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IFA ferry PRINCE OF WALES1, an EBDG design built at Dakota Creek Industries in 2006. 

  
 

 

1 MV Prince of Wales - Wikipedia 

https://en.wikipedia.org/wiki/MV_Prince_of_Wales
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Definitions 

EJ SREEN Environmental Justice Screening and Mapping Tool 
Electric or 
Low-
Emitting 
Ferry 

A ferry that reduces emissions by utilizing alternative fuels or onboard energy storage systems and 
related charging infrastructure to reduce emissions or produce zero onboard emissions under normal 
operation. 

Hotel 
Loads 

Energy demands onboard a vessel unrelated to propulsion and control. This includes HVAC, food 
preparation, lighting, and other systems. 

Justice40 
Initiative 
or J40 

has the meaning defined at Section 223 of Presidential Executive Order 14008, Tackling the Climate 
Crisis at Home and Abroad. The Justice40 Initiative is a government effort to deliver at least 40 
percent of the overall benefits from certain federal investments to disadvantaged communities. 
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EXECUTIVE SUMMARY  

The United States and the world face a profound climate crisis; Alaska is at the forefront of its impacts, 
experiencing change at twice the national rate. Federal infrastructure investment through the 
Infrastructure Investment and Jobs Act (IIJA) provides an opportunity to reflect and rebuild in ways that 
support our communities by mitigating the worst damages of climate change while advancing 
environmental justice. Funds from the FTA’s Low-No Ferry Program will be leveraged by the Alaska 
Department of Transportation & Public Facilities (DOT&PF) to modernize the Alaska Marine Highway 
System (AMHS) with the purchase and deployment of an electric ferry and associated charging 
infrastructure. 

The Alaska Marine Highway System provides essential transportation to 34 of Alaska's coastal 
communities, stretching from Metlakatla north to Prince William Sound and the Kenai Peninsula and 
west to the Aleutian chain. With only five of these communities connected to Alaska's road system, 
AMHS provides a critical transportation link for Alaska residents and businesses and nonresidents 
visiting our state. A strong ferry system is essential to regional economic development, quality of life, 
and community well-being. The AMHS provides access to health care, shuttles workers to their jobs, 
carries visitors, connects markets and customers, and allows fishermen to move seafood to markets. It 
moves freight, building materials, and machinery to support local development. It supports social and 
cultural connections and is relied upon for food security. Transportation connectivity for Alaska’s marine 
highway connected communities has long been identified as the most vulnerable element of the 
regional economy. The age and condition of AMHS' fleet has required extensive overhaul and 
maintenance, even as lack of available resources has resulted in deferred and reduced maintenance, 
which has led to ships being removed from service.  

The current number of vessels serving proposed routes are inadequate to meet the ridership demands 
of these communities, if maintenance needs are taken into account. It is worth noting that each time a 
vessel enters a maintenance or overhaul period, whether drydocked for intensive capital expenditures 
or tied up pier-side for smaller scopes of work, there is a high risk of delay, change orders, and increased 
work scope due to the discovery of additional structural or mechanical issues during planned 
maintenance. Delays due to discovery work can keep a vessel in the shipyard or tied up at the pier for 
longer than expected, especially if the discovered issues are severe enough to trigger a USCG no-sail 
order until they are remediated. This, in turn, reduces the level of service each can provide to the 
communities they serve. A new vessel added to the inventory will better support ridership by being 
positioned to augment current capacity and fill holes when current vessels are under repair. 

This collaborative and extensive research analysis arrives with a suggested pilot vessel construction 
project that lowers carbon emissions and is scalable to reducing emissions entirely on some routes. Five 
of six route locations utilize hydropower for the majority of their electric needs, and low/no emission 
shoreside power will complement the overall mitigation efforts of the State.  
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 INTRODUCTION AND RESEARCH APPROACH 

The DOT&PF|Alaska Marine Highway System (AMHS) serves 34 Alaska ports by transporting passengers 
and vehicles between coastal communities. This service helps meet Alaskans' social, educational, health 
and economic needs. AMHS provides year-round scheduled ferry service throughout Southeast and 
Southwest Alaska, extending south to Prince Rupert, British Columbia and Bellingham, Washington. The 
system connects communities with each other, regional centers, and the continental road system. It is 
an integral part of Alaska’s highway system, reaching many communities that would otherwise be cut off 
from the rest of the state and nation. AMHS also provides a coastal transportation alternative between 
Anchorage and the "Lower 48" states versus driving the Alaska Highway. 

AMHS is designed to provide essential transportation services to communities: transportation that 
allows community access to health services, commodities, legal services, government services, and 
social services; transportation that meets the social needs of isolated communities; and transportation 
that provides a base for economic development. AMHS service is divided into two major systems: the 
Southeast System (from Bellingham north to Yakutat) and the Southwest System (from Cordova west to 
Unalaska). The Alaska Marine Highway fleet consists of nine vessels; six operate in the Southeast System 
and three operate in the Southwest System. All nine vessels are designed to carry passengers and 
vehicles ranging in size from motorcycles to large freight container vans. Trips on AMHS can last several 
hours or several days, so passenger services are an important aspect of the State’s transportation 
service. Most vessels provide food service, shower facilities, observation lounges, and recliner lounges. 
The larger vessels provide additional amenities, including play areas for children. Four vessels have 
stateroom accommodations for overnight travel.  

One regular use of AMHS is the year-round transportation of container vans. These vans transport time-
sensitive cargo such as fresh vegetables, meat, and dairy products from Bellingham and regional Alaska 
centers to communities served by the system. Local restaurants, grocery stores, individuals, and food 
distribution businesses have established delivery schedules with AMHS to ensure regular and 
continuous delivery of perishable goods. Shipping perishable supplies on AMHS is more cost-effective 
than air freight, and in many cases ensures delivery to communities on a more frequent basis than 
commercial barge and freight lines. Vans are also used to move fresh Alaska fish and seafood to 
markets, and to transport US mail and household goods.  

The Southwest system serves Prince William Sound, the Kenai Peninsula, Kodiak Island, and the 
Aleutians. The MV TUSTUMENA provides regular service between Kodiak, Port Lions, Seldovia and 
Homer. The Southwest routes connect to the continental road system at Valdez, Whittier, and Homer, 
Alaska. The MV KENNICOTT provides regular cross-gulf sailings. These sailings connect Southeast Alaska 
with the Southcentral and Southwest regions of the state. The Southeast route is divided into two 
subsystems: the "mainline" routes, which typically take more than one day for the ship to travel and 
shorter routes, where vessels depart their home port in the morning, travel to destination ports and 
then return to their home port on the same day. The mainline routes carry a high percentage of tourists 
and vehicles in the summer, and provide service between Bellingham, Washington or Prince Rupert, BC, 
and Skagway or Haines, Alaska. Along the way, the ships stop in Ketchikan, Wrangell, Petersburg, Sitka, 
Juneau, and Haines. Although Kake and Hoonah are smaller communities, they are also served by 
certain mainline sailings. The day boat routes connect the smaller communities to regional hub 
communities for commerce, government, health services, and connections to other transportation 
systems. 
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1.1 CURRENT FLEET SUMMARY 

AMHS' fleet is composed of nine vessels with an average age nearing 34 years. Typical commercial 
vessels are designed for a lifetime of about 25 years, but public ferries are often designed to operate 
closer to 50 years. The propulsion arrangements for all vessels in the fleet are similar: two prime movers 
(diesel engines) each powering a propeller through a reduction gear. Table 1 shows the characteristics 
for all current vessels in the fleet. 

Table 1: AMHS Fleet Summary 

 

 

Figure 1: AMHS ferry TAZLINA1, an EBDG design built at Vigor Alaska in 2018. 

 

 

1 MV Tazlina - Wikipedia 

AURORA COLUMBIA KENNICOTT LECONTE LITUYA MATANUSKA TAZLINA TUSTUMENA HUBBARD
Build Date 1977 1974 1998 1974 2004 1963 2019 1964 2019
Length (ft) 235 418 382 235 181 408 280 296 280
Beam (ft) 57 85 85 57 50 74 67 59 67
Dispalcement (LT) 2132 7684 7504 2132 647 5569 3016 3081 3016
Gross Tonnage (ITC) 3124 13009 12635 3124 758 9214 5304 4529 5304
Gross Tonnage (Domestic) 1280 3946 9978 1328 97 3029 3217 2174 3217
Installed Horsepower 4300 10800 13200 4300 2000 7200 6000 5100 6000
Service Speed (kt) 14.5 17.3 16.8 14.5 11.5 16.5 16.5 13.3 16.5
Fuel Use (gal/hr) 190 397 354 188 55 234 250 151 250
Normal Crew Count 24 63 55 24 5 48 14 38 14
Passenger Capacity 250 499 450 225 125 450 290 160 290
Vehicle Capacity (lane ft) 660 2660 1560 660 300 1675 1060 680 1060

https://en.wikipedia.org/wiki/MV_Tazlina
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1.2 PROBLEM STATEMENT AND RESEARCH OBJECTIVE 

AMHS has worked diligently to keep its fleet operational as its structure, machinery, and outfitting have 
aged, up to and including multimillion-dollar refurbishments of vessels. Nevertheless, especially for 
older vessels, structural and mechanical issues in this period of the vessel's life are widespread. These 
issues affect the vessel's capabilities as well as its reliability; due to structural issues, each vessel's 
service has been limited, and the vessel's planned maintenance periods frequently reveal structural and 
mechanical issues that require longer stays in the shipyard and higher costs than expected. The vessels 
that new low-emissions ferries could potentially replace - but are planned to augment - include the 
LITUYA (2004), KENNICOTT (1998), or AURORA (1977). The latter is currently out of service due to age 
and condition. What's more, the AMHS has no low/no-emissions vessels. The confluence of an aging 
ferry fleet, and the contemporary call for conversion to low/no-emissions transportation infrastructure 
supports AMHS' efforts to take steps to continue the mission to serve communities using a new 
generation of vessels. To that end, the research objective is to determine how a new battery electric 
vessel can sustainably serve certain AMHS ports given varied Alaska weather, sea states, routes, 
shoreside charging, and other supporting infrastructure. This report also discusses the considerations 
for the use of alternative fuels to extend range beyond the limits of battery-only operation. 

1.3 SCOPE OF STUDY 

The scope of this study is to evaluate a decarbonized solution for AMHS-operated ferries. The scope 
includes use of a new battery electric ferry to shuttle passengers and vehicles between rural 
communities, rotating through low mileage (16 miles) routes, and replacing/augmenting less efficient 
vessels that serve: 1) Ketchikan/Saxman to Annette Bay/Metlakatla, 2) Haines/Klukwan to Skagway, and 
3) Homer to Seldovia. If successfully implemented, this project would contribute to establishing and 
sustaining zero carbon-emitting ferry service to help meet social, educational, health, and economic 
needs of certain Alaska communities. 

1.4 RESEARCH APPROACH 

The research approach includes the following tasks: 

Task One: Concept Vessel Design and Operational Analysis. This task shall include the following: 
• Service area and route screening analysis; 
• Route and service schedule analysis; 
• Vessel size/capacity needs assessment; 
• Propulsion systems analysis; 
• Vessel construction cost analysis; 
• Crew requirements and cost analysis; and, 
• Operational cost analysis. 

Task Two: Shoreside Infrastructure Analysis. This task shall include the following: 
• Assessment of generation capacity in candidate AMHS port communities. 
• Assessment of electrical grid capacity for transmission and distribution in port communities. 
• Assessment of port infrastructure needs for the interface between vessel and grid. 
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Task Three: Financial and Economic Analysis. This task shall include the following: 

• 10-year pro forma financial analysis (operating revenue and expenses). 
• Assessment of port community economic benefits (including potential benefits to electric 

energy rate payers). 
 
Task Four: Reports and Recommendations. This report is the embodiment of this task. 

1.5 METHODOLOGY 

Elliott Bay Design Group (EBDG) prepared a detailed description of the state of current technology and 
proposed the notional routes based on currently available sustainable electricity sources. In conjunction 
with McKinley Research, EBDG sized a notional vessel that would meet the transportation needs of the 
selected routes based on historical data. Utilizing the characteristics of the notional vessel, EBDG 
calculated the notional energy consumption and battery sizing; the vessel's capital cost; and simplified 
operational costs. McKinley Research prepared economic analyses and conducted community 
engagement. Respec prepared existing utility details and prepared summaries of the additional 
infrastructure needed at each port to support all-electric ferries.  

 STRATEGIC FRAMEWORK: DOT&PF SUSTAINABLE TRANSPORTATION 

Like many agencies in Alaska and the nation, DOT&PF is facing unprecedented challenges such as 
workforce shortages, aging fleet, and supply chain issues. DOT&PF has been working to adapt to these 
dynamic challenges and continues to work toward reliable and predictable service, while also reducing 
carbon emissions from operations. 

Well-prepared and updated planning documents are essential to sustainable transportation. In support 
of sustainable transportation, Alaska DOT&PF takes a "Family of Plans" approach, integrating long-term 
and short-term goals. Among the agency’s Family of Plans, are the AMHS Long-Range Plan and the 
AMHS Short-Range Plan. From these, regional multi-modal plans will follow to guide service delivery to 
AMHS customers and the development of the Statewide Transportation Improvement Program.  

Efforts to implement low-emission and no-emission vessel power systems will feature prominently in 
the AMHS planning process. Much of the maritime industry has adopted decarbonization efforts and set 
emission reduction goals for vessels and port facilities. Public and private sector marine entities target 
funding available through the IIJA to finance conversion of existing and construction of new low carbon 
emitting and zero carbon emitting propulsion systems. 

The planning documents will play a critical role for the AMHS: Five of its nine ships are more than 45 
years old, and only two are less than five years old. Sustaining the AMHS depends in large part on 
replacing all of its costly-to-operate older vessels. Given this need, and the movement of the maritime 
sector toward carbon reduction, sustaining AMHS ferry service necessitates planning for and putting 
into service vessels that are both new and largely decarbonized. This effort will require careful planning 
given the remote nature of Alaska communities, the lack of infrastructure at some AMHS ports, and in 
some locations a lack of low and no carbon energy sources needed to refuel vessels. 
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Consistent with the long-term view of working toward a fleet of low-emitting and lower operating cost 
vessels, the AMHS recently applied for funding from the Rural Ferry and Low/No Emission Ferry 
programs in the IIJA. Those applications include: 

1. Electric Ferry Pilot Program - $46,214,008 
2. TUSTUMENA Replacement Vessel Propulsion System - $85,610,480 
3. Planning & Design for Replacement Mainline Vessel - $8,591,616 
4. Mooring dock upgrades at Auke Bay, Pelican, and Prince William Sound - $48,164,658 
5. M/Vs COLUMBIA, TAZLINA, MATANUSKA, and KENNECOTT Vessel Upgrades - $72,065,545 

Each of these projects works to perpetuate the AMHS by lowering carbon emissions while 
simultaneously reducing vessel operating costs. Both outcomes are essential to achieve service longevity 
to AMHS communities. 

2.1 CLIMATE CHANGE 

Local/regional climate action plans call for efficient transportation, and the State is developing a 
Sustainable Transportation and Energy Program (STEP) and drafting a transportation equity plan. 

There has been growing interest in Alaska in pursuing energy policies and innovations that increase use 
of renewable energy sources. In 2010, the Alaska Legislature enacted a state energy policy2 that 
included a nonbinding goal of generating 50% of Alaska’s electricity from renewable sources by 2025. 
Potential benefits include reduced costs, increased energy resilience, reduced carbon emissions, and 
economic diversification.  

 STRATEGIES AND ACTIONS 

3.1 POLICY AND REGULATION REVIEW 

AMHS' vessels, their operation, design, and funding are regulated by a variety of entities as detailed 
herein. 

3.1.1 FLAG STATE (USCG) 

The United States of America is the flag state for vessels in the AMHS fleet. There exists a large body of 
regulations under 33 and 46 Codes of Federal Regulations that define the safe design and operation of 
vessels. New technologies like batteries, fuel cells, reformers, and low flashpoint fuels are evolving 
faster than new regulations can be written to define their safe use, so USCG relies on developing 
guidance from classification societies and IMO for design guidance. Where new technology is applied, 
the design firm and USCG will work together to prepare a design basis agreement that outlines all the 

 

 

2 Alaska State Legislature House Bill HB 306, 2010 
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design considerations proposed by IMO and class as a list of regulations that will apply to the novel 
design. 

USCG has two regulation sets for small passenger vessels. 46 CFR Subchapter T regulates small 
passenger vessels limited to 150 passengers or less, and 46 CFR Subchapter K regulates small vessels 
with more than 150 passengers. Subchapter T generally has lesser requirements that would decrease 
the capital cost of getting a new vessel in service. However, it would be permanently limited to not more 
than 150 passengers and much of the capital cost savings would likely be offset by enhanced regulatory 
requirements related to the hybrid / electric propulsion system and an enclosed vehicle deck, should 
this be desired. Subchapter T vessels are typically smaller day-boats or open deck ferries. The Seldovia 
Bay Ferry is an example of a Subchapter T ferry. Subchapter K invokes structural fire protection 
requirements and other features but maintains similar manning requirements to Subchapter T. 
Passenger capacity for Subchapter K vessels is generally limited to 600 or fewer, though there are 
provisions for higher passenger counts. The LITUYA is an example of a Subchapter K ferry. Subchapter T 
and K vessels are both required to admeasure at less than 100 GRT which imposes design restrictions, 
most especially in the use of below-deck spaces.  

USCG regulations also have a set for large passenger vessels, 46 CFR Subchapter H. These vessels are not 
limited in passengers or GRT admeasurement. They have significantly higher manning and equipment 
requirements meaning higher operating and capital costs.  

3.1.2 CLASSIFICATION SOCIETIES 

Classification societies (e.g., American Bureau of Shipping) are non-governmental regulatory bodies that 
provide surveyance of the design, construction, and lifecycle maintenance of a vessel. Typically, a vessel 
is classed for insurance reasons. As many governmental agencies are self-insured, vessel classification is 
often by Owner preference. Classification societies maintain and enforce a detailed set of design and 
maintenance rules on classed vessels. USCG will invoke a class ruleset for new inspected vessels. As US 
law lags technology, classification societies can be expected to have more developed design guidelines 
for novel technologies than USCG. Vessels in the AMHS fleet are classed with the American Bureau of 
Shipping, except for the LITUYA which is not Classed.  

3.1.3 INTERNATIONAL MARITIME ORGANIZATION (IMO) 

While not legally enforced on domestic voyages, IMO regulations will apply to vessels operating on 
international voyages, like MATANUSKA and KENNICOTT. Additionally, IMO has prepared interim 
guidelines for classification societies and flag states to build from. Regulations that IMO has prepared 
that may be new to new vessel design include design guidance for alternative fuels, batteries, and 
emissions reductions3. 

 

 

3 Appendix D includes calculations showing AMHS compliance with the IMO Guidelines on 2021 Operational 
Carbon Intensity Indications (CII) and the Calculation Methods Annex 10. These calculations are intended for cargo 
vessels, not ferry operations. 
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In addition to design guidance, IMO has implemented CO2 emissions targets that should be considered 
in the design of all new vessels. These targets are referred to as IMO 2030 and IMO 2050. IMO 2030 sets 
an aim for the industry "to reduce CO2 emissions per transport work, as an average across international 
shipping, by at least 20% by 2030, pursuing efforts towards 70% by 2050, compared to 2008." These 
targets are measured by carbon intensity per volume of cargo moved, rather than a total industry cap. 
There are no provisions for electric vessels operating on shore power, but the source of the electricity 
used onboard should be considered for these vessels. 

The International Maritime Organization (IMO) is implementing new air emission and efficiency 
requirements for existing ships. These regulations, called the Energy Efficiency Existing Ship Index (EEXI), 
enter into force on January 1, 2023, and will apply retroactively to all SOLAS ships. These regulations 
involve calculating an "attained" EEXI number for the existing vessel that scores efficiency 
improvements instituted on a vessel against a baseline for that vessel. The regulations mandate a 
minimum factor of improvement over the baseline, varying by vessel type. These minimum factors 
increase over a series of phases, culminating in a final phase from January 1, 2025, onwards. The AMHS 
fleet is being rehabilitated with SOLAS in mind, with existing ships needing extensive work to comply. 

3.2 BUY AMERICA AND OTHER FUNDING DEPENDENT REGULATIONS 

Funding dependent regulations tied to programs included in the IIJA are the focus of much attention and 
will likely remain so over the life of the Act, given that billions of dollars are available through the IIJA for 
transportation projects. The statute and subsequent regulations, particularly those addressing Buy 
America mandates, deserve close consideration4.  

Buy America refers to a series of statutes and regulations related to domestic procurement of materials 
in infrastructure projects. The statutes and regulations contain differing domestic purchase 
requirements across agencies within Federal DOT. While Buy American requirements predate the IIJA, 
the Act expanded the scope of the requirements. Buy America standards in the Act are further bolstered 
by provisions included in Presidential Executive Order 14005, which articulates enforcement provisions 
to better ensure compliance with domestic preference statutes, including the IIJA. The Act centralizes 
decision-making authority on all Build America waiver requests in the Office of Management and 
Budget, through the EO-established Made in America Office within OMB.  

