Lummi Island Ferry Advisory Committee (LIFAC) Meeting
Wednesday, September 11, 2019
Lummi Island Firehall

CALL TO ORDER
Rhayma Blake called the meeting to order at 6:33.

ROLL CALL

Present: Charles Baily, Rhayma Blake, Cris Colburn, Jim Dickenson, Patricia Dunn
Excused:

AWOL: Judy Olsen

Also Attending:
Joan Moye, Jansen Pierce, (and later) Wynne Lee

FLAG SALUTE

OPEN SESSION
Pierce noted that Montreal has great restaurants.

APPROVAL OF DATE MINUTES: Moved by Charles Bailey, seconded by Cris Colburn with
noted changes. Passed unanimously.

LIFAC INTERNAL BUSINESS
Discussed the need to fill the off-island board vacancy. Several suggestions were made with
members to follow up potential candidates.

OLD BUSINESS

Update on Operations-Rich Hudson, Senior Master was not available, but Rich conveyed “no
surprises” thru Cris and Jim.

Charles noted that yellow jacket issue at docks was addressed.

John Mulhern is selecting new ferry colors. The reveal will be upon return to LI.

Update on Replacement Ferry Project - Roland Middleton was not available, however Cassandra
(kpff) forwarded information on:
e The Elliot Bay propulsion report
¢ Notes on her convo with PSE (regarding the potential for an upgraded island electrical
connection to support an electric ferry)
e An email from Brian King at Elliot Bay regarding propulsion options and time to
convert in the future
These were discussed extensively by committee members. All documents are shown after these
minutes.

Charles led a discussion on climate change and potential ferry impacts including
energy/propulsion sources, emissions, and changing technology. He also handed out a one
page report, “Diesel Electric vs Diesel Mechanical vs Diesel Conventional” and a reading list, “A
Citizens Guide to Climate Literacy.” Both are attached to these minutes.



The committee discussed propulsion options and what the future may - or may not - hold. Also
discussed was reliability vs responsibility for climate impact. Alternatives, risk, and reliability
were deliberated.

Members were polled on how they would vote today on a propulsion recommendation:
Pat: Not diesel

Jim: Diesel

Rhayma: Diesel Mechanical Hybrid

Cris: Diesel Electric Hybrid

Charles: Diesel Electric Hybrid
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All agreed there is a need to read the propulsion report in more depth (it was received the day of
the meeting) to gain a better understanding of the options. There is also a need for additional
information on risk analysis/mitigation for each option.

New Business: None

Meeting adjourned at 7:41.



A Citizens’ Guide to Climate Literacy

Charles Bailey
September 9, 2019

A majority of Americans has now accepted that climate change is undermining the bio-physical
systems that sustain life on our planet. Scientific opinion overwhelmingly supports this conclusion.
However, even people who believe they are well informed fail to appreciate how climate change is
already challenging our existence. We have reached an era of rapidly escalating planetary instability.
Climate change is not just one of a dozen pressing issues that people feel obliged to give attention to
from day to day. It is the top issue, the existential issue of our times.

Everyone needs to become more climate literate. | asked scientists, specialists and advocates the
guickest way to climate literacy and they recommended these readings. As the famous physicist
Richard Feynman once said in another connection, these are “five easy pieces.”

1)

2)

3)

4)

5)

“Extreme Weather: Greenhouse-gas Emissions Are Increasing the Frequency of Heatwaves,”
The Economist, July 25, 2019 (4 minutes)
https://www.economist.com/sciencendtechnology/2019/07/25/greenhousgasemissionsare-
increasingthe-frequencyof-
heatwaves?cidl=cust/dailypicks1/n/bl/n/20190725n/owned/n/n/dailypicks1/n/n/NA/283667/n

Moyers, Bill, “What If Reporters Covered the Climate Crisis Like Edward R. Murrow Covered
the Start of World War 11?” The Nation, May 22, 2019. Coverage of global warming has fallen
short and veteran reporter Bill Moyers calls on journalists to help Americans better
understand what’s happening. (4 minutes)
https://www.thenation.com/article/climate-change-media-murrow-boys/

WallaceWells, DavidThe Uninhabitable Earth: A Story of the Futdralk at Politics & Prose,
Washington, D.C., March 12, 2019 (video). Walatdis, deputy editor aNewYork Magazingtalks
aboutthe growing threat of climate change as told through his new book and proposes how to
combat it.(20 minutes)

https://www.youtube.com/watch?v=N82 b n4HCQ

Lynch, Matthew K., “Higher Education Must Teach to the Issues of Our Times to Remain

Relevant,” Transcript from 2019 University of Hawai'i Office of Sustainability, Annual Report

to the Board of Regents, May 2, 2019. Today’s students know less, often much less than

we’d like to think, about climate change. Every student, whatever their field, needs to be

climate literate before they graduate. (4 minutes)
https://medium.com/@mklynch/higher-education-must-teach-to-the-issues-of-our-
times-to-remain-relevant-90ee63133ac0

Figueres, Christiana , “On a Mission,” M2020 website accessed July 14, 2019. Figueres led
the UN secretariat that led to the Paris 2015 Paris Agreement. Now she’s fighting for global
climate justice. (6 minutes)

http://www.mission2020.global/clean-energy-economy/
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The remaining readings present the science of climate change and introduce different approaches to
the future. Have you found other articles you feel are especially helpful on this? Please send them to
me at Charles.BaileyADV@gmail.com .

The Science

1) U.S. Global Change Research Program, Climate Science Special Report, Fourth National
Climate Assessment, Vol. I, National Oceanic and Atmospheric Administration
(NOAA),Washington, D.C. 2017. This report is an authoritative U.S. government assessment
of the science of climate change, with a focus on the United States. It is the foundation for
efforts to assess climate related risks and inform decision making about responses.
https://science2017.globalchange.gov/

2) U.S. Environmental Protection Agency, “Global Greenhouse Gas Emissions Data,”
https://www.epa.gov/ghgemissions/global-greenhouse-gas-emissions-data

3) Intergovernmental Panel on Climate Change (IPCC), “Special Report: Global Warming of 1.5°
C.” October 8, 2018. An assessment of the impacts of global warming of 1.5 °C above pre-
industrial levels and related global greenhouse gas emission pathways, in the context of
strengthening the global response to the threat of climate change, sustainable development,
and efforts to eradicate poverty. https://www.ipcc.ch/sr15/

4) Stefan, Will, et al., “Trajectories of the Earth System in the Anthropocene,” PNAS, 115:23
August 14, 2018. The authors offer analysis and insight into the risk that the Earth System
could cross a threshold leading to continued warming even as human emissions are reduced.
https://www.pnas.org/content/115/33/8252

Solutions or Pieces of a Solution

Litchfield, Gideon, “Welcome to Climate Change,” MIT Technology Review, April 24, 2019. This
issue is entirety devoted to climate change; this introduction provides an overview and links to all the
articles.

https://www.technologyreview.com/s/613350/welcome-to-climate-change/

Green America, “Top Ten Solutions to Reverse Climate Change,” Project Drawdown, February 8,
2018; accessed July 17, 2018. There are some 80 ways to reduce greenhouse gas emissions; here
are the ten with the greatest potential.
https://medium.com/@GreenAmerica/top-10-solutions-to-reverse-climate-change-2ac624527352

Cassidy, John, “The Good News About a Green New Deal,” The New Yorker, March 4, 2019.
https://www.newyorker.com/news/our-columnists/the-good-news-about-a-green-new-deal

Mc Ki bben, Bill, “ThisdIBRI dRolicguStonelepnl 9, E049. Foadcsysiero n  Co u
collapse, sedevel rise, disease. In his new bobklter, Mc Ki bben askl@mifiule it t oo
https://www.rollingstone.com/politics/politics-features/bill-mckibben-falter-climate-change-
817310/
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Franzen, Jonat han, “What | f We Stopped Pretending
global carbon emissions has lmeelear for 30 yeardutd e spi t e earnest efforts we
progressGlobal energy consumption rises relentlessly while the science on its impacts verges on irrefutable.
Franzen explores what might happen if we told ourselves the truth.
https://www.newyorker.com/culture/cultural-comment/what-if-we-stopped-
pretending?source=EDT NYR EDIT NEWSLETTER 0 imagenewsletter Daily ZZ&utm ca
mpaign=aud-
dev&utm_source=nl&utm_brand=tny&utm_ mailing=TNY_Daily 090819&utm_medium=email
&bxid=5bd6793924¢17¢c1048022070&cndid=42721841&esrc=&mbid=&utm_term=TNY_Daily

Bendell, Jem, “Deep Adaptation: A Map for Navigating Climate Tragedy,” IFLAS Occasional Paper 2,
July 27, 2018
https://www.lifeworth.com/deepadaptation.pdf

Germanos, Andrea, “Bravo! Great News! Cheers as European Investment Bank Unveils Proposal to
Stop Funding Fossil Fuel Projects,” Common Dreams, July 26, 2019; Contains link to the EIB;
accessed August 1, 2019
https://www.commondreams.org/news/2019/07/26/bravo-great-news-cheers-european-investment-
bank-unveils-proposal-stop-funding

Figueres, Christiana & Bill McKibben, “We Won't Speak at Your Commencement—and Hope No
One Else Will Either,” Chronicle of Higher Education April 12, 2019
https://www.chronicle.com/article/We-Won-t-Speak-at-Your/246109

Denning, Steve, “Implementing the One Viable Solution to Climate Change,” Forbes, July 23,
2019 https://apple.news/AHLABONYYTuiupLmhkGGScw

Elliott, Cynthia, “Planning for a ‘Just Transition’: Leaving No Worker Behind in Shifting to a Low
Carbon Future,” World Resources Institute, Washington, D.C., March 25, 2019; accessed July 25,
2019
https://www.wri.org/blog/2019/03/planning-just-transition-leaving-no-worker-behind-shifting-low-
carbon-future

Eisenberg, Ann M., “Just Transitions,” Southern California Law Review, Vol. 92 No. 2 January 2019
https://southerncalifornialawreview.com/2019/01/04/just-transitions-article-by-ann-m-eisenberg/

Studebaker, Benjamin, “Five Forms of Retreat,” blog, July 26, 2019; accessed August 1, 2019
https://benjaminstudebaker.com/2019/07/26/five-forms-of-retreat/#more-4397
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Email from Cassandra Durking (kpff) regarding her convo w/ PSE. Copied from 9/11/19 LIFAC email from Rhyma.

