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EXECUTIVE SUMMARY

Shore power infrastructure enables ships to turn off their engines while at berth and connect to local electric power. These
systems are a proven way to reduce in-port and near-port emissions of air pollution. Port Everglades, a self-supporting
Enterprise Fund of Florida's Broward County, and project partners Florida Power & Light (FPL) seek to supply shore power to
Port Everglades’ eight cruise terminals—2, 4, 18, 19, 21, 25, 26, and 29. For FPL, this involves advancing necessary
improvements to bring required power supply to locations close to each cruise terminal. In turn, Port Everglades needs to take
this power and distribute it to each of the subject terminals.

This report addresses Port Everglades’ portion of the shore power infrastructure system. Prepared by Moffatt & Nichol (M&N),
the report identifies cruise vessel power requirements and connection points, shore power equipment typologies, and potential
emissions reductions if implemented. The work then provides recommendations on the location and arrangement of shore power
infrastructure and provides estimates of project costs for each improvement location. Approaches for funding and implementation
are offered in the last section of the report. The report is intended as a decision-making tool for use by Port Everglades, Broward
County, and FPL to advance investment in shore power and to guide follow-on planning and design of systems.

Resulting from a top-to bottom assessment of current and forecasted vessel operations, technology applications, potential
installation sites, and stakeholder interviews, four scalable groupings of shore power investments were identified in support of the
eight subject terminals (refer to exhibits offered in Appendix A). Group 1 would provide shore power to CT2 and CT4; Group 2
supports CT18 and CT19; Group 3, CT21, CT25 and CT26; and a single installation at CT29 (Group 4). FPL transformer vault
rooms would be placed proximate to each grouping of equipment. Placement and arrangement of proposed shore power
elements supplying CT19, CT26, and CT29 are intended to allow for flexibility in the implementation of the planned cruise
terminal, parking, and berth upgrades in these locations. Pre-packaged containerized/modularized solutions for shore power load
transformer and switchgear are considered optimal. This approach allows equipment to be placed in tight spaces and clearance
constraints, especially when stacked. All shore power systems must be built to international IEC/IEEE 80005-1, -2 standards plus
local code requirements including NEC, NBC, and OSHA as well as Florida State and FPL regulations, as required.

Investment in shore power will occur in stages. Phase 1 would extend shore power improvements to CT2, 4, 18, 25, and 26 by
Q1 of 2026. These terminals have the highest level of vessel throughput and are less impacted by investment projects identified
in the Port’s current master plan. Extension of shore power to Phase 1 terminals also provides access to each of the Port's
primary cruise tenants—Princess Cruise Lines, Holland America Line, Royal Caribbean International, Celebrity Cruises, and
newcomer Disney Cruise Line. Improvements under Phase 2 would expand the system to cover CT19, 21, and 29. All Port
Everglades shore power system investment would parallel improvements to supply and distribution by FPL. The estimated cost
of the Port Everglades developed and managed portion of the shore power system is $124.75 million, or approximately $15.6
million per terminal. The Port Everglades share of FPL supply and distribution upgrade costs will add to these totals.

Funding the capital expense associated with shore power systems typically involves use of a blend of local port authority self-
finance and public grants. Users pay for power consumed and operational costs associated with connecting, disconnecting, and
maintaining the system. Some amount of capital expense recovery may also be extended to system users. Port Everglades will
want to actively pursue available public grants to help reduce capital costs, with Diesel Emissions Reduction Act (DERA).
Federal Carbon Reduction Program Funds (CRP), the 2022 Reconciliation Bill EPA Port Electrification Grants (aka IRA Grants),
Federal PIDP Grants, Florida Seaport Transportation and Economic Development Program (FSTED), and other identified in the
report being primary candidates.

Investment in shore power is forecast to result in meaningful reductions in emissions stemming from cruise vessel hoteling
operations—the period when the ship is docked at berth. At full implementation of the shore power and electrification effort
(FY2030/31), the Port would avoid annual emissions of 11,390 metric tons of COz over the no action scenario. This level is
equivalent to removing emissions generated from 2,423 cars per annum. Total NOx and SOz emissions would decrease by 75%
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and 51%, respectively. Shore power implementation would contribute to the advancement of Broward County and cruise line
sustainability goals intended to reduce respective carbon footprints and avoid greenhouse gas emissions.
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1. PROJECT OVERVIEW

11 SHORE POWER INITIATIVE AND ELECTRIFICATION MASTER PLAN

Port Everglades, a self-supporting Enterprise Fund of Florida’s Broward County, is the world’s third busiest cruise port and one of
the largest container ports in Florida. Port Everglades is also a strategic petroleum receiving seaport for the 12 counties that
make up South Florida. An estimated 206,000 direct and indirect jobs and $30.5 million in economic impact are derived from Port
operations (Martin & Associates, 2022; Florida Ports Council, 2022).

The Port is a base of operations for multiple cruise lines, including Princess Cruise Lines, Holland America Line, Royal
Caribbean International, Celebrity Cruises, Viking Ocean Cruises, and Silversea. Disney Cruise Line will commence sailing from
Port Everglades in 2023. Prior to the COVID-19 Pandemic, over 3.8 million revenue passengers were accommodated at Port
Everglades’ cruise terminals. A similar number of guests are expected to sail to/from Port Everglades in 2022-23 (Port
Everglades, 2021).

Cruise companies and Broward County are pursuing a more sustainable, low-carbon future. For cruise lines, this includes a 40%
target rate of reduction in carbon emissions by 2030 vs. 2008 levels (Cruise Lines International Association, 2021). Broward
County and its Climate Change Task Force seek to achieve an 80% reduction in greenhouse gas (GHG) emissions by 2050
(Broward County Climate Change Task Force , 2020).

In alignment with Broward County climate change goals, Port Everglades is advancing initiatives to reduce GHG emissions,
including installation of shore power infrastructure. Emissions from Ocean Going Vessels (OGVs) running on-board power plants
while docked are contributors to air pollution. Shore power infrastructure enables ships to turn off their engines and connect to
the local electric power grid.

Port Everglades and project partners Florida Power & Light (FPL) are studying the most feasible approach to supplying shore
power to Port Everglades’ eight cruise terminals—2, 4, 18, 19, 21, 25, 26, and 29. For FPL, this involves review of necessary

improvements to bring required power supply to locations close to each cruise terminal. In turn, Port Everglades needs to take
this power and distribute it to each of the subject terminals.

This report addresses Port Everglades’ side of the shore power infrastructure system. Prepared by Moffatt & Nichol (M&N), the
report identifies cruise vessel power requirements, cruise ship connection points, shore power equipment typologies, and
potential emissions reductions if implemented. The work then provides recommendations on the location and arrangement of
shore power infrastructure and provides estimates of project costs for each improvement location. Approaches for funding and
implementation are offered in the last section of the report.

The report is intended as a decision-making tool for use by Port Everglades, Broward County, and FPL to advance investment in
shore power and to guide follow-on planning and design of systems.

1.2 SHORE POWER DEFINED

Cruise ships run on-board power plants while docked at a berth. These hoteling operations can be significant contributors to air
pollution. Exposure to air pollution associated with emissions from OGVs and other fossil-fueled power plants at ports (including
particulate matter, nitrogen oxides, ozone, and air toxics) can contribute to significant health problems (USEPA, 2017).

Shore power infrastructure—also known as cold-ironing or alternative marine power—enables ships to turn off their engines
while at berth and connect to local electric power. As shown in Figure 1-1, port shore power infrastructure consists of four main
elements: (1.) Incoming electrical power supply to substation transformers and switchgear; (2.) On-site power distribution and
control (load transformer and switchgear); (3.) transmission lines and equipment that comprise the Cable Management System
(CMS), providing the essential linkage from the substation to the OGV; and (4.) OGV power supply connection point(s).

PROJECT OVERVIEW | 5
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Shore power typically produces zero onsite emissions. The total emission footprint is also reduced depending on the amount of
renewable electricity source inputs to the grid. FPL, the electrical utility provider in Broward County, has a varied profile of energy
sources, inclusive of fossil fuels and renewable energy.

Figure 1-1. Primary Components of Shore Power with FPL as Energy Provider
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Source: FPL and M&N, 2022.