Section 70914 of the IIJA sets criteria for meeting the Buy America standard. To be considered produced 
in the United States under the IIJA standard, a manufactured good must contain greater than 55% 
domestic content, and be manufactured in the US. As to construction materials, the entirety of the 
manufacturing process of these materials must take place domestically. On April 18, 2022, the Office of 
Management & Budget released guidance on how federal agencies are to implement the Buy America 
requirement. The guidance aims to instruct agencies on how to implement "(1) a "Buy America" 
preference to Federal financial assistance programs for infrastructure; and (2) a transparent process to 
waive such a preference, when necessary." As a point of initial clarification, the guidance defines a 

 

 

4 Holland & Knight White Paper dated April 25, 2022; Congressional Research Service In Focus edition dated 
December 7, 2021. 
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Federal financial assistance program for infrastructure as "any program under which an award may be 
issued for an infrastructure project, regardless of whether infrastructure is the primary purpose of the 
award. The term "project" means any activity related to the construction, alteration, maintenance, or 
repair of infrastructure in the United States."     

The IIJA Buy America requirement does not apply uniformly to programs funded in the Act. The 
requirement does not apply:  

1. If another domestic procurement already applies to funding, so long as the other requirement is 
at least as stringent to those in the Act.  

2. If an agency determines that funds are not spent on infrastructure.  

3. If tools and supplies purchased for the infrastructure work but removed from the project site 
upon completion. The mandate does not apply to furnishings, or equipment not an integral part 
of or affixed to the infrastructure.  

The application of the first bullet point is material. It is not clear if FHWA’s longstanding (circa 1994) 
nationwide waiver from Buy American requirements for eight "certain ferryboat equipment and 
machinery items" meets or exceeds that found in the Act. Based on input from industry representatives, 
and the prevalence of Europe-based manufacturers and suppliers at ferry and maritime conferences, 
there remains a lack of domestic production of electrical control and integration systems, and energy 
storage and management systems. The extent to which Federal DOT agencies can continue to 
implement their Buy America programs in the wake of IIJA remains to be seen. Given the variation 
between the existing agency programs and the Act, some reconciliation between preexisting DOT 
agency domestic procurement programs and the IIJA is likely through the regulatory process. Additional 
changes to domestic procurement programs, especially as to program waivers, are likely as U.S. firms 
enter segments of the electric ferry component market to compete with both foreign and other 
domestic producers. 

Oversight of expanded Buy America requirements mandated in the IIJA is likely to prove complicated 
due to other provisions in the Act. Some small jurisdictions, or those unfamiliar with Buy America 
provisions but that are eligible to apply for funding from the Act, may find it difficult to comply with the 
requirements without outside staff or legal expertise. 

Any acquisition projects involving Buy America (or comparable) requirements must consider the 
following: 

a. Include explicit Buy America text in bid documents. 

b. Ensure Buy America considerations are a priority in the design stages. 

c. Require design firms demonstrate Buy America experience and expertise. 

d. Train a Buy America specialist on the DOT&PF project staff.   
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3.3 GREEN HOUSE GAS EMISSIONS REDUCTIONS OPPORTUNITIES 

During financial year 2016, AMHS fleet-wide consumed some 9.2 million gallons of diesel fuel [1]. 
Representing a total CO2 emission of 93,000 Mt. Fleet-wide, there are several options for reducing vessel 
emissions.  

3.3.1 SLOW OPERATION 

Appendix D contains calculations of the notional vessel's trip energy at a cruise speed of 13.2kt and at a 
slower speed of 9.7kt (at roughly 50% of the installed power). Just slowing down the vessels results in a 
23% energy savings at the cost of a roughly 30% increase in transit time. The energy savings and transit 
time are highly route dependent, but the concept of "slow-steaming" may be applied across the fleet to 
reduce fuel consumption and CO2 emissions.  

3.3.2 COLD IRONING 

Emissions in port are a relatively large part of total emissions. Cold ironing, a term that describes 
shutting down engines and letting them cool, is used to describe the practice of turning off the vessel's 
power plant at the dock and allowing any shipside electrical demands to be provided by connection to 
shore power. This practice avoids the harmful emissions that the vessel would otherwise produce at the 
dock, typically near inhabited areas, and allows the loads to be supplied by sustainably produced 
electricity, if available. 

3.3.3 CONVERTING TO CARBON-NEUTRAL FUELS 

Converting to many of the alternative fuels may be very difficult for existing vessels for the reasons 
discussed in 5.2.1, but fueling existing vessels with bio- or renewable diesel may be a simpler approach. 
Both of these fuels may be considered "drop-in" replacements for conventional diesel and may offer a 
CO2 emissions reduction. 

3.3.4 UTILIZING ALL-ELECTRIC SYSTEMS ON SHORT ROUTES 

Battery-powered ferries have zero emissions at the vessel. While the operator must consider the 
emissions generated to provide the shore power, battery-powered ferries may be powered by 
sustainable energy yielding zero emissions. Batteries are much less energy dense than diesel, so battery-
powered ferries are typically limited to shorter runs. New vessels may easily be designed for operation 
as all-electric, but existing vessels can also often be considered for conversion. 

3.3.5 UTILIZING SHUTTLE FERRIES ON SHORT ROUTES 

The notional vessel on the pilot routes could replace the trips otherwise performed by main line ferries 
such as COLUMBIA, KENNICOTT, MATANUSKA, and TUSTUMENA on these routes. Using the 2016 route 
schedule, replacing the trips performed by these vessels of higher fuel consumption with the same trips 
performed by the notional vessel running on sustainable electricity could reduce the main line annual 
CO2 emissions by 1,091 tonnes, as detailed in Table 2. This estimate accounts only for transit emissions 
and not those produced to support hotel loads at the dock. 
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Table 2: GHG Savings by Replacing Main Line Ferry Trips with the Notional Vessel 
2016 Route Data COLUMBIA KENNICOTT LECONTE LITUYA MALASPINA MATANUSKA TUSTUMENA 

Service Speed (kts) 17.3 16.75 14.5 11.5 16.5 16.5 13.3 
Fuel Consumption (gal/hr) 397 354 188 55 270 234 151 
Trips HNS-SKG 64   44   84 84   
Trips ANB-KTN 

   
84 

   

Trips HOM-SLD   56         56 
Operation (hr/yr) 57 61 46 65 78 78 75 
Fuel Consumption (gal) 22740 21767 8567 3582 21099 18286 11328 
CO2 Production (Mt)* 231 221 87 36 214 186 115 
Total (Mt) 1091 
* CO2 production of 22.4lbCO2 / galdiesel 

Figure 2 below lists some equivalencies of avoided 1,091 tonnes of carbon emissions estimated in Table 
2. 

 

Figure 2: Estimated carbon equivalencies 5 

 

 

5 Greenhouse Gas Equivalencies Calculator | US EPA 

https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator


Alaska DOT & PF  Alaska Low Emission / Electric Ferry Research Analysis 6/20/23 

ELLIOTT BAY DESIGN GROUP  Southeast Conference 
22027-053-0 Rev. - Page:  11 

In context 1,091 tonnes of avoided CO2 emissions amounts to about 1.2 percent of total AMHS 
emissions compared to the baseline year of 2016.  While not a significant percentage reduction, the 
change is measurable. In absolute terms, the reduction in CO2 emissions still nets avoidance of some 
107,000 gallons of diesel fuel annually. Given the energy efficiencies and emission reductions to be 
gained by the M/V Tustumena and mainline replacement vessel projects, the AMHS is positioned to 
significantly reduce its volume of CO2 emissions as the new ferries come online. 

The mix of energy sources of electricity is noteworthy here. Homer Electric Association relies on 
renewable hydroelectric for about 18% of its electricity production, and natural gas combustion for most 
of the balance. Conversely, Alaska Power & Telephone (Haines & Skagway), Metlakatla Power & Light 
(Metlakatla), and Ketchikan Public Utilities (Ketchikan) derive the vast majority of their electricity from 
hydro generation. Given that the data in Table 2 is built on the premise that all electricity used to power 
the notional vessel is generated renewably, the full avoided tonnage of CO2 is dependent upon full 
renewable production of electricity. That goal is achievable along the Ketchikan-Metlakatla and Haines-
Skagway routes, given the presence of hydroelectric infrastructure and use of battery electric storage 
systems to charge during low load times. While efforts by Homer Electric Association are underway to 
increase zero emission production of electricity, the Homer-Seldovia route will be dependent in part on 
fossil fuel-derived electricity for the foreseeable future.   

 LOW-NO EMISSIONS VESSELS: A PILOT PROJECT 

4.1 PILOT PROJECT PURPOSE 

DOT&PF is committed to the long-term sustainability of the AMHS. Unique in the nation, Alaska’s ferry 
system is a critical link in Alaska's transportation landscape. Alaska’s ferries knit together ports, towns, 
and cities from southcentral to southwestern Alaska, and their service affects the lives and livelihoods of 
many Alaskans. After decades of reliable service, DOT&PF acknowledges the need to plan for the future 
and ensure future vessels are up to the job.  

A pilot project allows the DOT and passengers to evaluate new technologies and determine their 
applicability to broader fleet application. The pilot project showcases emerging technologies which may 
provide opportunities for emissions reductions but is not intended to demonstrate a solution for all of 
Alaska's ferry needs. 

Low-No Emission vessels will be a critical infrastructure component for rural, disadvantaged 
communities in Alaska that are not connected to the road system and for whom sustainable 
transportation is a key feature of community sustainability. 

4.2 LOCAL, REGIONAL, AND STATE PLANNING 

This pilot project is supported by regional Comprehensive Economic Development Strategies (CEDS) and 
local Comprehensive Plans. Numerous support letters have been provided by impacted communities. 
This pilot project is consistent with State plans. 
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Consistent with Regional and Community Plans 

Southeast Conference’s CEDS stresses that a strong ferry system is essential to regional economic 
development, quality of life and community wellbeing in Southeast Alaska. Their priority transportation 
objective is to minimize impact of budget cuts to AMHS and develop sustainable operational model. This 
objective includes: design a new strategic operating plan for AMHS, lower State’s general fund subsidy 
percentage, fleet renewal plan, and AMHS value outreach. Skagway is the northern terminus of 
Southeast Alaska’s part of the AMHS, and has a long tradition of advocating for consistent ferry service. 
Their Comprehensive Plan notes that the ease and cost of resident travel are negatively affected when 
ferry service is down, especially in the winter. Haines Borough’s Comprehensive Plan calls for ongoing 
advocacy for daily summer and frequent winter AMHS ferry port calls as they are essential for tourism 
and residents. 

Kenai Peninsula Economic Development District’s CEDS highlights disruptions to marine travel as being a 
key challenge for the region. The ferry service provides critical passenger connections and transporting 
goods between the Kenai Peninsula and southwest and southeast Alaska. Seldovia depends on the 
AMHS for scheduled trips to accommodate freight, vehicles, and passenger travel to and from Homer 
and the Sterling Highway. Seldovia’s Comprehensive Plan’s goal is to retain, safe, well-timed, water-
based transportation options, namely by cooperating with the state of Alaska to improve AMHS service 
for all users. 

Consistent with DOT&PF Strategic Planning and AMHS Prioritization 

Focus areas impacting AMHS are identified to make progress toward the long-term strategies, including 
sustainability. DOT&PF Strategic Themes (and the respective AMHS Focus areas) include: Safety (Vessel 
Repair); State of Good Repair (Preservation and Maintenance of Terminals and Vessels); Economic 
Vitality (New Service Vessels, New Terminals); Resiliency (Fleet Modernization, Vessel Replacement, 
Terminal Upgrades); Sustainability (Vessel Hybrid Conversion, terminal Electronification, Electric Shuttle 
Ferry Construction, Energy Efficient Operations Strategies); Mobility/Access (Increased Service, ADA 
accessibility). Developing sustainable transportation infrastructure involves a multi-modal lifecycle 
approach that considers environmental quality, economic development, and social equity. 

4.3 ENVIRONMENTAL JUSTICE 

Ketchikan/Saxman has high exposure rates to diesel particulate matter, ranking in the 79th percentile 
for Alaska, 98th for the EPA region, and 62nd for the county. Metlakatla’s Environmental Justice (EJ) 
indices show it is in the 76th percentile for exposure to diesel particulate matter and air toxins cancer 
risk. Metlakatla has socioeconomic indicators associated with high potential susceptibility to 
environmental factors that lead to negative health outcomes, including high percentages of people of 
color (87%), low income (38%), and unemployment (38%). Klukwan, served through Haines, and Saxman 
served through Ketchikan, are Tribal and considered disadvantaged under Justice40 (J40). Seldovia is 
considered disadvantaged by J40, and the City of Homer ranks relatively low in the Environmental 
Justice Indicators compared with other communities in the state, EPA region, and nation. All 
communities served by the project are considered rural, and difficult to develop by HUD. 
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4.4 EQUITY 

This project promotes racial equity and removes barriers to opportunity. The AMHS is at the heart of 
Alaska’s equitable approach to ensuring the benefits of affordable transportation. This publicly 
subsidized system ensures that coastal communities (the majority of which are considered 
disadvantaged) have high costs and limited service mitigated. Coastal communities’ land use policies 
and housing take into account distance from the ferry terminal and dock access. The State’s sustainable 
transportation program and future transportation equity plan include maritime transportation. The 
proposed pilot project proactively advances racial equity and addresses a barrier to opportunity by 
ensuring reliable service, which might be reduced otherwise. All project costs are considered 
investments in addressing racial equity or removing barriers to opportunity, especially to the extent they 
contribute to improving the socio-economic and health status of the disadvantaged communities 
served. 

4.5 JUSTICE40 

The project will support the J40 Initiative by strengthening the resiliency of a vital transportation system 
in the face of extreme impacts from climate change and by connecting disadvantaged rural communities 
to commerce, health and social services, and providing an affordable, climate-conscious way to bring 
food and other goods and services in. Communities served by the lower emission ferry are without 
reliable and affordable transportation otherwise, given harsh climate and remoteness, which speaks to 
environmental justice. Transportation planning in Alaska accounts for both environmental justice and 
climate change, and this project includes design components that result in greater efficiency and 
contribute to climate change mitigation. Resilience to climate change in the transportation network is 
particularly important in Alaska, where climate change puts much of the state at increased risk. The 
AMHS has also been integrated into the state's emergency response system.  

Many of the datasets in the J40 screening tool are not complete for Alaska or use data that is not always 
applicable. The Climate and Economic Justice Screening Tool lists a number of communities in high 
percentiles. Every community is listed as a Medically Underserved area by the EJSCREEN6 tool. Fifteen of 
the 35 served communities on the AMHS route are considered Tribal or Disadvantaged, though other 
datasets (e.g., USDA or HUD) would consider all communities served as Tribal and additional 
communities as Difficult Development Areas or climate impacted. Climate Action Plans at the local and 
regional level have identified emission reduction as a goal. The EJSCREEN does not report information 
for the Haines and Skagway region, nor Seldovia, stating that the area exceeds the size or is too complex 
for reporting. 

 

 

6 www.epa.gov/ejscreen 

http://www.epa.gov/ejscreen
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 FINDINGS OF STATE OF CURRENT TECHNOLOGY 

5.1 PROPULSION SYSTEM ARRANGEMENTS 

There is a broad spectrum of propulsion arrangements to select from when designing a vessel. Each of 
these arrangements, from a high level considers the path that power takes from an "engine", such as an 
internal combustion engine (ICE) or fuel cell, to the propeller. 

5.1.1 MECHANICAL 

The mechanical system, which a traditional diesel engine arrangement may be described as, takes an 
internal combustion engine that produces rotational energy and connects it to the propeller, either 
directly or through a gear box. This arrangement tends to be more compact and cheaper than the other 
arrangements under consideration. Converting to utilize alternative fuels in an existing design may be 
quite difficult, but in a new design may be feasible depending on the arrangement concerns and 
equipment availability discussed herein. 

5.1.2 DIESEL-ELECTRIC 

Diesel-electric is a common configuration wherein the diesel engine drives a generator which in turn 
provides power to an electric motor. This can be advantageous where there are large house loads 
present and where the demand fluctuates between propulsion and house loads. As with the mechanical 
solution the diesel engine could instead utilize alternate fuels. 

5.1.3 ALL-ELECTRIC 

In the all-electric arrangement, there may be just a small generator onboard for emergency, but all 
operational power is generally provided by shore power when the vessel docks. Batteries take up a large 
amount of space on the vessel, so the vessel is limited to relatively short distances on the order of 4 
hours or less. Battery-powered boats will typically operate at lower speeds to conserve energy and may 
require robust shore-side infrastructure to charge at one or both ends of the route. 

5.1.4 HYBRID 

The hybrid arrangement can take many forms, but essentially includes an engine and batteries. The 
propeller may be driven by a shaft connected to the engine with battery assist through a motor 
connected in parallel. Alternatively, the engine may drive a generator end sharing a common bus with 
batteries, with electricity supplied to the motor via the common bus. In the hybrid system, battery banks 
may be relatively small. The engines are sized for the average load rather than the peak load, and 
batteries supply additional peak-shaving power. Hybrid arrangements are also sometimes used to allow 
the vessel to operate on battery power at the dock (saving the engines from operating for long periods 
at low power) or for a short period of all-electric operation.  

The hybrid system contains all the components of the mechanical system and the all-electric system, so 
may be more easily modified to accommodate alternative fuels. The batteries may be charged from 
shore to reduce fuel consumption or just from the onboard generators, depending on the route needs 
or infrastructure. Increased fuel economy and/or emissions reductions may be achieved by operating 
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the engines at their most efficient power point rather than at the propeller demand, using the batteries 
to charge or discharge the difference. 

Vessels may also be built as hybrids intended for all-electric operation. In this case, batteries of a 
capacity sufficient to support normal operation on the typical route may be installed, along with diesel 
(or other) generating capacity to support the vessel in a diesel-electric mode of operation. The 
generators may then be brought online to provide continuity of service in case of an interruption to 
shore power, to support alternate longer routes, to support surges in schedule demands for peak traffic, 
or for transit to and from the shipyard. This type of installation may also allow a new vessel to enter 
service ahead of upgrades to shore infrastructure, operating in a diesel-electric-hybrid mode until such 
upgrades are brought online. 

5.2 ALTERNATIVE FUELS 

Diesel has proven a reliable and dependable fuel for decades. Its high-temperature flash point prevents 
it from needing much special consideration regarding flammability, and its chemical stability has made it 
simple to transport. Given these benefits, diesel is readily available almost anywhere and has a robust 
and reliable distribution system. The largest drawbacks of all alternative fuels are their availability, given 
a lower utilization by local markets, and their impacts on vessel design. This section discusses these 
impacts for the most popular alternative fuels under consideration.  

The alternative fuels under consideration are methanol, ammonia, methane, and hydrogen.  

5.2.1 ARRANGEMENT CONSIDERATIONS 

All of the alternative fuels under consideration, other than biodiesel, are low flash-point fuels and have 
both lower energy density (chemical energy per unit volume) and higher fire and explosion risks 
compared to diesel. These characteristics yield the following considerations for applications on vessels. 

• Increased fuel tank volumes or decreased endurance 
• Increased parasitic loads from added ventilation 
• Additional alarms and monitoring systems 
• More extensive fixed gas firefighting systems 
• The addition of a tall mast for the safe remote release of any gas leaks 
• Requirement for substantial automation 
• Extensive crew training requirements 
• Double-walled piping requirements (increased cost, space, maintenance, active ventilation 

requirements) 
• Explosion-proof motors, electronics, and lighting 
• Additional structural fire protection insulation 
• Arrangement complications 

o Ventilated cofferdams around all fuel tanks or external fuel tanks 
o Restricted crew access to hazardous spaces 
o Air locks on hull spaces that do not open to an exterior deck 
o Careful consideration of location of compartment openings (ventilation, doors, etc.) 

with regards to hazardous zones 
o Bunkering station location 
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o Balancing the vessel considering the fuel arrangement and hazardous zones issues  
o If using alternative fuels in an ICE, will need to mitigate NOx (adding a selective catalytic 

reducer, DEF tanks, etc.) 
• Stability issues for external tanks 

5.2.2 FUEL PROPERTIES 

Table 3 shows a comparison of the common alternative fuels under consideration. Note that diesel has 
the highest specific energy of any fuel on the list, indicating for the same endurance other fuels will take 
much more volume than diesel. Note also the alternative fuels given the most consideration by the 
industry, methanol and ammonia, have roughly half the energy density and specific energy of diesel, 
indicating that for the same endurance the vessel will have to carry twice as much fuel weight and 
volume. The last column shows the inherent CO2 produced during combustion per unit energy. This 
column indicates that any alternative fuel will have a slightly lower CO2 production for the same energy 
from combustion (not including any additional auxiliary loads required to safely utilize alternative fuels). 
Ammonia and hydrogen have no carbon in their molecular makeup, so no CO2 is produced during 
combustion. Battery storage is provided in the last two rows to illustrate how much heavier and more 
voluminous battery banks are compared to any fuel. 

