GHG inventory, and energy usage. Using 2022 as the baseline year,
DSPA’s scope 1 emissions totaled 586 metric tons of carbon dioxide (CO;) and scope 2
emissions totaled 511 metrics tons of CO,, combined totaling 1,097 metric tons of CO.. These
emissions were generated from the use of 673 kilowatts (kW) of electricity, 31,139,000 cubic
feet of natural gas, 32,507 gallons of propane, 9,396 gallons of ultra-low sulfur diesel, and
14,052 gallons of biodiesel to power DSPA’s operations.

DSPA primarily uses a combination of miscellaneous equipment (18), light-duty forklifts (23),
medium-duty forklifts (15), trucks (8), heavy-duty forklifts (2), reach stackers (2), yard tractor
(M), and two electric gantry cranes to move goods on the Clure Public Marine Terminal. An
evaluation of zero-emissions (ZE) goods movement technologies was undertaken to assess
deployment opportunities specific to DSPA, including during winter operations. Equivalent
battery-electric cargo handling equipment (CHE) and vehicles are commercially available
today to support the conversion of DSPA'’s fleet. Cold weather winter conditions are a major
concern in Duluth because battery performance degrades as temperatures decline. For
example, lithium iron phosphate (LFP) batteries are reported to lose approximately 30% of
their effective energy capacity at -20°F. Even when factoring cold weather degradation,
battery-electric technologies were modeled to be capable of meeting DSPA’s operational
requirement for terminal equipment and vehicles at Clure Public Marine Terminal.

Energy usage and peak demand models were used to forecast future electricity requirements
resulting from electrified operations. Electrification of DSPA operations is projected to
increase peak electricity demand by 608%, from 673 kW to 4,470 kW with 80% of the
increase stemming from the installation of two new mobile harbor cranes. A renewable
energy assessment was conducted to pinpoint cost-effective and feasible solutions to
accommodate the increased electricity demands associated with electrification. While there is
abundant rooftop space to install over 6,000 kW of solar photovoltaic generation, it is much
more cost effective to continue to procure power from Minnesota Power since the utility
offers a green tariff - “EnergyForward” - which is a more cost-effective way for DSPA to
procure 100% renewable energy in advance of Minnesota Power’s transition to zero carbon
energy sources by 2040.

To achieve net zero operations by 2050, the CAP established the following objectives:

1 Implement energy efficiency measures across all facilities and operations.

BURNS&HEDONNELL‘ Executive Summary Duluth Seaway Port Authority
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1

Transition vehicles and equipment to ZE alternatives in a phased approach that allows
for cold-weather and operational testing of available equipment.

Integrate shore power into operations to reduce emissions from oceangoing vessels
while at berth as shore power fittings become standardized and/or following an
assessment of the shore power needs of the range of vessels that call on the Clure
Terminal.

Procure renewable energy sources for electricity consumption.
Offset remaining emissions through verified carbon offset projects.
Regularly monitor and report emissions data to track progress towards net zero.

Foster collaboration across multiple stakeholder groups, including DSPA employees,
local residents, government officials, and community groups.

Support the development of the workforce of the future.

By implementing the strategies associated with these objectives, including establishing a
tracking and reporting program; engaging key stakeholders; leveraging federal funding; and
implementing energy conservation measures, electrification (including the build out of
charging and supporting infrastructure), and procurement of renewable energy sources and
carbon credits, DSPA will be able to achieve its net zero goal by 2050.

BURNS\‘MEDONNELL‘ Executive Summary Duluth Seaway Port Authority
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1.0 Introduction

In the face of escalating climate-related risks to our community and planet, the Duluth
Seaway Port Authority (DSPA) has made a commitment to reduce greenhouse gas (GHG)
emissions and enhance resiliency against the physical and social impacts of climate change.
This Climate Action Plan (CAP) outlines DSPA’s roadmap to achieving net zero operating
emissions by 2050 in support of a carbon-neutral future that prioritizes environmental
stewardship and economic prosperity.

1.1 Overview of Operations

The Port of Duluth-Superior is located at the westernmost tip of Lake Superior and the Great
Lakes-St. Lawrence Seaway System. At 2,342 miles from the Atlantic Ocean, it is North
America’s farthest-inland freshwater seaport. The Port of Duluth-Superior is the largest
tonnage port on the Great Lakes and ranks among the top 20 ports in the U.S., handling an
average of 33 million short tons of cargo and hosting approximately 800 vessel visits each
year.

DSPA is an independent public agency created by the Minnesota State Legislature in 1955 to
foster regional maritime commerce, promote trade development, facilitate industrial
development, and serve as an advocate for port interests here and around the world. DSPA
owns and manages multiple waterfront properties, including the 144-acre Clure Public Marine
Terminal and Duluth Lake Port (Figure 1). Clure Public Marine Terminal is the only breakbulk
and general cargo maritime freight facility in the harbor (Figure 2). The terminal and
associated warehouses are operated under contract by Lake Superior Warehousing Co., Inc.,
an independently owned business established in 1991.