Basic HTML view

Subject:Lummi Island Ferry Call with PSE

Cassandra Durkin <cassandra.durkin@kpff.com> Mon, Sep 9, 2:47

PM (3 days ago)
to Rich Hudson, Roland Middleton, Elizabeth Kosa, Christina Schoenfelder, Mike
Anderson, Wren, Reg, Jankowski, Kurt, King, Brian

You are viewing an attached message.

Gmail can't verify the authenticity of attached messages.
Hi WC Team,

Below is a summary of my call with PSE on Thursday. | spoke with Kit (Senior Planner), Chad
Larson (System Planning) and Yao Chao (System Planning).

Current capacity
« Current submarine cable is 34kV built 19 years ago
« Availability of about 100kW on Lummi Island for a vessel (not enough for hybrid plug-
in)
« Gooseberry Point has more options for shore power

Options for Lummi Island
« Challenge with Lummi Island is being far from the substation which could result in
voltage drops
« Upgrading the cable
o Cost somewhere in the $20-40 M range (Whidbey Island cable was $50
M)
o 10 years to permit
« Option for increasing the voltage on the island but homes since the cable was
installed would need to be upgraded
o Cost would be less than $10M but much of system would be impacted
o Lessthan 10 years
« Other technology
o Potential for battery storage shoreside or mobile battery storage
o New technology like community solar farms could supply additional power

Options for Gooseberry Point
« Two substations serve that site so less issues with voltage drop
« Preliminary investigation shows mainland could support hybrid plug-in
o Cost would be less than $500k to bring the power to the dock (would
require more capital for plug-in infrastructure on the dock, similar to
Guemes )



o Would take less than 2 years

Of note:
« Based on the PSE study, Guemes was not able to meet demands for all-electric ferry
at their mainland terminal
« PSE could do a study for Whatcom County Public Works to provide more guidance
« Whatcom County would need to make the request and costs would be passed
through rates/tariffs

Thanks,
Cassandra

Cassandra (Schoenmakers) Durkin
Planner/Project Manager

0206.622.5822 D 206.926.0585M 360.510.1730
1601 Fifth Avenue, Suite 1600
Seattle, WA 98101



Email from Brian King regarding propulsion options and time to convert in the future.
Attached to 9.11.19 email from Rhyma.

Subject:RE: 17098.01 ROM Cost and Schedule to Convert DM, DMH and DEH to operate in shore

chargecklectric mode

King, Brian <BKing@ebdg.com> Tue, Sep 10, 4:38

PM (2 days ago)
to Rich Hudson, Elizabeth Kosa, 17098.01, Wren, Reg, Jankowski, Kurt, Mike Anderson,
Cassandra Durkin

The question has been posed to me as to what the relative cost and schedule impacts may
be to convert a constructed Lummi Island ferry with diesel mechanical (DM), diesel
mechanical hybrid (DMH), or diesel electric hybrid (DEH) propulsion to be able to operate in
all-electric mode with shore power recharging. My answer regarding cost and schedule
impact is necessarily very rough order of magnitude since we only at this point know the
approximate capacity of the vessel and major dimensions. Some assumptions:

Whichever of the three propulsion configuration options are ultimately selected, it is
assumed that EBDG will design the vessel with at least some intention of making it able to
be converted in the future.

a. For the DM boat, that would at least be having a future reserved space that
one or two battery rooms can be installed into the structure without causing
tonnage admeasurement to exceed 100 GRT. We would also reserve
locations and routing onboard for a future shore connection and provide
routing between the shore connection and the switchboard or the location of
the shore power transformer.

b. For the DMH and DEH boats, the future reserved space for battery rooms
would be of sufficient size for the future plug in hybrid battery capacity
requirements. As with the DM boat we would reserve a location for the future
shore connection, shore power transformer and shore power cable routing.

c. For the DMH boat, the dual input reduction gears would be chosen so that
either input is sufficient for the full rated power of a motor or diesel
engine. Whether the propulsion motor and motor drives are initially sized for
full propulsion power is a decision to be determined. It is not a problem to run
a motor and drive well below its rated capacity until such time as the boat
becomes an all-electric vessel with hybrid capability.

d. For all the boats the estimated time to convert assumes that the conversion
design is complete prior to the ferry arriving at the shipyard and most of the
USCG review is completed. Also, that all long lead items such as the motors,
batteries, shore connection unit are delivered to the worksite at approximately
the same time as the vessel arrives for the conversion, if not before.

2. The DM is easily the costliest and will take the longest to convert to all-electric with
hybrid capability. The machinery spaces would essentially need to be stripped clean.
It may be possible to save some of the shafting, the propeller, and possibly the
reduction gear. It may also be possible to save the ship’s service switchboard and



much of the distribution wiring. Auxiliary systems such a bilge and steering gear
would not be affected. The main engines and ship service diesel gensets would be
removed along with fuel, engine cooling, engine controls, and exhaust

systems. Significant secondary structure such as foundations would also be
replaced. To make the ferry hybrid capability for Bellingham Bay service, two main
propulsion sized generator sets would be added along with fuel, cooling and exhaust
systems. Propulsion motors and drives would also be added.

3. The DMH and DEH boats would be similar to convert to all-electric plug-in with hybrid
capability. Both will require significant upgrades to the battery systems and battery
support systems such as monitoring, cooling, and fire suppression. The shaft lines
can be retained including the propeller and reduction gears. For the DEH boat, the
propulsion motors and drives may also be retained. For the DMH boat, the
propulsion motors and drives will need to be replaced unless originally installed at full
propulsion power.

In summary:

Allow a minimum of five months for a yard period for the conversion of the DM boat to an
all-electric vessel (six months would be better). Cost of the conversion is very roughly
estimated at 50 to 100% greater than converting either the DMH or the DEH.

e Allow a minimum of three months (four months would be better) for the conversion of
the DMH or DEH boat to all-electric assuming that the propulsion motors and drives
are already rated at full propulsion power for the DMH installation. Cost of the
conversion of ether the DMH or the DEH would be on the order of $2,500,000 to
$3,000,000 at NPV. If the DMH is originally constructed without the full rated
propulsion power motors and drives, allow four months and $3,250,000 to $4,250,000
for the conversion.

If the immediate propulsion configuration decision is to be primarily based upon the cost and
time out service needed to eventually convert the vessel to all-electric plug-in hybrid
configuration, we recommend that a more detailed estimate be conducted.

Brian

Brian King, PE
President — Chief Engineer

Elliott Bay Design Group
Seattle | New Orleans | Ketchikan | New York
Better to Build - Better to Operate

main: 206.782.3082 - direct: 206.204.1303
Website | Facebook | LinkedIn | Twitter | Instagram
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Draft
Drydocking

Fixed Pitch Propeller

Hotel Loads

Knots

Reduction Gears

Watertight Subdivision

1 Purpose
2 Procedure

2.1 Overview

LIST OF TERMS

The distance from the water's surface to the bottom of the boat.

Removing the vessel from the water so that maintenance and rep:
can be perform on the underwater hull or equipment.

A propeller with blades which are fixed at a certain angle.
The electrical demands for operating the vessel (excluding
propulsion) such as lighting, heating, ventilation, air conditioning,

navigation equipment, etc.

A standard measure of speed for marine vessels calculated as the
nautical miles traveled per hour.

A gear which reduces the rotational speed of the propulsion engin
or propulsion motor to an efficient speed for turning the propeller.

Watertight boundaries within the hull which are spaced in a manne
to prevent the vessel from sinking in the event of flooding.
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1 PURPOSE

This report presents a comparison of alternative propulsion system options for the
NEW LUMMI

ISLAND FERRY (LIF). The LIF is a 34 car, 150 passenger, double-ended ferry
approximately 175' long x 54' wide, with a maximum loaded draft of 7'-6". The vessel
will be owned and operated by Whatcom County Public Works (WCPW).

This study is intended to refine the analysis of the Alternative Fuels Analysis
completed as part of the Level of Service Study [1]. This study includes a defined
vessel load profile and the selection of sample equipment to develop a more detailed
quantitative study of each propulsion system option is developed. While the general
conclusions of this study are consistent with the previous analysis [1], some figures
vary due to the defined equipment assumptions and operational loads, as well as the
increased size of the vessel.