Table 3: Various Fuel Properties 
Fuel Comparison Density Specific 

Energy  
Energy Density CO2 Production * 

kg/m³ MJ/kg MJ/L kgCO2/kW (LHV) 
Diesel 846 42.6 36.0 0.27 
Ethanol 788 27 21.3 0.25 
LNG 428 48.6 20.8 0.20 
Methanol 791 19.9 15.8 0.25 
Ammonia 707 22.5 15.9 0 
Liquid Hydrogen 71 120.2 8.5 0 
Hydrogen@350bar 23.4 120.2 2.8 0 
Batteries 1128 0.27 0.31 N/A 
Batteries (incl. access) 1022 0.27 0.28 N/A 

*Fuel from a demonstrably renewable resource may have a lesser or 0 net CO2 production 

5.2.3 FUEL PRICES 

For financial years 2018 through 2021, AMHS has experienced low diesel prices averaging $2.30 for that 
period. In 2022 the price of fuel rose significantly. While the 2022 fuel prices may be attributable to 
international politics, the cost of fuel is expected to rise in the future. For comparison, the fuel price of 
the previous four years will be used. Because alternative fuels have varied fuel densities (energy per unit 
volume) fuel prices are shown for the various alternative fuels in dollars per unit energy in Table 4. Note 
that other than diesel these prices do not include the logistical costs of delivering the fuels to AMHS 
ports, so final fuel prices may be significantly higher. 
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Table 4: Alternative Fuel Prices 
Fuel $/kWh* 
Conventional diesel 0.061 
Renewable diesel 0.140 
Grey methane 0.037 
Green methane 0.132 
Methanol  0.128 
Ammonia 0.216 
Hydrogen 0.179 
*Heat of combustion (lower heating 
value) 

 

5.2.4 ENGINE TYPES 

Ethanol, methanol, ammonia, and hydrogen are all candidates for fueling an internal combustion 
engine. However, there are few engines available currently that utilize these fuels. This section will 
detail the engine availability by fuel type. Thermal efficiency describes the ratio of useful work produced 
by a system to the theoretical input energy. For ICEs, the thermal efficiencies denominator is the heat of 
combustion of the fuel. There are two values for heat of combustion, but ICEs and similar systems utilize 
the lower heating value of combustion. Lower heating value describes the useful heat produced by 
combustion leaving out the latent heat of water vapor as it not typically recoverable. Thermal 
efficiencies by lower heating value for ICEs vary from 30% to 45% depending on engine size and type. 
Very large engines have exceeded 50%, but the engines that would be appropriate for the notional 
vessel design are in the 38-40% range. Diesel engines produce rotational energy, so are optimal for 
providing energy directly to a propeller. Turning the rotational energy into electrical energy results in 
additional system losses approximately on the order of 8% to 10%. 

Fuel cells are an alternative to internal combustion engines. There are many types of fuel cells, but most 
of them operate on pure hydrogen. Some fuel cells can reform hydrogen from high hydrogen fuels like 
methane, methanol, and ammonia. There are also independent reformers which can convert fuels to 
pure hydrogen. Depending on the fuel cell type, thermal efficiencies range from approximately 37% 
upwards to 60%7. EBDG's experience with reformers indicates a compounding efficiency of 
approximately 83%. For example, if starting with a methanol fuel and an efficient fuel cell, the 
compound efficiency may be 50%*83%=41.5%. Fuel cells, depending on type, degrade with time and 
may need the stack replaced as often as every two to three years. Some types of fuel cells degrade 
quickly when exposed to CO2. Fuel cells directly create electricity without the need of a generator, so 
may provide an efficient alternative to an ICE when connected to a hybrid electric system. Fuel cells 
react slowly to changes in load, so highly variable loads need to be compensated for with a large battery 

 

 

7 https://www.energy.gov/eere/fuelcells/types-fuel-cells 9/16/2022 

https://www.energy.gov/eere/fuelcells/types-fuel-cells
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bank. Given the quantity of precious metals required in their cathodes, fuel cells are both expensive and 
may have a significant environmental impact from mining. 

5.2.5 ENGINE AVAILABILITY 

Internal combustion engines are often placed into three categories: low-, medium-, and high-speed. 
These speed categories are related to power density, weight, torque, and efficiency. Medium- and high-
speed engines are typically used on passenger ferries where there is limited space or weight margin for 
the larger, slower-speed engines.  

At this time there are no high-speed (>1500 RPM) engines available in the marine market that can 
operate on alternative fuel. There are medium-speed (200 RPM – 1500 RPM) engines currently available 
that can operate on a few of the alternative fuels with the availability and options expected to increase 
greatly in the next few years. There are also a number of low speed (<200 RPM) engines available that 
can burn methanol and methane. 

5.2.6 METHANE 

Methane is commonly referred to as liquified natural gas (LNG) or compressed natural gas (CNG). 
Natural gas is a gas mixture predominately composed of methane. LNG has been cooled to below its 
vaporization temperature of approximately -260 °F. Cooling the gas to, and keeping it at this 
temperature, requires high energy loads. CNG is compressed gas at the environmental condition and 
does not need active cooling. CNG does not have the energy density needed for most marine 
applications, so only LNG is considered herein.  

Natural gas is mostly produced from oil wells and is not normally considered a green or renewable fuel. 
Methane can be created organically from sustainable feedstocks like municipal waste and livestock 
manure and work is being done to synthesize methane from solar energy, water, and CO2, but these 
sources are currently insufficient to supply the marine market. Methane is a greenhouse gas with a 
global warming potential approximately 28 to 36 times that of CO2.  

LNG must be stored in cryogenic tanks which can be two to three times larger than traditional diesel 
tanks. Cryogenic tanks are expensive and require high-tech insulation. With the specific energy of LNG 
(48.6 MJ/kg) being similar to diesel (42.6 MJ/kg), the density difference between LNG (428 kg/m3) and 
diesel (846 kg/m3) helps offset the additional LNG tank weight. Since the vessel would use the boil off 
gas as fuel, reliquification equipment likely would not be required. LNG tanks require a higher level of 
safety compared to diesel tanks, so their location and construction will require special consideration by 
USCG, especially if they are located below Main Deck or any passenger spaces. LNG is used by Seaspan 
Ferries and by BC Ferries in some of their vessels.  

There are currently medium and low-speed engines available that can burn LNG. The technology for 
burning and storing LNG is mature and readily available. Methane has the lowest CO2 production per 
unit energy production of the carbon-based fuels, but the methane released from incomplete 
combustion may negate any benefits, as it is a recognized greenhouse much more powerful than CO2. 
Internal combustion emissions using LNG as a fuel typically have low particulate matter. 

LNG has limited availability in ports on the west coast of the United States but is becoming more 
available. An LNG plant has received permitting for construction in Tacoma, WA to support the Tote 
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vessels that are currently being converted to LNG. Long Beach, CA has started offering LNG at one of 
their terminals. ITB is currently setting up a station for bunkering in Canada that expects to be 
operational in 2023. There are a number of LNG bunkering barges operating on the east coast of the US 
supporting the cruise and shipping industries. As the demand for LNG grows, EBDG expects the 
availability of LNG and the infrastructure needed to support it will grow on the west coast. 

Currently, LNG is not available in large quantities in any of the AMHS ports. To support LNG vessels, 
AMHS would have to work with a supplier to charter LNG bunkering barges. 

5.2.7 METHANOL 

Multiple manufacturers are working to produce methanol medium speed engines with some expecting 
to enter the market in the next year. These engines will likely still require a small amount of diesel fuel 
to use as a pilot fuel. Many smaller engine manufacturers are putting more research into methanol than 
ammonia. 

Methanol is a low flash point, grade A fuel. It is possible that methanol engines will not need exhaust 
aftertreatment to comply with the most stringent NOx emission regulations. Methanol combustion 
typically produces low particulate matter. Methanol has similar storage requirements as gasoline and 
only requires minor modifications to existing gasoline storage, distribution and bunkering infrastructure. 

Methanol is a liquid that mainly comes from natural gas, but it possible to produce it from a variety of 
renewable feedstocks or as an electro-fuel. Methanol has roughly the same density (791 kg/m3) as diesel 
(846 kg/m3), but the specific energy of methanol (19.9 MJ/kg) is less than half the specific energy of 
diesel (42.6 MJ/kg). Therefore, methanol-fueled vessels will either fuel more frequently or will need to 
have more than double the fuel storage volume of a conventional diesel vessel. Doubling the fuel 
storage area will also increase the weight of the vessel especially when the fuel tanks are full. 

Currently, methanol is not readily available in Alaska, but there is one methanol farm owned by Delta 
Western in the Anchorage area. While not recommended in this report, were AMHS to move to a 
methanol fueled fleet consideration may be given to building methanol farms at strategic ports that 
could be serviced by a supplier using a methanol bunkering barge. 

Methanol is very toxic to human and environmental health. Storing methanol is challenging due to the 
hazardous zones and risk-reduction measures that must be considered in case of a methanol leak. As a 
low-flashpoint fuel, methanol tanks must be secured with an inert gas blanket (e.g. nitrogen). 

5.2.8 AMMONIA 

Multiple manufacturers are working to produce ammonia medium speed engines and expect to have 
them on the market in approximately two years. The engines will likely still require a small amount of 
diesel fuel to act as a pilot fuel. Ammonia is gaining the interest of many international cargo companies, 
so larger engines are expected to be available sooner. 

Most ammonia is currently produced from natural gas but can be made renewably using electrolysis and 
the Haber-Bosch process with renewable electricity. Ammonia has similar density and specific energy as 
methanol, or less than half the specific energy of diesel. Like methanol, ammonia-fueled vessels will 
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either fuel more frequently or will need to have more than double the fuel storage volume of a 
conventional diesel vessel.  

While ammonia is carbon-free, it still contains a lot of nitrogen and burning ammonia produces nitrogen 
oxides (NOx) and nitrous oxide (N2O). Nitrous oxide is a greenhouse gas that is significantly stronger than 
carbon dioxide. However, these emissions can be controlled by the combustion process and removed 
with aftertreatment. 

Ammonia is mostly being explored for use in the ocean shipping industry. While ammonia is currently 
used on some vessels as a refrigerant, it may be challenging for ammonia to be accepted for use as fuel 
on passenger vessels. Ammonia is toxic and has a powerfully unpleasant odor. Storing ammonia is also 
challenging due to the hazardous zones and risk-reduction measures that must be considered in case of 
an ammonia leak. As a low-flashpoint fuel, ammonia tanks must be secured with an inert gas blanket 
(e.g. nitrogen). 

EBDG was unable to determine the availability of ammonia for bunkering vessels, however, AMHS would 
likely need to build ammonia farms at strategic ports that could be serviced by a supplier using an 
ammonia bunkering barge. 

5.2.9 HYDROGEN 

Green hydrogen is typically produced through electrolysis using renewable electricity such as wind, 
hydro, or solar. Hydrogen may also be produced from reforming hydrogen-containing fuels like 
methanol, which may be produced renewably. The biggest downside of hydrogen is the monetary and 
energy cost of compression and distribution. Producing hydrogen from electrolysis may be 60 to 80 
percent efficient, while liquefaction may only be 35% efficient. The combination of electrolysis and 
liquefaction results in the vessel receiving only roughly 25% of the starting quantity of sustainable 
energy. Combine that with the 40% thermal efficiency of the fuel cell or engine, and the vessel's 
propeller only receives 10% of that sustainable energy. This is prior to the costs of shipping hydrogen to 
the vessel. For comparison, the propeller in a battery system gets likely better than 80% of the starting 
energy. 

Multiple manufacturers are developing hydrogen dual fuel engines. BeH2ydro [2] is currently building 
two hydrogen dual fuel engines (85% H2 and 15% diesel) for the first ever hydrogen powered tugboat 
that is expected to be operational in 2023. It is also possible to combine the engines with aftertreatment 
systems to reduce NOx and diesel particulate matter. Furthermore, the dual fuel engines may operate on 
100% diesel if hydrogen is not available.  

BeH2ydro recently announced a spark ignited 100% hydrogen engine that will be available with 6, 8, 12 
or 16 cylinders and will deliver power from 1000 to 2670 kW. The 100% hydrogen engines are expected 
to be available in 2024.  

Hydrogen can be stored as a gas or a liquid. Even liquid hydrogen has an energy density less than one 
quarter of diesel. Given the high pressure and low temperature properties of the fuel, hydrogen cannot 
be stored like diesel in ship-shaped tanks low in the hull. Hydrogen is lighter than air, so tanks should be 
installed high on the vessel to prevent hydrogen gases from accumulating in the superstructure. In a 
liquid form, 3.5 times more hydrogen can be stored per volume than as a compressed gas, but liquid 
hydrogen requires cryogenic tanks that are kept extremely cold by a refrigeration plant. Compressed 



Alaska DOT & PF  Alaska Low Emission / Electric Ferry Research Analysis 6/20/23 

ELLIOTT BAY DESIGN GROUP  Southeast Conference 
22027-053-0 Rev. - Page:  21 

hydrogen must be stored high pressure (up to 700 bar) requiring heavy cylindrical tanks. In general, 
hydrogen storage requires roughly 14 times more volume than diesel for the same energy. BeH2ydro has 
created a modular hydrogen storage system that stores the hydrogen at 250 bar and allows for easy 
maintenance, access, and removal of the hydrogen storage system. 

The cost of a hydrogen engine is similar to a diesel engine however the supply and storage of the 
hydrogen is significantly more than diesel since hydrogen components (valves, pipes, sensors, etc.) are 
currently very expensive, but as demand and production increases these costs may decrease. 
Construction of hydrogen piping systems is complicated by additional ventilation requirements and 
double-walled piping.  

Hydrogen can also be converted to electricity via fuel cells. The fuel cells generate DC power that is 
compatible with modern ship electric and hybrid architectures and maybe deployed in parallel, 
dispatchable configurations to meet variable power requirements of vessels. The only emissions from a 
fuel cell are water vapor and heat [3]. 

Fuel cells can be powered by liquid hydrogen or compressed hydrogen gas and are currently 
commercially available. Fuel cells are modular and scalable for various requirements. 

Fuel cells require redundant systems to allow for optimizing fuel consumption to the load demand and 
offer resiliency in case of failure of the power system.  

Currently, hydrogen is not available in any of the AMHS ports. To support hydrogen vessels, AMHS 
would have to work with a supplier to charter hydrogen bunkering barges that could then be placed in 
strategic ports to fuel the vessels. 

5.2.10 BIODIESEL 

Biodiesel is a domestic, sustainable, renewable fuel that is produced from a variety of renewable 
resources such as plant oils, animal fats, and recycled grease. There are many marine engines currently 
on the market that can run on biodiesel mixes. In fact, there are several ferries in Norway that operate 
on hydrotreated vegetable oil (HVO). 

Biodiesel is biodegradable, non-toxic and produces lower, but not cleaner emissions than regular diesel. 
Biodiesel does have a reduced fuel efficiency of 1-2% and can reduce power on an average of 
approximately 10%, however biodiesel is usually cheaper than regular diesel and the price difference 
overcomes these inefficiencies.  

The cost associated with installing a biodiesel system is approximately the same as a conventional diesel 
engine. Fuel storage and safety is similar to conventional diesel, as is its energy density and other 
properties. 

Currently, biodiesel is not available in any of the AMHS ports, however it may be available in the future. 
Through research completed in 2021 by Pacific Northwest National Laboratory, it was determined that 
kelp and fish waste could be used to create biodiesel. The kelp industry is expected to be thriving in 
Alaska within five to 10 years which could lead to greater availability of biodiesel. 

Some operators have experienced difficulties with increased maintenance when using biodiesel. 
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5.3 DIESEL ELECTRIC HYBRID AND ALL-ELECTRIC PROPULSION COMPONENTS 
AND CONSIDERATIONS 

5.3.1 ELECTRICAL DISTRIBUTION 

A direct current (DC) grid with direct battery connections has been assumed in this study.  

The first diesel-electric vessels employed DC-DC (DC-input power from generators to DC motors 
propelling the vessel) distribution without any solid-state power conversion equipment. These DC 
propulsion motors had higher efficiency losses, their brushed commutators had high maintenance 
requirements and more frequent failures than AC machinery, and voltage control could only be achieved 
through rudimentary resistors and/or pilot exciters.  

The development of power switching devices like diodes and thyristors allowed a shift to supplying 
power with alternating current (AC) generators in the 1970s that improved the efficiency and voltage 
control of the power generation and distribution, but still utilized DC motors for propulsion power. 
Further advances in AC motor drives allowed AC-AC to take over marine in the 1990s. Initially, this was 
done with thyristor-based cycloconverter or load-commutated inverter (LCI) drives. Propulsion power is 
provided in this system with synchronous motors, AC motors with rotor field windings like that of the 
standard AC generator.  

The increase in the current and voltage ratings of power transistors has allowed the use of pulse-width 
modulation (PWM) drives to control higher-powered induction motors. PWM drives allow for power 
factor control and significant reductions in harmonics. Meanwhile, real-time processing speeds in 
computer technology have also advanced in motor drives allowing implementation of the difficult 
control schemes necessary for an induction motor. As a result, induction motors driven by PWM became 
the preferred solution in the 2000s over the more expensive synchronous AC motors. 

The earlier AC distribution required propulsion generators to operate at constant speed. Given that 
diesel engines do not operate efficiently at low load, vessels with variable load cycles or long periods at 
low load suffered an efficiency loss with AC distribution. Integrating DC power sources such as batteries, 
solar panels, and fuel cells with an AC distribution system would also yield an efficiency penalty. The 
approach that avoids these issues in current hybrid propulsion system design is reverting to the DC grid. 

A DC grid uses a DC propulsion bus, but all machinery is AC. AC generators pass AC voltage through a 
rectifier to the DC grid. Since the rectifier negates any issues with differences between the frequency of 
power generation and power distribution, the frequency of the connected AC generator becomes 
irrelevant. Connected AC generators may operate in variable speed mode and drop their speed to match 
a drop in load. Variable speed generators typically have a higher efficiency across their load profile. 
Without the need for synchronization, standby generators can also be brought online more quickly.  

AC motors and hotel loads are supplied power through DC-AC inverters. The DC grid also protects 
sensitive and vital loads from the dangerous harmonics that challenged older AC-AC systems. The large, 
heavy phase-shifting transformers used in 12, 18 or 24-pulse AC diesel-electric systems are eliminated. 

DC sources such as batteries can be easily connected to the DC grid. This can be done through single-
phase DC-DC converters that are simpler, lower cost, and lighter than three-phase AC-DC rectifiers or 
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DC-AC inverters. DC-DC converters have been utilized by systems integrators like Danfoss/Vacon, NES 
and AKA. In some systems, batteries may even be directly connected to the DC grid, eliminating the DC-
DC converters. This arrangement is how Siemens and ABB have typically connected their battery 
systems. 

5.3.2 PROPULSION MOTORS 

Induction motors controlled by PWM drives have become the preferred propulsion arrangement, but 
permanent magnet (PM) motors are gaining in popularity. While induction motors are significantly 
smaller, simpler, and lower cost than the synchronous motors they replaced, they are never employed 
with the high pole-count and therefore low speed range of the synchronous motors and, therefore, 
require a reduction gear. The reduction gear adds system cost, volume, and weight while incurring 
efficiency losses from the gear and the slightly lower efficiency of the induction motor itself. 

Permanent magnets are expensive, and the overall cost of PM motors is significantly higher than that for 
induction motors. However, PM motors have higher efficiency, even compared to a synchronous motor. 
They can be employed with the same high pole-count and low speed of the synchronous motor. As a 
result, they eliminate the reduction gear and reduce the overall volume and weight.  

Selection of a PM or induction motor depends upon many factors of vessel design and operation. 

5.3.3 BATTERY CHEMISTRIES 

Lithium-ion batteries are a family utilizing a spectrum of proprietary chemistries. The three marine 
battery makers, Corvus Energy, Spear Power Systems and Siemens, with the most market presence use 
the same cell chemistry: lithium nickel manganese cobalt oxide (NMC). The NMC chemistry is preferred 
because of its wide use in the vehicle segment and the rapid decline in prices achieved with such 
manufacturing volume. The leading marine cell manufacturer, LG Chem, uses NMC in the Nissan Leaf, 
Chevy Volt and Bolt, Ford Focus and other vehicles. Other manufacturers such as Leclanché, EST-
Floattech, Shift, Xalt and Super-B have also all had their installations based on NMC type.  

The lithium iron phosphate (LFP) chemistry is used in limited fashion by Corvus Energy in their Blue 
Whale offering but is aimed at very large vessels such as cruise ships. Saft's marine offerings have 
typically used their LFP-based Seanergy modules. Despite initial successes some years ago, their 
reference list has grown little more recently. Other battery makers like Super-B, Valence Technology or 
Lithium Werks have a smaller marine market presence. While cost competitive, LFP typically cannot 
achieve the cycle life of NMC nor the same charge or discharge rates. 

Lithium titanate (or lithium titanium oxide, LTO) has a unique set of advantages over NMC. LTO can 
charge and discharge at about twice the rate of NMC with triple NMC's cycle life. Unfortunately, LTO's 
energy density of just half that of NMC translates to roughly double the price. Manufacturers of LTO 
batteries, such as Eschandia and Toshiba SCiB/Forsee, have achieved only a smattering of small marine 
installations.  

One possible pathway for LFP or LTO to gain advantage over NMC is that they do not utilize cobalt. 
Given that cobalt, with roughly 70% of the world's supply coming from the Democratic Republic of 
Congo, has both availability and human rights problems, NMC blends are evolving to utilize smaller 
concentrations of cobalt. The original lithium-ion chemistry still used in laptops and cell phones, lithium 
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cobalt oxide (LCO), has nickel, manganese, and cobalt in equal 33.3% shares. The latest "NMC 811" 
blend being introduced should drop cobalt usage to a 10% share versus the now dominant NMC blends 
with 20%. 

Panasonic's lithium nickel cobalt alumina (NCA) cells as used by Tesla have not found a marine niche. 
Nilar attempted to introduce to the marine market a non-lithium battery chemistry with nickel metal 
hydride (NiMH) as found in a Toyota Prius. However, it never found a market segment, likely due to 
inferior energy density and cycle life. For the same reasons, lead acid (which for decades was utilized in 
diesel-electric submarines, amongst other applications) has been overtaken by other options in hybrid 
systems.  

Selection of the best battery chemistry for a given project is dependent on many variables. There is no 
single correct answer. 