BURNS&‘IEDONNELL' Introduction Duluth Seaway Port Authority
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Figure 1: Map of Port of Duluth-Superior
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Figure 2: Map of Clure Public Marine Terminal
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1.2 Approach

The planning process began with a comprehensive assessment of DSPA's existing climate
initiatives, operational conditions, GHG inventory, and energy usage. Subsequently, an in-
depth exploration of zero-emissions (ZE) goods movement technologies was undertaken.
This exploration enabled a forecast of future energy requirements, integrating the necessary
electrification of operations to align with DSPA's emissions reduction objectives. To
accommodate the increased energy demands associated with electrification, a renewable
energy assessment was conducted to pinpoint cost-effective solutions for renewable
electricity generation and procurement. Ensuring the financial feasibility of this transition is
pivotal to the plan’s success. Research into federal grant opportunities aimed at enhancing
operational efficiency and facilitating equipment upgrades was conducted. Finally, the plan
culminates in a set of actionable strategies designed to mitigate operational emissions, foster
community engagement, and implement a workforce development initiative.

2.0 Baseline Condition Assessment

Burns & McDonnell assessed baseline operating conditions and scope 1 and 2 GHG emissions
sources. The assessment was based on an existing GHG emissions assessment conducted
through the Green Marine Program, the Minnesota Power and Frontier Energy 2022 Energy
Assessment, as well as data requests to and interviews with DSPA stakeholders. The baseline
assessment also considered planned infrastructure and operational changes that could either
increase or decrease DSPA GHG emissions and documented measures that the DSPA has
already enacted to reduce emissions.

2.1 Climate-Related Initiatives

DSPA is a founding member of Green Marine - a voluntary partnership committed to
continually improve the maritime industry’s environmental performance. Green Marine’s
ongoing efforts encourage and promote sustainable maritime development along this
binational trade corridor and around the world. Partners adopt environmental best practices
and evaluate their performance each year in a variety of categories including GHG emissions.
The following climate-related initiatives were included in DSPA’s 2022 Green Marine Program
response and Community Impacts Plan.

In 2018, DSPA implemented a debottlenecking project to streamline traffic patterns, reduce
idling time and maintain efficient warehouse operations. Trucks and rail activities are now
scheduled to limit wait times and reduce GHG emissions. In addition, equipment maintenance
enables easy starts in all weather conditions to avoid unnecessary idling.

There have also been efforts to reduce emissions related to employee business travel. The
office’s location on a public transit line provides additional options for commuting. .

DSPA has also put a program in place to begin transitioning to lower emission equipment. All
new equipment purchased for use in the terminal is more efficient and produces lower
emission levels than its predecessor. Examples of these policies include efficient diesel and
lighting equipment. All diesel engines in the terminal (including the new reach-stacker) are
Tier 4 diesel which has minimal criteria pollutant emissions but still produces GHG emissions.

BURNS&IIEDONNELL' Baseline Condition Assessment Duluth Seaway Port Authority
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New lighting purchases are also more efficient and are placed in strategic locations to reduce
their required uptime.

Prior to this climate action planning effort, in 2022, the DSPA completed an Energy Analysis
on electrification and GHG reduction opportunities in a cooperative effort with Minnesota
Power. This CAP builds on the opportunities and funding sources described in that analysis.

2.2 Current Operating Conditions

While the Port of Duluth-Superior includes a variety of backland and waterfront facilities,
DSPA operates two waterfront facilities - Duluth Lake Port and Clure Public Marine Terminal.

2.2.1 Duluth Lake Port

Duluth Lake Port is a 9-acre waterfront site that is slated for redevelopment. Currently, the
Duluth Lake Port property is used for tenant lease operations, and storage of equipment and
supplies. Plans are underway to demolish the grain elevators, replace dock walls, and
potentially establish a green fueling facility.

2.2.2 Clure Public Marine Terminal

Clure Public Marine Terminal is a 144-acre breakbulk and general cargo terminal that serves as
a goods movement hub to and from the port by ship, rail, and roads. DSPA operations on the
Clure Public Marine Terminal and Clure Terminal expansion include 82.7 acres, consisting of
40-plus acres of laydown space and 486,000 square feet of warehouse space. Lake Superior
Warehousing Company, Inc. (LSW), serves as the operating agent and stevedoring company
for the terminal, which is operated as a multi-modal logistics hub. Features and services of the
logistics hub include four general cargo maritime berths at Seaway-depth, on-dock rail for
direct trans-load operations, a loop track for rail access to storage areas, direct rail service by
Class 1 Railroads (Canadian National, Canadian Pacific Kansas City, Burlington Northern Santa
Fe, and Union Pacific), an intermodal (container) terminal served by the Canadian National
Railroad, an on-site Customs and Border Protection Container Examination Station,
designated Foreign Trade Zone status, truck scale, a roll-on-roll-off dock and 24-hour
security. Valley Worldwide Logistics Solutions provides drayage truck operations for LSW.