2 PROCEDURE

2.1 Overview

The new ferry is intended to replace Whatcom County's current ferry (M/V WHATCOM
CHIEF) on the same route between the ferry terminals on Lummi Island and the
mainland at Gooseberry Point. This route requires navigation across a short (0.8 nm)
channel with winds to 40 knots and tidal cross-currents of up to 5-7 knots. During
events of extreme inclement weather and/or states of emergency, the new ferry would
be called upon to include the Bellingham Ferry Terminal on a revised route, but this
condition is rare and does not directly factor into this study.
A broad range of vessel designs, propulsion systems, and fuel alternatives - [2], [3],
[1] - have been evaluated by Elliott Bay Design Group (EBDG) and presented to
WCPW as possible design options for the new LIF. WCPW, in consultation with
EBDG, has reviewed these studies against the long-term Level of Service (LOS) goals
and requirements of the Lummi Island Ferry System, and arrived at five (5) possible
propulsion system options for the new ferry:
* Diesel Mechanical (DM) — conventional diesel engines with reduction gears
and shaft lines
» Diesel Mechanical Hybrid (DMH) — conventional diesel mechanical with
batteries and a motor/generator on each reduction gear
* Diesel Electric (DE) — diesel generators provide power to electric
propulsion motors ADiesel Electric Hybrid (DEH) — conventional diesel
electric with batteries
» All Electric (AE) — No diesel engines or generators, all power is provided by
battery with shore charging

Of these five possible propulsion system options, the DE and AE either have fatal
flaws or are otherwise not a good match for design of the new ferry or the capabilities
of the terminals. The DE option is best suited for and most typically installed in larger

1 Based on preliminary discussions of the vessel arrangements with WCPW, the vessel is anticipated to be slightly
wider and longer than was assumed in the previous study [3].

4



vessels with high "hotel" loads (lighting, HVAC, laundry equipment, etc.) or widely
fluctuating load profiles, such as cruise ships, oil field and other offshore supply
vessels, military craft, etc. Due to the energy losses

associated with converting mechanical power to electric power and back to
mechanical power, a conventional DE option will consume more fuel and produce
more emissions than the other propulsion system options.

The AE option is not feasible for the new ferry until significant battery charging
infrastructure can be provided at one or more terminals. This technology exists but is
expensive and is still being tested and developed. There is currently no marine
application of this technology in North America which operates with the service
frequency required of the LIF. Further, if the vessel needs to transit to Bellingham in
an emergency situation, an AE propulsion system is not capable of effectively making
multiple daily transits to the Bellingham Ferry Terminal.

Based on the above and EBDG's collective engineering and recent real-world
experiences with similar ferry designs, constructions, and operations, EBDG
recommends that both the DE and AE propulsion system options be eliminated from
consideration for the new ferry.

2.2 Candidate Propulsion Systems

For purposes of this study, specific models and manufacturers of diesel engines,
reduction gears, generators, batteries, and other propulsion system equipment are
identified. It should be understood that these are not the only or exclusive equipment
models and manufacturers that are suitable for the LIF design. During the next phase
of vessel design, an appropriately wider range of suitable equipment options for all
key components will be developed.

2.2.1 Option 1: Diesel Mechanical (DM)

The first configuration, depicted in Figure 1, is a conventional diesel mechanical
propulsion system with two independent propulsion drive trains each with a high-
speed diesel engine driving a single propeller via a reduction gear and conventional
shaft line. Electrical ship service power is provided by two diesel generators.

AC SWITCHBOARD
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+ +

Figure 1:Diesel Mechanical propulsion system diagram

For this option, the following equipment was considered:

+  Two Cummins QSK 19-M marine propulsion engines rated 750 BHP at 1800
RPM, Continuous (Caterpillar ACERT C18 Tier 3 engines could also be used)

« Two Twin Disk, reversing reduction gears, model MGX-5222DC

* Two conventional shaft lines, with Mathers shaft brakes

5



» Two fixed pitch propellers
« Ship Service Switchboard

«  Two 99 kW Northern Lights generators for ships service electrical loads

2.2.2 Option 2: Diesel Mechanical Hybrid (DMH)

The diesel mechanical hybrid system is shown in Figure 2. This system functions
similar to a conventional diesel mechanical system, but each reduction gear includes
an attached motor/generator which can be used to either provide propulsion power or
recharge the battery bank. In this configuration, electrical ship service power is still
provided by two diesel generators.

This configuration has the unique ability to operate in either a hybrid or a non-hybrid
mode. By simply shutting off the battery and electric motor/generator parts of the
system, the vessel could continue to operate like a conventional diesel mechanical
propulsion system. Therefore, in certain parts of the following analysis, values are
provided for the DMH system in both hybrid and non-hybrid mode.

AC SWITCHBOARD

i

Figure 2: Diesel Mechanical Hybrid propulsion system diagram

For this option, the following equipment was considered:

«  Two Cummins QSK 19-M marine propulsion engines rated 750 BHP at 1800
RPM, Continuous (Caterpillar ACERT C18 Tier 3 engines could also be used)

* Two Reintjes, hybrid reduction gears, model WAF 665, K51 PTO/PTI

* Two conventional shaft lines, with Mathers shaft brakes

» Two fixed pitch propellers

» Ship Service Switchboard

* Two 99 kW Northern Lights generators for ships service electrical loads

« 237 KWh-hrs battery bank

« Two 350 kWe Motor-Generators

+  Two 350 kWe AC Motor Drives

2.2.3 Option 3: DieselElectric Hybrid (DEH)

Propulsion Option 3, depicted in Figure 3, is a diesel-electric system supplemented
with a large battery bank and electrical power conversion and control equipment.
Batteries would supplement the electrical power provided by the diesel engine driven
generators, and in turn would also be charged by the generators. This system allows
for a single diesel driven generator to be running at any given moment (as opposed to
two running diesel engines with the other options, except as noted), thereby



increasing the time between overhaul events and reducing long term maintenance
costs of the propulsion generator engines.

AC SWITCHBOARD
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Figure 3: Diesel Electric Hybrid propulsion system diagram

The DEH propulsion configuration is comprised of two high speed diesel generators
sized such that any one generator — in simultaneous combination with power stored in
the battery banks - can provide power for the ships electrical service and propulsion
loads. Two variable speed motors, one at each end of the vessel would then drive the
propellers.
Major equipment considered for this option includes:

+  Two Cummins QSK 19-DM propulsion generators rated 460 kWe at 1800

RPM

* A combined ship's propulsion / ship's service switchboard

* A 237 kWh-hrs battery bank

* Two 460 kWe propulsion motors

*  Two 460 kWe variable speed drives

« Two Twin Disk model MGE5204 SC non-reversing reduction gears

* Two Mathers shaft brakes

» Two fixed pitch propellers

2.3 Evaluation Criteria

In order to compare the propulsion system options, a scoring system consisting of four
criteria and weightings was developed by EBDG and WCPW. Each criterion was
assigned a weighting factor to define its relative importance in the overall propulsion
selection. The criteria and respective weighting factors are presented in the table
below:

Table 1: Evaluation Criteria

Criteria | Weighting Factor
Reliability 33%
Maintenance Cost 27%
Capital Cost 22%
Fuel Consumption & Emissions 18%

In the financial analyses, comparisons of capital costs and maintenance costs
between the propulsion system options are not all inclusive; meaning, they do not
include all costs associated with the propulsion system options. The financial
analyses are intended to demonstrate the financial differences between the three
propulsion options and are therefore to be used for comparative purposes only. For
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both the capital and maintenance cost analyses, only the propulsion system design
aspects and/or components that are different (to a meaningful degree) between the
systems are evaluated. For example, propellers and the service they see will be
practically identical for all options, so neither the capital nor operating costs of the
propellers are included in the financial analyses.

The DM system is considered the baseline and thus receives an arbitrary score of 1.0
for each criterion. The other propulsion system options are scored relative to the DM
system, with lower values representing better performance and higher values
representing inferior performance.

The scores are then tabulated in a scoring matrix, the weighting factors applied, and
the weighted scores summed resulting in a total score for each option. The lowest
scoring configuration represents the optimal configuration for the new ferry based on
the selected scoring criteria.

2.3.1 Capital Cost

For purposes of this study, capital costs consist only of the purchase price of major
propulsion system components, for each propulsion system option. Budgetary
estimates from equipment vendors along with cost data from prior studies were used
to develop the capital cost estimates, with all costs presented in 2019 dollars. The
options with the highest capital costs were scored the highest.

Construction, installation, and outfitting materials and labor costs for the basic
construction of the vessel, including items and systems such as structural steel,
foundations, system piping, painting, etc., are not included as these costs are
expected to be reasonably similar across all three options.

Labor and material costs for engineering and design, shipyard installation, testing, and
manufacturer commissioning are also not included. However, a "complexity
differential cost” for crew training, system troubleshooting, and extended system
testing and commissioning has been added to the capital costs of the DMH and DEH
options. This one-time added cost is applicable only to the hybrid options because of
the complexity and novelty of their technologies relative to a conventional DM system.
This cost is in addition to the typical testing and commissioning costs associated with
more conventional propulsion systems.

2.3.2 Maintenance Cost

Maintenance costs for the major propulsion system machinery and equipment for
each option are detailed in Appendix B. The maintenance cost includes the parts,
consumables, and labor for the recommended maintenance practices provided by the
major equipment vendors. Maintenance activities were determined based upon engine
and gear operating hours over a 40-year period.

For the hybrid options, battery replacement is also considered a maintenance activity
and is based upon a 10-year battery life?.

The option with the highest maintenance cost is scored the highest.

2n the previous study [1], a fivgear battery replacement schedule was assuBeskd on the more detailed
battery sizing calculations completed as part of this analysisyadibattery replacement schedule was found to
be feasible.



2.3.3 Fuel Consumption & Emissions

Total fuel consumption and emissions are based on the estimated amount of diesel
fuel each of the design options would consume on an annual basis. Estimated fuel
consumption for each option is calculated based on an analysis of each new ferry's
installed propulsion power, load factors, route timing during operations, and fuel
consumption data provided by the manufacturers for the assumed equipment.
Emissions are divided into two categories: short-term and long-term. Short-term
emissions are those currently regulated by the United States Environmental Protection
Agency (EPA) and are diesel exhaust emissions that are known to cause health
issues locally close to the diesel emission point. Long-term emissions are also
referred to as greenhouse gas emissions and are a key component of global climate
change.