5.3.4 BATTERY REPLACEMENTS 

Lithium-ion batteries degrade over time from two main mechanisms: cyclical and calendar aging. Cyclical 
aging is impacted by the rate of charge or discharge, as compared to the total capacity; the temperature 
rise during charge and discharge; and the total depth of discharge (DoD, the average energy discharged 
during one cycle as a percent of the total capacity). Normally, calendar aging has less impact than 
cyclical, but given the low annual cycle count of the subject routes, calendar aging will likely have a 
higher impact than in other marine applications. 

The point at which a battery degrades to 80% of original capacity or state of health (SOH) is often 
termed its end of life (EOL). A rough guideline of a two percent calendar aging decrease from original 
capacity each year translates to a roughly 10-year life. In reality, lithium-ion does not precipitously 
degrade past this 80% threshold like lead acid may. Some vessels might operate lithium-ion to a lower 
SOH such as 70%. Unfortunately, there is not a track record with lithium-ion to suggest an EOL beyond 
10-years, so a life span of 10 years has been assumed for this report. 

At EOL, removal, replacement options and disposal of spent batteries must be considered. Battery 
replacement may have several significant cost savings over the original installation. First, the battery 
manufacturer may still sell the same module replacement frame which may save cost on replacement. 
At the 10-year point, advances in battery technology may also drop the cost of replacement batteries or 
improve the performance to require fewer batteries.  

Spent batteries may have a resale value either for recycle or for continued use for an application with a 
lesser depth of discharge. Fortunately, the looming future volume of spent electric vehicle batteries has 
caused large investment and progress in lithium-ion battery recycling. Further, the marine rack-based 
form factor, in stark contrast to the "skateboard" profile of vehicle batteries, allows the marine type to 
be more readily repurposed for shoreside electrical grid peak-shaving. Grid energy storage applications 
can usually operate at even lower SOH for EOL than vehicle batteries. Various studies have shown that 
repurposed lithium-ion batteries would have a positive rather than negative value when removed from 
a vessel [4]. For the purpose of this analysis and for conservatism, old battery disposal is assumed to be 
zero cost, and battery replacement is assumed to be similar to initial purchase. 
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5.3.5 BATTERY SAFETY SYSTEMS 

Lithium-ion batteries' Achilles' heel has been the danger of thermal runaway and the extra safeguards 
necessary to prevent it. A cell in thermal runaway can release a significant amount of energy which can 
overheat neighboring cells and start a chain reaction. USCG, ABS, and other agencies have prepared 
guidance and best practices to reduce the hazards and risks associated with thermal runaway.  

A good battery management system (BMS) is the first line of defense for lithium-ion batteries. The BMS 
monitors voltage, current, and temperature of each individual cell or subgroup inside each module to 
balance the load and degradation of all cells. The BMS will also disconnect the cells electrically and 
generate alarms should a dangerous condition begin to develop.  

There has been a variety of fire suppression systems used for past systems. Fixed gas systems such as 
3M NOVEC 1230 or FM200 were initially used in some systems. However, subsequent events and large-
scale testing have shown fixed gas may not be enough. Class societies have moved towards a strong 
recommendation for water-based systems. While water deluge such as sprinkler systems have been 
used, water mist is rapidly becoming the clear-cut favorite. Foam fire suppression systems that inject 
directly into the modules have been used in limited cases. However, they have only been known to be 
used with battery systems that do not meet cell-to-cell propagation testing and require this more direct 
approach. 

Most vessel systems cut off ventilation and the flow of oxygen to aid firefighting. However, lithium-ion 
thermal runaway produces oxygen inside each cell. Consequently, these events actually benefit from 
continued ventilation flow to keep the build-up of flammable gases to a minimum. The dedicated off-gas 
piping systems usually contain a small fan, either continuously running or set up to start during an event. 
In some cases, such as where the off-gas system is not used, the battery room space has been fitted 
with a higher-flow emergency ventilation fan. 

Gas detection systems are also employed. Various sensors have been employed to detect carbon 
monoxide or hydrogen gas as well as monitor oxygen levels. The Nexceris Li-Ion Tamer systems were 
originally designed with support of the US Navy to improve the safety of lithium-ion battery installations 
onboard ships. Their sensors monitor multiple gases to identify a specific signature given off by lithium-
ion cells beginning to enter thermal runaway. Not only are these sensors dedicated to the specific 
application and danger it poses, but the approach also provides a significantly earlier warning of thermal 
runaway than standard gas detection systems. 

5.4 EXAMPLE HYBRID AND ALL-ELECTRIC VESSELS UNDER CONTRUCTION AND IN 
SERVICE 

5.4.1 DOMESTIC VESSELS 

Following are examples of some recent projects incorporating electric or hybrid propulsion systems. 

Casco Bay  

In 2018 EBDG was selected by Casco Bay Lines to design a new car ferry for service between Portland, 
ME and Peaks Island, a 2.2 nm route. The hybrid-electric ferry has capacity for 15 vehicles and 599 
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passengers, spread across three decks including a sun deck with unobstructed views. The new 
Subchapter K ferry is currently under construction and slated for delivery in 2024. 

The ferry features ABB Marine & Ports' hybrid propulsion system supporting diesel-electric and zero-
emissions battery-powered modes, as well as a combination of both. With the ferry operating in zero-
emission mode, the passengers will benefit from a smoother, quieter and cleaner ride. A Stemmann 
Technik FerryCHARGER shore charging system is also provided by ABB for rapid vessel charging during 
the 12-minute stop in Portland. 

New Governors Island Ferry 

In 2022 EBDG designed a hybrid-electric passenger-vehicle ferry for Governors Island to provide 
transportation between the Battery Maritime Building in Lower Manhattan and Soissons Landing. The 
ferry has an overall length of 190', a beam of 62', a depth of 13' and a draft of 8.5'. The vessel has 
capacity for 600 passengers and 220 LT of vehicle weight and meets USCG Subchapter K regulations. The 
vessel is designed to operate fully electric once shore charging is available, recharging the batteries 
during the ten minutes spent at the Soissons Landing end of the route. The new ferry is currently under 
construction and slated for delivery in 2024. 

Cameron Parish Ferry 

In 2021, EBDG was awarded the contract to complete the contract design of the Cameron Parish Ferry. 
The ferry has an overall length of 190', a beam of 50', and a depth of 13'. The vessel will have the 
capacity for up to 34 automobiles and passengers and meets USCG Subchapter H regulations. 
  
The ferry has been designed to be the first US new-build ferry vessel equipped with the Vard Electro 
SeaQ® hybrid propulsion system and is intended to operate in a hybrid mode. In this mode the diesel 
engines will share load with the propulsion batteries whereby the propulsion system will maximize the 
usage of the battery energy capabilities, resulting in lower exhaust emissions. It will have enhanced 
maneuvering capabilities provided by the Schottel SRP azimuthing thrusters. 
  
The ferry is planned to enter the construction phase in late 2022 and EBDG will continue to provide 
technical support services to the Louisiana Department of Transportation and Development as the ferry 
progresses through construction. The ferry is expected to enter operating service in 2024. 
 
Niagara Falls Tour Ferries 

Maid of the Mist is now operating their new battery-powered Niagara Falls tour ferries. These vessels 
were designed to carry 520 passengers on the sustainable energy produced by the falls. ABB provided 
systems integration for this project. 

5.4.2 INTERNATIONAL VESSELS 

Following is a selection of the vessels currently in service outside the US. 
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AMPERE8 

Ampere, operating a 3.1nm route in Norway since 2015, is the world's first battery-electric car ferry. The 
260' Ampere carries up to 360 passengers and 120 cars at a maximum speed of 10 kt. Siemens was the 
propulsion integrator, with Corvis batteries. 
 
COLOR HYBRID9 

The 525 ft-long Color Hybrid is a combination diesel-mechanical/diesel-electric hybrid that is designed to 
operate normally in full electric mode and entered service in 2019. The vessel carries up to 2000 
passengers and 500 cars and has a top speed of 12 kt. The vessel can operate in all electric mode for up 
to 60 minutes before needing charge from shore or the onboard power plant. All-electric operation is 
typically conducted near shore to minimize impacts on populations. The vessel utilizes a medium voltage 
charging system from NG3. Siemens was the propulsion integrator. 
 
ELEKTRA10 

The 322' Elektra operates on a 0.86 nm route in Finland carrying 90 cars and 375 passengers at a top 
speed of 11 kt. Elektra is designed to operate on batteries only but utilizes three diesel generators to 
cope with heavy ice in winter. The vessel entered service in 2015 and is equipped with Siemens 
BlueDrive PlusC propulsion system. A Cavotec charging system was installed. 

BASTØ ELECTRIC11 

At the time of construction, Bastø Electric was the largest all-electric ferry in operation. This ferry began 
operating in 2021 on a 5.7 nm route in Norway. Bastø Electric is 457' in length, carries 200 cars and 600 
passengers and has a top speed of 13 kt. Siemens Energy served as propulsion integrator. Charging is at 
medium voltage using a Stemmann-Technik tower. 

5.5 SHORESIDE INFRASTRUCTURE 

5.5.1 COMMUNITY PORT-SIDE INFRASTRUCTURE OPTIONS 

Rapid charging systems (RCS) transmit high volumes of electrical power from the shore to the vessel and 
make the connection quickly for ferry or other short-docking operations. Such charging systems are a 
rapidly evolving technology and there are many design solutions available and in development to 
overcome various challenges. The leading standard for such systems is IEC/ISO/IEEE 80005-1, first 
published in 2012. ABS and DNV also have published standards for electrical shore connections. 

The most significant challenge to overcome with an RCS is the ship's motion and position relative to the 
pier. The system needs to span a gap to connect to the vessel without interfering with vessel operations 
while maintaining a safe electrical connection. Most existing systems utilize positive restraint, typically 

 

 

8 https://en.wikipedia.org/wiki/MV_Ampere  
9 https://en.wikipedia.org/wiki/MS_Color_Hybrid  
10 https://www.ship-technology.com/features/elektra-finlands-first-hybrid-electric-ferry/  
11 https://www.dailyscandinavian.com/worlds-largest-electric-ferry-now-operational-in-norway/  

https://en.wikipedia.org/wiki/MV_Ampere
https://en.wikipedia.org/wiki/MS_Color_Hybrid
https://www.ship-technology.com/features/elektra-finlands-first-hybrid-electric-ferry/
https://www.dailyscandinavian.com/worlds-largest-electric-ferry-now-operational-in-norway/
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an automated mooring device near midship, to minimize vessel motions while at the dock. Bow charging 
may either be mounted on a stationary structure or on the vehicle ramp and may not require a positive 
restraint. 

The various RCS solutions developed can be loosely categorized as follows: 

• Mounted on Auxiliary Side Dock/Pier vs. Loading Ramp vs Vessel 
• Vertical (Hook) vs. Horizontal (Extension) vs Davit (Crane) 
• Automated vs. Manual 

While almost all concepts install the RCS active component on shore, an alternative concept is to install 
the active component onboard the vessel such as the NG3 system (below).  

Another significant variation in design solutions is whether systems are automated or manual. While the 
many benefits offered by autonomous charging systems come at significant capital cost, automated 
charging may reduce the requirement for additional crew and is especially advantageous when there is 
limited time or crew to charge the vessel. 

Several aspects of charging systems are important to consider: 

1. Charge power. This determines how much energy can be loaded aboard the vessel in a given 
time, or conversely, how much time is required to transfer a given amount of energy. 

2. Operating voltage. The decision is essentially between low- and medium-voltage systems. 

a. Medium-voltage requires thicker cable and transformer insulation, more careful 
grounding and ground fault protection measures, insulated busbars and additional 
design, construction and testing safeguards. 

b. Low-voltage systems will require higher amperage to pass the same amount of power, 
larger copper conductors, busbars, and transformer windings, leading to added weight. 

3. Time to connect and disconnect. As charge duration has a significant effect on performance and 
costs, connecting quickly upon arrival and disconnecting immediately before departure 
maximizes charge duration. 

4. Automation and Autonomy. Given the speed required to make the medium-voltage connection, 
robotics will likely be necessary including sensors, infrared, laser or other optical sensors for 
connection targeting and telemetry to prepare a charging system for an approaching vessel. 

5. Range of motion. A careful analysis of motions will be necessary to ensure the system is 
designed to accommodate freedom of vessel movement along all three axes. 

6. Dependability. The ability to connect despite potentially challenging weather and lighting 
conditions, vessel motions, and hull conditions (fouling) will be a key driver in the long-term 
success of vessel electrification. 
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7. Structural and mechanical robustness. The system will require excellent corrosion resistance, 
galvanic protection, and minor impact resistance to improve performance and increase service 
life. RCSs consist of a variety of mechanical elements, and stout construction will enable long 
life. 

8. Serviceability. Accessibility to wearing parts, quick trouble shooting and repair, and intuitive 
operation are advantageous. 

9. Infrastructure. RCS may require substantial land-based equipment, which could necessitate 
improvements or upgrades to the existing dock infrastructure to deploy the desired RCS. 

10. Safety. Proximity of the public and crew to medium voltage without sufficient barriers and 
protections in place is simply unacceptable. Circuit protection must include not just short circuit 
and overload trip settings but also quick acting and sensitive ground fault trips. 

Some notable characteristics of RCS described in the following sections are summarized in Table 5 
below. 

Table 5: Selection of Available Shoreside Technologies 

Company RCS Description Autonomous vs 
Manual 

Land vs Vessel 
Mounted 

Vertical vs 
Horizontal 
vs Davit 

Voltage 

Stemmann-
Technik 

Pantograph 
Robotic Arm 
Crane/Davit  

Semi-
Autonomous 
Autonomous 
Autonomous 

Land 
Land 
Land 

Horizontal 
Horizontal 
Davit 

LV 
LV/MV 
LV  

Cavotec Vertical APS (Hook) 
Horizontal APS 
RL2C 
Ramp APS 
Crane/Davit 
Cable Reel 

Semi-
Autonomous 
Autonomous 
Manual 
Autonomous 
Manual 
Manual 

Land 
Land 
Land 
Land 
Land 
Land 

Vertical 
Horizontal 
Davit 
Horizontal 
Davit 
Horizontal 

LV 
LV/MV 
LV 
LV/MV 
MV 
LV 

Mobimar NECTOR Autonomous Land Horizontal LV/MV 
NG3 PLUG Semi- 

Autonomous 
Vessel Vertical LV/MV 

ABB Robotic Plug 
System  

Autonomous Land Davit MV 

LOS Gruppen 
Zinus 

Telescopic 
 
Compact ZPP215 

Manual 
Autonomous 
Semi-
Autonomous 

Land 
Land 
Land 

Vertical 
Vertical 
Horizontal 

LV 
LV 
LV 

BlueDay BluEco Manual Land Horizontal LV/MV 
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5.5.2 STEMMANN-TECHNIK 

Stemmann-Technik first developed a horizontal pantograph charging system, Figure 3. A pantograph is 
the typical arrangement for rail applications where a vertically extending control arm makes contact 
with an overhead cable. In this case, however, a row of horizontally extending carbon brushes on shore 
makes contact with vertical busbars mounted in the side of the vessel. Both sides have automatic doors 
that cover up when the connection is not made. The vessel-side vertical busbars are sized to 
accommodate the tidal fluctuation. This system requires access to the side of the vessel with a pier 
running some part of the length of the berth. Since the pantograph pushes against the vessel to 
maintain contact between the brushes and busbars, it requires positive restraint mooring. 

 
Figure 3: Stemmann-Technik First Generation Horizontal Pantograph RCS 

 
Stemmann-Technik developed another system, Figure 4, which placed a horizontally extending robotic 
arm on a vertically traveling platform that moved up and down inside a tower. An electric eye allows it 
to autonomously target a fixed receptacle on the vessel. The system does not push against the vessel 
but makes an interlocking connection with plug and receptacle. Nevertheless, the system has been 
mounted on a significant auxiliary dock with a vacuum mooring system at the side of the vessel. There 
are at least 26 of these systems from Stemmann-Technik that have now been installed in Norway. 
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Figure 4: Stemmann-Technik Second Generation Tower RCS 

 
Stemmann-Technik is deploying a crane-based system. Four of these units will be used in Ontario, 
Canada at the Wolfe and Amherst Island routes for the Ontario Ministry of Transportation. Each will be 
mounted at a location just to the side of the vehicle loading ramps and would be considered a bow 
charging solution; these systems will utilize an integrated mooring system developed by Stemmann-
Technik. An additional unit will be used in Skagit County, WA for the Guemes Island ferry.  

 
Figure 5: Stemmann-Technik Third Generation Crane Based RCS 

 
5.5.3 CAVOTEC 

Cavotec offers both manual and automatic e-charging technologies and automated positive restraint, 
vacuum mooring systems. The automated plug-in system (APS) requires no human intervention and 
requires minimum modifications to vessels. Figure 6 below shows the APS Towers that establish 
connections in under 30 seconds when combined with an automated mooring system. 

The Cavotec APS Tower is mounted on a pier alongside the vessel. It is an enclosed tower which features 
a plug assembly that lowers into a receptacle installed in the side of the vessel. The APS-vertical system 
is a proven technology with two active installations in Europe. The existing APS vertical installations are 
mounted near the midship point of the ferry with a pier extending out a substantial portion of the vessel 
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length. Both systems use a Cavotec MoorMaster automated vacuum mooring system to provide positive 
restraint for the connection, Figure 7. 

 
Figure 6: Cavotec APS Tower RCS 

 

 
Figure 7: Cavotec MoorMaster Automated Vacuum Mooring System 

 

Cavotec has also developed a horizontal APS system, Figure 8, as a bow charging solution. Initial 
concepts show this system mounted to an auxiliary side dock adjacent to the vehicle loading ramp. This 
system would require a much shorter auxiliary dock (or pier), extending no further than the ramp itself. 
In this configuration, the APS box moves vertically, and the arm extends horizontally to connect with the 
ship. There are or will soon be over 20 installations of the bow charging APS in Norway. 
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Figure 8: Cavotec Horizontal APS RCS 

 
An additional Cavotec RCS is the PowerRampNxG, which utilizes the APS box. In this design, the APS box 
rotates and extends horizontally from the car ramp to connect with the vessel. Like the other 
autonomous systems offered by Cavotec, the PowerRampNxG is compatible with the MoorMaster 
mooring system. 

Cavotec has developed manually controlled davit systems for both MV and LV vessel systems, Figure 9. 
The davit arm can rotate as well as adjust in height and horizontal length. 

 
Figure 9: Cavotec Manual Davit (blue, with yellow cables) 

 
Another manual charging system from Cavotec is a cable reel for LV electrification. The cabling 
extending from the reel is placed onboard the ship to establish electrical connection. 
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5.5.4 MOBIMAR 

Mobimar offers a ramp-mounted bow charging system called NECTOR that can establish a rapid 
autonomous connection to the vessel, Figure 10 and Figure 11. The system can be easily activated with a 
push button from the bridge. 

 
Figure 10: Mobimar NECTOR RCS 

 

 
Figure 11: Mobimar NECTOR RCS 

 
5.5.5 NG3 

NG3 has supplied systems for large passenger ships operating in Scandinavia. The PLUG system has a 
vessel mounted arm that extends from the vessel, Figure 12. From this arm, it pays out a chain and hook 
that grabs a shoreside cable and pulls it up and into a receiving receptacle mounted to the extended 
arm. The system supports an 11kV and 4.5MVA connection and can connect in roughly one minute. 
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Since 2011, the system has been operating onboard five large ColorLine passenger vessels and at four 
terminals at which they operate. 

 
Figure 12: NG3 Plug RCS (left, engineering diagram; right, photo of installation) 

 
5.5.6 ABB 

ABB’s ForSea Ferries (previously HH Ferries) retrofit project employs charging at a medium-voltage level 
of 10kV and 10MW, charging 4.2MWh battery packs in as little as five minutes. 

The key RCS components were charging towers housing ABB factory robots, Figure 13, which are 
substantial in size and weight. Despite initial challenges in making connections quickly enough, the 
vessels now consistently make zero emissions crossings. 

ABB made significant investments in this equipment and gained valuable know-how and insight while 
recognizing that this system was applied to an operator with unique existing infrastructure and 
operations. 

 
Figure 13: ABB Tower RCS 
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5.5.7 LOS GRUPPEN ZINUS 

The LOS Gruppen Zinus RCS offers a manual or autonomous system, consisting of four vertical plugs 
hanging from an extendible overhead arm, Figure 14. It is rated to supply 230-690VAC and up to 1400A 
for a power transfer of up to 1.6MW. 

 
Figure 14: LOS Gruppen Zinus RCS 

 
Another charging system offered by Zinus is the semi-autonomous Compact ZPP215. The system can 
supply 230-690VAC through a maximum of four 45-meter spooled cables, each capable of carrying 350A. 

 

Figure 15: Zinus Compact 
 
5.5.8 BLUEDAY 

Blueday has developed manually controlled cable reel RCS for LV vessel systems, Figure 16. The design 
can accommodate a varying number of cables and plugs to provide the required level of power. 
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The lightweight Wärtsilä charging system for the MEDSTRAUM uses a similar concept, employing six 
vehicle CCS-2 charging plugs to achieve up to 2.4MW of power. 

 
Figure 16: Blueday BluEco RCS 

 

 PILOT PROJECT NOTIONAL VESSEL DESIGN 

6.1 PILOT ROUTES 

Routes selected for this analysis must be applicable to a pilot project to reliably prove the concept and 
meet the budget considerations for future implementation phases. In consultation with SEC, the routes 
selected for focus cover relatively short distances (less than four-hr transit) and have access (or potential 
access) to renewable energy sources.  