DSPA leases an additional 61.4 acres of the Clure terminal property to a number of tenants,
including: a Cenovus Energy fuel dock, Great Lakes Towing, Blue Linx Lumber operations, and
the Ash Grove cement terminal. The CAP is focused on DSPA-operations and does not
address emissions or activities associated with the leased properties, which may be
addressed in a subsequent plan.

There are approximately 15-25 oceangoing vessel (OGV) calls annually at Clure Terminal for
LSW'’s operations (additional ships call at the Ash Grove and Cenovus terminals but are not
part of DSPA’s operations). OGVs are typically 700-800 feet in length and typically berth for
three days, during which they run auxiliary engines while at berth. Generally, there is one
vessel at berth at a time, but there can be a maximum of three, which occurs approximately
once a year. Laker freighters also berth at the terminal for repairs. There is shore power for
winter berthing, which is provided at 400 and 600 amps at each berth.

Clure Public Marine Terminal has approximately 486,000 square feet of warehouse capacity.
The majority of the warehouse space is not heated and is used to store a variety of bulk

BURNS&IIEDONNELL' Baseline Condition Assessment Duluth Seaway Port Authority
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materials, such as paper, building products, super-sacks of crushed granite, cellulosic and
wood pulp, semi-finished goods, and finished goods. Warehouse lighting is predominantly
comprised of high-pressure sodium (HPS) fixtures, providing an opportunity for energy
efficiency retrofits with light-emitting diode (LED) fixtures. Forklifts operating within the
warehouses are powered by a combination of propane and diesel.

Terminal equipment includes 2 electric gantry cranes, 2 diesel fueled reach stackers, 1 diesel
telehandler, 1 yard tractor, 40 forklifts, and 18 miscellaneous equipment. The reach stackers
operate over 8-12-hour shifts and move 25,000-pound steel bars and containers. The yard
tractor is generally operated for short periods (i.e., 3 minutes to travel a half mile distance)
multiple times over an 8-12-hour shift. Approximately 8 to 20 containers are moved per shift.
Forklifts consist of a combination of 6,000-, 11,000-, 12,000-, and 55,000-pound units. Most
are powered by propane fueled at on-site tanks. Approximately half of the forklift fleet is in
operation and runs 7 hours per day. All equipment have internal combustion engines, and
consequently produce scope 1 GHG emissions.

2.3 Greenhouse Gas Emissions

DSPA completed its first GHG inventory in 2017 and has since conducted annual updates. The
inventory includes scope 1 and 2 emissions using monthly data provided by Minnesota Power,
Comfort Systems, and Como QOil to calculate metric tons of carbon dioxide (CO2) emitted
from purchased electricity, natural gas heating systems, and propane forklift fuel and fuel oil
respectively. The inventory does not include emissions from OGVs while at berth. DSPA uses
emission factors from the EPA to calculate metric tons of CO; emitted from natural gas and
propane and fuel oil. The emission factor for purchased electricity (kilowatt hours [kWHh]) is
provided by Minnesota Power. In 2022, DSPA’s scope 1 emissions totaled 586 metric tons of
CO; and scope 2 emissions totaled 511 metrics tons of CO,, coming to a combined total of
1,097 metric tons of CO; (Figure 3). Duluth Cargo Connect transported 456,925 freight tons
of cargo in 2022, allowing DSPA to estimate its carbon intensity at 5.3 pounds of CO, /freight
ton of cargo transported.

Over the last five years (2017-2022) there has been an approximately 10% reduction in GHG
emissions driven predominantly by the reductions in GHG emissions from purchased
electricity (Figure 4). This reduction is largely due to the decarbonization of Minnesota
Power’s electricity portfolio resulting from the incorporation of more renewable energy
sources.

BURNS&IIEDONNELL' Baseline Condition Assessment Duluth Seaway Port Authority
2-5



June 2024 Climate Action Plan Revision 1

Figure 3: DSPA 2022 Greenhouse Gas Emissions
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2.4 Energy Use

Energy used at DSPA operated facilities includes electricity provided by Minnesota Power;
fuels to power mobile equipment and vehicles; including propane, gasoline, and diesel; and
natural gas for buildings provided by Comfort Systems.

2.4.1 Electricity Usage

Baseline electrical energy usage was modeled using 2022 monthly utility data provided for 22
Minnesota Power service accounts at Clure Public Marine Terminal and the DSPA
Administration Building. Figure 5 shows the seasonal variation in the baseline electrical
energy usage with highest usage in the late winter and early spring and lowest usage in the
autumn. The large spike in electricity usage at Berth 3 in the spring is understood to be
attributable to the shore power connection of laid-up vessels. In total, DSPA’s electrical
meters recorded 1.1 gigawatt hours (GWh) of electricity usage in 2022.