2.3.4 Reliability

A relative comparison of the reliability of each propulsion configuration was developed
to compare the effects of system complexity. For purposes of this study, reliability is
intended to represent a relative likelihood the vessel can meet and maintain the
published sailing schedule. In order to evaluate and compare the reliability of the three
propulsion system options, EBDG developed a scoring matrix and assigned reliability
scores to each of the three options' major drive train components that have the
potential to affect reliability.

Key terms and guidelines used to define and assign reliability scores for each options'
drive train components are as follows:

» Failure of a system or component is defined as any system or component
malfunction that prevents or delays the vessel from sailing. Failure also refers
to the most likely type of failure, as seen and experienced by EBDG's field
engineers with similar type propulsion systems, vessels, and vessel operations.

» Probability of Failure (PoF) refers to a typical type of failure that might occur on
any given system at any given time. The PoF score also considers system or
component redundancy and is integrated in this way with the definition of
failure above.

« Complexity of Failure similarly incorporates an anticipated cost of repair and
time to repair necessary to return the vessel to service. Time to Repair
incorporates likely spare parts availability and the relative availability of support
personnel and services to complete the repairs.

» Failure Scoresfor identical components such as engines, generators, and gears
were assumed identical between configurations. (Note: There are several drive
train

components that are similar but not identical to each other. Where this occurs,
the differences between the components were considered in the assignment of
scores.) o Several identical or near identical drive train components (propellers
for example) were not included in the scoring matrix.

All equipment listed in the reliability scoring matrix is assumed to be required, and
credit is applied for redundant installations - but only where they truly affect the



potential for failure. Note that it is possible to increase the reliability of an option by
accounting for additional equipment (that would add or improve redundancy) over and
beyond what is required by regulation. For example, adding a third generator to the
DEH system would prevent a limited or no-sail scenario in the event of a propulsion
generator failure. Another way to affect redundancy and minimize failures would be to
maintain an inventory of critical spare parts, and/or an "immediate” on call service
agreement with original equipment manufacturers and other marine service
professionals. These approaches were not considered in the scoring.

The option with the highest level of reliability was scored the lowest in the scoring
matrix, but it must be understood that this is a comparative score — it is not an
absolute score and should not be used or viewed this way.

3 GIVEN AND ASSUMED PMARFERS
31 Vessel Route and Power Requirements

The new LIF will operate on the same 0.8 nm route between the ferry terminals on
Lummi Island and Gooseberry Point. The vessel must be capable of contending with
winds of up to 40 knots and tidal cross currents of up to 5-7 knots. As the new ferry
design progresses, EBDG will develop a detailed analysis of the hull's resistance and
powering requirements which will be used to select the specific propulsion engines
and define the powering needs of the vessel.

For purposes of this report, "power factors" are used to help establish a propulsive
load profile for the primary vessel route, and these are listed in Table 2. These trip
segments and power factors were developed with input from WCPW and represent
the average engine load during each trip segment. For example, during the arrival
segment, the forward and aft engine loads may vary between idle and full load while
the vessel maneuvers into the terminal, but it is estimated that the average load of
each engines would be 50%. A 750 HP engine on each end is assumed for
determining the propulsion loads.

Table 2: Propulsion Loads

Route Segment | Aft Propeller | Forward Propeller Overall Time (min)
Loading 20% 0% 10% 4.10
Departure 100% 10% 55% 0.95
Transit 80% 10% 45% 3.30

Arrival 50% 50% 50% 1.25

Unload 20% 0% 10% 4.10

Slack (at dock) 5% 0% 2.5% 1.30
Total: 15.00

3.2 Ships Service Electrical and HVAC Requirements

For the purpose of this study, the assumed ships service electrical load is 50 kW.
This accounts for lighting, heating, ventilation, air conditioning, fluid pumping, and
other such normal operation loads. The use of electric heat is assumed for this
analysis. The ships service fuel consumption is calculated using published fuel
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consumption data provided by Cummins or by Northern Lights, based upon the
arrangement.

3.3 Financial Assumptions

For the capital, maintenance, and life cycle cost estimates, the following assumptions
were used:

All capital equipment costs are based on 2019 pricing.

In comparing the options, only propulsion system components that are
significantly different, have different estimated or quoted costs, or if identical
between options but are used in a manner that would drive maintenance
events, are incorporated into this analysis. For example, all options utilize the
same propellers and there is nothing significantly different in any option that
would drive maintenance of the propellers. Therefore, the costs of purchasing
and maintaining propellers are not considered in this analysis. The result of
this approach is a relative and comparative evaluation of the capital and
maintenance costs between the systems. This is purely to be used to evaluate
the merits of the systems and is not a true representation of the total capital
and maintenance costs for each option.

The drydocking time is anticipated to be approximately equal between all
options considered, so drydocking expenses were not included in the
maintenance cost comparison.

When the vessel is out of service for scheduled maintenance events, no
financial consideration has been made or applied to these calculations for
leasing a replacement vessel.

Capital costs for major propulsion system machinery, equipment, and
components are based primarily on current and applicable manufacturer and
vendor quotations. Where specific quotes could not be obtained, inflation and
size adjusted estimates based on previous quotations are used.

The cost of propulsion system maintenance was estimated using a two tiered
labor rate. First, for all oil changes, inspections, and other minor, routine
maintenance activities typically performed by the crew, a fully burdened labor
rate of $80/hr was used. Second, a fully burdened labor rate of $150/hr was
applied to all scheduled major overhaul or equipment replacement events
utilizing manufacturer's technicians.

No propulsion engine replacements are assumed to occur.

Batteries are assumed to cost $800/kW-hr.

For the life cycle cost analysis (LCCA), all costs were estimated as annual
costs and inflation is accounted for in the net present value (NPV) calculation.
The inflation rates are accounted for as follows:

(1+eeeeieettssss OREEOEEORENNI I £20K1)
YYYYYYYYOOOOOOOOOOOOOOOOYYYYOOYY = -1

(I+ecee e XEEEEEETIEEXAN)

The discount and inflation rates shown in Table 3 were assumed for the LCCA
estimate.
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Table 3: Net Present Value Rates

Rate Nominal (%) | Real (%)
Federal Discount Rate 2.75
Inflation 2.10 0.64

Aln the LCCA, the vessel capital cost was taken from [4] and inflated to 2019
dollars. The annual vessel maintenance (not including propulsion system
maintenance) was assumed to be 2.25% of the capital cost. A larger vessel
overhaul (again, not including propulsion system maintenance) was assumed
to occur every 10 years for a cost of 7% of the capital cost®.

4 DISCUSSION
41 Capital Cost

Table 4 summarizes the capital costs and scores of each propulsion system
option. When comparing propulsion system machinery and equipment only, the
DM option has the lowest capital cost. Appendix A contains a full break down of
each option’s capital cost. Table 4: Capital Cost Summary

Option Cost % Difference Score
1-DM $812,600 - 1.00
2 - DMH $1,725,200 112% 2.12
3-DEH $1,591,250 96% 1.96

42 Maintenance Cost

Table 5 provides a summary of the 40-year maintenance cost for each propulsion
system option with values presented in 2019 dollars. Note that Table 5 does not
summarize or represent maintenance costs for the entire vessel. This summary is
only applicable to the major propulsion system components which (a) are significantly
different between options and (b) are significant drivers of long-term maintenance
costs. One example of (a) noted above is the propellers. Since propellers between
the three options will be very similar in form and will see very similar service, propeller
maintenance costs are not included in Table 5. Two examples of both (a) and (b)
above, are line shafts and line shaft bearings. With both the DM and DMH, there are
assumed to be a total of four line shafts and four line shaft bearings; whereas the DEH
is expected to have only two line shafts and no (0) line shaft bearings. From
experience with similar vessel maintenance costs and from inspection, EBDG
determined that line shafts and line shaft bearings are not significant enough drivers of
long-term maintenance costs to be compared and factored into this analysis. Adding
them into the analysis will not change the direction of the

3The previous study [1] assumed a total vessel maintenance cost of 2.5% annually and 8% gearg.tdn this
study, these factors were reduced to 2.25% and 7% respectively to account for the separately calculated propulsion
system maintenance costs.
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results or even meaningfully change the magnitude of the maintenance figures
themselves so they are not considered.

When comparing major propulsion system components, the DEH has the lowest
maintenance cost of any option because only one engine is operating at a time. With
the DM and DMH options, both engines are typically in operation at the same time,
resulting in greater engine maintenance costs.

Table 5: Maintenance Cost Summary

Option Maintenance Cost % Difference Score
1-DM $3,078,700 - 1.00
2-DMH $2,705,600 12% 0.88
3-DEH $2,557,700 17% 0.83

An annual breakdown of the estimated maintenance costs is provided Appendix B.
4.3 Fuel Consumption and Emissions

The difference in annual fuel consumption and CO2 emissions between the options is
shown in Table 6. In hybrid mode, the DMH system has an estimated fuel savings of
8.7% compared to the DM system. Due to the limited shore power at either terminal,
the DEH system gets all of its power by running diesel generators. Therefore, the
DEH system has an estimated fuel savings of only 2.2% compared to the DM system.
The DMH system has better fuel economy compared to the DEH system because it
avoids the mechanical-electrical energy losses for the vessel propulsion loads during
transit.