6.1.1 PASSENGER / CAR LOADING 

Annual AMHS passenger and vehicle traffic was examined for the four-year period between 2016 and 
2019 to provide insights regarding demand prior to the pandemic. These years were selected as they 
represent passenger loading pre-Covid limitations. Vehicle and passenger counts are given as "Link 
Volume" and "On/Off Volume". Link volume provides the total number of passengers onboard for that 
leg of their journey from the departing port to any other port. On/Off Volume is the total count of 
passengers coming onboard at the first port and leaving at the second port. Because these ports are 
visited by larger ferries travelling longer distances, the link volume is typically a fair bit higher as the 
passengers may stay onboard for more than just one leg.  

Note that peak passenger volumes may be limited by vessel availability rather than actual passenger 
demand. That is, if more trips are scheduled more traffic may be expected. 
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Haines-Skagway 

• Haines-Skagway has the highest maximum vehicle count of up to 44 vehicles in one trip. This 
route makes one trip per day or less. All routes have an average vehicle count of less than 
thirteen. All routes indicate a maximum passenger count of 140 or less. 

• AMHS traffic between Skagway and Haines peaked in 2017, with 21,007 passengers and 7,407 
vehicles in link volume and 7,549 passengers and 3,508 vehicles in on/off volume. 

• The number of voyages ranged from 212 in 2016 to 304 in 2017. 

Table 6: Skagway-Haines Passenger and Vehicle Volume, 2016 – 2019  
 2016 2017 2018 2019 

Link Volume  
Passengers  16,826   21,007   18,439   16,155  
Vehicles  5,741   7,407   6,896   6,313  
On/Off Volume         
Passengers  5,809   7,549   6,756   6,156  
Vehicles  2,752   3,508   3,130   2,944  
Total Voyages  212   304   254   243  

Source: AMHS Annual Traffic Volume Reports, 2016 – 2019. 

• Passenger volume between Haines and Skagway was similar in 2017 and 2018, with a peak of 
22,595 passengers and 8,449 vehicles in link volume in 2018. When examining on/off volume, 
passenger movement was highest in 2018 at 9,170 people and vehicle traffic was highest in 
2017 at 4,396. 

• The number of voyages ranged from 204 in 2016 to 305 in 2017. 

Table 7: Haines-Skagway Passenger and Vehicle Volume, 2016 – 2019 
 2016 2017 2018 2019 

Link Volume         
Passengers  15,743   22,522   22,595   17,806  
Vehicles  5,712   8,152   8,449   7,006  
On/Off Volume         
Passengers  6,634   9,162   9,170   7,399  
Vehicles  3,223   4,396   4,386   3,663  
Total Voyages  204   305   265   244  

Source: AMHS Annual Traffic Volume Reports, 2016 – 2019. 
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Ketchikan-Metlakatla 

• AMHS traffic between Annette Bay and Ketchikan peaked in 2017, with 18,129 passengers and 
5,026 vehicles. 

• The number of voyages ranged from 479 in 2018 to 516 in 2017. 

Table 8: Annette Bay-Ketchikan Passenger and Vehicle Volume, 2016 – 2019 
 2016 2017 2018 2019 

Link Volume         
Passengers  16,176   18,129   16,666   15,008  
Vehicles  4,880   5,026   4,351   3,579  
On/Off Volume         
Passengers  16,176   18,129   16,666   15,008  
Vehicles  4,880   5,026   4,351   3,579  
Total Voyages  485   516   479   496  

Source: AMHS Annual Traffic Volume Reports, 2016 – 2019. 

• AMHS traffic between Ketchikan and Annette Bay peaked in 2017, with 17,794 passengers and 
5,182 vehicles. 

• The number of voyages ranged from 478 in 2018 to 516 in 2017. 

Table 9: Ketchikan-Annette Bay Passenger and Vehicle Volume, 2016 – 2019 
 2016 2017 2018 2019 

Link Volume         
Passengers  16,956   17,794   16,115   14,267  
Vehicles  4,992   5,182   4,460   3,660  
On/Off Volume         
Passengers  16,954   17,794   16,115   14,267  
Vehicles  4,991   5,182   4,460   3,659  
Total Voyages  485   516   478   497  

Source: AMHS Annual Traffic Volume Reports, 2016 – 2019. 
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Homer Seldovia 

• AMHS traffic between Homer and Seldovia peaked in 2016, with 2,988 passengers and 1,857 
vehicles in link volume and 2,467 passengers and 1,494 vehicles in on/off volume. 

• The number of voyages ranged from 92 in 2019 to 116 in 2016. 

Table 10: Homer-Seldovia Passenger and Vehicle Volume, 2016 – 2019 
 2016 2017 2018 2019 

Link Volume         
Passengers  2,988   1,438   2,296   2,005  
Vehicles  1,857   1,042   1,318   1,329  
On/Off Volume         
Passengers  2,467   1,434   2,292   1,657  
Vehicles  1,494   1,040   1,313   1,103  
Total Voyages 116 94 112 92 

Source: AMHS Annual Traffic Volume Reports, 2016 – 2019. 

• AMHS traffic between Seldovia and Homer peaked in 2016, with 2,577 passengers and 1,555 
vehicles in link volume and 2,247 passengers and 1,371 vehicles in on/off volume. 

• The number of voyages ranged from 93 in 2019 to 114 in 2016. 

Table 11: Seldovia-Homer Passenger and Vehicle Volume, 2016 – 2019 
 2016 2017 2018 2019 

Link Volume         
Passengers  2,577   1,490   2,146   1,993  
Vehicles  1,555   1,014   1,266   1,355  
On/Off Volume         
Passengers  2,247   1,481   2,137   1,538  
Vehicles  1,371   1,011   1,262   1,076  
Total Voyages 114 95 112 93 

Source: AMHS Annual Traffic Volume Reports, 2016 – 2019. 

Notional Vessel Loading 

The notional vessel should be considered capable of supporting all traffic (link volume) as a shuttle ferry 
between ports. Passenger loading is not expected to be limiting for the notional vessel as cars consume 
more deck space than passengers. For all three routes analyzed the average link volume of cars is less 
than 20. During peak days more than one round trip per day may be required. 

6.1.2 ENCLOSED VS. OPEN VEHICLE DECK 

The selected routes are exposed to varying weather and sea conditions. An open vehicle deck operating 
in exposed waters may subject the vehicular cargo to excessive water spray, ice accumulation, and even 
green water.  

The totally enclosed vehicle deck has a structural cover over the car deck that adds steel weight and 
requires large ventilation fans to remove vehicle exhaust, a sprinkler system, and structural fire 
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protection. These additional requirements yield a bigger vessel that is capable of supporting the added 
elevated weight of the vehicular enclosure. 

A partially enclosed vehicle deck is utilized on some vessels. The partially enclosed vehicle deck still 
utilizes a full structural cover over the vehicle deck but has the back open so that it does not require a 
ventilation system. The partially enclosed vehicle deck still requires structural fire protection under any 
passenger spaces above and a sprinkler system under the entire enclosure. Given the openings required 
for ventilation, portions of the deck may still be susceptible to icing. 

To have route and seasonal flexibility EBDG recommends an either partially or totally enclosed vehicle 
deck on the notional vessel. 

6.1.3 LOADING 

All ports of selected routes are capable of side loading, so the notional vessel is expected to utilize side 
loading. Stern loading is also an option, but bow loading would not be considered due to the high cost, 
complexity and weight, as well as the current lack of compatible infrastructure. 

6.2 PORT ELECTRICAL INFRASTRUCTURE 

6.2.1 SKAGWAY-HAINES 

Haines and Skagway receive their electrical power/energy from Alaska Power & Telephone (AP&T). Their 
main office is in Skagway. Most of the electricity for both communities is generated from their 
hydroelectric powerplants in or near Skagway and Haines. Both communities are supported with backup 
diesel-driven powerplants that are used for peaking power needs and hydroelectric powerplant outages. 
The use of diesel generated electricity is minimal.  

The two communities are interconnected by a 35kV-rated submarine cable allowing optimal loading of 
the plants and better water reservoir management. The distribution system in Skagway is powered at 
2.4kV, delta configured. The distribution system in Haines is powered at 12.47kV, wye configured. The 
higher voltage system allows higher power delivery. 

The existing ferry terminals at both Haines and Skagway are provided with three phase power. Both 
facilities have dedicated utility transformers for providing low voltage power to the terminals. Based on 
the application of a Battery Energy Storage System (BESS) AP&T has capacity to power EV ferries with 
their present facilities. 

At the time of the writing of this report, the cost of electricity for this route is:  

• $0.205163 per kWh with the present COPA and regulatory charge  
• $6.71 per kW of load sustained for more than a 15-minute window of time 
• $172.27 per month customer charge 

For this analysis, it is assumed that the homeport will be Skagway. 



Alaska DOT & PF  Alaska Low Emission / Electric Ferry Research Analysis 6/20/23 

ELLIOTT BAY DESIGN GROUP  Southeast Conference 
22027-053-0 Rev. - Page:  42 

6.2.2 METLAKATLA-KETCHIKAN 

The electrical power/energy is provided in Metlakatla by their municipally owned utility, Metlakatla 
Power & Light (MP&L), headquartered in Metlakatla. The bulk of the electricity generated in Metlakatla 
is from the Purple Lake and Chester Lake hydroelectric power plants. MP&L utilize a diesel generator 
power plant for peaking requirements and during hydroelectric plant outages. Like Skagway and Haines, 
production of electricity using the diesel power plant in Metlakatla is minimal.  

Like Metlakatla, the electrical power/energy for Ketchikan and its surrounding areas is provided by its 
municipally owned utility headquartered in Ketchikan. Ketchikan Public Utilities (KPU) receives much of 
its electricity from local hydroelectric power plants, and is supplemented with energy purchased from 
Southeast Alaska Power Agency, SEAPA. SEAPA generates and wholesales energy from its Tyee and 
Swan Lake hydroelectric powerplants to Petersburg, Wrangell, and Ketchikan. KPU also has a diesel 
generator powerplant for supplying peak loads and for hydroelectric power plant outages. 

The distribution system in Metlakatla is powered at 12.47kV. They have a distribution line extending 
approximately 12 miles from the community to Waldon Point where the ferry terminal is located. MP&L 
recently signed an agreement to install a submarine transmission line between their two utilities. It is 
anticipated that the line voltage will be 34.5kV which will require a new substation in Metlakatla with a 
transmission line constructed to Waldon Point. 

The cost of electricity at the Metlakatla terminal is:  

• $0.1469 per kWh 
• $12.00 per kW of load sustained for more than a 15-minute window of time  
• $17.50 per month customer charge 

 
KPU distributes electricity to its customers at 12.47kV. They also transmit 34.5kV power along their 
community's corridor from north of Ward Cove to south of Mountain Point. The present ferry terminal is 
powered from the 12.47kV distribution system with a utility transformer at the terminal providing user 
voltage power. KPU has the ability and capacity to power the EV ferry from either the transmission line 
or distribution system. 

With the application of a BESS at the ferry terminal on Waldon Point, MP&L has ability to provide a fast 
charge to the EV ferry. It might be possible to provide charging power without a BESS at the Ketchikan 
ferry terminal, depending on the required charge time.  

The cost of electricity at the Ketchikan terminal is:  

• $0.1039per kWh 
• $3.37 per kW of load sustained for more than a 15-minute window of time 
• $42.00 per month customer charge 

 
For this analysis, it is anticipated that the homeport will be in Metlakatla. 
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6.2.3 HOMER-SELDOVIA 

Homer Electric Association (HEA) provides electricity for both Homer and Seldovia and is headquartered 
in Homer. The bulk of the electricity for the HEA grid is generated at power plants using Liquid 
Petroleum Gas, LPG, engine/generators with support from hydroelectric powerplants. The system is 
currently supported by a BESS with capacity to receive or discharge up to 46.5MW. This allows HEA to 
optimally load its generators to achieve good performance and best energy consumption. 

The distribution systems in both communities are powered at 14.4/24.9 kV. The electrical power for 
Seldovia is routed from the feeder on Homer Spit. HEA is beginning to evaluate upgrading their feeder 
on Homer Spit to provide greater capacity for cruise ship and ferry electrification, and for Seldovia. It is 
anticipated that BESS equipment will be provided at Seldovia to allow for a fast charge if charging at 
each port is required. If only one trip per day is anticipated and if the charge rate to the EV ferry is 
controlled to occur over a longer period of time, a BESS may not be required at the Homer ferry 
terminal.  

The cost of electricity for the ports serving this route is:  

• $0.183553 per kWh with the present COPA and regulatory charge 
• $21.63 per KW of load sustained for more than a 15-minute window of time (minimum of 

$432.60) 
• $50.00 per month customer charge 

It is anticipated that Homer will be the homeport for this analysis. 

6.2.4 COMPARATIVE COST OF ENERGY 

As noted above, the utilities providing electrical power to the communities along the three identified 
AMHS routes have sufficient capacity to recharge the notional vessel. Table 12 summarizes the 
projected cost of diesel fuel versus electricity to operate each of the three routes. Monthly fees 
(including the peak demand rate and per user fees) are divided by the assumed number of charges 
(round trips) per month. 

Table 12: Projected Cost of Diesel Fuel vs Electricity 

 

Route5 $/kW

Charge 
Demand2,

4 

kW
Monthly 

Fee

Charges 
per 

Month $/kWh

Crossing 
Energy4 

kWh
$/Round 

Trip $/gal3
Fuel 

Cons. gal
$/Round 

Trip
Skagway - Haines  $     6.71 190  $ 172.72 12  $ 0.2052 4562  $      1,057  $     2.31 298  $          688 
Ketch. - Met.  $     3.37 215  $   42.00 40  $ 0.1039 2585  $          288  $     2.31 170  $          392 
Homer - Seldovia  $   21.63 234  $   50.00 12  $ 0.1836 5621  $      1,458  $     2.31 367  $          846 
1.  Includes only power and energy rates. Does not include monthly account charges, etc.

2.  Assumes ESS such that the charge demand is spread over 24hr (12hr for Ketch-Met).

3.  Average of fuel prices from FY18 through FY21

4.  Includes 2hr of full hotel load at the dock at 150kW

5. Charging assumed at one end, underlined port.

Battery-Only/Hybrid, Chargin at One Port - Electrical Cost1 Diesel Mechanical - Diesel Cost
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Based on the existing electric rates and cost of diesel, the cost of electrical energy per run is greater than 
the cost of diesel in two of the three identified routes. A portion of the cost differential between electric 
and diesel is due to the referenced four-year average price of diesel between FY18-FY21 (the current 
spot price is approximately 50% greater) and the demand charge component of the utilities’ rate 
structures, set by utility tariff. Adjustments to utility tariffs to lower the cost of electricity could make 
energy costs of electric-powered ferries closely cost competitive with diesel-mechanical propulsion. 

The utility tariffs currently accepted by the Regulatory Commission of Alaska (RCA) are identified in the 
previous section for the communities anticipated to provide shore power to the ferries. The question 
regarding the utility tariffs has been posed to representatives of all the utilities for the anticipated ports 
with respect to their interest in forming special agreements with ADOT/PF for shore power. The 
objective is to remove the demand charges as a minimum, and perhaps reduce the energy charges as 
well. 

The responses received from the utility representatives are as follows: 

Skagway – Haines:  A special agreement might be possible if a BESS is included. The significance of the 
agreement could be based on how the BESS is utilized. If it remains on-line for utility use to aid their 
effort to stabilize frequency and voltage responses on their system, they are quite interested. There are 
numerous elements to the agreement that must be addressed including: rating of the BESS, how the 
BESS if funded, location of the BESS, the ability to accept power interruption, etc.  

Metlakatla:  The utility’s representative states that they will support a special agreement. They are 
presently working to install a new BESS within the community. How the BESS is utilized and connected 
to the ferry terminal will be a factor considering the distance between the BESS and the ferry terminal.  
However, the use of their BESS was not addressed as a criteria for the special agreement. 

Ketchikan:  KPU will support a special agreement. They are also quite interested in incorporating a BESS. 
The significance of a special agreement with them has similar desires as those by AP&T for Skagway & 
Haines. 

Homer-Seldovia:  Presently, HEA is less committal toward a special agreement, although they are open 
to discussion. They have a large BESS on their system and the advantage small BESS’s at the ports was 
not determined considering that they are amid planning and defining their feeder upgrades to the 
Homer ferry terminal and to Seldovia. 

The conclusion is that the utilities are favorably open to agreements with special considerations to 
demand and energy charges. This is particularly true where the installation of a BESS is included.  

6.3 NOTIONAL VESSEL DETAILS BASED ON ROUTES 

To meet the needs of the selected routes, the notional design should carry 20-25 vehicles in an enclosed 
vehicle deck and a minimum of 150 passengers. This makes the notional vessel most similar to the MV 
PRINCE OF WALES. The notional vessel may be designed as a hybrid such that it may operate on battery 
or on diesel/alternative fuel generators to provide service in the scenario that shore charging becomes 
unavailable. 
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6.3.1 LOAD ASSUMPTIONS 

Outside of propulsion, the next energy consumer on the vessel is the hotel loads. These loads include 
heating and ventilation loads, lights, and other support systems. In this analysis this load also includes 
the various service system loads like cooling pumps. The notional vessel is assumed in this analysis to 
have a constant hotel load of 150kW. In reality, the hotel load will vary to a great extent by the level of 
heating or cooling is needed in the passenger and machinery spaces.  

The 150kW load assumes electric resistance heat. During contract design, the designer should consider 
options to minimize the hotel load such as increased insulation, heat pumps, and LED lighting. 

In the trip analyses, the hotel load is assumed to be provided by shore power at all ports. 

6.3.2 BATTERY SIZING FOR ALL-ELECTRIC OPERATION 

Battery sizing for all-electric operation is primarily dependent on the trip energy and the charge rate.  

The trip lengths are long enough that these vessels will need to fully recharge at minimum every round 
trip or the volume required for the batteries could start displacing passengers or cargo. Appendix D 
contains battery sizing calculations for charging at both ends of each route and for charging only at one 
dock.  

Trip energy is largely impacted by vessel transit speed. As discussed in Section 3.3.1, decreasing the 
transit speed will significantly reduce the transit energy. Appendix D evaluates the battery sizing with 
the vessels operating at the design speed and at a reduced speed. The minimum battery capacity 
needed to operate on any of the selected routes (Section 6.1) is provided below in Table 13. 

Table 13: Battery Sizing (kWh) 
Transit Speed \ Charging at: One End 

(kWh) 
Both Ends 

(kWh) 
Cruise Speed = 13.2kt 7200 3600 
Cruise Speed = 9.7kt 5500 2800 

 

 FINANCIAL AND ECONOMIC ANALYSIS 

7.1 CAPITAL COSTS 

7.1.1 NOTIONAL VESSEL CAPITAL COST 

The notional vessel capital cost is estimated in Appendix D. To estimate the vessel capital cost, the 
vessel dimensions, installed power, and weight are compared to the shipyard costs for similar vessels. 
These costs are broken out by ship work breakdown system (SWBS) groups that help identify and scale 
for differences in reference vessels. There are large gains in efficiency and reductions in cost when more 
than one vessel is constructed in a class. This cost estimate has assumed that each vessel after the first 
costs 18% less than the first. The notional vessel is estimated to cost approximately $53 million for the 
first vessel and $140 million for three vessels.  



Alaska DOT & PF  Alaska Low Emission / Electric Ferry Research Analysis 6/20/23 

ELLIOTT BAY DESIGN GROUP  Southeast Conference 
22027-053-0 Rev. - Page:  46 

7.1.2 SHORESIDE INFRASTRUCTURE 

For a 3MW manual charging system (PowerReach) with two connectors from Cavotec, the rough 
estimated cost for a complete system in December of 2022 is $2.5 million to $3 million. A complete 
system includes charging connectors, cabling, cable cooling, system integration, and other 
electrical/mechanical equipment. Pier modifications associated with landside infrastructure for the 
charging system may generate additional costs. 

An automatic charging system supplying similar power may cost considerably more. Cavotec's 
PowerAdapt may cost an additional $500-750k more than the manual PowerReach. Given that the 
vessel is assumed to be at the dock for a minimum of one hour between trips, manual is likely to be a 
preferred option both for capital cost and for flexibility with other vessels.  

Energy storage systems for rapid charging may vary greatly by the cost of building the facilities, 
permitting, and connections to utilities, but the essential components (batteries and electrical systems) 
can be roughly estimated. Batteries for energy storage systems may be estimated to be $700/kWh. 
Seldovia is estimated to need a roughly 4000kWh energy storage system. The other electrical equipment 
and systems integration is roughly equal in cost to the batteries. Outside of the permitting, utility, and 
facility costs, the Seldovia energy storage system may cost roughly $5.6 million. While the shoreside 
battery bank could be of a lower energy density or cheaper chemistry, there are expected to be distinct 
benefits in retaining commonality of manufacturer and integrator between vessel and shore. These 
include potentially swappable battery modules and spare parts and common service technicians and 
lead times. 

7.2 LOW-EMISSION FERRY PRO FORMA FINANCIAL ANALYSIS 

This analysis provides estimates of the annual operating revenue and expenses associated with 
operating an electric ferry in each of the three routes considered in this study. Key assumptions framing 
the analysis are described below, followed by the results of the pro forma cash flow analysis.  

7.2.1 OPERATING COSTS ASSUMPTIONS 

• Non-fuel operating costs are assumed to be $125 per nautical mile (nm) for all routes, which is 
the LITUYA’s actual operating cost per mile. For comparison, the IFA vessel per mile operating 
cost (excluding fuel) is $106/nm (including vessel operations and engineering/maintenance). 