Electrical energy usage (kWh) is one component of the terminal’s overall electricity usage,
yet electrical power demand (kilowatts [kW]) is an equally important component. The July
2022 Energy Analysis report provided to DSPA from Minnesota Power specified measured
peak power demand readings for some, but not all of the electrical meters. For meters not
included in the Energy Analysis dataset, a 35% load factor was applied to their annual energy
usage to estimate their peak power demand. Figure 6 presents the combined estimated
power demands for each of the DSPA facilities. In total, DSPA’s baseline, non-coincident peak
electrical power demand is estimated at 673 kW. Electricity consumption resulted in the
production of 511 metric tons of CO; in 2022.

Figure 5: Baseline Electricity Usage in 2022

200,000
H Trackside Readers
180,000 H Street Lights
m Lighting (CRH)
160,000 mBerths6/7
= m Birth 6 Ship Lighting
= 140,000 :
< m Berth 6 LED Expansion
= Berth 4
T 120,000 e
. Berth 3
2
o 100,000 Berths 8 /9
é mBerth 1
‘o 80,000 Hm Clure Terminal Expansion
43 m DSPA Administration
o 60,000
— m Meter House
LLl
m Backup Warehouse
40,000 P
m Backup Warehouse Lighting
20,000 B East Warehouse Annex

m East Warehouse

- m Transit Shed
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

BURNS&JIEDONNELL“‘ Baseline Condition Assessment Duluth Seaway Port Authority
2-7



June 2024 Climate Action Plan Revision 1

Figure 6: Baseline Peak Power Demand Estimate by Facility
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2.4.2 Vehicle and Equipment Fuel Usage

Terminal’s cargo handling equipment (CHE) are comprised of internal combustion engine
(ICE) units that are powered by propane, diesel, and gasoline. In 2022, 32,507 gallons of
propane, 9,396 gallons of ultra-low sulfur diesel, and 14,052 gallons of biodiesel were used to
operate CHE and vehicles. This equates to 421 metric tons of CO; in 2022 associated with fuel
consumption of ICE CHE.

2.4.2.1 Equipment Fleet

DSPA provided counts and operational characteristics of DSPA’s equipment fleet. This
dataset specified equipment usage in terms of either hours per year or miles per year.
Utilization data were missing for approximately 20% of the equipment in the dataset; for such
equipment, the average usage provided for the rest of that equipment’s category was set as
the assumed annual usage. Figure 7 summarizes the fleet compositions of DSPA and LSW at
the terminal. Miscellaneous light duty equipment included trucks, utility task vehicles,
sweeper, and golf carts.

BURNS&‘ISDONNELL@ Baseline Condition Assessment Duluth Seaway Port Authority
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Figure 7: Existing Equipment Fleet Size
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2.4.2.2 Building Heating

DSPA uses natural gas boilers for heating at the East Warehouse, Foreign Trade Zone 51, 1310
Building, and DSPA Administration building, which also uses natural gas for hot water. These
facilities consumed 31,139,000 cubic feet of natural gas in 2022. Natural gas combustion at
DSPA facilities emitted 165 metric tons of CO, in 2022. This was calculated using the default
emissions factor provided by the EPA. Minnesota Power suggested transitioning to electric
heat pumps for heating and hot water at the DSPA Administration building.

3.0 Technology Evaluation

The state of the ZE goods movement technologies is rapidly evolving as more manufacturers
are developing electrified, battery electric, and hydrogen fuel cell CHE and on-road vehicles.
Shore power is now being widely used for container vessels and cruise ships, and its use is
planned to be expanded to roll-on/roll-off vessels. Hybrid diesel-electric harbor craft are also
in development, and the International Maritime Organization (IMO) has established GHG
reduction goals for international OGVs, targeting at least a 50% reduction in GHG emissions
by 2050 relative to 2008 and encouraging the development of ships that can operate on
carbon-neutral fuels. IMO has also established standards for shore power connections for
OGVs in support of criteria pollutant and GHG emissions reductions of vessels while at berth.
Class 1rail lines are also pursuing decarbonization strategies, initially at switcher yards and
maintenance facilities and eventually for line-haul locomotives as ZE technologies mature and
improve. The biggest challenges that must be overcome to realize widespread deployment of
ZE technologies include the ability of the new technologies to meet the operational needs of
port terminals and significantly higher capital costs of equipment, vehicles, and supporting
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charging/fueling infrastructure. Equipment and vehicles that operate in closer proximity to
terminals currently are more operationally viable than vehicles and vessels that must traverse
long distances and/or move heavy loads due to present day limitations of the energy density
of batteries and lack of robust charging networks along transit routes.