Table 6: Fuel Consumption Summary

Option Fuel CO2 | % Difference Score
Consumption

1-DM 148,341 gal 1,510,111 kg - 1.00

2 7 DMH (Hybrid) 135,427 gal| 1,378,647 kg -8.7% 0.91

2 Z DMH (NonHybrid) 148,341 gal| 1,510,111 kg 0% 1.00

3-DEH 145,084 gal 1,476,955 kg -2.2% 0.98

The diesel engine exhaust emissions for each option are presented below. The
emissions can be considered to fall into two major categories: short term and long
term. Short term emissions such as particulate matter (PM), oxides of nitrogen (NOXx),
hydrocarbons (HC), and carbon monoxide (CO) remain in the environment for a
limited time but are known to cause health hazards. Short term emissions are
currently regulated by the EPA for marine vessels and other emitters. Long term
emissions are those characterized as greenhouse gas emissions such as

carbon dioxide (CO2). CO:z2 is not currently regulated for marine vessels in the US but
is receiving more attention and may be further scrutinized in the future.

4The previous study [1] assumed of 5% fuel savings with a DEH compared to a DM. This asswaptimsed
on the average fuel savings from a range of sample vessels of various sizes. During the more detailed and specific
analysis completed herein, the fuel savings on this specific vessel and route were calculated to be 2.2%.
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Short term emissions have been addressed by the EPA for marine diesel engines by
phasing in progressively more stringent "Tiers" of engine emission limits. This
phasing of emission limits has occurred over the last fifteen years for marine diesels
and have effectively reached their final phase. The EPA requires the manufacturers
of these engines to develop the technology required to meet the Tier requirements,
and the operators are expected to maintain the equipment in functional status. For
the propulsion configurations in this study (less than 800 hp per engine), the final EPA
requirement is Tier 3.

Long term emissions, particularly COz, is directly related to the quantity of fuel burned.
There are no currently feasible carbon capture devices or technology for marine
diesels that would reduce CO:2 output for a given amount of fuel burned. The only
current method to reduce long term greenhouse gas emissions from marine diesels is
to burn less fuel either by operating less frequently or operating more efficiently.

The short-term emissions were estimated for the propulsion options using the EPA
methodology found in [5]. The EPA's short-term emissions calculations use a method
that accounts for engine power, loading, run time, and EPA engine Tier. CO:
emissions were estimated using a simple formula that relates fuel burned to CO2
produced.

The annualized short term, EPA regulated emissions are listed in Table 7. Note

that the short term emissions are presented for reference, but only the fuel
consumption and long term emissions (greenhouse gas emissions) are included in
the scoring criteria (see Table 6). Table 7: Annual Diesel Exhaust Emission
Comparison

Option PM1o NOx HC (6{0)
(kg) (kg) (kg) (kg)
1-DM 96 7,399 158 1,735
2 7 DMH (Hybrid) 99 7,649 163 1,794
2 7 DMH (Non-Hybrid) 96 7,399 158 1,735
3-DEH 107 8,193 175 1,922
4.4 Reliability

Table 8 provides a summary of the relative reliability calculations for the propulsion
options. As the quantity of critical components or equipment increases, the reliability
of the arrangement generally decreases because all critical components or equipment
are required to be in an operable condition in order to prevent a system failure. The
DM system has the fewest critical components and is therefore the most reliable. Itis
likely that a DM system on the new LIF would have a reliability similar to that of the
WHATCOM CHIEF, i.e. few to zero failures preventing sailings annually.

Not considered in these calculations is the effect of added redundancy. For example,
the DEH system could have significantly higher reliability if an additional generator
was installed.

The reliability matrix uses weighting factors to account for the ease of repair in the
event of a failure (failure in this case means preventing or delaying sailings). This is
relevant to an operator as it shows that although a failure event for one system may
be more likely, if it is easy or quick to repair the consequence is not as bad as for a
system with a rare failure of a difficult or long lead item component.
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The reliability scores presented in Table 8 are intended only to demonstrate the
relative difference between the propulsion system options. As discussed, the DM
reliability score of 15 is comparable to the reliability of the M/V WHATCOM CHIEF.
For a complete breakdown of the reliability scoring, see Appendix C.

Table 8: Reliably Summary

Option Reliability Score % Difference Score
1-DM 15.0 - 1.00
2 7 DMH (Hybrid) 23.5 57% 1.57
2 7 DMH (Non-Hybrid) 15.0 0% 1.00
3-DEH 20.5 37% 1.37

4.4.1 Hybrid Reliability

Although diesel mechanical systems may carry a higher risk of individual components
or equipment failing (for example engines), they are well understood and typically
have the benefit of having many thousands of hours of run time in other installations.
While the state of the art in hybrid marine vessels is advancing rapidly, current
installations are effectively prototypes and carry an element of risk due to their
complexity and requirement for multiple systems from different vendors to work in
harmony. One common theme of EBDG field engineers' recent experiences — across
multiple clients and vessels utilizing either traditional diesel electric or a hybrid type of
propulsion system — is that the software driving these hybrid control and power
management systems have not been fully tested and "de-bugged" prior to being
installed. The results of this shortcoming are occasionally missed or delayed sailings
and overall low vessel reliability. This is particularly true in the first 1 to 2 years of
service, while problems with software and other electrical componentry are worked
out. The reliability presented in this report is intended to demonstrate the long-term
reliability of the system after the initial debugging period is complete.

As introduced above, an important aspect of system reliability is the simplicity of repair
and/or time required to repair. An owner of a diesel mechanical system, through
benefit of widespread long-term adoption, has multiple local options to call upon for
emergency repair and parts supply. A hybrid vessel has components that may be
sole source from overseas vendors that require specialist repair services and long
lead times. This may be mitigated somewhat by the owner retaining backup system
modules that could be replaced by their own maintenance crew with remote
consultation from the propulsion system supplier.

4.42 DMH Reliability

As discussed, this study does not evaluate the impacts of adding additional equipment
for greater redundancy and, therefore, improved reliability. However, the DMH option
has inherent redundancy with the baseline equipment which needs to be considered
and is presented in the scoring in Table 8. Should a failure occur in the batteries or
electric drive components, the DMH system could still operate as a conventional DM
system without impact to the sailing schedule, hence, no failure. While the fuel
savings of the hybrid system would no longer be achieved, the vessel could still
operate without any immediate repairs being required. This effectively gives the DMH
option a reliability score equal to the DM option of 1.0.

15



5 CONCLUSIONS

The combined weighted scores are presented in Table 9. As discussed, a lower score
represents a better evaluation result. Generally speaking, the hybrid options have
higher capital costs and lower reliability but offer savings in maintenance cost and
lower fuel consumption and greenhouse gas emissions.

Table 9: Scoring Matrix Results

Propulsion System Option| Reliability Maintenance Capital Fuel Weighted

Cost Cost | Consumption Score
& Emissions

1-DM 1.00 1.00 1.00 1.00 1.00

2 2 DMH (Hybrid) 1.57 0.88 2.12 0.91 1.39

2 2 DMH (Non-Hybrid) 1.00 0.88 2.12 1.00 1.21

3-DEH 1.37 0.83 1.96 0.98 1.28

Weighting Factor 33% 27% 22% 18%

Due to the reduced capital cost and a reliability similar to the M/V WHATCOM CHIEF,
the DM system has the best score at 1.0. The DMH option places second in the non-
hybrid mode (See Section 4.4.2) but third when considering the full hybrid system.
The DEH system places second or third depending on how the DMH is ranked.
Additionally, it is important to consider the overall vessel life cycle costs with each
propulsion system option. The LCCA completed as part of the previous study [1] was
updated to incorporate the propulsion system maintenance, capital costs, and fuel
consumption contained herein (though the results of the LCCA should still be viewed
as parametric). As demonstrated in Figure 4, the 40-year life cycle costs of each
option are all comparable, with only a 1% difference between the lowest and highest
life cycle cost. A full breakdown of the LCCA is included in Appendix D.

In addition to the life cycle costs, Figure 4 shows the reliability score. As discussed in
Section 4.4.2, the DMH has the same reliability as the DM when operating as a
conventional diesel but has the lowest reliability score when operating as a hybrid.
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Figure 4: Life cycle cost analysis comparison

While the results presented in Table 9 and Figure 4 offer an evaluation of the
guantifiable factors in propulsion selection, there are many other qualitative factors
that must be considered. For example, of all the propulsion system options
considered, the hybrid options are better suited to one day incorporate shore power
charging to reduce or even eliminate diesel fuel consumption. Installation of properly
sized shore power charging infrastructure would allow either hybrid system to utilize a
cleaner energy source and burn less fuel. While the DM option could also be
converted, the complexity and cost of doing so would be substantially greater than
with either hybrid option. This improved flexibility for a "greener" vessel in the future
may outweigh the higher initial capital cost and lower reliability of the current hybrid
options.