• Annual total route mileage assumptions are: 8,000 nm for Annette Bay/Ketchikan (equivalent to 
current service); 14,040 nm for Haines/Skagway (based on two RT/day for six months and one 
RT/day for six months, 360 days total); 9,180 nm for Seldovia/Homer (based on one RT daily for 
six months, and one RT every other day for six months, 360 days total). 

• Haines/Skagway electric power cost is $36.12/nm, plus monthly demand and customer charges. 
Annette Bay/Ketchikan energy costs are $22.64/nm (plus monthly demand and customer 
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charges) assuming the vessel is homeported on Annette Bay. If homeported in Ketchikan, energy 
costs would be $16.01/nm. Seldovia/Homer energy costs are $30.83/nm.12 

• All operating costs are held constant over the 10-year period of analysis. 

7.2.2 REVENUE ASSUMPTIONS 

• Annual revenue estimates are based on actual 2018 and 2019 AMHS revenues generated by 
on/off traffic for each port pair. Where there is additional through traffic (principally in the 
Haines/Skagway route), average revenue per vehicle from on/off traffic was applied to total 
through traffic to estimate potential revenue from that market. 

• A vessel with capacity of 20-25 ASV would easily meet demand in the Annette Bay/Ketchikan 
and Seldovia routes, and therefore would at least capture revenues at past levels. Such a vessel 
could substantially increase service to meet future needs with an increased number of 
scheduled trips. 

• Haines/Skagway revenue estimates are divided into on/off and through-traffic. This provides the 
lower and upper bounds of annual revenue, based on 2019 actual revenue for on/off traffic and 
estimated revenue for through traffic, based on rates paid by on/off travelers. 

o For the Haines/Skagway route, a vessel with capacity of 20-25 ASV making two round 
trips daily would meet on/off average daily summer demand but would not meet all 
potential summer demand including through traffic. On peak days, the vessel could 
complete three round trips in under 12 hours, at the higher speed provided by hybrid 
operation or with a battery bank sized for this operation. The volume of through traffic 
is approximately equal to the volume of on/off traffic. 

o Haines/Skagway on/off traffic is projected to increase 3% annually. All other traffic and 
revenues are held constant through the 10-year period of analysis. 

  

 

 

12 These costs differ slightly from the more recently obtained data presented in Table 12. Energy costs are 
estimates, highly subject to change, and sensitive to operational assumptions. 
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7.2.3 PRO FORMA FINANCIAL ANALYSIS RESULTS 

Table 14 shows a summary of the annual operating cashflow for the three analyzed routes. 

Table 14: Annual Operating Cashflow by Route for Electric Ferry 

  Annette 
Bay/Ketchikan 

Haines/ 
 Skagway 

Seldovia/ 
 Homer 

Annual Revenue $1,174,000 $922,000 $490,000 
Energy Costs $222,000 $553,000 $374,000 
All Other Vessel Operating Costs $999,000 $1,754,000 $1,147,000 
Total Annual Operating Costs $1,221,000 $2,307,000 $1,521,000 
Net Annual Cashflow -$48,000 -$153,000 -$1,031,000 

 
Annette Bay/Ketchikan 

Analysis of estimated operating revenues and expenses for the Annette Bay/Ketchikan route indicates 
electric ferry service would operate on roughly break-even basis, assuming service frequency is about 
the same as currently offered. (The LITUYA, which now provides daily Annette Bay/Ketchikan service, 
generally operates on a break-even basis.) Additional ferry service, such as extending service to seven 
days a week, or adding another daily round-trip, would increase expenditures on energy proportionally. 
How labor costs would be affected has not been assessed, though those would likely increase at a 
greater rate. Traffic and revenue would also increase, though the magnitude of the increase is not 
possible to predict without further, detailed market research.  

Seldovia/Homer 

The Seldovia/Homer route has the lowest historical traffic volume and revenue among the three routes 
considered in this analysis. Implementation of daily summer service and every-other-day service in 
winter would represent a substantial increase in total annual voyages (there were 92 voyages between 
Homer and Seldovia in 2019 and 93 between Seldovia and Homer). The degree to which traffic might 
increase with such a significant improvement in service is unknown, but with a hypothetical 50% 
increase, the route would generate approximately $490,000 in annual revenues (absent that 50% 
increase, annual revenues would total $327,000, the amount historically generated by that route). At 
that level of annual revenue, operating expenditures would exceed revenues by about $1 million. 13 

Haines/Skagway 

Revenue generated by ferry service on the Haines/Skagway route depends on how AMHS manages Lynn 
Canal service. At a minimum, revenue from on/off traffic would initially total approximately $922,000 
annually. At that level of revenue, electric-ferry operating costs would exceed revenues by 
approximately $1.4 million. If AMHS were to configure Lynn Canal service so that a portion of through 

 

 

13 Seldovia Bay Ferry provides daily passenger-only service on the Homer/Seldovia route with a 150-passenger 
catamaran. It is unclear how an increase in AMHS service would affect ridership on the privately-operated Seldovia 
Bay Ferry. 
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traffic would be served on dayboat service by terminating northbound mainline in Haines, for example, 
or call on Skagway without a Haines stop, electric ferry revenues would increase accordingly. If all 
through traffic was served on the electric ferry, annual revenues would total approximately $2.15 
million, and total expenses would exceed total revenue by approximately $153,000.  

Haines/Skagway dayboat service does have the potential to generate increasing revenues as the market 
responds to more frequent and consistent service. The following table illustrates the effect of 3% annual 
revenue growth within the on/off market. At that rate of growth, by year 10, potential revenues would 
exceed expenses by $128,000, assuming operating costs have not increased.14  

Table 15: Annual Operating Cashflow for Haines/Skagway Route 
   Year 1 Year 5 Year 10 

Annual Revenue       
On/Off Traffic $922,000 $1,037,000 $1,202,000 

Through Traffic $1,232,000 $1,232,000 $1,232,000 
Total Revenue $2,154,000 $2,269,000 $2,434,000 

Annual Expenditures       
Energy Costs $553,000 $553,000 $553,000 

All Other Vessel Operating Costs $1,754,000 $1,754,000 $1,754,000 
Total Annual Operating Costs $2,307,000 $2,307,000 $2,307,000 

Net Cash Flow All Potential 
Revenue -$153,000 -$37,000 $128,000 
Net Cash Flow On/off Revenue Only -$1,385,000 -$1,269,000 -$1,104,000 

 

7.3 COMMUNITY PROFILES AND POTENTIAL BENEFITS 

Transportation is critical for the economic, cultural, and social well-being of communities and residents. 
AMHS provides important linkages between coastal communities and services in population centers. 
The homeport communities of the ferry will likely experience economic benefits associated with crew 
housing and expenditures on food and other personal expenses. The section below provides an 
overview of each community addressed in this study and potential benefits resulting from the electric 
ferry.  

7.3.1 KETCHIKAN 

Ketchikan’s population was 13,948 in 2020, compared to 13,477 in 2010. In 2020, 19.4% of residents 
considered themselves Native Alaskan and 32.9% as minority. Municipal governance is provided by the 
City of Ketchikan, Ketchikan Gateway Borough, and the City of Saxman. Ketchikan Indian Community is 
the Federally recognized tribe. Ketchikan is designated as a partially disadvantaged community under 
the Justice40 criteria. Saxman, served through Ketchikan, is Tribal and considered disadvantaged under 

 

 

14 Increasing demand could be met in part or in whole with increased number of trips. 
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Justice40. Approximately 16% of Ketchikan’s population is over 65. PeaceHealth hospital is the primary 
medical service provider. Ketchikan is connected to the road system only via AMHS. 

Accessible by water and air from neighboring communities, Ketchikan is a retail, transportation, and 
medical hub for residents of Metlakatla and Prince of Wales Island (and to a lesser degree Hyder). The 
AMHS ferry terminal is located near the Ketchikan airport and hospital. Primary industries in Ketchikan 
are tourism, commercial fishing, and government services. The community attracts more than one 
million cruise passengers annually.  

Ketchikan generates electricity primarily from lake hydropower sources, with diesel used to supplement 
hydropower during peak loads and in certain times of the year (such as in winter when water is locked in 
snowpack and lake levels decline). 

Potential community benefits from a shore-based battery include: 

• Power during peak load times in winter to reduce the use of diesel fuel.  
• Auxiliary charging for tour and municipal buses, resulting in reduced emissions.  
• Frequency stability when Ketchikan is isolated from power-sharing sources.  
• Direct back-up power support for critical community assets, such as airport and hospital, during 

power outages or other crises.  
• Support for future energy transition to new/green sources in the municipality or region, such as 

tidal or wind power.  

7.3.2 METLAKATLA 

Metlakatla is located approximately 16 miles south of Ketchikan on Annette Island. The population was 
1,454 in 2020, up slightly from 1,405 residents in 2010. Municipal functions are administered by 
Metlakatla Indian Community. In 2020, the Metlakatla population was 85.7% Alaska Native and 90.2% 
minority. Metlakatla is classified as disadvantaged under Justice40. An estimated 16.4% of Metlakatla’s 
population is over 65. 

The island is connected to the road system only through AMHS. The ferry dock is located on the 
opposite side of Annette Island from the town, connected by a cross-island road. Metlakatla is the only 
Indian reservation in Alaska, and the reservation contains Annette Islands (marine) Reserve which 
supports commercial fishing. Other industries are tourism and seafood processing. 

Metlakatla generates electrical hydropower from lakes and has excess power generation capability at 
certain times of the year. Metlakatla and Ketchikan are actively discussing a power intertie arrangement. 
A shore-based battery located at the ferry dock is not close enough to town for convenient auxiliary 
charging, however a potential community benefit is excess power storage. 

7.3.3 HAINES 

Haines population declined from 2,508 residents in 2010 to 2,080 in 2020. The Native Alaskan 
population in Haines is 15.3% of the total, and 20.3% identify at minority. Municipal services are 
provided by the Haines Borough. Chilkoot Indian Association provides services to tribal members in 
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Haines and Chilkat Indian Village serves tribal members in the nearby village of Klukwan. Haines is 
deemed a partially disadvantaged community according to Justice40 criteria. Klukwan, served through 
Haines, is Tribal and considered disadvantaged under Justice40. Approximately 16% of the population is 
over the age of 65. Southeast Alaska Regional Health Consortium operates the community health 
center. 

Haines is connected to the continental road system via the Haines Highway. The ferry terminal is located 
4.5 miles from downtown Haines. Primary industries are government, retail, tourism, and health care.  

Haines accesses hydropower from Skagway and generates electricity from diesel locally. A shore-based 
battery located at the ferry terminal could be used for charging private or municipal vehicles. Additional 
benefits include storage of excess power generation and emergency or back-up power for the ferry 
terminal. 

7.3.4 SKAGWAY 

Skagway’s population was 1,240 in 2020, up from 968 in 2010. Community services are provided by the 
Municipality of Skagway. Skagway Traditional Council provides services to tribal members. With an 
Alaska Native population of 7.8%, and minority population of 14.6%, the community is partially 
disadvantaged under Justice40 criteria. An estimated 13.3% of Skagway’s population is over the age of 
65. Limited health care is provided by municipally owned Dahl Memorial Clinic. 

Skagway is connected to the continental road system via the Klondike Highway. The ferry terminal is 
located in downtown Skagway, adjacent to cruise ship docks and the White Pass railroad. Main 
industries in Skagway are government, retail, and transportation. The community attracts more than 
one million cruise passengers annually. 

Skagway generates electricity primarily from lake hydropower sources. Depending on the sizing, control 
systems, and technology of the shore-based battery, additional uses of the battery include:  

• Lowering the need for spinning reserve, 
• Stabilizing the lake output, 
• Providing peak power shifting from daytime to nighttime load, and 
• Offering auxiliary vehicle quick charging to support bus electrification.  

7.3.5 HOMER 

Homer is located at the end of the Kenai Peninsula and is surrounded by Kachemak Bay. The population 
was 5,522 in 2020, up from 5,003 in 2010. The City of Homer provides municipal services. Alaska Natives 
are 11.6% of the population and 18.5% of residents identify as minority. Homer is not considered 
disadvantaged under the Justice40 criteria. Nearly 24% of residents are over 65. Primary healthcare is 
provided by South Peninsula Hospital.  

Homer is about 220 miles south of Anchorage. Major industries include commercial fishing, charter 
fishing, and tourism. The ferry terminal is located approximately seven miles from town on the Homer 
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Spit and is co-located with the city’s main harbor and other tourism infrastructure. The city intends to 
overhaul and expand the harbor in the next five to ten years.  

Homer generates electricity from lake hydropower sources and also receives power from Chugach 
Electric. Community benefits from the shore-based battery include: 

• Support the existing intermittent loads at the Port of Homer created by seven cranes and ice 
plant.  

• Provide load buffering in the Port of Homer if future power demands create a need.  
• Support the Homer harbor upgrade with another power source.  
• Support the transition to EV vehicles if quick charging is possible. 
• Support potential transition charter fishing vessels, bird tour vessels, and water taxis to electric 

or hybrid formats.  
• Back-up power to the Homer Spit during power outages.  

7.3.6 SELDOVIA 

Seldovia is a community in Kachemak Bay that is tied to Homer for transportation, goods, services, and 
fuel. The population was 235 in 2020, down slightly from 255 in 2010. Seldovia’s Native Alaskan 
population is about 18.3% of the population and 34.0% identify as minority. Seldovia is considered 
disadvantaged under the Justice40 criteria. An estimated 19.1% of Seldovia’s population is over the age 
of 65. Basic healthcare is provided by Seldovia Village Tribe Health and Wellness.  

The Seldovia Village Tribe operates a 100-passenger ferry during summer months. While small aircraft 
and charter boats also operate in the region, AMHS is able to transport vehicles and cargo. The ferry 
dock in Seldovia is fixed; only AMHS ferries with an elevator can service the community. 

Seldovia receives power from Homer Electric Association and is intertied with Homer. Potential benefits 
of a shore-side battery include: 

• Direct back-up power support for critical community assets during power outages.  
• Support potential eventual conversion of the city fleet of heavy equipment.  
• Back-up power for multiple community assets, such as water treatment plant, community 

center, the school, and the multipurpose center that houses volunteer fire and EMS services.  

 CASE STUDIES AND ADDITIONAL CONSIDERATIONS 

Outside of Alaska, electric and hybrid vessels have been developed and deployed as both passenger and 
vehicle ferries. To inform this study, four examples are provided below with particular focus on the 
impacts and benefits of a low or no emission ferry or ferry system to the region or community where the 
ferry is located.  

Case studies demonstrate the benefits of public transportation as a first or early adopter of new 
technology in a region. These benefits include the opportunity for synergistic development of alternative 
energy with local industry, utilities, and governments; the development of green infrastructure 
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scaffolding for future adoption and expanded use by tourism, shipping, and other sectors; reduced local 
and global emissions; increased and quicker industry uptake of alternate fuel in the region and a ripple 
effect beyond the region15; and reduced risk from transporting fossil fuels and pollutant reduction. 

Areas in Norway have shifted to electric ferries and with that shift came community and regional 
benefits that were both tangible and intangible. Electric passenger ferry service supported the 
Norwegian "green shift" in all transportation and maritime support sectors and drove long-term 
planning for electric and/or "green" maritime support (cranes, terminals, operations, shipping). A shift in 
public mindset accompanied the move to electric ferry service – away from "what if" to "what’s next." 
Some practical benefits were reduced crew size on an electric ferry, increased crew competencies, 
increased remote technical services and monitoring, increased safety through redundancy, and reduced 
fuel costs and emissions16. The onshore battery for ferry charging buffered the power grid supply and 
fluctuation problems, supplied businesses and household with improved power security, and in one case 
stabilized the power grid for the fish processing industry on the island of Senja17. 

In British Columbia, Canada, hybrid-electric vessels had some clear environmental benefits, specifically 
reduced underwater radiated noise and vibration, protecting marine life and reduced environmental 
footprint and emissions. The hybrid ferries supported the broader environmental goals of the CleanBC 
provincial climate change plan and BCHydro 2040 Clean Power plan. The hybrid-electric ferries in British 
Columbia increased ferry reliability through redundancy using both a generator and battery bank. 
Constructing new but standardized low emission ferries created efficiencies in training, operations, and 
maintenance, enhanced safety through crew familiarization, offered consistent customer travel 
experience and ferry interchangeability. 

In 2024, Washington State will begin to transition their ferry system to electric hybrid and eventually to 
all electric ferries with complete transition planned by 2040. Washington State Ferries has begun the 
process18 to build up to five new ferry vessels, convert six vessels, and electrify terminals. Anticipated 
benefits include reduced GHG emissions of over 50% by 2040 and net zero by 2050 resulting in 
significantly improved air quality for local communities in the region19. Other anticipated benefits 
include reduced operating and maintenance costs and eliminating engine noise and vibration. 

 

 

15 Seldovia Bay Ferry provides daily passenger-only service on the Homer/Seldovia route with a 150-passenger 
catamaran. It is unclear how an increase in AMHS service would affect ridership on the privately-operated ferry. 
16 MTU Solutions. 2021. Tomorrow’s Power Grid in the Norwegian Sea. https://www.mtu-
solutions.com/na/en/stories/power-generation/tomorrows-power-grid-in-the-norwegian-sea.html 

17 DNV. 2022. Maritime Forecast to 2050: Energy Transition Outlook 2022. Pg. 71 
18 Ferry system electrification | WSDOT (wa.gov) 
19 It is unknown by the author whether this could be captured as a deduction in operating costs by means of 
reduced / eliminated purchase of carbon offset credits. 

https://wsdot.wa.gov/construction-planning/major-projects/ferry-system-electrification
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 CONCLUSIONS 

This report concludes that there is an environmental and community benefit to adding new low/no-
emissions vessels to the fleet. Utilizing a hybrid propulsion arrangement that is designed to operate 
entirely on battery power when servicing communities where sufficient shore power is available 
provides flexibility to the fleet so that the vessel may support other routes while deriving power either 
from low emissions diesel engines or from power systems running on sustainably produced alternative 
fuels. Designing for the safe application of alternative fuels adds strict design constraints and will 
increase cost and vessel complexity compared to a traditional diesel power plan. 

The principal characteristics of a hybrid ferry supporting the identified routes as a shuttle ferry are 
determined to be: 

 Length ~198 ft 
 Passenger capacity >150 
 Car capacity >20 
 Installed propulsive power 3000 hp  
 Battery capacity >4000 kWh 
 Gross registered tonnage <100 tons 
 Cruise speed 10-14 kt 
 
Most ports will need shore side battery energy storage systems to provide rapid charging to a ferry 
operating more than one round trip daily. If properly designed, these energy storage systems may have 
significant additional benefits to the community. 
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 RECOMMENDATIONS 

Recommended Actions: 

• Move ahead with Low/No-Emission vessel and port designs. 
o Refine shoreside energy storage system sizing for expected future vessel schedules. 
o Verify notional vessel design meets AMHS’ expected future demand requirements. 
o During contract design, consider performing computational fluid dynamics or tank 

testing of hull to decrease hull resistance and improve sea keeping capabilities specific 
to areas of operation. 

o Prepare site plans for each port where a shore-side charging ESS is beneficial to meet 
current and future charging demands.  Consider: 
 Permitting difficulties; 
 Floating vs. Shoreside. 

• Perform outreach to determine passenger/cargo sensitivity to transit speed to determine 
suitability as to whether reduced speed transit is an option for some routes. 

• Investigate current practices with regards to cold ironing and research potential for procedural 
changes. 

• Investigate the capacity of available hydro power and impacts to the community where it is 
expected to be the primary source for powering electric ferries. Evaluate the impact to local 
power costs from periods of constricted supply when diesel power plants must be utilized to 
supplement or replace hydro power. 

• Develop benefit calculation for avoided greenhouse gas emissions due to use of electric ferry 
routes powered by greenhouse gas neutral-generation electricity.   

• Consider increased weight of battery-electric vehicles versus internal combustion engine 
vehicles in design of ferry car deck and weight distribution of all new ferries 

• During Low/No Emission port and BESS design, consider incorporating electric motor vehicle 
(National Electric Vehicle Infrastructure Program – NEVI) charging stations. 

• Continue efforts to incorporate electric load sharing, also known as “peak shaving” technology 
with internal combustion engines on longer AMHS routes. 
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APPENDIX A 

MAPS AND ROUTE SCHEDULES 
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APPENDIX B 

TECHNICAL VOLUME 
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APPENDIX C 

LETTERS OF SUPPORT 
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APPENDIX D 

Route Energy and Emissions Assessment 
Shoreside Utility / Battery Analysis 

Notional Vessel Capital Cost Estimate 
Existing Fleet Carbon Intensity Indices 
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ROUTE ENERGY AND EMISSIONS ASSESSMENT 

Route Summary 

  

Assumptions
1. Operation in Sea State 4. Calm weather operations may be faster.
2. 60 Minutes at each dock for charging batteries. 
3. Crossing energies and battery sizes are measured between charging.
4. Hotel power assumed to be 150kW. Hotel power provided at all docks whether or not charging.
5. “Slow” operation assumes cruise is at 50% of “installed power”, or 1500 of the assumed 3000hp onboard.
6. Shore power is assumed available to supply hotel loads for longer-term dock periods.
7. Vessel is assumed to not push the dock at ports.
8. CO2 saved reflects fuel not burned at 22.4lb CO2 produced per gallon of diesel burned. Assumes charging electricity is renewable.