This section provides a high-level assessment of the state of ZE goods movement
technologies that are currently used at Clure Marine Terminal for the purpose of evaluating
the timeframe for potential deployment of the different technologies over the coming
decades relative to the 2050 net zero goal. ZE technologies are evaluated based on their
anticipated technological, operational, and commercial readiness for deployment.

3.1 Cranes

DSPA currently operates twin rail-mounted, electric gantry cranes. Each crane has a 90-ton
lift capacity, and their combined capacity is 130 tons. The gantry cranes are used to offload
general and breakbulk cargo and containers from vessels. While these cranes can either be
electrified or powered by diesel generators, the cranes deployed at DSPA are powered by
grid electricity.

DSPA is interested in acquiring two (2) 200-ton mobile harbor cranes at some point in the
next decade. Historically, these types of cranes are powered by diesel generators, but new ZE
models are now available that utilize grid power to perform lifting operations and a battery-
electric drivetrain to re-position the crane. These new cranes hold the potential to increase
operational flexibility at the terminal without producing any scope 1 emissions.

3.2 Shore Power

Shore power of OGVs while at berth is used to reduce criteria pollutant and GHG emissions
from vessels by reducing the use of onboard diesel-powered auxiliary engines by plugging

vessels into grid electricity while at berth. Shore power has been in use for decades and has
been shown to be both technologically and operationally feasible.

DSPA’s Clure Terminal currently has shore power connections for winter berthing. There is
potential to expand shore power for the 15-25 cargo vessels calling on Clure annually;
however, the use of shore power will be dependent on the shore power readiness of the ships
that call on DSPA. Shore power is a significant investment; therefore, grant funding would be
important to help offset shoreside infrastructure and on-vessel retrofits.

3.3 Reach Stackers

Reach stackers and top handlers and use an overhead boom to load, unload, and stack
containers weighing up to 100,000 pounds. Diesel-powered top handlers are regularly
operated two eight-hour shifts for five to six days per week at busy container terminals.
Taylor Machine Works offers a range of battery-electric lift trucks, including a top handler and
reach stacker, that use a nickel manganese cobalt battery and electric motor that provides a
lifting capacity of 99,000 pounds. Taylor advertises that its battery-electric lift trucks are
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designed to operate for two eight-hour shifts on a single charge based on an average duty
cycle!

Hydrogen fuel cell ZE top handlers are currently at demonstration scale with pre-commercial
units being tested at various ports.? The interim focus for ZE top handlers will be hybrid
platforms with combined hydrogen fuel cell electric and battery powertrains. Hydrogen fuel
cell top handlers are projected to be 24 percent of the market by 2050.3

Based on the commercial availability of battery-electric lift trucks from Taylor and their
reported operational capacities, it is realistic for DSPA to transition to ZE technologies
provided sufficient funding for equipment and infrastructure purchases.

3.4 Forklifts

Electric low-capacity or light-duty forklifts are commercially available and are commonly used
in warehouse operations and distribution facilities, with lifting capacities up to 16,500 pounds.
Commercially available battery electric pneumatic tire forklifts are typically rated up to
12,000 pounds, which generally meets the lifting requirements of light-duty forklifts at ports.
Electric light duty forklifts can be integrated into terminal operations as gasoline and propane
powered units require replacement or as grant funds are secured.

Large-capacity forklifts are defined for this analysis as having lifting capacities greater than
36,000 pounds. ZE large-capacity or heavy-duty forklifts are under development and are
being tested in battery-electric and hydrogen fuel cell platforms. Battery-electric forklifts with
lifting capacities of 36,000 pounds are offered from Kalmar, Taylor, and Wiggins Lift
Company. While commercially available, these models are in the early stages of use at
terminals with heavy break bulk operations.

With grant funding, pilot deployments of large-capacity battery-electric forklifts at Clure
Terminal would be beneficial in assessing the operation viability for cold weather operations.
It is anticipated that a greater range of ZE options for large-capacity forklifts will be available
by 2030, including battery electric and hydrogen fuel cells.

3.5 Yard Tractors

Battery-electric yard tractors, also referred to as utility tractor rigs (UTRs), present the
highest potential for near-term deployment of all the battery-electric CHE. Demonstration
projects involving electric yard tractors have been underway for over five years at ports of
Los Angeles and Long Beach, leading to significant improvements in the operational viability
from early to later generations. Battery-electric yard tractors are now commercially offered
by multiple OEMs, including Autocar, BYD, Capacity, Kalmar, Orange EV, and TICO. Pilot and
demonstration projects have shown that later generation yard tractors often have adequate
range to complete two shifts when using opportunity charging at lunch breaks and between
shifts. The largest impediment to full commercial adoption of these units is the purchase cost

1 https://www.taylorforklifts.com/batterglectric/

2BAAQMD. Summary of Available Zerf@mission Technologies 2.2019 Oct 10

3 CARB. Hydrogen and Fuel Celctivities in California Light-Duty Hydrogen and FCEV Efforts in CA. Heavy
Duty and OffRoad Hydrogen and FCEV Projec2)19.
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of the units, which are two to three times higher than diesel equivalents; however, cost parity
with diesel equivalents is expected by 2027 with incentive funding*. Cost parity and emission
reduction regulations will increase the adoption rate for battery-electric yard tractors at that
time. There is a strong potential to begin the transition of yard tractors to battery-electric
technologies this decade.