Lastly, this report has focused on battery storage as the avenue for improving fuel
economy and reducing emissions because it is the only technology that EBDG
believes is currently feasible for immediate application on vessels such as the new
LIF. However, there are emerging technologies which may eventually become viable
alternatives to increased battery capacity and shore power charging. For example,
liquified or compressed hydrogen gas with fuel cells for generating electricity may
become a good option for generating propulsion power onboard the vessel. And while
conversion to hydrogen fuel cell power would likely be a more expensive and longer
vessel conversion, starting with a hybrid propulsion system would reduce the extent of
such a conversion just as it does for shore power charging. Considering the speed of
technological advances and the vessel's 40-year service life, conversion to what is
currently an emerging alternative fuel source could become a viable option.
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Industrial and Commercial Power Systems," New York, NY, 2/7/2007.
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Appendix A

Capital Cost Data

Diesel Mechanical
SWBS Item Qty Price / Ea Total
230 Engines
Propulsion Engines 5 $121.250 $242.500
241 Reduction GearsTwin
Disc MGX522DC 2 $53,000  $106,000
243 Shafting
Mathers Shaft Brakes 2 $21,000 $42,000
Line Shafting 4 $8,000 $32,000
Line Shaft Bearings 4 $4,375 $17,500
Shaft Brakes 2 $21,050 $42,100
Torsional Couplings (Engine/Gear) 2 $32,250 $64,500
Line Shaft Hydraulic Couplings 4 $14,500 $58,000
Bulkhead Seals 4 $8,125 $32,500
Misc. other couplings, bolts, nuts, etc. 1 $25,000 $25,000
300 Electrical
Ship Service Generator 2 $37,250 $74,500
Ship Service Switchboard 1 $65,000 $65,000
400 Controls
IMACS
1 $11,000 $11,000
$812,600
Diesel Mechanical Hybrid
SWBS Item Qty Price / Ea Total
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230 Engines
Propulsion Engines

2 $121,250 $242,500
241 Reduction Gears
Reintjes WAF 665, K51 PTO/PTI 5 $107,500  $215,000
243 Shafting
Mathers Shaft Brakes 2 $21,000 $42,000
Line Shafting 4 $8,000 $32,000
Line Shaft Bearings 4 $4,375 $17,500
Shaft Brakes 2 $21,050 $42,100
Torsional Couplings (Engine/Gear) 2 $32,250 $64,500
Line Shaft Hydraulic Couplings 4 $14,500 $58,000
Bulkhead Seals 4 $8,125 $32,500
Misc. other couplings, bolts, nuts, etc. 1 $25,000 $25,000
300 Electrical
Ship Service Generator 2 $37,250 $74,500
Ship Service Switchboard 1 $65,000 $65,000
350 kWe Motor-Generators 2 $87,500 $175,000
350 kWe AC motor drives 2 $52,500 $105,000
237 KWH Battery Bank 1 $158,000 $158,000
Propulsion Control System 1 $47,000 $47,000
Battery Control Cabinet 1 $179,000 $179,000
400 Controls
IMACS

1 $33,600 $33,600
800/900 Crew Training / Trials (Extended)
Crew training, trials and commissioning (day15

$7,800  $117,000

$1,725,200

Diesel ElectricHybrid

SWBS Item Qty Price / Ea Total

230 Engines
Propulsion Generators (Cummins/Stamford) 2

$172,500 $345,000
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241

Reduction GearsTwin
Disc MGX5222DC

2 $48,000 $96,000
243 Shafting
Line Shafts 2 $19,500 $39,000
Mathers Shaft Brakes 2 $16,500 $33,000
BulkHead Seals 2 $8,125 $16,250
Torsional/Flex Couplings (Gear / Motor) 2 $17,500 $35,000
300 Electrical
Propulsion and Distribution Switchboard 1 $154,000 $154,000
Battery Control Cabinet 1 $179,000 $179,000
237 kW-hr Battery Bank 1 $158,000 $158,000
Propulsion Control System 1 $47,000 $47,000
460 kWe (600 HP) AC motor drives 2 $78,000 $156,000
460 kWe (600 HP) Electric Motors 2 $47,000 $94,000
Electrical Cabeling / Misc. Components 1 $80,000 $80,000
400 Controls
IMACS 1 $42,000 $42,000
800/900 Crew Training / Trials (Extended)
Crew training, trials and commissioning (dayl15
$7,800 $117,000
$1,591,250
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Appendix B

Maintenance Cost Data

Diesel Mechanical

Engine Maintenance

Reduction Gear Maintenance

Generator Maintenance

Year Labor | Material | Total Cost] Labor Material | Total Cost] Labor | Material | Total Cost
Hours Cost Hours Cost Hours Cost
2024 89 $5,100| $12,220 20 $2,500 $4,100 88 $835( $7,875
2025 93 $5,500| $12,940 20 $2,500 $4,100 88 $835| $7,875
2026 93 $5,500| $12,940 20 $2,500 $4,100 88 $835| $7,875
2027 97 $5,520| $13,280 20 $2,500 $4,100 124| $2,535( $12,455
2028 93 $5,500| $12,940 2| $110,000| $110,160 88 $835 | $7,875
2029 493($168,700 | $208,140 20 $2,500 $4,100 88 $835| $7,875
2030 89 $5,100| $12,220 20 $2,500 $4,100 88 $835| $7,875
2031 102 $6,020| $14,180 20 $2,500 $4,100 372| $49,502 | $79,262
2032 93 $5,500| $12,940 20 $2,500 $4,100 88 $835 | $7,875
2033 93 $5,500| $12,940 2| $110,000| $110,160 88 $835| $7,875
2034 89 $5,100| $12,220 20 $2,500 $4,100 96 $835| $8,515
2035 701|$232,720 | $288,800 20 $2,500 $4,100 116| $2,535( $11,815
2036 93 $5,500| $12,940 20 $2,500 $4,100 88 $835 | $7,875
2037 89 $5,100| $12,220 20 $2,500 $4,100 88 $835| $7,875
2038 93 $5,500| $12,940 2| $110,000| $110,160 96 $835| $8,515
2039 102 $6,020| $14,180 20 $2,500 $4,100 364| $49,502 | $78,622
2040 93 $5,500| $12,940 20 $2,500 $4,100 88 $835 | $7,875
2041 489($168,300 | $207,420 20 $2,500 $4,100 96 $835| $8,515
2042 93 $5,500| $12,940 20 $2,500 $4,100 92 $835| $8,195
2043 101 $5,920| $14,000 2| $110,000| $110,160 112| $2,535( $11,495
2044 89 $5,100| $12,220 20 $2,500 $4,100 88 $835 | $7,875
2045 93 $5,500| $12,940 20 $2,500 $4,100 96 $835| $8,515
2046 102 $6,020| $14,180 20 $2,500 $4,100 100/ $1,002( $9,002
2047 693|$232,300 | $287,740 20 $2,500 $4,100 352| $49,335| $77,495
2048 89 $5,100| $12,220 2| $110,000| $110,160 88 $835 | $7,875
2049 93 $5,500| $12,940 20 $2,500 $4,100 88 $835| $7,875
2050 101 $5,920| $14,000 20 $2,500 $4,100 92 $835| $8,195
2051 89 $5,100| $12,220 20 $2,500 $4,100 112| $2,535( $11,495
2052 93 $5,500| $12,940 20 $2,500 $4,100 96 $835| $8,515
2053 493($168,700 | $208,140 2| $110,000| $110,160 88 $835| $7,875
2054 102 $6,020| $14,180 20 $2,500 $4,100 100/ $1,002( $9,002
2055 89 $5,100| $12,220 20 $2,500 $4,100 360| $49,335| $78,135
2056 93 $5,500| $12,940 20 $2,500 $4,100 88 $835| $7,875
2057 93 $5,500| $12,940 20 $2,500 $4,100 88 $835| $7,875
2058 97 $5,520| $13,280 2| $110,000| $110,160 92 $835( $8,195
2059 693|$232,300 | $287,740 20 $2,500 $4,100 120| $2,535( $12,135
2060 93 $5,500| $12,940 20 $2,500 $4,100 88 $835( $7,875
2061 89 $5,100| $12,220 20 $2,500 $4,100 100/ $1,002( $9,002
2062 102 $6,020| $14,180 20 $2,500 $4,100 360| $49,335| $78,135
2063 93 $5,500| $12,940 2| $110,000| $110,160 88 $835 | $7,875
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Diesel Mechanical Hybrid

Engine Maintenance Reduction Gear Maintenance SSG & MGen Maintenance |Battery Monitoring &

v Replacement
ear Labor | Material | Total Cos| Labor Material | Total Cost| Labor [ Material | Total Labor Material | Total Cos