1.3 SHORE POWER ASSESSMENT FOR PORT EVERGLADES SUBJECT CRUISE TERMINALS

Port Everglades, FPL, and cruise line stakeholders established a general set of guidelines for shore power assessment and
planning at Cruise Terminals 2, 4, 18, 19, 21, 25, 26, and 29, herein referred to as “Subject Cruise Terminals™.! These guidelines
are summarized below and explored in greater detail throughout the report.

e Shore power infrastructure to be delivered over two phases, with emphasis placed on powering CT2, CT4, CT18,
CT25, and CT26 within two- to three-years;

e  Ensure shore power equipment and related infrastructure meet high-capacity Onshore Power Supply (OPS)
installation requirements established under IEC/ISO/IEEE 80005-1:2019 (International Electrotechnical Commission
and Institute of Electrical and Electronics Engineers, 2019 );

e  Establish on-site power distribution and controls at 6,600 V or 11,000 V, 3 phase, and 60 Hz;
e Limit to the greatest extent possible the footprint of shore power equipment and related infrastructure;

e  Ensure shore power investments meet the needs of cruise vessels scheduled and anticipated to homeport from Port
Everglades;

e Allow for adaptability of shore power investment to evolve into a broader strategy for bringing shore power equipment
and infrastructure to multiple cruise and cargo berths; and,

e Integrate equipment and infrastructure in such a way as to be visually appealing and communicate Port Everglade’s
continued commitment to environmental stewardship.

Using these guidelines as a foundation, M&N advanced the shore power assessment and planning for Subject Cruise Terminals
over four project stages:

e Stage 1. Technology assessment and GHG emissions inventory. Results of this stage of work are presented in
Sections 2 and 3.

1 Specific terminals are designated by “CT” followed by the corresponding number throughout the report.

PROJECT OVERVIEW | 6
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e  Stage 2. Port Everglades Subject Cruise Terminals site assessment and alternatives preparation. Work prepared
under this stage is summarized in Section 4.

o Stage 3. Revised concepts for Port Everglades Subject Cruise Terminals, GHG reductions analysis, and order of
magnitude cost estimate. Results of this stage are presented in Section 5.

e Stage 4. Assessment of project funding and implementation steps. Results of this stage are presented in Section 6.
Final recommendations and next steps are provided in Section 7.

14 PORT EVERGLADES SUBJECT CRUISE TERMINAL LOCATIONS

Subject Cruise Terminals included in the study are depicted in Figure 1-2. This includes CT2 and CT4 in Northport—an area
undergoing extensive investment associated with Broward County Convention Center and Hotel expansion and the
redevelopment of CT4 to host Disney Cruise operations in 2023. In the Midport area, Subject Cruise Terminals include CT18,
CT19, CT21, CT25, CT26, and CT29. CT18 is Port Everglade’s largest cruise terminal (by total square footage) and hosts
operations by Royal Caribbean’s Oasis-class vessels.

The project area also includes service extending from a new FPL substation located south of the FPL Port Everglades Next
Generation Clean Energy Center. Service to cruise terminal supporting shore power systems would extend from the new FPL
substation east along Eller Drive into Midport. Service would also branch north along Eisenhower Boulevard to support shore
power investments at CT2 and CT4. Additionally, service would branch south along Eisenhower Boulevard to support shore
power investment at CT29.

1.5 STAKEHOLDER OUTREACH AND DATA COLLECTION

Stakeholder outreach began in July 2022 and continued throughout the assessment of Port Everglades for shore power.
Outreach included monthly meetings with Port Everglades planning staff and FPL as well as meetings with Holland America
Group, Disney Cruise Lines, Royal Caribbean Group, and other project stakeholders.

This assessment builds on information and data collected during past studies by Port Everglades, Broward County, the USEPA,
FPL, and other sources. A listing of these sources is offered below:

e 2018 Port Everglades Master/Vision Plan (2018 PEMP) Update (Bermello Ajamil & Partners, 2020);

e 2021-2022 Port Everglades Facilities Guide and Directory (Port Everglades, 2021) and Port Everglades Cruise Guide
2022 (June 2022);2

e Port Everglades Utilities Maps and Electrical Distribution Plan (various);

e Cruise Ship Details for Shore Power (various) and Summary of Shore Power Loads and Vessel Shore Power Upgrade
(FPL May 2021);

e 2020 Broward County Climate Change Action Plan (Broward County Climate Change Task Force , 2020);
e  US EPA’s Shore Power Technology Assessment at U.S. Ports (USEPA, 2017);

o |EC/ISO/IEEE 80005-1:2019 (International Electrotechnical Commission and Institute of Electrical and Electronics
Engineers, 2019 ); and,

o  Others referenced through the report and contained in the References Section (see Section 8).

2 Note these are continually updated, especially for FY2022/23 as cruise lines return to service.
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Figure 1-2. Location of Port Everglades Subject Cruise Terminals
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Source: Port Everglades and M&N, 2022.
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1.6 VESSEL OPERATIONS AT PORT EVERGLADES SUBJECT CRUISE TERMINALS

Homeporting cruise vessel operations constitute the main operations at each of the Subject Cruise Terminals and their
respective berths. Ships typically arrive in the early morning and depart in late afternoon, spending a total of between 8 and 11
hours at berth. As of July 2022, 40 different vessels are planned to conduct cruise operations from Port Everglades during
FY2022/23 (see Table 1-1). Most cruise operations run between October to April, with ships then repositioning to summer
cruising regions (e.g., Alaska, Northern Europe, the Mediterranean Sea). A handful of vessels operate year-round from their
respective terminals.

Of the vessels shown in Table 1-1, approximately 50% are currently configured to accommodate shore power. Several additional
ships have shore power upfit under review or scheduled for installation. Royal Caribbean’s Vision of the Seas will not be
upgraded to accommodate shore power given the ship’s age and remaining service life.

Nearly all vessels are set up for 11,000 V, 3 phase, and 60 Hz. Maximum shore power consumption levels range from a low of
6.0 MW to a high of 13.5 MW for Royal Caribbean’s Allure of the Seas.

Cruise vessels operating from Port Everglades typically burn low sulfur Marine Gas Oil (MGO) or Marine Diesel Oil (MDO).
Vessels equipped with scrubbers—devices which remove pollutants from emissions—can burn High Sulfur Fuel Oils (HSFO)
which typically has a sulfur content of 2% to 3%. Over the next few years, Port Everglades will welcome an increasing number of
cruise vessels operating on LNG.3

3 LNG has a low carbon to hydrogen ratio, and therefore, produces fewer moles of CO2 per mole of natural gas (Corbin, et al., 2019). LNG does not produce SOx
or particulate matter and can produce 85% lower NOx and up to 20% lower GHG emissions than typical diesel engines (Monios, 2018; Carnival Corporation &
PLC, 2020). There are no visual emissions associated with the use of LNG.

PROJECT OVERVIEW | 9
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Table 1-1. Cruise Vessels Operating from Port Everglades, FY2022/23