Hydrogen fuel cell yard tractors are in the early pre-commercial development stage. Capacity
Trucks is partnering with the Hyster-Yale Group to co-develop electric and hydrogen-
powered yard tractors. Additionally, Toyota is building hydrogen fuel cell electric drivetrains
for yard tractors. While early pilot projects have been initiated for hydrogen fuel cell yard
tractors, there are no commercially available or operationally-proven models. Hydrogen fuel
cell yard tractors/cargo handlers are projected to be 24 percent of the market by 2050.5

The single yard tractor operating at Clure Terminal is a strong candidate for replacement with
a battery-electric unit. Its short transit distance and typical shift length of 8-12 hours could be
accomplished with a single battery-electric yard tractor that is charged overnight.

3.6 On-Road Trucks

Electrification of the drayage truck fleet provides a strong near-term potential for the
transition to ZE technologies. Drayage trucks generally operate within approximately 100
miles of the ports, providing more opportunities for consistent charging throughout their duty
cycle. Electrification of long-haul trucks is more challenging because battery electric
technologies are not able to provide sufficiently long ranges under heavy loads without
significant investments in a robust highway fast-charging system. OEMs are investing in the
development of hydrogen fuel cell trucks to expand the range of ZE Class 8 trucks. As energy
density for battery cells increases, shorter charge times and longer ranges will increase the
practicality for battery electric trucks. The greatest near-term potential for ZE Class 8 truck
deployments is in drayage truck operations where commercially available battery electric
trucks can be deployed within the next 5-10 years. Federal investments in highway charging
infrastructure combined with further development of hydrogen fuel cell trucks will increase
the potential for a transition to ZE trucks within the next 10-20 years.

ZE Class 8 trucks are being offered by almost all OEMs with a majority being battery electric
and a small number being fuel cell®. Battery electric trucks that provide ranges of 125-350
miles per charge are commercially available from: BYD, Freightliner, Kenworth, Lion Electric,
Nikola, Peterbilt, SEA Electric, and Volvo. Hydrogen fuel cell Class 8 trucks are currently in the
pre-commercial development stages and are undergoing demonstration and pilot testing,
with models being developed by Daimler/Volve, Hyundai, Hyzon, Kenworth/Toyota, Navistar,
Nikola, and Toyota/Hino Motors. Commercially available battery electric trucks are capable of
meeting the operational range requirements of drayage trucks (approximately 200 miles
between charges) providing opportunities for near-term deployments particularly with the
aid of grant funding. Grant funding and incentives are key because the purchase price of
battery-electric Class 8 trucks typically is approximately three times more than their diesel
equivalents. While the fueling and operations and maintenance cost of battery electric trucks

4 Port of OaklandRevised Draft Seaport Air Quality 2020 and Beyond Plan.
5 Dr. David Wyatt.Zero Emission Trucks: Batteries or Fuel Cellsfy 2022.
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are anticipated to be lower, more deployments are needed to adequately compare full
lifecycle costs.

The adoption rate for battery electric Class 4-8 trucks will increase significantly once cost
parity and charging infrastructure is available. Currently, state and federal funding is still
required to incentivize early adoption by truck operators. Based on these projections and
federal investments in highway charging infrastructure, it is expected that ZE drayage trucks
could be phased into operations between 2030 to 2050.

Pilot and early deployments of battery electric Class 8 drayage deployments can be pursued
immediately, and it is reasonable to assume that replacement of drayage trucks could begin
within the next 5 years. While DSPA does not operate drayage trucks, it could partner with
local operators, such as Valley Trucking, to pursue funding for ZE vehicles and infrastructure.