Distance Crossing Energy Battery Size Crossing Time CO2 saved Crossing Energy Battery Size Crossing Time
Route nm Charging kWh kWh min MT kWh kWh min
Skagway - Haines 12.6 One Port 4262 5730 62 3.0 3274 4402 80

Both Ports 2131 2865 1637 2201
Ketch. - Met. 7.0 One Port 2285 3073 36 1.7 1783 2398 46

Both Ports 1143 1536 892 1199
Homer - Seldovia 15.6 One Port 5321 7153 76 3.7 4073 5476 99

Both Ports 2660 3577 2037 2738

Representative Emissions from Conventional Diesel Mechanical Vessel (kg per round trip)
Route NOX CO PM

Skagway - Haines 27 8 0.9
Ketch. - Met. 14 4 0.5
Homer - Seldovia 33 11 1.1

"95% MCR" Operation (Cruise Speed = 13.2kt) Slow Operation (Cruise Speed  = 9.7kt)
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Skagway - Haines 

 

 

SKAGWAY - HAINES EPA TIER 4 DIESEL MECHANICAL
Engine Tier IV Nominal Generator CAT C9
Power 1100 Power 300

No Installed 2 No Installed 2
No Operating 2 No Operating 1

Loading Condition Duration Prop. Load Hotel Load Other Total
Engine 
Power

Generator 
Power

Eng. Pwr Eng. Time Gen. Pwr Gen. Time

min kW kW kW kW kW kW % min % min
Included Efficiency DM Gen Eng Gen
Value 0.97 0.98 1.00 0.98
Maneuvering 5 576.5 153.1 729.5 576.5 153.1 26% 5.0 51% 5.0
Cruise 51.98 2190.5 153.1 2343.6 2190.5 153.1 100% 52.0 51% 52.0
Maneuvering 5 576.5 153.1 729.5 576.5 153.1 26% 5.0 51% 5.0
Time at dock 60 0.0 153.1 153.1 0.0 153.1 0% 0.0 51% 60.0
Maneuvering 5 576.5 153.1 729.5 576.5 153.1 26% 5.0 51% 5.0
Cruise 51.98 2190.5 153.1 2343.6 2190.5 153.1 100% 52.0 51% 52.0
Maneuvering 5 576.5 153.1 729.5 576.5 153.1 26% 5.0 51% 5.0
Time at dock 60 0.0 153.1 153.1 0.0 153.1 0% 0.0 51% 60.0

0% 0% 0.0
0% 0% 0.0

Trip 
Duration

Total 
Energy

Eng. 
Energy

Gen. 
Energy

Eng. Time Gen. Time

min kWh kWh kWh hr hr
243.95519 4610 3987 622 124.0 244.0

Operational Profile Power Demand Power Supply Engine Usage

Loading Condition Eng. BSFC Gen. BSFC NOX CO HC PM NOX CO HC PM

lb/kWh lb/kWh g/kWh g/kWh g/kWh g/kWh g/kWh g/kWh g/kWh g/kWh

Maneuvering 0.467 0.489 2.638 0.003 0.000 0.016 4.894 1.929 0.320 0.213
Cruise 0.454 0.489 1.724 0.192 0.000 0.011 4.894 1.929 0.320 0.213
Maneuvering 0.467 0.489 2.638 0.003 0.000 0.016 4.894 1.929 0.320 0.213
Time at dock 0.474 0.489 0.000 0.000 0.000 0.000 4.894 1.929 0.320 0.213
Maneuvering 0.467 0.489 2.638 0.003 0.000 0.016 4.894 1.929 0.320 0.213
Cruise 0.454 0.489 1.724 0.192 0.000 0.011 4.894 1.929 0.320 0.213
Maneuvering 0.467 0.489 2.638 0.003 0.000 0.016 4.894 1.929 0.320 0.213
Time at dock 0.474 0.489 0.000 0.000 0.000 0.000 4.894 1.929 0.320 0.213

0.000 0.000 0.000 0.000 0.000 0.000 5.230 13.008 4.559 0.751
0.000 0.000 0.000 0.000 0.000 0.000 5.230 13.008 4.559 0.751

Fuel Cons. Fuel Cons. NOX CO HC PM NOX CO HC PM

gal gal g g g g g g g g
255.3 42.9 7050 728 0 46 19516 7692 1275 849

Engine Summary
Main Engine Time (hr) 2.1

Generator Time (hr) 4.1
Fuel Consumption (gal) 298.2

Emissions Summary
Nox (g) 26567
CO (g) 8421
HC (g) 1275

PM (g) 895

Generator EmissionsEngine Emissions
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SKAGWAY - HAINES BATTERY ONLY OPERATION, CHARGING ONE END

Loading Condition Duration Prop. Load Hotel Load Total
Shore 
Power

Battery 
Power

Battery 
Energy 

Battery 
SoC

min kW kW kW kW kW kWh kWh
Included Efficiency Gen Inv none none Eff_Chg
Value 0.98 0.986 1 1 Eff_Disch
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 52 2168.6 152.1 2320.7 2320.7 2162.39 -2227.2
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -2292.0
Time at dock 60 0.0 152.1 152.1 152.1 0.0 0.00 -2292.0
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -2356.8
Cruise 52 2168.6 152.1 2320.7 2320.7 2162.39 -4519.2
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -4583.9
Time at dock 60 0.0 152.1 152.1 4829.6 -4677.5 -4583.94 0.0

Trip 
Duration

Total 
Energy

Shore Trip 
Energy

Chg Loss End SoC

min kWh kWh kWh kWh
243.95519 4566 4982 -416 0.00

Energy between charging 4262
Battery Sizing

Battery Type NMC
Charge C Rate 2

Discharge C Rage 3
Charge/Discharge Losses (kWh) -416

Max Charge (kW) 4773
Max Dischage (kW) 2393

C-Rate Sizing (kWh) 2386
Max Dischage (kWh) 4584
DOD of C-Rate-sized 192%

Desired Cycle Life 4680
Battery Cycle Life at 80%DOD 6000

Desired IEEE Multiplier 0.78
Max Allowable DOD 100%

Battery Bank for Cycle Life 4584
Theoretical Cycle Life (yr) 12.67

Minimum Bank for Capacity Fade (kWh) 5730
Shore Power

Required Power at Dock (kW) 4829.6
Shore Energy (kWh) 4982

Operational Profile Power Demand Battery Sizing
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SKAGWAY - HAINES BATTERY ONLY OPERATION, CHARGING BOTH ENDS

Loading Condition Duration Prop. Load Hotel Load Total
Shore 
Power

Battery 
Power

Battery 
Energy 

Battery 
SoC

min kW kW kW kW kW kWh kWh
Included Efficiency Gen Inv none none Eff_Chg
Value 0.98 0.986 1 1 Eff_Disch
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 51.977594 2168.6 152.1 2320.7 2320.7 2162.39 -2227.2
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -2292.0
Time at dock 60 0.0 152.1 152.1 2490.9 -2338.7 -2291.97 0.0
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 51.977594 2168.6 152.1 2320.7 2320.7 2162.39 -2227.2
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -2292.0
Time at dock 60 0.0 152.1 152.1 2490.9 -2338.7 -2291.97 0.0

Trip 
Duration

Total 
Energy

Shore Trip 
Energy

Chg Loss End SoC

min kWh kWh kWh kWh
243.95519 4566 4982 -416 -0.01

Energy between charging 2131
Battery Sizing

Battery Type NMC
Charge C Rate 2

Discharge C Rage 3
Charge/Discharge Losses (kWh) -416

Max Charge (kW) 2386
Max Dischage (kW) 2393

C-Rate Sizing (kWh) 1193
Max Dischage (kWh) 2292
DOD of C-Rate-sized 192%

Desired Cycle Life 4680
Battery Cycle Life at 80%DOD 6000

Desired IEEE Multiplier 0.78
Max Allowable DOD 100%

Battery Bank for Cycle Life 2292
Theoretical Cycle Life (yr) 12.67

Minimum Bank for Capacity Fade (kWh) 2865
Shore Power

Required Power at Dock (kW) 2490.9
Shore Energy (kWh) 4982

Operational Profile Power Demand Battery Sizing
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SKAGWAY - HAINES SLOW BATTERY ONLY OPERATION, CHARGING ONE END

Loading Condition Duration Prop. Load Hotel Load Total
Shore 
Power

Battery 
Power

Battery 
Energy 

Battery 
SoC

min kW kW kW kW kW kWh kWh
Included Efficiency Gen Inv none none Eff_Chg
Value 0.98 0.986 1 1 Eff_Disch
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 70.354386 1141.4 152.1 1293.5 1293.5 1631.36 -1696.2
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -1760.9
Time at dock 60 0.0 152.1 152.1 152.1 0.0 0.00 -1760.9
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -1825.7
Cruise 70.354386 1141.4 152.1 1293.5 1293.5 1631.36 -3457.1
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -3521.9
Time at dock 60 0.0 152.1 152.1 3745.9 -3593.8 -3521.89 0.0

Trip 
Duration

Total 
Energy

Shore Trip 
Energy

Chg Loss End SoC

min kWh kWh kWh kWh
280.70877 3579 3898 -319 0.02

Energy between charging 3274
Battery Sizing

Battery Type NMC
Charge C Rate 2

Discharge C Rage 3
Charge/Discharge Losses (kWh) -319

Max Charge (kW) 3667
Max Dischage (kW) 1334

C-Rate Sizing (kWh) 1834
Max Dischage (kWh) 3522
DOD of C-Rate-sized 192%

Desired Cycle Life 4680
Battery Cycle Life at 80%DOD 6000

Desired IEEE Multiplier 0.78
Max Allowable DOD 100%

Battery Bank for Cycle Life 3522
Theoretical Cycle Life (yr) 12.67

Minimum Bank for Capacity Fade (kWh) 4402
Shore Power

Required Power at Dock (kW) 3745.9
Shore Energy (kWh) 3898

Operational Profile Power Demand Battery Sizing
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SKAGWAY - HAINES SLOW BATTERY ONLY OPERATION, CHARGING BOTH ENDS

Loading Condition Duration Prop. Load Hotel Load Total
Shore 
Power

Battery 
Power

Battery 
Energy 

Battery 
SoC

min kW kW kW kW kW kWh kWh
Included Efficiency Gen Inv none none Eff_Chg
Value 0.98 0.986 1 1 Eff_Disch
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 70.4 1141.4 152.1 1293.5 1293.5 1631.36 -1696.2
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -1760.9
Time at dock 60 0.0 152.1 152.1 1949.0 -1796.9 -1760.93 0.0
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 70.4 1141.4 152.1 1293.5 1293.5 1631.36 -1696.2
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -1760.9
Time at dock 60 0.0 152.1 152.1 1949.0 -1796.9 -1760.93 0.0

Trip 
Duration

Total 
Energy

Shore Trip 
Energy

Chg Loss End SoC

min kWh kWh kWh kWh
280.70877 3579 3898 -319 -0.01

Energy between charging 1637
Battery Sizing

Battery Type NMC
Charge C Rate 2

Discharge C Rage 3
Charge/Discharge Losses (kWh) -319

Max Charge (kW) 1834
Max Dischage (kW) 1334

C-Rate Sizing (kWh) 917
Max Dischage (kWh) 1761
DOD of C-Rate-sized 192%

Desired Cycle Life 4680
Battery Cycle Life at 80%DOD 6000

Desired IEEE Multiplier 0.78
Max Allowable DOD 100%

Battery Bank for Cycle Life 1761
Theoretical Cycle Life (yr) 12.67

Minimum Bank for Capacity Fade (kWh) 2201
Shore Power

Required Power at Dock (kW) 1949.0
Shore Energy (kWh) 3898

Power Demand Battery SizingOperational Profile
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Homer - Seldovia 

 

 

HOMER - SELDOVIA EPA TIER 4 DIESEL MECHANICAL
Engine Tier IV Nominal Generator CAT C9
Power 1100 Power 300

No Installed 2 No Installed 2
No Operating 2 No Operating 1

Loading Condition Duration Prop. Load Hotel Load Other Total
Engine 
Power

Generator 
Power

Eng. Pwr Eng. Time Gen. Pwr Gen. Time

min kW kW kW kW kW kW % min % min
Included Efficiency DM Gen Eng Gen
Value 0.97 0.98 1.00 0.98
Maneuvering 5 576.5 153.1 729.5 576.5 153.1 26% 5.0 51% 5.0
Cruise 65.66 2190.5 153.1 2343.6 2190.5 153.1 100% 65.7 51% 65.7
Maneuvering 5 576.5 153.1 729.5 576.5 153.1 26% 5.0 51% 5.0
Time at dock 60 0.0 153.1 153.1 0.0 153.1 0% 0.0 51% 60.0
Maneuvering 5 576.5 153.1 729.5 576.5 153.1 26% 5.0 51% 5.0
Cruise 65.66 2190.5 153.1 2343.6 2190.5 153.1 100% 65.7 51% 65.7
Maneuvering 5 576.5 153.1 729.5 576.5 153.1 26% 5.0 51% 5.0
Time at dock 60 0.0 153.1 153.1 0.0 153.1 0% 0.0 51% 60.0

0% 0% 0.0
0% 0% 0.0

Trip 
Duration

Total 
Energy

Eng. 
Energy

Gen. 
Energy

Eng. Time Gen. Time

min kWh kWh kWh hr hr
271.32955 5679 4987 692 151.3 271.3

Operational Profile Power Demand Power Supply Engine Usage

Loading Condition Eng. BSFC Gen. BSFC NOX CO HC PM NOX CO HC PM

lb/kWh lb/kWh g/kWh g/kWh g/kWh g/kWh g/kWh g/kWh g/kWh g/kWh
Emissions_6 Emissions_3

Maneuvering 0.4666323 0.4894731 2.6376702 0.0031506 0 0.0160022 4.8944561 1.9291557 0.3196558 0.2129214
Cruise 0.4540627 0.4894731 1.7241077 0.1917037 0 0.011271 4.8944561 1.9291557 0.3196558 0.2129214
Maneuvering 0.4666323 0.4894731 2.6376702 0.0031506 0 0.0160022 4.8944561 1.9291557 0.3196558 0.2129214
Time at dock 0.4739995 0.4894731 0 0 0 0 4.8944561 1.9291557 0.3196558 0.2129214
Maneuvering 0.4666323 0.4894731 2.6376702 0.0031506 0 0.0160022 4.8944561 1.9291557 0.3196558 0.2129214
Cruise 0.4540627 0.4894731 1.7241077 0.1917037 0 0.011271 4.8944561 1.9291557 0.3196558 0.2129214
Maneuvering 0.4666323 0.4894731 2.6376702 0.0031506 0 0.0160022 4.8944561 1.9291557 0.3196558 0.2129214
Time at dock 0.4739995 0.4894731 0 0 0 0 4.8944561 1.9291557 0.3196558 0.2129214

0 0 0 0 0 0 5.2299852 13.007912 4.5594743 0.7509722
0 0 0 0 0 0 5.2299852 13.007912 4.5594743 0.7509722

Fuel Cons. Fuel Cons. NOX CO HC PM NOX CO HC PM

gal gal g g g g g g g g
319.3 47.7 8773 920 0 57 24408 9620 1594 1062

Engine Summary
Main Engine Time (hr) 2.5

Generator Time (hr) 4.5
Fuel Consumption (gal) 367.0

Emissions Summary
Nox (g) 33181
CO (g) 10540
HC (g) 1594

PM (g) 1119

Generator EmissionsEngine Emissions
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HOMER - SELDOVIA BATTERY ONLY OPERATION, CHARGING ONE END

Loading Condition Duration Prop. Load Hotel Load Total
Shore 
Power

Battery 
Power

Battery 
Energy 

Battery 
SoC

min kW kW kW kW kW kWh kWh
Included Efficiency Gen Inv none none Eff_Chg
Value 0.98 0.986 1 1 Eff_Disch
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 66 2168.6 152.1 2320.7 2320.7 2731.81 -2796.6
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -2861.4
Time at dock 60 0.0 152.1 152.1 152.1 0.0 0.00 -2861.4
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -2926.2
Cruise 66 2168.6 152.1 2320.7 2320.7 2731.81 -5658.0
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -5722.8
Time at dock 60 0.0 152.1 152.1 5991.7 -5839.6 -5722.78 0.0

Trip 
Duration

Total 
Energy

Shore Trip 
Energy

Chg Loss End SoC

min kWh kWh kWh kWh
271.32955 5625 6144 -519 0.00

Energy between charging 5321
Battery Sizing

Battery Type NMC
Charge C Rate 2

Discharge C Rage 3
Charge/Discharge Losses (kWh) -519

Max Charge (kW) 5959
Max Dischage (kW) 2393

C-Rate Sizing (kWh) 2979
Max Dischage (kWh) 5723
DOD of C-Rate-sized 192%

Desired Cycle Life 4680
Battery Cycle Life at 80%DOD 6000

Desired IEEE Multiplier 0.78
Max Allowable DOD 100%

Battery Bank for Cycle Life 5723
Theoretical Cycle Life (yr) 12.67

Minimum Bank for Capacity Fade (kWh) 7153
Shore Power

Required Power at Dock (kW) 5991.7
Shore Energy (kWh) 6144

Operational Profile Power Demand Battery Sizing
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HOMER - SELDOVIA BATTERY ONLY OPERATION, CHARGING BOTH ENDS

Loading Condition Duration Prop. Load Hotel Load Total
Shore 
Power

Battery 
Power

Battery 
Energy 

Battery 
SoC

min kW kW kW kW kW kWh kWh
Included Efficiency Gen Inv none none Eff_Chg
Value 0.98 0.986 1 1 Eff_Disch
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 66 2168.6 152.1 2320.7 2320.7 2731.81 -2796.6
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -2861.4
Time at dock 60 0.0 152.1 152.1 3071.9 -2919.8 -2861.37 0.0
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 66 2168.6 152.1 2320.7 2320.7 2731.81 -2796.6
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -2861.4
Time at dock 60 0.0 152.1 152.1 3071.9 -2919.8 -2861.37 0.0

Trip 
Duration

Total 
Energy

Shore Trip 
Energy

Chg Loss End SoC

min kWh kWh kWh kWh
271.32955 5625 6144 -519 -0.03

Energy between charging 2660.3255
Battery Sizing

Battery Type NMC
Charge C Rate 2

Discharge C Rage 3
Charge/Discharge Losses (kWh) -519

Max Charge (kW) 2979
Max Dischage (kW) 2393

C-Rate Sizing (kWh) 1490
Max Dischage (kWh) 2861
DOD of C-Rate-sized 192%

Desired Cycle Life 4680
Battery Cycle Life at 80%DOD 6000

Desired IEEE Multiplier 0.78
Max Allowable DOD 100%

Battery Bank for Cycle Life 2861
Theoretical Cycle Life (yr) 12.67

Minimum Bank for Capacity Fade (kWh) 3577
Shore Power

Required Power at Dock (kW) 3071.9
Shore Energy (kWh) 6144

Power Demand Battery SizingOperational Profile
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HOMER - SELDOVIA SLOW BATTERY ONLY OPERATION, CHARGING ONE END

Loading Condition Duration Prop. Load Hotel Load Total
Shore 
Power

Battery 
Power

Battery 
Energy 

Battery 
SoC

min kW kW kW kW kW kWh kWh
Included Efficiency Gen Inv none none Eff_Chg
Value 0.98 0.986 1 1 Eff_Disch
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 88.880702 1141.4 152.1 1293.5 1293.5 2060.95 -2125.7
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -2190.5
Time at dock 60 0.0 152.1 152.1 152.1 0.0 0.00 -2190.5
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -2255.3
Cruise 88.880702 1141.4 152.1 1293.5 1293.5 2060.95 -4316.3
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -4381.0
Time at dock 60 0.0 152.1 152.1 4622.6 -4470.5 -4381.06 0.0

Trip 
Duration

Total 
Energy

Shore Trip 
Energy

Chg Loss End SoC

min kWh kWh kWh kWh
317.7614 4377 4775 -397 0.01

Energy between charging 4073
Battery Sizing

Battery Type NMC
Charge C Rate 2

Discharge C Rage 3
Charge/Discharge Losses (kWh) -397

Max Charge (kW) 4562
Max Dischage (kW) 1334

C-Rate Sizing (kWh) 2281
Max Dischage (kWh) 4381
DOD of C-Rate-sized 192%

Desired Cycle Life 4680
Battery Cycle Life at 80%DOD 6000

Desired IEEE Multiplier 0.78
Max Allowable DOD 100%

Battery Bank for Cycle Life 4381
Theoretical Cycle Life (yr) 12.67

Minimum Bank for Capacity Fade (kWh) 5476
Shore Power

Required Power at Dock (kW) 4622.6
Shore Energy (kWh) 4775

Operational Profile Power Demand Battery Sizing
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HOMER - SELDOVIA SLOW BATTERY ONLY OPERATION, CHARGING BOTH ENDS

Loading Condition Duration Prop. Load Hotel Load Total
Shore 
Power

Battery 
Power

Battery 
Energy 

Battery 
SoC

min kW kW kW kW kW kWh kWh
Included Efficiency Gen Inv none none Eff_Chg
Value 0.98 0.986 1 1 Eff_Disch
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 88.880702 1141.4 152.1 1293.5 1293.5 2060.95 -2125.7
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -2190.5
Time at dock 60 0.0 152.1 152.1 2387.4 -2235.2 -2190.53 0.0
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 88.880702 1141.4 152.1 1293.5 1293.5 2060.95 -2125.7
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -2190.5
Time at dock 60 0.0 152.1 152.1 2387.4 -2235.2 -2190.53 0.0