Lower PE Shore Pwr.  Voltage Frequency Max.
Name Class Brand . . Pwr.
Berths Terminal Connection  (KV) (Hz)
(MW)
Allure of the Seas Oasis RCCL 5,400 18 Under Review* 1 60 135
Apex Edge Celebrity 2,908 25 Yes 1 60 8
Beyond Edge Celebrity 2,908 25 Yes 1 60 8
Caribbean Princess Caribbean Princess 3,100 2,19, 21 Yes 6.6 60 11
Costa Deliziosa Vista/Spirit Costa 2,260 19 -
Disney Dream Dream Disney 2,500 4 (2024) Planned 1 60 10.5
Edge Edge Celebrity 2,908 25 Under Review* 1 60 8
Emerald Princess Caribbean Princess 3,100 2 Yes 11 60 11
Enchanted Princess Royal Princess 3,600 2 Yes 1 60 10
Equinox Solstice Celebrity 2,850 18, 25,29 Under Review* 11 60 11
Eurodam Signature Holland 2,104 19,21,26 Yes 1 60 7
Evrima Megayacht Unknown 19,25 -
Harmony of the Seas Oasis RCCL 5,400 18 Under Review* 1 60 1
Island Princess Coral Princess 1,950 2 Yes 11 60 9
Jaume I High-Speed Cat. Unknown 19,21,29 - -
Liberty of the Seas Freedom RCCL 3,600 18,19, 25 Under Review* 11 60 11
Marbella Discovery Vision Marbella 1,800 19 -
Millennium Millennium Celebrity 2,038 18, 25,29 Yes 11 60 8
MS Queen Elizabeth Vista Cunard 2,547 2
Nieuw Amsterdam Signature Holland 2,100 19,21, 26 Yes 11 60 7
Nieuw Statendam Pinnacle Holland 2,650 26 Yes 1 60 6
Odyssey of the Seas Quantum RCCL 4,100 18 Yes 1 60 10
Oosterdam Vista Holland 1,916 19, 26 Yes 1 60 7
Reflection Solstice Celebrity 2,994 29 Under Review* 11 60 11
Regal Princess Royal Princess 3,600 2 Yes 1 60 10
Rotterdam Pinnacle Holland 2,650 19, 26 Yes 11 60 6
Ruby Princess Caribbean Princess 3,070 21 Yes 1 60 10
Silver Cloud N/A Silversea 296 19
Silver Dawn N/A Silversea 596 25,26 6.6
Silver Moon N/A Silversea 596 19, 26 6.6
Silver Shadow N/A Silversea 396 19
Sky Princess Royal Princess 3,600 2,21 Yes 11 60 10
Viking Neptune Viking Ocean Viking 930 19
Viking Octantis Polar 6 Viking 378 19
Viking Polaris Polar 6 Viking 378 19
Viking Star Viking Star Viking 930 19
Vision of the Seas Vision rRecL 2000 O No 1 30 NIA
Volendam R - Class Holland 1,432 4,19, 21 Planned 6.6 60 6
Voyager of the Seas Voyager RCCL 3,100 18 Yes 1 60 9
Zaandam R - Class Holland 1,432 19,21, 26 Yes 6.6 60 6
Zuiderdam Vista Holland 1,916 26 Yes 1 60 7

Source: Port Everglades Master Cruise Schedule, FY22-23 (July 2022), Various Cruise Lines, and M&N, 2022. *Under Review refers to the cruise line continuing
to study the need and cost to upgrade the vessel for a shore power connection.
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2. SHORE POWER TECHNOLOGY ASSESSMENT

Abatement of GHG emissions from OGVs and within ports is evolving in North America and Europe. Since 2000, more than 10
high capacity (>6.6 kV) OPS systems have been installed in the U.S. (USEPA, 2017). In Europe, the EU has set itself a binding
target of achieving climate neutrality by 2050 and, as an intermediate step towards climate neutrality, committed to cutting
emissions by at least 55% by 2030 (aka Fit for 55). As part of these target, shore power will be mandatory in all EU ports by
2030-2035 (Council of the European Union , 2022)4

The following section presents current North American shore power installations and reviews and assesses shore power
technologies suitable for Port Everglades Subject Cruise Terminals.

21 EXISTING NORTH AMERICA SHORE POWER INSTALLATIONS

In the U.S., container ships, conventional refrigerated ships, and cruise ships are required to use shore power when docked at
six ports in California (Los Angeles, Long Beach, Oakland, San Diego, San Francisco, and Hueneme) and when docked at select
facilities in Juneau, Alaska®. Cruise facilities in Seattle and New York (Brooklyn Cruise Terminal) also have shore power
systems in place. Table 2-1 presents a summary of shore power facilities in North America.

As shown, the primary wave of shore power investment occurred between 2009 and 2015 for cruise ports in the U.S. and
Canada. Many of these investments are the result of regulation (California) and grant availability associated with the USEPA
(Diesel Emissions Reduction Act) or Canadian Government. A second wave of shore power investment is taking root as
communities, ports, and operators work to reduce their carbon footprints in general and emissions specifically.

On February 17, 2021, Miami-Dade County, FPL, and the Port's six major cruise line customers signed a joint statement to work
together on the “most effective way to bring shore power to...PortMiami” (Joint Statement Regarding Shore Power at PortMiami,
2021). In March, Carnival Corporation and Miami-Dade County agreed to launch Phase 1 program at PortMiami’s Cruise
Terminal F (Muniz-Amador, 2021). This program was later expanded to include four additional cruise terminals—CTA, CTB,
MSC Terminal, and Virgin Terminal. PortMiami is targeting October 2023 for completion of shore power infrastructure at each of
these cruise terminals. Initial power available from FPL will limit the number of terminals that can be operated at one time.

Other North American ports advancing the study and implementation of shore power systems include:

e The Port of San Diego is doubling shore power capability at its B Street and Broadway Pier terminals (Cruise Industry
News , 2021). Following completion in September 2022, two vessels will be able to connect simultaneously.

e The Port of Seattle is developing shore power to Pier 66—its downtown waterfront cruise terminal—by 2023. The total
project cost of Seattle’s project is $17 million.

e The Greater Victoria Harbour Authority is advancing the design of shore power at Victoria’s Ogden Point cruise
facilities. Completion of this project is planned for 2025/26.

As shown in Table 2-1, more recent shore power landside investment has ranged between $8 and $10 million per shore power
connection location, with most of those providing over 12 MW of maximum capacity. Data on emissions savings due to shore
power investment is limited, with five ports reporting emissions reductions (tons of CO2) of between 1,500 (Brooklyn) and 2,900
(Seattle) annually. Emission savings vary due to multiple factors, including time at port, number of vessels outfitted with shore
power connections, and port requirements/incentives to use shore power. As port and cruise line acceptance rises, overall
average emissions savings are expected to increase.

4 The EU Fit for 55 Program has 5 legislative initiatives impacting maritime issues, including a “Zero emission requirement at berth.” About 7% of European ports
have shoreside capability. Exemptions are in place for small ports, those receiving less than 500 calls.

5 While shore power at commercial ports is a relatively recent innovation, this technology has been used by the US Navy for decades with expansions picking up
pace in recent years as demand for greater emissions reduction to combat climate change increases. Consistent with recent Presidential Executive Orders and
state-level programs like California’s Low Carbon Fuel Standard (LCFS) market, the Navy has been seeking out ways to further electrify their fleets while
onshore. The latest example is a first-of-its-kind agreement signed between the Navy and the Port of San Diego to jointly electrify both the Port and Naval Base.
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Table 2-1. Synopsis of Existing Shore Power Port Installations for Cruise Activities — North

America
Location / Year Power Maximum ; Frequency ; Landside Docking (Usage Costs; Emission Type*
Facility Installed Source Capacity (Hz) Cost Time (avg | (Source i Reduction
(MW) hrs.) +Year) (tons CO)
Juneau / 2001 Alaska Electric 11.0 60 $USD 5.5M 9 $4000- Cochran
Franklin Dock Light and (inc. ship upfit 5000/day Marine Shore
Power (grid all costs) (2004) Power System
hydroelectric) / x1 Berth
Halifax / 2014 Nova Scotia 60 $CAD 10M 9 Cochran
Piers 20, 21, Power Marine Shore
and 22 Power System
| x3 Berths
Port of Long 2011 Southern 16 60 9 Varies Cavotec and
Beach / Long California Cochran
Beach Cruise Edison Marine Shore
Terminal Power System
Facility / Dual Voltage /
x1 Berths
Port of Los 2004 Southern 40 60 9 $150 service Cavotec/
Angeles / California charge + Single Voltage
World Cruise Edison $1.33KkW / x2 Berths
Center facilities charge
+
$0.05910/kWh
energy charge
(2017)
Montreal / 2016/2017 i Hydro Quebec 60 $CAD 11-12M 10 - 2,800 Annuallyi  Schneider
Alexandra Pier (grid primarily (1,500 Electric
hydroelectric) wintering, Canada / x4
1,300 cruise) Berths
New York / 2015 Con Edison 20 60 $USD 10 M 9 $0.12/kWh 1,500 Annually; ~ Cochran
Brooklyn ($0.26/kWh to Marine Shore
Cruise deliver) (2017) Power System
Terminal / Dual Voltage /
x1 Berths
San Diego /B 2012 San Diego Gas 16 60 $USD 7 to 8M 9 Cochran
Street and & Electric Marine Shore
Broadway Pier Power System
cruise ship / Dual Voltage /
terminals x2 Berths
San Francisco 2010 SFPUC (grid 12 60 $USD 5.2 M 10 2,553 Annuallyi  Cochran
| Pier 27 primarily (2014) Marine Shore
hydroelectric) Power System
/ Dual Voltage /
x1 Berths
Seattle / 2009 (T91) i Puget Sound 12.8 60 $USD 7 to 8M 9 P: $0.068/kWh:2,900 Annually;  Cochran
Terminal 91 Energy (T91) OP: (2019) Marine Shore
(relocated from $0.045/kWh Power System
Pier 30) (2017) / Dual Voltage /
x2 Berths
Vancouver / 2009 BC Hydro (grid 16 60 $CAD 12.4M" 10 $CAD 80.22 i 20,000 since Cochran
Canada Place primarily /Mwh ($5K 12009 (+/- 2,000i Marine Shore
hydroelectric) assuming 60 i Annually) {Power System
Mwh usage) / Dual Voltage /
(2020) x2 Berths

Notes *Cochran Marine is now Watts Marine Shore Power Solutions. **A 3% annual inflation rate has been assumed incorporated into this value.