3.7 Rail Locomotives

Rail locomotives are currently powered by diesel-electric motors and generally are divided
between line haul and switch locomotives. Line haul locomotives are large locomotives with
power greater than 2,300 horsepower that haul freight over long distances. Switch
locomotives are smaller locomotives that range in power from 1,006-2,300 horsepower and
pull freight throughout railyards or for short distances outside of railyards. Currently, there
are no commercially available ZE line haul or switch locomotives; however, pilot projects are
underway to develop and test battery electric and fuel cell locomotives. It is expected that
battery electric locomotives will first be deployed in railyards to replace switch locomotives
because of the units smaller sizes, lower power requirements, and the ability to install
localized charging infrastructure to support operations. ZE and near-ZE locomotive
technologies being contemplated include powering hybrid diesel-electric locomotives with
renewable diesel, hybrid diesel-electric locomotives that could be connected to batteries or
hydrogen fuel cells for ZE operations, battery electric locomotives, catenary-connected
electric locomotives, and hydrogen fuel cell locomotives. Batteries and/or fuel cells would be
located in subsequent rail cars (i.e., tenders) to provide adequate energy storage to support
operational requirements. The use of tenders can present challenges relating to the weight of
batteries and the high volume of hydrogen required to power operations.

In California, the South Coast Air Quality Management District and the U.S. Environmental
Protection Agency awarded funding to BNSF Railway to repower a diesel line-haul
locomotive with an EMD® Joule battery-powered system by Progress Rail. The ZE locomotive
is scheduled to be delivered in mid-2023 and will include an 8-MWh battery storage system
that will support operations along a 240-mile route between Los Angeles and Barstow.
Wabtec is also developing a battery electric locomotive, which they refer to as FLXdrive.®
Their first unit included a battery storage system with a capacity of 2.4 MWh, which was
tested by BNSF between Stockton and Barstow, CA. Wabtec is currently developing a
production model with a 7-MWh battery energy storage system.

St ephens, Bill . WenissiangldcesmotnesoNowwembert29, 202% r o

https://www.trains.com/trn/new®Vviews/newswvire/wabtecamoonshoizercemissiondocomotives/
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Canadian Pacific is in the process of developing and deploying a hydrogen fuel cell
locomotive.” The locomotive uses fuel cells and batteries to power the electric traction
motors of the line-hall locomotive. Canadian Pacific plans to use this approach to modernize
its fleet of locomotives through replacing fuel tanks with batteries and hydrogen fuel cells
and incorporating regenerative braking.

While ZE locomotives are in the early pilot stage of development, the combination of planned
regulations in California and partnerships between locomotive manufacturers and Class 1 rail
lines presents a reasonable opportunity for the development of commercially available ZE
switcher locomotives within the decade and ZE line-haul locomotives prior to 2050.

3.8 Harbor Craft

Electric propulsion for harbor craft such as ferries and tugboats are under development with
the first ZE tugboat in the U.S. to be demonstrated at the Port of San Diego in 2024.8
Crowley Marine is developing an 82-foot battery electric tug with 8-MWh of storage capacity
that can produce 70 tons of bollard pull. This amount of pull exceeds the 50-60 bollard pull
of the typical medium-sized tug. The Crowley eWolf tug will be charged using a shoreside
charging system developed by Cochran Marine.

The first hydrogen-powered tugboat has been developed in Spain by Astilleros Armdén with
plans for deployment at the Port of Antwerp-Bruges in 2023.2 The Hydrotug is a 90-foot-long
tug that uses a combination of diesel and hydrogen to produce 65 tons of bollard pull. This
near-ZE tug has two 2-MW engines that incorporate European Union Stage 5 emissions
treatment. Daewoo Shipbuilding & Marine Engineering Co. (DSME) has been selected to
produce South Korea’s first hydrogen fuel cell tugboat. DSME was awarded $17.4 million to
construct and commercialize a 3-MW battery hydrogen fuel cell tugboat by 2026.° The U.S.
EPA estimates that hydrogen fuel cell power units in harbor crafts will be about 23 percent of
the new vessel market by 2050

While the development of ZE harbor craft is at the early pilot development stages, there is
sufficient industry interest, as well as government funding and regulations, to expect that ZE
harbor craft, including tugboats, will be commercially available prior to 2050.

DSPA does not own or operate harbor craft, but as a public port authority, it can partner with
local operators to pursue funding to support the piloting and deployment of ZE vessels.

7 Clinnick, Richard. First North American hybrid locomotive begins testing. International Railway Journal.

November 30, 202https://www.railjournal.com/fleet/firshorth-americarhydrogenlocomotivebeginstesting/

8 Doll, Scooter First fully electric tugboat in US to set sail with more than 6 MWh of battek®3uly 2021. Web.

12 Sept 2022. Eirst fully electric tugboat in US to set sail with more than 6 MWh of batteries (electrek.co)
°Bl enkey, Ni ¢ k. Wioealet Wdgfeaturesi Schettel ptopuldionoMana Log. August 17, 2022.

https://www.marinelog.com/technology/wortiisst-hydrogenfueledtug-featuresschottelpropulsion/

10 Biogradlija, Arnes. DSME Selcted to Develop First Hydrogen Fuel Cell Tugboat in Korea. H2 Energy News.

September 1, 2022ttps://energynews.biz/dsrselecteeto-developfirst-hydrogenfuel-cell-tugboatin-korea/
11 USs EPA.Assessment of Fuel Cell Technologies at Pduty. 2022.
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3.9 Ocean-Going Vessels