Hours Cost Hours Cost Hours Cost | Cost Hours Cost
2024 28| $2,260 $4,500 20 $2,500] $4,100 88 $835| $7,875 2 $5,100 $5,260
2025 40 $2,680 $5,88( 20 $2,500 $4,1008 88 $835( $7,875 2 $5,1000 $5,260
2026 28| $2,260 $4,500 20 $2,500] $4,100 88 $835| $7,875 2 $5,100 $5,260
2027 40 $2,680 $5,88( 20 $2,500] $4,1008 124 $2,535 $12,455 2 $5,1000 $5,260
2028 40 $2,680 $5,880 2| $110,000( $110,160 88 $835| $7,875 2 $5,100 $5,260
2029 28| $2,260 $4,500 20 $2,500 $4,100 152 $5,635 $17,795 2 $5,1000 $5,260
2030 40 $2,680 $5,880 20 $2,500] $4,100 88 $835| $7,875 2 $5,100 $5,260
2031 36| $2,680 $5,56( 20 $2,500 $4,1008 372| $49,502 | $79,262 2 $5,1000 $5,260
2032 32| $2,260 $4,820 20 $2,500] $4,100 88 $835| $7,875 2 $5,100 $5,260
2033 40 $2,680 $5,88( 2| $110,000| $110,160 88 $835( $7,875 2 $5,1000 $5,260
2034 28| $2,260 $4,500 20 $2,500 $4,100 96 $835| $8,515 16| $160,000 |$161,280
2035 40 $2,680 $5,880 20 $2,500] $4,100 180 $7,335| $21,735 2 $5,100 $5,260
2036 36| $2,680 $5,56( 20| $2,500] $4,1008 88 $835| $7,875 2 $5,100 $5,260
2037 32| $2,260 $4,820 20 $2,500] $4,100 88 $835| $7,875 2 $5,1000 $5,260
2038 440($229,480 | $264,680 2| $110,000( $110,160 96 $835| $8,515 2 $5,100 $5,260
2039 36| $2,680 $5,560 20| $2,500 $4,100 364 $49,502 $78,622% 2 $5,1000 $5,260
2040 32| $2,260 $4,820 20 $2,500] $4,1008 88 $835| $7,875 2 $5,100 $5,260
2041 36| $2,680 $5,560 20| $2,500] $4,100 160 $5,635) $18,435 2 $5,1000 $5,260
2042 32| $2,260 $4,820 20 $2,500] $4,1008 92 $835| $8,195 2 $5,100 $5,260
2043 40 $2,680 $5,880 2| $110,000( $110,160 112 $2,535| $11,495 2 $5,100 $5,260
2044 36| $2,680 $5,560 20| $2,500 $4,100 88 $835| $7,875 16| $160,000 |$161,280
2045 32| $2,260 $4,820 20| $2,500] $4,100 96 $835| $8,515 2 $5,100 $5,260
2046 36| $2,680 $5,560 20 $2,500] $4,100 100[ $1,002] $9,002 2 $5,100 $5,260
2047 40 $2,680 $5,880 20| $2,500] $4,100 416| $54,135| $87,415 2 $5,1000 $5,260
2048 32| $2,260 $4,820 2| $110,000( $110,160 88 $835| $7,875 2 $5,1000 $5,260
2049 36| $2,680 $5,560 20 $2,500 $4,100 88 $835| $7,875 2 $5,1000 $5,260
2050 40 $2,680 $5,880 20| $2,500] $4,100 92 $835| $8,195 2 $5,1000 $5,260
2051 28| $2,260 $4,500 20 $2,500] $4,100 112| $2,535( $11,495 2 $5,1000 $5,260
2052 40 $2,680 $5,880 20| $2,500] $4,100 96 $835 $8,515) 2 $5,1000 $5,260
2053 34| $2,264 $4,984 2| $110,000( $110,160 152| $5,635| $17,795 2 $5,100 $5,260
2054 640($229,488 | $280,688 20| $2,500 $4,100 100[ $1,002] $9,002 16| $160,000 |$161,280
2055 46| $2,692| $6,372 20 $2,500] $4,100 360| $49,335| $78,135 2| $5,100( $5,260
2056 36| $2,276 $5,154 20| $2,500] $4,100 88 $835| $7,875 2 $5,100 $5,260
2057 50( $2,700 $6,700 20 $2,500 $4,100 88 $835| $7,875 2 $5,1000 $5,260
2058 52| $2,704 $6,864 2| $110,000( $110,160 92 $835| $8,195 2 $5,100 $5,260
2059 42| $2,288 $5,649 20| $2,500 $4,100 184 $7,335| $22,055 2 $5,1000 $5,260
2060 56| $2,712 $7,192 20| $2,500] $4,100 88 $835| $7,875 2 $5,1000 $5,260
2061 46 $2,296 $5,974 20 $2,500] $4,1008 100| $1,002 $9,002 2 $5,100 $5,260
2062 60 $2,720 $7,520 20 $2,500 $4,100 360| $49,335| $78,135 2 $5,1000 $5,260
2063 62| $2,724 $7,684 2| $110,000( $110,160 88 $835| $7,875 2 $5,100 $5,260
Diesel Electric Hybrid

Generator Maintenance Reduction Gear Battery Monitoring & Replacemen
Year Labor | Material |Total Cost] Labor Material | Total Cost] Labor Material | Total Cost

Hours Cost Hours Cost Hours Cost
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2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2053
2054
2055
2056
2057
2058
2059
2060
2061
2062
2063

108
120
116
124
116
120
108
136
120
276
120
120
120
108
120
136
116
120
120
360
108
120
136
116
120
116
124
108
120
276
136
120
116
120
112
120
116
136
360
116

$2,500
$3,100
$3,000
$3,120
$3,000
$3,100
$2,500
$3,540
$3,100
$166,200
$3,100
$3,020
$3,100
$2,500
$3,100
$3,540
$3,000
$3,100
$3,020
$229,900
$2,500
$3,100
$3,540
$3,000
$3,100
$3,000
$3,120
$2,500
$3,100
$166,200
$3,540
$3,100
$3,000
$3,100
$2,520
$3,100
$3,000
$3,540
$229,900
$3,000

$11,140
$12,700
$12,280
$13,040
$12,280
$12,700
$11,140
$14,420
$12,700
$188,280
$12,700
$12,620
$12,700
$11,140
$12,700
$14,420
$12,280
$12,700
$12,620
$258,700
$11,140
$12,700
$14,420
$12,280
$12,700
$12,280
$13,040
$11,140
$12,700
$188,280
$14,420
$12,700
$12,280
$12,700
$11,480
$12,700
$12,280
$14,420
$258,700
$12,280

20
20
20
20

20
20
20
20

20
20
20
20

20
20
20
20

20
20
20
20

20
20
20
20

20
20
20
20

20
20
20
20

$2,500
$2,500
$2,500
$2,500
$110,000
$2,500
$2,500
$2,500
$2,500
$110,000
$2,500
$2,500
$2,500
$2,500
$110,000
$2,500
$2,500
$2,500
$2,500
$110,000
$2,500
$2,500
$2,500
$2,500
$110,000
$2,500
$2,500
$2,500
$2,500
$110,000
$2,500
$2,500
$2,500
$2,500
$110,000
$2,500
$2,500
$2,500
$2,500
$110,000

$4,100
$4,100
$4,100
$4,100
$110,160
$4,100
$4,100
$4,100
$4,100
$110,160
$4,100
$4,100
$4,100
$4,100
$110,160
$4,100
$4,100
$4,100
$4,100
$110,160
$4,100
$4,100
$4,100
$4,100
$110,160
$4,100
$4,100
$4,100
$4,100
$110,160
$4,100
$4,100
$4,100
$4,100
$110,160
$4,100
$4,100
$4,100
$4,100
$110,160

OMNDNNNDNNDNNDNDDN

NNNNDDN PR
N DNDNDN

NDNDNDNE NNNDNBE
NN I\),\),\)G)I\)I\) NN O

$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$160,000
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$160,000
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$160,000
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100
$5,100

$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$161,280
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$161,280
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$161,280
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
$5,260
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Appendix C

Reliability Data

Component Component |Probability |Complexity |Score
Quantity of Failure  |of Repair

Option 1 (DM) Jverall Score:[15.00
Propulsion Engine 2.00 3.00 1.00 6.00
Reduction Gear 2.00 0.50 2.00 2.00
ShaftBrake 2.00 0.50 1.00 1.00
Ship Service Generator 1.00 3.00 1.00 3.00
Ship Service Switchboard 1.00 0.50 1.00 0.50
Propulsion Controls 1.00 0.50 1.00 0.50
Torsional Coupling (Engine/Gear) |2.00 0.50 2.00 2.00
Line Shaft Hydraulic Couplings 4.00 0.00 3.00 0.00
Bulk Head Seals 4.00 0.00 3.00 0.00
Option 2 (DMH) Jverall Score:[23.50
Propulsion Engine 2.00 3.00 1.00 6.00
Reintjes Combo Reduction Gear (2.00 0.50 2.00 2.00
Ship Service Switchboard 1.00 0.50 1.00 0.50
Batteries 1.00 0.00 1.00 0.00
DMH Motor-Generators 2.00 0.00 3.00 0.00
Electric Motor Drive 2.00 1.00 2.00 4.00
Power Management System 1.00 2.00 1.00 2.00
Propulsion Controls 1.00 1.00 2.00 2.00
Torsional Coupling (Engine / Gean2.00 0.50 2.00 2.00
Bulk Head Seals 4.00 0.00 3.00 0.00
Shaft Brake 2.00 0.50 1.00 1.00
Ship Service Generator 2.00 0.50 1.00 1.00
Line Shaft Hydraulic Couplings 4.00 0.00 3.00 0.00
Torsional Coupling (Gear / Motor) |2.00 0.50 3.00 3.00
Option 3 (DEH) Jverall Score:[20.50
Propulsion Generator 1.00 3.00 1.00 3.00
Reduction Gear 2.00 0.50 2.00 2.00
Propulsion/Distribution 1.00 0.50 2.00 1.00
Switchboard