Sources: USEPA (USEPA, 2017); Various Websites and Media Releases 2021.

Nearly all North American equipment installations have been advanced by Cochran Marine based in Seattle (now Watts Marine
Shore Power Solutions). Watts Marine uses a proprietary grouping of step-down transformers and switchgear coupled with either
fixed or mobile jib CMS systems. This and other shore power systems are discussed in greater depth in the next section.
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2.2 SHORE POWER TYPES AND ARRANGEMENT

In this section, we present proven and emerging shore power types and arrangement to identify workable approaches for Port
Everglades.

221 OPERATIONAL CONSIDERATIONS
As discussed in Section 1.2, shore power infrastructure generally consists of four main groupings of elements:
1. Incoming electrical power from the energy company and substation switchgear;

2. On-site power distribution and control, inclusive of a large power transformer with incoming primary switchgear,
outgoing secondary switchgear, dual secondary voltage output taps, and protection and control features;

3. Transmission lines (typically duct banks and connector pits) and equipment that comprise the CMS, providing the
essential linkage from the shore power load transformer and switchgear to the OGV; and,

4. The OGV power supply connection point.

The utility power supply point and interface are essential for operations and must be developed in strict accordance with local
utility standards and requirements. As shown in Table 1-1, Allure of the Seas has the highest maximum demand at 13.5MW.
The established peak load of 13.5 MW presents a large stepped load increase to FPL at the time of connection and a large
stepped load decrease at the time of disconnection.® In addition, the transfer of power from ship-side generation to shore-side
supply is normally completed by means of ‘closed transfer.’ Closed transfer occurs when there is a temporary paralleling of ship
power generators to the shore-side power grid. Closed transfer results in no loss of power at any time aboard the ship and can
be described as a ‘bumpless transfer.’”

On-site power distribution and controls are required to transform the utility supply voltage, frequency to the voltage, and
frequency of shore power needed by ships. This is 6,600 V or 11,000 V, 3 phase, and 60 Hz for ships sailing regularly into North
American ports. Larger cruise ships generally need 11,000 V and the smaller ships 6,600 V. Power supply frequency is usually
60 Hz on board the ships unless they were designed for European ports where the grid frequency is more commonly 50 Hz.
These operating voltages and frequencies are mandated under compliance with IEC/ISO/IEEE 80005-1:2019 (International
Electrotechnical Commission and Institute of Electrical and Electronics Engineers, 2019 ).

Cruise ships have a very narrow operations voltage tolerance which can vary slightly from ship to ship. Power transformers with
automatic onload tap changer systems are typically used to adjust the precise operating voltage for each ship based on a
predetermined need and the operating conditions of the supply utility. The utility offers their power within a certain window of
normal voltage and frequency conditions that allow for normal service variations from within the power grid. The on-site shore
power system needs to adjust and compensate for grid conditions (where possible) to maintain a steady operating condition for
the cruise ships while connected to shore power.

The heart of the on-site power distribution and controls system is a large power transformer, nominally 20 MVA size for cruise
ships, and switchgear at the primary and secondary sides. The number of connection points the transformer needs to service
governs the amount of secondary switchgear that must be provided. In accordance with international standards, a single shore
power transformer can only service one ship at a time (International Electrotechnical Commission and Institute of Electrical and

6 By standard, shore power equipment and related infrastructure meet high-capacity Onshore Power Supply (OPS) installation requirements established under
IEC/ISO/IEEE 80005-1:2019 require system design at 16MW (International Electrotechnical Commission and Institute of Electrical and Electronics Engineers,
2019).

"Utility providers are sensitive and protective of this paralleling activity as it presents risk to their grid and customers. This risk concern by the utility is particularly
high when large loads are involved, such as with cruise ship shore power loads and when the paralleling time is significant. This issue has been resolved in many
other jurisdictions around North America. Technologies and methods to do this safely and reliably are well established and proven.
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Electronics Engineers, 2019 ). There may be several possible connection points that could be used for that one load connection;
however, each needs a supply circuit breaker that can be isolated from the others for electrical safety.

A key operational consideration includes the speed at which shore power can be connected and disconnected. As homeporting
cruise ships at Port Everglades have visit times of between nine and eleven hours, it is important vessels can quickly connect
and disconnect from the system and do so in a safe and reliable manner. These times can increase (or decrease) for several
reasons including, but not limited to, weather or other contingencies. Connect and disconnect times are generally 45 minutes, or
a total allowance time of 90 minutes per homeport turn.8 Different types of CMS have advantages and disadvantages when it
comes to speed of connections, amount of required infrastructure, and the electrical and civil works needed to install them.
Additionally, there are the complexity of their operations and maintenance considerations (see Section 2.1.4).

Overall system operability and maintainability are also key considerations of the overall shore power systems. Reliable long-term
operations are needed and major components within the contemplated shore power systems need to be easily operated and
maintained. System suppliers will need to fully commission the shore power system at service commencement and also train
local resources for long term operations and maintenance activities. The specialized nature of shore power systems and need for
personnel trained in the hazards of high voltage electrical equipment operation and maintenance frequently results in ports
outsourcing system management to a third party. This is discussed in greater detail in Section 5.5.

Shore power infrastructure constructability is also a key design criteria consideration. The electrical equipment used in a typical
large shore power system installation is highly specialized and requires direct involvement by manufacturers’ technicians.
Systems with a high degree of modularity (having major components assembled and tested off-site) can be easier to implement
on site and provide a less disruptive installation and commissioning cycle. These types of pre-configured systems can also lead
to reduced site work needs and parallel construction activity schedules. Highly modular methods allow for more site work to be
completed, controlled, and tested in more controlled indoor facilities and transfers their associated costs from site construction
costs to equipment package supply costs. There will always be a certain degree of site installation work needed, but this can be
minimized in cost and schedule by use of modularized methodologies.

2.2.2 MAINSTAY SHORE POWER SYSTEM TYPOLOGIES
Approach 1 - Traditional Shore Power System

Traditional shore power infrastructure consists of the components illustrated in Figure 2-1. Key components of the shore power
equipment are the primary power transformers—including automatic on-load primary tap changers—primary and secondary
switchgear, the management and reporting system, and other components. This configuration is the most observed in North
American installations. While all shore power systems are costly and require a high degree of maintenance, the traditional shore
power system tends to be the least cost approach in terms of Capital Expenditure (Capex).

Without power factor correction (discussed in the next section), traditional shore power systems are relatively slow to adjust to
variations seen on the utility primary side. Transformers are usually oil-filled, and the oil presents a flammability and
environmental leakage concern. Less flammable and bio-degradable oils can be specified, which can mitigate this risk to some
extent. Non-oil filled cast coil dry transformers can also be used but they still require an oil-filled automatic on-load tap changer
with at least a lower volume of oil to be considered.

The switchgear on the primary side depends mostly on the utility requirements, which will be similar to any comparably sized
shore power system operating at the same primary voltage class. The switchgear of the secondary side depends mostly on the
number of connection points needed at the cruise berth.

8 Connecting and disconnecting service at North American ports is typically a third party contracted service. See Section 5.5 for more details.
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Figure 2-1. Traditional Shore Power System
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Approach 2 — Traditional Shore Power System with Power Factor Correction

The traditional system can include power factor correction via frequency conversion for more precise/stable ship voltage control
(see Figure 2-2). Frequency conversion can convert shore power to shipboard use and transfer the ship’s main power
distribution to the shore power without interrupting power to various shipboard electrical components. As both onshore power
and ship systems are set at 60 Hz frequency, frequency converter systems are not normally needed in North America. The
precision and stability associated with frequency conversion offers strong appeal to cruise ships and to utilities.