The transition of vessels to ZE technologies will involve ship owners, ship builders, fuel
producers, and port and terminal operators. Key investments are needed in the development
of ships that can operate on ZE fuels; generation of sufficient quantities of ZE fuels such as
green ammonia, green hydrogen, green methanol, and biofuels; and ZE fueling infrastructure
at major ports. The Global Maritime Forum and the World Economic Forum have formed the
‘Getting to Zero Coalition,” which includes 200 organizations comprised of 160 companies
within the maritime, energy, infrastructure, and finance sectors that are working with
governments and IGOs to develop commercially viable ZE OGVs by 2030 with the final goal
of achieving decarbonization of the shipping industry by 2050.2 While there is strong
commitment from industry and governments to transition shipping to ZE technologies,
shipping lines, such as Maersk and CMA CGM are just beginning to order and deploy
container vessels with dual-fuel engines that are capable of operating on green methanol.
Beyond the ships, significant investment in green fuel generation, storage, and fueling
infrastructure are needed to facilitate this transition. In summary, ZE OGV technologies are in
the early stages of commercial development and are currently being integrated into a limited
number of container vessels; however, the numbers and types of vessels expected to be
capable of using green fuels will grow in the coming decades as shipping lines progress
towards their 2040-2050 net zero goals.

As more and more vessels are incorporated into the supply chain that have the ability to

operate on green fuels, it is possible that in future decades that green fuel bunkering and
fueling infrastructure will be needed. DSPA may play an important role in developing that
infrastructure, potentially at the Cenovus Energy fuel dock.

3.10 Light-duty Passenger and Fleet Vehicles

The availability and diversity of electric passenger cars, trucks, and vans is improving year
over year. With many of the DSPA fleet vehicles operating close to the port at low daily
mileages while spending the majority of their operational time idling, these vehicles are prime
candidates for conversion to electric models. It is anticipated that DSPA fleet vehicles can be
converted to electric models as vehicles are upgraded and replaced at the end of their useful
lives.

3.11 Charging Infrastructure

Deployment of battery-electric equipment requires significant investments in supporting
electric infrastructure. Wide-scale transitions to battery-electric vehicles and CHE will quickly
grow loads to levels that will require major upgrades to the local electric transmission and
distribution system. Currently, there is a lack of standardization among chargers used by
different OEMs for their respective CHE and vehicles. Equipment not only require different
plug configurations, but also charge at different voltages. This can limit operational flexibility
as well as the ability of terminal operators to deploy equipment/vehicles from multiple OEMs.

12 Global Maritime Forum Getting to Zero Coalitidmtps://www.globalmaritimeforum.org/gettirtg-zero

coalition Accessed November 2022.
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The standardization situation is improving through the emergence of the Combined Charging
Standard (CCS), which now serves as the leading charging standard for heavy duty vehicles.

In addition to the need to standardize chargers, ports and terminal operators also must work
with labor to ensure that vehicles are plugged in and charged. Inductive or wireless charging
provides an option that removes the need to plug in vehicles by installing a wireless pad in
the ground that wirelessly charge vehicles when positioned over the in-ground pads or coils
using resonant electromagnetic induction. Both Level 2 and direct current fast charging
(DCFC) speeds can now be achieved using inductive charging.

While the cost of deploying charging infrastructure is significant, charging technologies are
sufficiently developed to achieve the 2050 ZE goal for CHE and vehicles. Reductions in the
cost of chargers and speed of charging along with the development of a robust charging
network along key trucking routes will be essential to achieving the 2050 net zero goal.

3.12 Cold Weather Impacts on Battery Performance

Duluth’s climate zone poses a unique challenge to the operation of a battery-electric
equipment fleet. On cold winter days (sub-freezing), the conversion process of batteries’
chemical energy to electrical energy is constrained. However, the level of this reduced energy
conversion efficiency varies based on battery chemistry, so it is important for DSPA and LSW
to consider these nuances when soliciting battery-electric equipment from vendors.

Among the various battery chemistries available for cargo handling equipment, lithium-ion
batteries using nickel, manganese, and cobalt (NMC) stand out as a preferable option for
Duluth due to their high energy density and better performance in cold weather. However,
these batteries are relatively costly, have shorter life cycles, and use rare earth metals
associated with environmental and human rights issues stemmming from their mining.

Another lithium battery technology, lithium iron phosphate (LFP), sacrifices energy density
and cold weather performance for lower cost and longer lifespan. Many automotive
manufacturers are adopting this battery chemistry in their platforms due to its improved
sustainability. LFP batteries are typically rated for operation between -20°F to 120°F. At

-20°F, their effective energy capacity is || Gz
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