Trip 
Duration

Total 
Energy

Shore Trip 
Energy

Chg Loss End SoC

min kWh kWh kWh kWh
317.7614 4377 4775 -397 0.00

Energy between charging 2037
Battery Sizing

Battery Type NMC
Charge C Rate 2

Discharge C Rage 3
Charge/Discharge Losses (kWh) -397

Max Charge (kW) 2281
Max Dischage (kW) 1334

C-Rate Sizing (kWh) 1140
Max Dischage (kWh) 2191
DOD of C-Rate-sized 192%

Desired Cycle Life 4680
Battery Cycle Life at 80%DOD 6000

Desired IEEE Multiplier 0.78
Max Allowable DOD 100%

Battery Bank for Cycle Life 2191
Theoretical Cycle Life (yr) 12.67

Minimum Bank for Capacity Fade (kWh) 2738
Shore Power

Required Power at Dock (kW) 2387.4
Shore Energy (kWh) 4775

Power Demand Battery SizingOperational Profile



Alaska DOT & PF  Alaska Low Emission / Electric Ferry Research Analysis 6/20/23 

ELLIOTT BAY DESIGN GROUP  Southeast Conference 
22027-053-0 Rev. - Page:  117 

Ketchikan – Metlakatla 

 

 

KETCHIKAN - MET. EPA TIER 4 DIESEL MECHANICAL
Engine Tier IV Nominal Generator CAT C9
Power 1100 Power 300

No Installed 2 No Installed 2
No Operating 2 No Operating 1

Loading Condition Duration Prop. Load Hotel Load Other Total
Engine 
Power

Generator 
Power

Eng. Pwr Eng. Time Gen. Pwr Gen. Time

min kW kW kW kW kW kW % min % min
Included Efficiency DM Gen Eng Gen
Value 0.97 0.98 1.00 0.98
Maneuvering 5 576.5 153.1 729.5 576.5 153.1 26% 5.0 51% 5.0
Cruise 26.43 2190.5 153.1 2343.6 2190.5 153.1 100% 26.4 51% 26.4
Maneuvering 5 576.5 153.1 729.5 576.5 153.1 26% 5.0 51% 5.0
Time at dock 60 0.0 153.1 153.1 0.0 153.1 0% 0.0 51% 60.0
Maneuvering 5 576.5 153.1 729.5 576.5 153.1 26% 5.0 51% 5.0
Cruise 26.43 2190.5 153.1 2343.6 2190.5 153.1 100% 26.4 51% 26.4
Maneuvering 5 576.5 153.1 729.5 576.5 153.1 26% 5.0 51% 5.0
Time at dock 60 0.0 153.1 153.1 0.0 153.1 0% 0.0 51% 60.0

0% 0% 0.0
0% 0% 0.0

Trip 
Duration

Total 
Energy

Eng. 
Energy

Gen. 
Energy

Eng. Time Gen. Time

min kWh kWh kWh hr hr
192.85637 2614 2122 492 72.9 192.9

Operational Profile Power Demand Power Supply Engine Usage

Loading Condition Eng. BSFC Gen. BSFC NOX CO HC PM NOX CO HC PM

lb/kWh lb/kWh g/kWh g/kWh g/kWh g/kWh g/kWh g/kWh g/kWh g/kWh
Emissions_6 Emissions_3

Maneuvering 0.47 0.49 2.64 0.00 0.00 0.02 4.89 1.93 0.32 0.21
Cruise 0.45 0.49 1.72 0.19 0.00 0.01 4.89 1.93 0.32 0.21
Maneuvering 0.47 0.49 2.64 0.00 0.00 0.02 4.89 1.93 0.32 0.21
Time at dock 0.47 0.49 0.00 0.00 0.00 0.00 4.89 1.93 0.32 0.21
Maneuvering 0.47 0.49 2.64 0.00 0.00 0.02 4.89 1.93 0.32 0.21
Cruise 0.45 0.49 1.72 0.19 0.00 0.01 4.89 1.93 0.32 0.21
Maneuvering 0.47 0.49 2.64 0.00 0.00 0.02 4.89 1.93 0.32 0.21
Time at dock 0.47 0.49 0.00 0.00 0.00 0.00 4.89 1.93 0.32 0.21

0.00 0.00 0.00 0.00 0.00 0.00 5.23 13.01 4.56 0.75
0.00 0.00 0.00 0.00 0.00 0.00 5.23 13.01 4.56 0.75

Fuel Cons. Fuel Cons. NOX CO HC PM NOX CO HC PM

gal gal g g g g g g g g
136.0 33.9 3834 371 0 25 10385 4093 678 452

Engine Summary
Main Engine Time (hr) 1.2

Generator Time (hr) 3.2
Fuel Consumption (gal) 170.0

Emissions Summary
Nox (g) 14219
CO (g) 4464
HC (g) 678

PM (g) 477

Tier IV Nominal Tier IV Nominal

Generator EmissionsEngine Emissions
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KETCHIKAN - MET. BATTERY ONLY OPERATION, CHARGING ONE END

Loading Condition Duration Prop. Load Hotel Load Total
Shore 
Power

Battery 
Power

Battery 
Energy 

Battery 
SoC

min kW kW kW kW kW kWh kWh
Included Efficiency Gen Inv none none Eff_Chg
Value 0.98 0.986 1 1 Eff_Disch
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 26.428186 2168.6 152.1 2320.7 2320.7 1099.48 -1164.3
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -1229.1
Time at dock 60 0.0 152.1 152.1 152.1 0.0 0.00 -1229.1
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -1293.8
Cruise 26.428186 2168.6 152.1 2320.7 2320.7 1099.48 -2393.3
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -2458.1
Time at dock 60 0.0 152.1 152.1 2660.4 -2508.3 -2458.10 0.0

Trip 
Duration

Total 
Energy

Shore Trip 
Energy

Chg Loss End SoC

min kWh kWh kWh kWh
192.85637 2590 2813 -223 0.00

Energy between charging 2285
Battery Sizing

Battery Type NMC
Charge C Rate 2

Discharge C Rage 3
Charge/Discharge Losses (kWh) -223

Max Charge (kW) 2559
Max Dischage (kW) 2393

C-Rate Sizing (kWh) 1280
Max Dischage (kWh) 2458
DOD of C-Rate-sized 192%

Desired Cycle Life 4680
Battery Cycle Life at 80%DOD 6000

Desired IEEE Multiplier 0.78
Max Allowable DOD 100%

Battery Bank for Cycle Life 2458
Theoretical Cycle Life (yr) 12.67

Minimum Bank for Capacity Fade (kWh) 3073
Shore Power

Required Power at Dock (kW) 2660.4
Shore Energy (kWh) 2813

Operational Profile Power Demand Battery Sizing



Alaska DOT & PF  Alaska Low Emission / Electric Ferry Research Analysis 6/20/23 

ELLIOTT BAY DESIGN GROUP  Southeast Conference 
22027-053-0 Rev. - Page:  119 

 

KETCHIKAN - MET. BATTERY ONLY OPERATION, CHARGING BOTH ENDS

Loading Condition Duration Prop. Load Hotel Load Total
Shore 
Power

Battery 
Power

Battery 
Energy 

Battery 
SoC

min kW kW kW kW kW kWh kWh
Included Efficiency Gen Inv none none Eff_Chg
Value 0.98 0.986 1 1 Eff_Disch
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 26.428186 2168.6 152.1 2320.7 2320.7 1099.48 -1164.3
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -1229.1
Time at dock 60 0.0 152.1 152.1 1406.3 -1254.1 -1229.06 0.0
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 26.428186 2168.6 152.1 2320.7 2320.7 1099.48 -1164.3
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -1229.0
Time at dock 60 0.0 152.1 152.1 1406.3 -1254.1 -1229.06 0.0

Trip 
Duration

Total 
Energy

Shore Trip 
Energy

Chg Loss End SoC

min kWh kWh kWh kWh
192.85637 2590 2813 -223 0.01

Energy between charging 1143
Battery Sizing

Battery Type NMC
Charge C Rate 2

Discharge C Rage 3
Charge/Discharge Losses (kWh) -223

Max Charge (kW) 1280
Max Dischage (kW) 2393

C-Rate Sizing (kWh) 798
Max Dischage (kWh) 1229
DOD of C-Rate-sized 154%

Desired Cycle Life 4680
Battery Cycle Life at 80%DOD 6000

Desired IEEE Multiplier 0.78
Max Allowable DOD 100%

Battery Bank for Cycle Life 1229
Theoretical Cycle Life (yr) 12.67

Minimum Bank for Capacity Fade (kWh) 1536

Power Demand Battery SizingOperational Profile
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KETCHIKAN - MET. SLOW BATTERY ONLY OPERATION, CHARGING ONE END

Loading Condition Duration Prop. Load Hotel Load Total
Shore 
Power

Battery 
Power

Battery 
Energy 

Battery 
SoC

min kW kW kW kW kW kWh kWh
Included Efficiency Gen Inv none none Eff_Chg
Value 0.98 0.986 1 1 Eff_Disch
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 35.77193 1141.4 152.1 1293.5 1293.5 829.47 -894.3
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -959.0
Time at dock 35 0.0 152.1 152.1 152.1 0.0 0.00 -959.0
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -1023.8
Cruise 35.77193 1141.4 152.1 1293.5 1293.5 829.47 -1853.3
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -1918.1
Time at dock 35 0.0 152.1 152.1 3507.4 -3355.3 -1918.10 0.0

Trip 
Duration

Total 
Energy

Shore Trip 
Energy

Chg Loss End SoC

min kWh kWh kWh kWh
161.54386 1961 2135 -174 0.00

Energy between charging 1783
Battery Sizing

Battery Type NMC
Charge C Rate 2

Discharge C Rage 3
Charge/Discharge Losses (kWh) -174

Max Charge (kW) 3424
Max Dischage (kW) 1334

C-Rate Sizing (kWh) 1712
Max Dischage (kWh) 1918
DOD of C-Rate-sized 112%

Desired Cycle Life 4680
Battery Cycle Life at 80%DOD 6000

Desired IEEE Multiplier 0.78
Max Allowable DOD 100%

Battery Bank for Cycle Life 1918
Theoretical Cycle Life (yr) 12.67

Minimum Bank for Capacity Fade (kWh) 2398
Shore Power

Required Power at Dock (kW) 3507.4
Shore Energy (kWh) 2135

Operational Profile Power Demand Battery Sizing
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KETCHIKAN - MET. SLOW BATTERY ONLY OPERATION, CHARGING BOTH ENDS

Loading Condition Duration Prop. Load Hotel Load Total
Shore 
Power

Battery 
Power

Battery 
Energy 

Battery 
SoC

min kW kW kW kW kW kWh kWh
Included Efficiency Gen Inv none none Eff_Chg
Value 0.98 0.986 1 1 Eff_Disch
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 35.77193 1141.4 152.1 1293.5 1293.5 829.47 -894.3
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -959.0
Time at dock 35 0.0 152.1 152.1 1829.8 -1677.6 -959.05 0.0
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -64.8
Cruise 35.77193 1141.4 152.1 1293.5 1293.5 829.47 -894.3
Maneuvering 5 570.7 152.1 722.8 722.8 64.79 -959.1
Time at dock 35 0.0 152.1 152.1 1829.8 -1677.6 -959.05 0.0

Trip 
Duration

Total 
Energy

Shore Trip 
Energy

Chg Loss End SoC

min kWh kWh kWh kWh
161.54386 1961 2135 -174 0.00

Energy between charging 892
Battery Sizing

Battery Type NMC
Charge C Rate 2

Discharge C Rage 3
Charge/Discharge Losses (kWh) -174

Max Charge (kW) 1712
Max Dischage (kW) 1334

C-Rate Sizing (kWh) 856
Max Dischage (kWh) 959
DOD of C-Rate-sized 112%

Desired Cycle Life 4680
Battery Cycle Life at 80%DOD 6000

Desired IEEE Multiplier 0.78
Max Allowable DOD 100%

Battery Bank for Cycle Life 959
Theoretical Cycle Life (yr) 12.67

Minimum Bank for Capacity Fade (kWh) 1199
Shore Power

Required Power at Dock (kW) 1829.8
Shore Energy (kWh) 2135

Power Demand Battery SizingOperational Profile
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SHORESIDE UTILITY / BATTERY ANALYSIS 

  

Po
rt

De
st

in
at

io
n

Cr
os

sin
g 

En
er

gy
 

(K
W

H)
 N

ot
e 

1

Ro
un

d 
Tr

ip
 

En
er

gy
 (K

W
H)

 
N

ot
e 

1
Tr

av
el

 T
im

e 
(H

rs
)

Tr
ip

s p
er

 
Da

y
La

yo
ve

r T
im

e 
(H

rs
)

Ho
te

l P
ow

er
 

(K
W

)

Ch
ar

gi
ng

 P
ow

er
 

Re
qd

 (K
W

) N
ot

e 
5

M
in

. S
ho

re
sid

e 
Ba

tt
er

y 
(K

W
H)

 
N

ot
e 

5
U

til
ity

 C
ha

rg
in

g 
Ti

m
e 

(H
rs

)
Ch

ar
gi

ng
 

U
til

ity
U

til
ity

 Lo
ad

 
(K

W
) N

ot
e 

8
N

ot
es

H
om

ep
or

t: 
 S

ka
gw

ay
Sk

ag
w

ay
Ha

in
es

21
31

1.
0

2
1

15
0

2,
43

6
3,

24
0

6
Ha

in
es

75
0

Ha
in

es
Sk

ag
w

ay
21

31
1.

0
1

4
15

0
83

8
1,

11
4

6
Sk

ag
w

ay
35

6
6

Ha
in

es
Sk

ag
w

ay
21

31
1.

0
1

12
15

0
48

3
64

2
12

Sk
ag

w
ay

20
9

7

42
62

2.
1

1
4

15
0

1,
52

6
2,

02
9

6
Sk

ag
w

ay
52

6
3

42
62

2.
1

1
12

15
0

81
5

1,
08

4
12

Sk
ag

w
ay

25
0

4

H
om

ep
or

t: 
 M

et
la

ka
tla

M
et

la
ka

tla
Ke

tc
hi

ka
n

11
43

0.
6

2
1

15
0

1,
38

3
1,

83
9

6
Ke

tc
hi

ka
n

49
1

Ke
tc

hi
ka

n
M

et
la

ka
tla

11
43

0.
6

1
4

15
0

52
6

69
9

6
M

et
la

ka
tla

27
9

6
Ke

tc
hi

ka
n

M
et

la
ka

tla
11

43
0.

6
1

12
15

0
33

5
44

6
12

M
et

la
ka

tla
19

1
7

M
et

la
ka

tla
-K

et
ch

ik
an

-M
et

la
ka

tla
22

85
1.

2
1

4
15

0
90

1
1,

19
9

6
M

et
la

ka
tla

37
2

M
et

la
ka

tla
-K

et
ch

ik
an

-M
et

la
ka

tla
22

85
1.

2
1

12
15

0
52

0
69

2
12

M
et

la
ka

tla
21

4
4

H
om

ep
or

t: 
 H

om
er

Ho
m

er
Se

ld
ov

ia
26

60
1.

3
1

1
15

0
3,

00
0

3,
99

0
6

Se
ld

ov
ia

34
3

Se
ld

ov
ia

Ho
m

er
26

60
1.

3
1

18
15

0
34

0
45

2
18

Ho
m

er
17

2
4

Ho
m

er
-S

el
do

vi
a-

Ho
m

er
53

21
2.

5
1

18
15

0
82

6
1,

09
8

18
Ho

m
er

20
3

4

N
ot

es 1
En

er
gy

 co
ns

um
pt

io
n 

ba
se

d 
on

 M
CR

 O
pe

ra
tio

n
2

Ho
te

l P
ow

er
 (K

W
)

15
0

3
Fi

rs
t t

rip
 w

ith
 m

id
 d

ay
 La

yo
ve

r a
t t

he
 p

rim
ar

y 
po

rt
4

Se
co

nd
 tr

ip
 w

ith
 o

ve
rn

ig
ht

 la
yo

ve
r a

t t
he

 p
rim

ar
y 

po
rt

.
5

In
cl

ud
es

 e
ne

rg
y 

ne
ed

ed
 to

 re
st

or
e 

co
ns

um
pt

io
n 

fo
r t

he
 p

ro
pu

lsi
on

 sy
st

em
 a

nd
 h

ot
el

 lo
ad

 in
 tr

an
sit

.
6

Fi
rs

t t
rip

 w
ith

 4
 h

ou
r l

ay
ov

er
 a

t t
he

 p
rim

ar
y 

po
rt

7
Se

co
nd

 tr
ip

 w
ith

 o
ve

rn
ig

ht
 la

yo
ve

r a
t t

he
 p

rim
ar

y 
po

rt
8

Lo
ad

 p
re

se
nt

ed
 to

 th
e 

ut
ili

ty
 b

as
ed

 o
n 

co
nt

ro
lli

ng
 th

e 
ba

tt
er

y 
ch

ar
ge

 ra
te

 to
 th

e 
tim

e 
in

 p
or

t, 
pl

us
 th

e 
ho

te
l l

oa
d

Sk
ag

w
ay

-H
ai

ne
s-

Sk
ag

w
ay

Sk
ag

w
ay

-H
ai

ne
s-

Sk
ag

w
ay



Alaska DOT & PF  Alaska Low Emission / Electric Ferry Research Analysis 6/20/23 

ELLIOTT BAY DESIGN GROUP  Southeast Conference 
22027-053-0 Rev. - Page:  123 

NOTIONAL VESSEL CAPITAL COST ESTIMATE 

 

 

 

 

  

Vessel LOA LWL Beam Depth
Lightship 
Δ

Eng.  
Power

Gen. 
Capacity

Battery 
Capacity

Passenger 
Deck Area

ft ft ft ft LT HP kW kWh ft 2

JOHN W JOHNSON 263.333 256 65.33 15.5 1399 2280 2396 1898
CASCO BAY FERRY 164 159 39.88 12 498 1475 1312 904
GOVERNORS ISLAND FE 190 185 62.33 13.25 598 1502 1791 792
PRINCE OF WALES 197.5 175.5 52.9 17.3 932 3000 111.855 0

LOW E FERRY 197.5 175.5 52.9 17.3 3000 1800 6000

Vessel Data

Vessel 110 150 200 300 400 500 600 Total
lb lb lb lb lb lb lb LT

JOHN W JOHNSON
CASCO BAY FERRY 465761 254190 137086 19615 1431 56209 180288 498
GOVERNORS ISLAND FE 731072 207100 155179 35877 2001 65416 143363 598
PRINCE OF WALES 1339516.5 262500 77131 50275 3142 148273 206958 932

LOW E FERRY 1339516.5 262500 294376 40000 3142 163100.78 227653.89 1040

Weight Data

Vessel 110 150 200 300 yard 300 PSI Motors Motors 400 500 600
000, 800 & 

900 Total Cost
$ $ $ $ $ $ $ $ $ $

JOHN W JOHNSON 8305000 172134 280532
CASCO BAY FERRY 1815382 679552 824879 1725711 7192616 61274 181500 662977 2114975 3744802 4044571 23048239
GOVERNORS ISLAND FE 2552516 723084 617000 2355753 6366047 844700 3787500 4858800 3945200 26050600
PRINCE OF WALES 114674 369122

Average $/lb 3.7 3.1 442.7 47.8 27.3
Average $/prop_hp 485.0
Average $/gen_kW 1315.3
Average % of other 20%

**
LOW E FERRY 4948937 809140 872994 2367591 15978938 incl. incl. 1390842 7790155 6222101 7900550 48,281,248$     
Inflation, labor adjustment 1.1
Total for first vessel 53,109,373$     
Cost Reduction for additional vessels in class 18%
Total for three vessels 140,208,744$   

* JWJ Includes alternators, swbds, distribution, controls, batteries, alarm and monitoring, UPS, does not include motors
* Group 300 PSI based on PSI quotes, adj. for battery capacity variation

Cost Data
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FLEET CARBON INTENSITY INDICIES 

 

 

Fuel Consumption
Year AUR COL KEN LEC LIT MAL MAL TAZ TUS
2017 235406 505546 1187476 321671 26598 457298 520655 0 330693
2018 577107 2015211 2234238 766497 35410 1177486 0 19000 655315
2019 508966 1863051 1202011 419203 34701 1221950 236978 227028 546893
2020 0 0 1664635 410655 46596 0 596792 140951 252351
2021 434439 184751 2076309 639493 45441 0 991527 33380 441451

CII Calculation (2019)
AUR COL KEN LEC LIT MAL MAL TAZ TUS

Gross Tonnage (ITC) 3124 13009 12635 3124 758 9121 9214 5304 4529
Distance (2019, nm) 46162 75972 48640 36390 7944 71423 8420 14340 44775

FC (2019, gal) 508966 1863051 1202011 419203 34701 1221950 236978 227028 546893
M (kg-CO2) 5191453 19003120 12260512 4275866 353946 12463894 2417173 2315689 5578313

CII (g-CO2 / GT*nm) 36 19 20 38 59 19 31 30 28

a 7540
c 0.587

CIIref 67.0 29.0 29.5 67.0 153.8 35.7 35.5 49.1 53.9

Maximum Allowable Future CII
Year AUR COL KEN LEC LIT MAL MAL TAZ TUS
2019 67.0 29.0 29.5 67.0 153.8 35.7 35.5 49.1 53.9
2023 63.6 27.5 28.0 63.6 146.1 33.9 33.7 46.6 51.2
2024 62.3 27.0 27.4 62.3 143.1 33.2 33.0 45.7 50.1
2025 61.0 26.4 26.8 61.0 140.0 32.5 32.3 44.7 49.0
2026 59.6 25.8 26.3 59.6 136.9 31.8 31.6 43.7 47.9
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