Figure 2-2. Traditional Shore Power System with Power Factor Conversion
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Source: M&N, 2022.

Technological advancements in recent years have led to cost effective and highly reliable solid-state frequency converter
systems that offer many operational benefits well beyond simply changing the frequency. These include:

o Elimination of the need for automatic on-load tap changers;

o Higher degree of electrical isolation and faster protection response for ships load;

e More precise control of operating voltage for ships;

o Single dry type transformers and drive systems can supply all output voltage needs for ships;

o  Greater stability of operating voltage to ships during utility supply side voltage variations;

o  Greater isolation from ship side load characteristics to utility side power supply; transient loads on board ship side are
not seen by utility at primary side; and,
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o  System ability to self-load test at times of commissioning and re-commissioning eliminating need for use of large load
banks.

The benefits of power factor correction via frequency conversion do come at increased cost, often amounting to an additional
10% to 20% of the Capex for transformer and switchgear equipment.

Approach 3 - Traditional Shore Power System with Modular Grid Storage

Traditional shore power supply and those with added power factor conversion can be modified to include storable grid systems.
Storable grid system batteries are charged by supply transformers and switchgear when shore power is not in use and supply
battery power when shore power is needed. This typology helps to offset and stabilize peak power demanded from a utility.
While this is a great advantage, these types of systems add cost to the overall shore power system and require additional space
allocation for battery systems.

Figure 2-3. Conventional Shore Power with Modular Grid Energy Storage
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Grid energy systems are expensive. They still require a conventional shore power system and a layer of technology between the
utility switchgear and shore power transformation system. However, the benefits are worth consideration. Battery supported
shore power alternatives are likely the most complex electrical alternatives and supplement a conventional system with added
internal energy supply features.® These systems can also have higher Operations and Maintenance (O&M) costs.

2.23 SHORE POWER COMPONENT ARRANGEMENT

Shore power systems can be dock-mounted, containerized, or barge-mounted (USEPA, 2017). Watts Marine systems installed in
North America are generally the dock-mounted type (Figure 2-4), and thus, most commonly observed.

Containerized (or contained) shore power systems are increasingly observed in shore power applications (Figure 2-5). These
systems are typically modular, allowing for systems to be shipped as preassembled units and stacked/arranged to reduce space
needed for installation. Cavotec (https://www.cavotec.com/en), Powercon (http://www.powercon.dk/), Wartsila SAMCon

9 Port Hueneme in California embarked on a grid energy system pilot project in 2016. Tesla installed 5 battery packs to supplement the shore power system.
There is 2 MWH of installed battery capacity. Batteries occupy approximately 600-square feet of space. The system is running and working but it is totally
automatic in the sense that a proprietary Tesla algorithm determines when to charge off the grid and when to deliver the power to the shore power system.
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(https://www.wartsila.com/), Schneider Electric (https://www.se.com/us/en/, and other manufacturers continue to advance
containerized shore power innovations. 10

Barge-mounted systems require little or no dockside space. These systems are self-contained power plants that provide power
for at-berth vessels. Barge-mounted systems typically use alternative fuels or technologies such as liquefied natural gas (LNG)
and fuel cells. The types of systems are the least commonly observed.

Figure 2-4. Dock Mounted Shore Power

Source: Watts Marine (https://www.watts-marine.com/shore-power-solution ), 2022

Figure 2-5. Containerized/Contained Shore Power Example
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Source: Powercon (https:/powercon.dk/shore-power/ ), 2022

10 As some manufactures are based in Europe, products contemplated for North America applications must meet local code requirements including NEC, NBC
and OSHA plus state and power utility requlations.
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224 SHORE POWER CABLE MANAGEMENT SYSTEMS

Shore power CMS come in many configurations. Transmission lines from substation transformers and switchgear are routed
through utility trenchworks to vault locations and/or secondary trenches along the dock. Vaults and/or secondary trenches are
then linked to a CMS apparatus used on the shore side. This apparatus can range from a fixed pedestal mounted jib crane to a
mobile CMS vehicle with hydraulically operated telescoping boom.

Each type of CMS has trade-offs. A fixed jib crane has limited range to reach shell door locations but is generally the least costly
(see Figure 2-6). A repositionable jib crane can be moved via forklift to multiple locations, but this movement takes greater time
than fully mobile units. Repositionable jib cranes are generally more expensive than fixed models but less than fully mobile units.

Mobile CMS units have maximum flexibility in movement at positioning at one or several berths (see Figure 2-7). These CMS
systems generally allow for spooling of cables as part of the apparatus and have a range of up to 150 feet from the vault location.
They generally also have the highest equipment cost.

Management of cables extending from vaults creates challenges and safety issues along vessel aprons, especially when ship
connection points are variable. At many ports, secondary trenches running the length of the wharf are expensive to retrofit within
existing structures. Products such as the Igus (https://www.igus.com/info/industries-shore-power-supply) motorized e-chain reel
that spools a special energy chain enclosure can help to protect and manage cable so as to not allow it to lie exposed on the
apron (see Figure 2-8).

Figure 2-6. Fixed and Repositionable Jib Crane Examples

Source: Watts Marine (https://www.watts-marine.com/services ), 2022
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Figure 2-7. Mobile CMS Examples

Source: Igus ( hitps://www.igus.com/info/industries-offshore-echain-reel ), 2022

2.2.5 USE WITH NON-CRUISE OCEAN GOING VESSELS

Shore power systems provided for cruise ships can be used for other OGVs, including cargo vessels, ferries, and large yachts.
The establishment of a system with distribution and controls able to support 6,600 V or 11,000 V, 3 phase, and 60 Hz allows for
the potential to accommodate other OGVs. A switchboard with separate feeder would need to be incorporated into system
design. The system would need to be carefully interlocked to make sure it can only connect to one vessel at a time and only
operate at 6,600 V at a given time if the same system is capable of delivering either 6,600 V or 11,000 V.

Veessel connectivity and cable management would need to be explored at each berth to accommodate cruise ships as well as a
wider variety of different cargo vessels, ferries, and large yachts. There would likely need to be separate dedicated outlets and/or
cable management this is for the exclusive use of these vessels. Operation of several vessels in parallel—for example, two large
yachts at a single berth—would necessitate each ship having its own on-shore supply transformer to maintain galvanic isolation.
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23 EVALUATION OF SHORE POWER TYPES AND ARRANGEMENT

Established evaluation criteria for shore power types and arrangement included project goals outlined in Section 1.3 as well as
categories of constructability, related Capex and Opex of the system, longevity, CMS type applicability, and community
perception. Reviews under each criteria element are based on engagement with project stakeholders, vendors, and M&N
experience on similar projects and are summarized in Table 2-2.

In review of the three approaches, a traditional shore power system with a modular energy storage (Approach 3) is not
recommended due to its high cost to implement. FPL has also committed to providing necessary power supply for each of the
subject terminals. !

A traditional shore power system (Approach 1) and the option for power factor correction (Approach 2) are both are suitable
applications at Port Everglades. Both approaches meet high-capacity OPS installation and distribution control requirements.
Approach 1 and 2 each have equipment vendors that can provide containerized / contained (inclusive of stacking) options to
reduce the overall equipment footprint. Both approaches also can use the range of CMS options available.

The primary determining factor rests with the degree of desire by FPL and cruise lines users for more precise/stable ship voltage
control and other features under Approach 2 justify a 10% to 20% increase in transformer and switchgear equipment cost. The
general consensus resulting from discussions with project stakeholders was more precise/stable ship voltage control is desirable
but not a critical factor at Port Everglades warranting increased project cost.