Batteries 1.00 0.50 1.00 0.50
Electric Motor 2.00 0.50 3.00 3.00
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Electric Motor Drive 2.00 1.00 2.00 4.00
Power Managment System 1.00 2.00 1.00 2.00
Propulsion Controls 1.00 1.00 2.00 2.00
Bulk Head Seals 2.00 0.00 3.00 0.00
Shaft Brake 2.00 0.00 1.00 0.00
Torsional Coupling (Gear / Motor) |2.00 0.50 3.00 3.00
Appendix D
LCCA
Diesel Mechanical
% Real Rate 0.64%
= Annual Fuel Consumption 148341 gallyr
E Fuel Cost 2.03 $/gal
2 Vessel Maintenance (Annual) 2.25% of Capital Cost Vessel
fg Maintenance (10 years) 7% of Capital Cost
Vesse Propulsion
Vesse Maintenanceg Systent
Construction Diesel Fue| (w/o Propulsion) Maintenancs
NPV $9,218,791 $10,273,103 $8,802,712 $3,078,653
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2019 $0 $0 $0 $q
2020 $0 $0 $0 $(
2021 $0 $0 $0 $q
2022 $0 $0 $0 $(
2023 $9,516,000 $0 $0 $0 $301,132 $214,110
2024 $24,195
2025 $301,132 $214,110 $24,914
2026 $301,132 $214,110 $24,914
2027 $301,132 $214,110 $29,835 $301,19
2028 $214,110 $130,975
2029 $301,132 $214,110 $220,115 $301,13
2030 $214,110 $24,195
2031 $301,132 $214,110 $97,544
2032 $301,132 $214,110 $24,915 $301,13
2033 $666,120 $130,975 $301,132 $214,11
2034 $24,835 $301,132 $214,110 $304,71
2035 $301,132 $214,110 $24,915
2036 $301,132 $214,110 $24,195 $301,13
2037 $214,110 $131,615 $301,132 $214,11(
2038 $96,902
2039 $301,132 $214,110 $24,915 $301,13
2040 $214,110 $220,035 $301,132 $214,11
2041 $25,235 $301,132 $666,120 $135,65
2042 $301,132 $214,110 $24,195
2043 $301,132 $214,110 $25,554
2044 $301,132 $214,110 $27,282 $301,19
2045 $214,110 $369,335
2046 $301,132 $214,110 $130,255 $301,13
2047 $214,110 $24,915
2048 $301,132 $214,110 $26,294
2049 $301,132 $214,110 $27,814
2050 $301,132 $214,110 $25,555 $301,13
2051 $666,120 $326,175 $301,132 $214,11
2052 $27,282
2053 $301,132 $214,110 $94,454
2054 $301,132 $214,110 $24,914
2055 $301,132 $214,110 $24,915 $301,19
2056 $214,110 $131,635
2057 $301,132 $214,110 $303,975 $301,19
2058 $214,110 $24,915
2059 $301,132 $214,110 $25,324
2060 $301,132 $214,110 $96,415 $301,19
2061 $666,120 $130,975
2062
2063 |HFE CYCLE COST $ 31,373,24
Diesel Mechanical Hybrid

Real Rate 0.64%

Annual Fuel Consumption 135427 gallyr

Fuel Cost 2.03 $/gal

Vessel Maintenance (Annual) 2.25% of Capital Cost Vessel

Maintenance (10 years) 7% of Capital Cost
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ASSUMPTIONS

Vesse
Maintenancg
(w/o Propulsion)

Propulsion
Vesse Systen
Construction Diesel Fue) Maintenancg
NP\ $10,102,889 $9,378,764 $8,802,712 $2,705,593
2019 $0 $0 $0 $q
2020 $0 $0 $0 $d
2021 $0 $0 $0 $q
2022 $0 $0 $0 $0
2023 $10,428,600 $0 $0 $0 $274,917 $214,110
2024 $21,735
2025 $274,917 $214,110 $23,111
2026 $274,917 $214,110 $21,734
2027 $274,917 $214,110 $27,695 $274,91
2028 $214,110 $129,175 $274,917 $214,110
2029 $31,655
2030 $274,917 $214,110 $23,114
2031 $274,917 $214,110 $94,182
2032 $274,917 $214,110 $22,055 $274,9]
2033 $666,120 $129,175
2034 $274,917 $214,110 $178,395 $274,9]
2035 $214,110 $36,975
2036 $274,917 $214,110 $22,794
2037 $274,917 $214,110 $22,055 $274,91
2038 $214,110 $388,615 $274,917 $214,11(
2039 $93,542
2040 $274,917 $214,110 $22,054
2041 $274,917 $214,110 $33,354
2042 $274,917 $214,110 $22,375 $274,9]
2043 $666,120 $132,795
2044 $274,917 $214,110 $178,815 $274,9]
2045 $214,110 $22,695
2046 $274,917 $214,110 $23,922 $274,9]
2047 $214,110 $102,655
2048 $274,917 $214,1D $128,115 $274,91
2049 $214,110 $22,795
2050 $274,917 $214,110 $23,434
2051 $274,917 $214,110 $25,354
2052 $274,917 $214,110 $23,755 $274,9]
2053 $666,120 $138,199
2054 $274,917 $214,110 $455,070 $274,9]
2055 $214,110 $93,867
2056 $274,917 $214,110 $22,391
2057 $274,917 $214,110 $23,935 $274,917
2058 $214,110 $130,479 $274,917 $214,11
2059 $37,063
2060 $274,917 $214,110 $24,427
2061 $274,917 $214,110 $24,334
2062 $274,917 $214,110 $95,015 $274,9]
2063 $666,120 $130,979
LIFE CYCLE COST $ 30,989,9¢

Diesel Electric Hybrid
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z Real Rate |0.64%
E Annual Fuel Consumption 145084 gallyr
E Fuel Cost 2.03 $/gal
% Vessel Maintenance (Annual) 2.25% of Capital Cost Vessel
fg Maintenance (10 years) 7% of Capital Cost
Vesse Propulsion
Vesse Maintenance Systen
Construction Diesel Fue| (w/o Propulsion) MaintenancH
NPV $9,973,122 $10,047,545 $8,802,712 $2,557,666
2019 $0 $0 $0 $q
2020 $0 $0 $0 $(
2021 $0 $0 $0 $q
2022 $0 $0 $0 $(
2023 $10,294,650 $0 $0 $0 $294,521 $214,110
2024 $20,500
2025 $294,521 $214,110 $22,06(
2026 $294,521 $214,110 $21,64(
2027 $294,521 $214,110 $22,400 $294,52
2028 $214,110 $127,700 $294,521 $214,110
2029 $22,060
2030 $294,521 $214,110 $20,50(
2031 $294,521 $214,110 $23,78(
2032 $294,521 $214,110 $22,060 $294,52
2033 $666,120 $303,700
2034 $294,521 $214,110 $178,080 $294,53
2035 $214,110 $21,980
2036 $294,521 $214,110 $22,06(
2037 $294,521 $214,110 $20,500 $294,52
2038 $214,110 $128,120 $294,521 $214,11(
2039 $23,780
2040 $294,521 $214,110 $21,64(
2041 $294,521 $214,110 $22,06(
2042 $294,521 $214,110 $21,980 $294,52
2043 $666,120 $374,120
2044 $294,521 $214,110 $176,520 $294,52
2045 $214,110 $22,060
2046 $294,521 $214,110 $23,78(
2047 $294,521 $214,110 $21,640 $294,52
2048 $214,110 $128,120 $294,521 $214,11
2049 $21,640
2050 $294,521 $214,110 $22,40(
2051 $294,521 $214,110 $20,50(
2052 $294,521 $214,110 $22,060 $294,52
2053 $666,120 $303,700
2054 $294,521 $214,110 $179,800 $294,53
2055 $214,110 $22,060
2056 $294,521 $214,110 $21,64(
2057 $294,521 $214,110 $22,060 $294,521
2058 $214,110 $126,900 $294,521 $214,11
2059 $22,060
2060 $294,521 $214,110 $21,64(
2061 $294,521  $214,110 $23,780 $294,53
2062 $214,110 $268,060
2063 $294,521 $666,120 $127,70(
LIFE CYCLE COST $ 31,381,04
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Lummi IslandFerry Advisory Committedleeting September 11, 2019
Choice of Propulsion Systems
Charles R. Bailey

DieselElectric vs. DieselMechanical vs. DieselConventional

In July 2018 the County Council approved the LIFAC recommended Level of Service RigimnThe
Council 6s Resolution reads: ATo approach the goal
electric conversion and reliability, TfHatas tlleenwrvi gn o
f er r y 6 sn spstemwshould sighificantly reduce carbon emissions (and noise) and permit the quickest
conversion to full electric propulsion within the early portion of its expected service life (5, 10, 15 years?).

A new technology does presentrisk due totheiseity i n peri od and the owner 6s
with it. However, the times they are a changinbo.

e Washington State Ferries are converting to diesel electric beginning in 2020 as the first step in
the transition to an-all electric fleet beginning in 2021.
https://www.nrdc.org/stories/future-seattles-ferries-electric

e General Electric and BNSF will demonstrate a lithium-ion battery-powered locomotive paired
with diesel locomotives to power a freight train between Stockton and Barstow, California, in
2022.

https://www.ge.com/reports/leading-charge-battery-electric-locomotives-pushing-us-freight-trains/

¢ The European Union (E.U.] is funding a variety
per cent -Fedrercyt.rd -ioA bateirytpdwers thelerry, allowing it to sail up to 21.4
nautical miledefore recharging. The goal is to have fPeeries in operation across Europe by 2020
and 100 by 2030.
https://www.maritime-executive.com/magazine/greening-the-world-s-blue-highways

Dieselelectric propulsioris becoming amstablished, wellested technology elsewhefeappears that diesel
conventional is becoming histofj¢hy would we want to lock in diesebnventional (or even diesel
mechanicaljechnologésfor the next 4660 years? Such technologimsuldbecome prohibitively expensive
operateor even obsolete quicker than we think.

Diesel electric, and its ultimate conversion to electric propulsion, will reduce carbon emissions. This is a selling
point for norrislander citizens, who will participate in paying for the ferry, to get some value from the type of
vessel the County acquires. Carbwrutral propulsion is clearly a benefit to Whatcom County citizens and a
defensible decision for the Countpdhcil.

Lummi Islanders know when they came to live onigitend that getting on and off will sometimesabe
problem.At the same time we need to acknowledge and address the reliability question. Here are some ideas.

1) LIFAC asks the different manufacturers of diesel-electrics for contact information for their
customers and then queries those customers on any operational issues and their overall
satisfaction with the equipment.

2) Contract with foot passenger ferry operator for quick-time substitution.(Already in place?)
3) Maintain the Whatcom Chief as back up for the first three years of the new ferry’s service.

4) Keep a charged auxiliary battery on a small truck ready to be driven onto the ferry and plugged in
if there is a power outage.

5) Others?
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