2.4 LISTING OF SHORE POWER INFRASTRUCTURE AND EQUIPMENT VENDORS

Based on M&N experience as part of the research on available shore power technologies, multiple vendors were identified, and
many contacted, for additional information. The following is a list of many of the vendors currently in the market:

e  Cavotec (https://www.cavotec.com/en)

e Powercon (http://www.powercon.dk/)

o  Wartsilda SAMCon (https://www.wartsila.com/)

e  Schneider Electric (https://www.se.com/us/en/)

e  ABB (https://new.abb.com/marine )

o  Siemens (https://new.siemens.com/global/en/company/stories/industry/environmental-awareness-at-the-port.html )
e  Cochran Marine (https://www.cochranmarine.com/ )

e  Patton & Cooke (https://pattonandcooke.com/ )

o lgus (https://www.igus.com/info/industries-shore-power-supply )
e  Stemmann-Technik (http://stemmann.com/ )

o Shore-Link (https://shore-link.eu/ )

" Modular energy storage may be a suitable add-on associated with onsite energy generation and/or other elements of a microgrid development at Port
Everglades. Microgrids are reviewed in Appendix C.
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Table 2-2. Evaluation of Shore Power Types Against Port Everglades Criteria and Other Factors

Aobroach 1 Approach 2 Approach 3 - Traditional
.  App Traditional Shore Power Shore Power System w/
Planning Standard Traditional Shore Power .
System w/ Power Factor Modular Grid Energy
System .
Correction Storage
1. Availability Medium. Available in Europe; Medium. Traditional shore

(Goal - Shore power
infrastructure to be operational
by 2024/25)

High. Most installed in North
America. Anticipate 9-to-12-
month delivery.

may require North America
certification. Anticipate 9 to 12+
month delivery. Installation may
be faster.

power elements available but
reliant on battery availability.
Anticipate 9-to-15-month
delivery.

2. Applicable Standards #1
(Goal - Ensure shore power
equipment and infrastructure
meet high-capacity OPS
installation requirements under
IEC/ISO/IEEE 80005-1:2019)

Yes

Yes

Yes

3. Applicable Standards #2
(Goal - Establish on-site power
distribution and controls at
6,600 V or 11,000 V, 3 phase,
and 60Hz)

Yes

Yes

Yes

4. Project Footprint

(Goal - Limit to the greatest
extent possible the footprint of
shore power equipment and
related infrastructure)

Depends. Most traditional
installations use dock mounted
approach, occupying more
space. Some manufactures
have standardized/ stacking
containment.

Depends. Many manufacturers
providing power factor
correction features have
standardized/ stacking
containment.

Similar to Approaches 1 and 2.
Will require additional area
needed for battery storage.

5. User Acceptability

(Goal - Ensure shore power
investments meet the needs of
vessels scheduled and
anticipated to homeport from
Subject Terminals)

Meets vessel requirements and
used in other visited ports.

Meets vessel requirements and
used in other visited ports.

Meets vessel requirements.

6. Aesthetics

(Goal - Integrate equipment
and infrastructure in such a
way as to be visually

appealing.)

Depends. Approaches with
greater standardized/ stacking
containment adds opportunity
for branding and messaging.
Small footprint will limit visual
impact.

Depends. Approaches with
greater standardized/ stacking
containment adds opportunity
for branding and messaging.
Small footprint will limit visual
impact.

Depends. Approaches with
greater standardized/ stacking
containment adds opportunity
for branding and messaging.
Small footprint will limit visual
impact.

7. Constructability

High. Well understood, risks

High. Typically contained
system delivered for fast

Medium. Relatively understood
constructability but more

known. installation. Relatively ductwork and equipment
understood constructability. placing.

8. Relative Capex of Medium. +/- 10% to 20%
System increment in cost for adding .

Low power factor correction over High

traditional shore power supply.
9. Relative Opex of System Medium. More long-term
flexibility as it can minimize risk
Low Low

of peak power availability; adds
resiliency.

10. System Longevity

High. Anticipate 20+ years.

Medium: Relatively new
technology but increasing in
acceptance. Anticipate 15 to 25

Relatively new technology so
longevity not well known.

years.
11. CMS Applicability Adaptable to most CMS Adaptable to most CMS Adaptable to most CMS
systems. systems. systems.

Source: M&N, 2022.
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3. CRUISE HOTELING AND FORECAST SAVINGS

31 BENEFITS OF SHORE POWER IN REDUCING GHG EMISSIONS

The IMO estimates total shipping emitted 1,056 million tons of COz in 2018, accounting for about 2.89% of the total global
anthropogenic (human activity related) CO2 emissions for that year (International Maritime Organization, 2021). As shipping
continues to expand, IMO business-as-usual scenarios suggest emissions could represent 90-130% of 2008 emissions by 2050.
Approaches to reducing GHG associated with shipping will require capital and operational improvements to ship energy
efficiency and the communities from which they operate.

Shore power systems are a proven way to reduce in-port and near-port emissions of air pollution, benefiting air quality for
communities located near or adjacent to the port, many of which are non-attainment areas for criteria air pollutants (USEPA,
2017). Improved air quality can improve human health and reduce environmental damages, resulting in economic benefits from
reduced medical costs and environmental remediation expenses. As documented by several North American locations that have
advanced shore power investments for cruise ships, estimated annual GHG reductions are meaningful (see Table 2-1),
especially in regions where electricity is produced by renewable sources. Cruise lines have also recognized the importance of
shore power in their approach to reducing emissions and operating more sustainably (Carnival Corporation & PLC, 2020; Joint
Statement Regarding Shore Power at PortMiami, 2021).

In this section, GHG emissions for each of Port Everglades Subject Cruise Terminals are estimated. Forecasts of future
operations are based on a target installation date of shore power infrastructure by FY2025/2026 for five terminals and all
terminals by FY2030/31. We then project forward potential GHG savings associated with the project.

3.2 EMISSION STANDARDS AND REGULATIONS

OGVs must comply with applicable international, national, and local regulations with respect to air pollution. Regulation
compliance focuses on reducing diesel PM, NOx, and Reactive Organic Gases (ROG) emissions from diesel vessel engines.
The IMO mandates fuel requirements for commercial vessels. A sulfur cap was implemented January 2020 for most commercial
vessel fuels (less than 0.5%) (International Maritime Organization, 2021). IMO targets for 2030 and 2050 call for additional
reductions in air pollutants and GHGs, particularly COs.

The entire east coast of the U.S. and Canada is part of the much more stringent North American Emission Control Area (ECA).
While the IMO standard for sulfur is 0.5% as of January 2020, the North American ECA standard is 0.1% since 2015. The ECA
also limits NOx emissions by requiring ships constructed on or after January 2011 comply with the ECA Tier Il NOx standard and
those constructed on or after January 2016 comply with the Tier Ill NOx standard (USEPA, 2021).

Cruise ships increasingly must comply with more stringent regulations levied by states, provinces, and cities. By example, the
California Air Resources Board (CARB) requires operators to reduce at-berth emissions from auxiliary engines by 80% while in
California Ports (California Environmental Protection Agency: Air Resources Board, 2021). The adoption of future national and/or
state regulation is likely given this overall trend towards emissions-reducing legislation in other parts of the world.

3.3 CRUISE LINE INITIATIVES

The cruise industry is committed to the preservation of the world’s oceans and marine life, incorporating sustainable practices
into strategic plans, making a positive impact on communities, and managing resources more efficiently for enhanced energy
consumption. These and other sustainably minded aims are being implemented onboard vessels, at communities visited, and
throughout operational practice. To help address climate change, advance decarbonization of operations, and improve air
quality, the industry overall has pledged to reduce its 2008 fleet-wide rate of CO2 emissions by 40% by 2030 (Cruise Lines
International Association, 2021).
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Carnival Corporation—parent company of Princess Cruises and Holland America Line—has in place a broad set of sustainability
goals intended to reduce its carbon footprint, reduce waste generated, improve water use an efficiency, and address other
related sustainability targets associated with the company’s operations (Carnival Corporation & PLC, 2020). Carnival
Corporation established a 2030 sustainability goal to reduce the intensity of COze (carbon dioxide equivalent) emissions from
operations by 40% relative to their 2008 baseline. Carnival is making progress towards this goal, reporting in 2020 a reduction of
24.8% in emissions intensity relative to their 2008 baseline. One key initiative in Carnival’s efforts to reduce carbon emissions is
investment in liquefied natural gas (LNG) powered vessels. Carnival's Excellence-class vessels, its latest and largest ships which
will be used across several brands, are all LNG powered. Carnival's LNG powered Celebration will operate year-round from
PortMiami. Another stated goal aligned with the reduction of emissions is the increase of shore power (cold ironing) capacity and
technology. Carnival is actively updating ships with the ability to utilize shore power technology. Carnival is also looking ahead
and investing in carbon efficient technologies such as fuel cells, battery systems, and other operational systems.

Royal Caribbean Group, which includes Royal Caribbean International and Celebrity Cruise Lines, has similar progressive
sustainability goals in place (Royal Caribbean Group, 2021). Royal Caribbean is advancing its program of ‘Destination Net Zero’
intended to achieve net zero emissions by 2050. The line has already achieved its 2020 goal of reducing greenhouse gas
emissions 35% below 2005 levels. Transitioning cruise vessel new builds to lower-emission fuel alternatives is an important
near-term approach being employed by Royal Caribbean to reduce the line’s overall carbon footprint. Longer term, Royal seeks
to extend partnerships with fuel suppliers, shipyards, academia, governments, and other stakeholders to develop alternative and
accessible fuels and technologies. Royal Caribbean is also working to significantly expand the use of shore power systems in
their operating ports.

34 ESTIMATED GHG EMISSIONS AT PORT EVERGLADES SUBJECT CRUISE TERMINALS

Subject Cruise Terminal throughput data on scheduled calls for FY2022/23 and FY2023/24 was reviewed by M&N. Additional
insights on these figures was gathered from Port Everglades and cruise line interviews. M&N then prepared forecasts of vessel
calls out to FY2046/47. The forecast includes periodic replacement and upgrade of cruise vessels as is typically the norm at Port
Everglades and other homeports. Scheduled and forecasted cruise vessel volumes are presented in detail in Appendix B.

A total of 954 vessel calls at Subject Cruise Terminals is anticipated for FY2023/24 (see Table 3-1).2 FY2023/24 is considered
representative of the Port returning to full operations post COVID-19 as well CT4 completion for Disney. Hoteling hours were
estimated using timing of cruise ships in Port derived from FY2022/23. Hours were held constant for the full forecast period.

Table 3-1. Cruise Throughput and Hoteling Hours, FY2023/24

Cruise Terminal Est. Ve.zsel Moves / Est. Hoteling Hours Shore Power System Est. Shore Power

alls Installed Connected Hours
CT2 87 833 No N/A
CT4 79 928 No N/A
CT18 108 1,087 No N/A
CT19 83 848 No N/A
CT21 366* 4,353* No N/A
CT25 113 998 No N/A
CT26 76 704 No N/A
CT29 42* 490 No N/A
TOTALS 954 10,241 N/A

Sources: (USEPA, 2020) (USEPA, 2020a) (USEPA, 2020b) (Faber, et al., 2020), Port Everglades, and M&N, 2022.*High number of calls and hoteling hours

results from use of this berth for ferry operations by the Jaume II. **Uses FY2022/23 figures; CT29 may undergo renovation FY2023/24.

12 FY2022/23 data of 42 vessel moves / calls used for CT29. This cruise terminal may be undergoing redevelopment FY2023/24.
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A GHG forecast model was prepared using guidance and formulas from the EPA, IMO, and other sources (USEPA, 2020;
USEPA, 2020a; USEPA, 2020b; International Maritime Organization, 2021). The forecast model includes estimated
measurements in Metric Tons (1,000kg) of Nitrogen Oxides (NOx), Sulfur Dioxide (SO2), Particulate Matter (PM2.), Carbon
Dioxide (COz), and Carbon Dioxide Equivalent (COzeq). Vessels powered by diesel-electric engines consuming low sulfur Marine
Gas Oil (MGO) was used in the model unless vessels were known/forecast to be operating with LNG, such as Princess Cruises’
Sphere-class and Royal Caribbean’s Icon-class. Results are presented in Table 3-2.

Table 3-2. Estimated GHG Emissions from Hoteling Cruise Vessels for FY2023/24

Metric Tons (1,000kg)

Cruise Terminal NOx S02 PM25 CO; CO2q
EST. EMISSIONS FY2023/24 - NO SHORE POWER

CT2 77.288 3.849 1.508 6,319 6,399
CT4 131.562 4.572 1.790 7,506 7,602
CT18 122.384 5.486 2.147 9,004 9,122
CT19 70.489 2.694 1.053 4,420 4,478
CT21 12.133 1.122 0.252 882 893
CT25 75.830 4.980 1.950 8,173 8,280
CT26 83.496 3.265 1.278 5,357 5,426
CT29 37.451 1.448 0.566 2,378 2,408

TOTAL EMISSIONS 610.633 27.416 10.544 44,039 44,608

Sources: (USEPA, 2020) (USEPA, 2020a) (USEPA, 2020b) (Faber, et al., 2020), Port Everglades, and M&N, 2022,

As shown, FY2023/24 estimated CO2 emissions associated with hoteling cruise ships at Subject Cruise Terminals are 44,039
metric tons, which is the same as the emissions produced by roughly 9,370 cars per annum. ' Total NOx and SO: are forecast
at610.633 and 27.416 metric tons, respectively.

3.5 ESTIMATES OF GHG REDUCTIONS WITH SHORE POWER IMPLEMENTATION

M&N assembled forecasts for GHG emissions with and without shore power systems for two time periods. Estimates for
FY2025/26 were prepared representing no shore power and shore power implemented at CT2, CT4, CT18, CT25, and CT26
(Phase 1). A second forecast for FY2030/31 was assembled representing full implementation of shore power at all Subject
Cruise Terminals (Phase 2). Both forecasts included total shore power connected hours (shore power capable vessels multiplied
by hoteling hours less 1.5 hours per call representing the total time to connect and disconnect shore power). We assume in both
forecasts that the percentage of shore power capable cruise vessels increases to over 90% by FY2025/25.14

As shown in Table 3-3, 993 vessel calls with 3,664 shore power connected hours is estimated for FY2025/26. Vessel calls are
expected in climb to 996 by FY2030/31. With the addition of CT19, CT21, and CT29 to the shore power lineup, total system
connected time is estimated to increase to 5,234 shore power connected hours.

13 A typical passenger vehicle emits about 4.7 metric tons of carbon dioxide per year. This assumes the average gasoline vehicle on the road today has a fuel
economy of about 21.6 miles per gallon and drives around 11,400 miles per year.

14 The remining 10% of vessels are considered older vessels with no shore power capability or are berthed in a position that is unable to accommodate the
location of the vessel’s connection point. The Jaume Il (or similar ferry vessel) is excluded from analysis.
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Table 3-3. Cruise Throughput and Hoteling Hours, FY2025/26

Cruise Terminal

Est. Vessel Moves /

Est. Hoteling Hours

Shore Power System

Est. Shore Power

Calls Installed Connected Hours**
CT2 87 833 Yes 691
CT4 78 916 Yes 800
CT18 105 1,059 Yes 893
CT19 86 875 No N/A
CT21 366* 4,353* No N/A
CT25 113 992 Yes 732
CT26 76 704 Yes 548
CT29 82 735 No N/A
TOTALS 993 10,467 3,664

Sources: (USEPA, 2020) (USEPA, 2020a) (USEPA, 2020b) (Faber, et al., 2020), Port Everglades, and M&N, 2022.*High number of calls and hoteling hours
results from use of this berth for ferry operations by the Jaume Il or similar ferry vessel. **Assumes 90% of cruise vessels connect; no ferry connectivity.

Table 3-4. Cruise Throughput and Hoteling Hours, FY2030/31

Est. Vessel Moves / Shore Power System Est. Shore Power

Cruise Terminal Est. Hoteling Hours

Calls Installed Connected Hours**
CT2 87 833 Yes 691
CT4 78 916 Yes 800
CT18 105 1,059 Yes 893
CT19 89 905 Yes 772
CT21 366* 4,353* Yes 108
CT25 113 992 Yes 732
CT26 76 704 Yes 548
CT29 82 735 Yes 690
TOTALS 996 10,497 - 5,234

Sources: (USEPA, 2020) (USEPA, 2020a) (USEPA, 2020b) (Faber, et al., 2020), Port Everglades, and M&N, 2022.*High number of calls and hoteling hours
results from use of this berth for ferry operations by the Jaume Il or similar ferry vessel. **Assumes 90% of cruise vessels connect; no ferry connectivity.
Using figures from Tables 3-3 and 3-4, estimates of avoided GHG emissions were prepared by M&N. Operational assumptions
from Section 3.4 were used along with additional factors as outlined below.

e  FPL provides adequate electric supply to power all ships at shore power-equipped berths.

e Implementation of shore power follows identified Phase 1 and Phase 2 timing.

e Vessel calls beyond FY2030/31 remain constant for the full forecast period.

o  Vessel parameters follow forecasts assembled and detailed in Appendix B. Cruise ships are expected to make great
strides in emissions reduction associated with onboard ship propulsion systems and other technologies (see Section 3-
3). These advances will likely narrow the gap between the about of emissions saved vs. the no shore power alternative
for FY2030/31 and beyond.

e  Cruise ships average 9 hours hoteling at berth. A connect and disconnect period of 1.5 hours remains the norm for
each homeport turn.

Presented in Table 3-5 are estimates of FY2025/26 GHG emissions associated with no shore power and shore power system
implementation at Phase 1 cruise terminals. As shown, if Port Everglades were to install shore power facilities at CT2, CT4,
CT18, CT25, and CT26 (Phase 1), it would save 8,903 metric tons of COz per year over the no shore power forecast. Shore
power implementation at the five terminals is equivalent to removing emissions generated from 1,894 cars per annum. Total NOx
and SOz emissions would decrease by 60.4% and 41.5%, respectively.
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An estimate of GHG emissions in FY 2030/31 associated with no shore power and shore power system implementation at all
Subject Cruise Terminals is offered in Table 3-6. As shown, if Port Everglades were to install shore power facilities at all cruise
terminals (Phase 2), it would save 11,390 metric tons of CO2 per year over the no shore power forecast. Total NOx and SO
emissions would decrease by 75% and 51%, respectively.

Table 3-5. Estimated GHG Emissions Savings from Hoteling Cruise Vessels for FY2025/26

Metric Tons (1,000kg)

Cruise Terminal NOx S0O2 PM25 CO: CO2q
EST. EMISSIONS FY2025/26 - NO SHORE POWER
CT2 77.288 3.849 1.508 6,319 6,400
CT4 109.244 3.797 1.486 6,232 6,313
CT18 119.534 5.345 2.092 8,775 8,885
CT19 72.854 2.783 1.088 4,565 4,627
CT21 12.133 1.122 0.252 882 893
CT25 74,990 4.950 1.938 8,126 8,231
CT26 83.496 3.265 1.278 5,357 5,426
CT29 42.265 1.400 0.699 4,708 5,522
TOTAL EMISSIONS 591.803 26.512 10.340 44,965 46,297
EST. EMISSIONS FY2025/26 - SHORE POWER AT CT2, CT4, CT18, CT25, and CT26 (PHASE 1)
CT2 17.551 1.745 0.534 4,509 4,540
CT4 23.369 1.946 0.573 5,225 5,260
CT18 24916 2.375 0.716 6,210 6,248
CT19 72.854 2.783 1.088 4,565 4,672
CT21 12.133 1.122 0.252 882 893
CT25 29.807 2.586 0.842 6,083 6,132
CT26 19.839 1.552 0.485 3,880 3,906
CT29 42.265 1.400 0.699 4,708 5,522
TOTAL EMISSIONS 242.734 15.509 5.189 36,062 37,173
DIFFERENCE BETWEEN SCENARIOS
# CHANGE -349.069 -10.994 -5.151 -8,903 -9,169
% CHANGE -60.4% -41.5% -49.8% -19.8% -19.8%
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Table 3-6. Estimated GHG Emissions Savings from Hoteling Cruise Vessels for FY2030/31

Metric Tons (1,000kg)

Cruise Terminal NOx S0O2 PM25 CO: CO2q
EST. EMISSIONS FY2030/31 - NO SHORE POWER
CT2 77.287 3.849 1.508 6,319 6,400
CT4 23.281 3.797 1.486 6,232 6,313
CT18 119.534 5.345 2.092 8,775 8,885
CT19 72.592 3.231 1.265 5,309 5,373
CT21 12.133 1.122 0.252 882 893
CT25 74,990 4.950 1.938 8,126 8,231
CT26 83.496 3.265 1.278 5,357 5.426
CT29 42.265 1.400 0.699 4,708 5,522
TOTAL EMISSIONS 505.578 26.961 10.516 45.710 47,043
EST. EMISSIONS FY2030/31 - SHORE POWER AT ALL TERMINALS (PHASE 2)
CT2 17.551 1.745 0.534 4,509 4,540
CT4 6.176 1.946 0.573 5,225 5,260
CT18 24916 2.375 0.716 6,210 6,248
CT19 15.159 1.446 0.439 3,767 3,789
CT21 2.843 0.363 0.086 631 636
CT25 29.807 2.586 0.842 6,083 6,132
CT26 19.839 1.552 0.485 3,880 3,906
CT29 10.160 1.190 0.358 4,015 4,208
TOTAL EMISSIONS 126.451 13.203 4.033 34,320 34,719
DIFFERENCE BETWEEN SCENARIOS
# CHANGE -379.127 -13.749 -6.483 -11,390 -12324
% CHANGE -75.0% -51% -61.6% -24.9% -26.2%
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4. SHORE POWER SITE ASSESSMENT AND ALTERNATIVES

In this section, alternatives for the placement and configuration of shore power equipment and infrastructure at Port Everglades
Subject Cruise Terminals are discussed. Presented options offer arrangements of equipment, locations of trenchworks, and CMS
placement. These options and other Project aspects were presented to Port Everglades during Client Work Session 1 held July
12, 2022.

41 LOAD TRANSFORMER AND SWITCHGEAR CONSIDERATIONS

As presented in Section 2.2.3, load transformer and switchgear elements are the largest space consuming aspect of the shore
power system. These elements are typically dock-mounted on a foundation slab in either a stacked container arrangement or
traditional lineup configuration. General space allocations and dimensions for each type are presented in Table 4-1 and
associated Figures 4-1 through 4-6.

As shown below, Concept 1 (Containerized, Single Vessel) has the smallest footprint of 768 square feet; the addition of offsets to
allow for access to all equipment sides as well as bollard placement for protection against vehicles increases this area to 2,016
square feet. Adding decorative screening to conceal equipment containers increase footprints to 1,040 and 2,432 square feet,
respectively. s

A traditional lineup of transformer and switchgear elements generally has a larger footprint than the stacked container
approaches presented as Concept 1 and 2. As shown in Table 4-1 and Figure 4-3, this type of equipment lineup occupies
approximately 1,040 square feet.

Table 4-1. Size of Load Transformer and Switchgear Configurations

Concept 1: Concept 2: Concept 3: Concept 4: Concept 5: Concept 6:
Containerized, Containerized,  Traditional Traditional  Containerized, Containerized,
Single Vessel  Single Vessel,  Equipment Equipment Two Vessels ~ Two Vessels,
Screening** Lineup, Lineup, Screening**
Single Vessel Single
Vessel,
Screening™**
Footprint: 768 SQF 1,040 SQF 1,222 SQF 1,666 SQF 1,600 SQF 2,080 SQF
Equipment and (16’ x 48) (20' x 52) (13 x 94) (17'x 98) (16’ x 100') (20 x 104
Access Stair
Footprint: 2,016 SQF 2,432 SQF 2,950 SQF 3,538 SQF 3,472 SQF 4,096 SQF
Inclusive of 12 (28 x72) (32x76) (25'x 118) (29 x 122) (28 x 124) (32' x 128)
Offset on Ends
and 6’ Offset
along Sides
Height from Top 22 22 16 16 22 22
of Slab *
Height from Top 32 32 26 26 32 32
of Slab + 10°
Clear for Fan
Exhaust

Source: M&N, 2022; *Final finished height of slab varies by location to protect the equipment and meet flood and sea level rise design criteria and codes. **Size
of architectural shrouding can vary.

15 Architectural shrouding is optional and not pursued in all applications of shore power system equipment. Other approaches to harmonize the aesthetics with
the surrounding environment include wrapping containers/contained equipment branding/logs.
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Figure 4-1. Concept 1: Containerized, Single Vessel (No Architectural Shrouding)
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Source: M&N, 2022.

Figure 4-2. Concept 2: Containerized, Single Vessel (Architectural Shrouding)
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Source: M&N, 2022.
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Figure 4-3. Concept 3: Traditional Equipment Line-up, Single Vessel (No Architectural Shrouding)
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Source: M&N, 2022.

Figure 4-4. Concept 4: Traditional Equipment Line-up, Single Vessel (Architectural Shrouding)
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