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Preface 
As an engineer, I prefer to see decisions regarding essential public infrastructure made quantitatively, 
based on undisputed facts and the findings of experts.  I prepared this set of 22 questions for Skagit 
County Public Works because I see some worrisome gaps between the trajectory of the Guemes 
ferry replacement project and the facts gathered by Skagit County to support that project.  My goal 
is to understand Skagit County’s rationale for taking these unexpected and seemingly risky turns. 

This packet is based as directly as possible on engineering studies published by Skagit County, which 
necessitates some reliance on results for the outdated 32-car ferry design.  I have written a more 
detailed research paper that accounts for the design changes that the county has announced since 
2017, including the selection of a 28-car ferry with a smaller charging system.1  The findings for both 
ferry sizes are similar enough that I am comfortable presenting the simplified information in this 
packet as a sufficiently accurate representation of today’s state of affairs, with caveats as noted. 

Introduction 
When the Skagit County commissioners signed Resolution R20150428 in late 2015, they believed an 
electric ferry could be “safe, reliable, and affordable,” with “fiscal and environmental benefits.”2  
Two years later, their engineering consultant (Glosten) released a thorough Concept Design Report 
(CDR)3 that determined an electric ferry was less reliable (CDR Table 28) and less affordable (CDR 
Figure 3) than a “baseline” geared diesel ferry.4  Glosten also found it “difficult to meet” Skagit 
County’s operational requirements with an electric ferry (CDR Section 3.6).  These difficulties drive 
up the cost of the electric ferry to the point where it becomes a poor investment relative to other 
technologies that reduce greenhouse gas emissions.  Skagit County appears to have continued 
pursuing an electric ferry without acknowledging or attempting to resolve these incongruities 
between the engineers’ objective findings and the commissioners’ prior beliefs. 
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The results of Glosten’s study are best summarized in Exhibit 1, which was created by county 
volunteer Jon Hodgdon.5  This graph succinctly represents the information that was presented to the 
commissioners shortly before they selected the all-electric and plug-in hybrid propulsion systems. 

Exhibit 1.  Hodgdon lifecycle cost-benefit plot with Glosten 32-car results 

 
The horizontal axis in Exhibit 1 represents Glosten’s total net present lifecycle cost estimate for the 
propulsion system for the 32-car ferry in 2017 dollars—i.e., the total cost of acquiring and operating 
the propulsion system over the vessel’s nominal 40-year economic life (see Glosten CDR page A-2).  
These cost estimates do not include any grants, because no grants had been awarded at that time.  If 
we include the grants in hand today, the same points remain in the “best” and “worst” circles. 

The vertical axis in Exhibit 1 represents the total propulsion system score, which is a five-part score 
developed jointly by Skagit County and Glosten (see Glosten CDR Table 28).  Skagit County chose 
the weightings of the scoring categories, and Glosten calculated the scores for each propulsion 
system in each category.  The scoring categories are: reliability (45% of the total score), complexity 
(20%), exhaust emissions (15%), noise (10%), and weight (10%). 

We could think of Exhibit 1 as a graphical cost-benefit analysis, with the “best” and “worst” corners 
labeled by Mr. Hodgdon.  I would have expected a public agency, which is typically inclined to select 
the “lowest responsive and responsible bidder,”6 to choose an option in the “best corner,” where 
low cost meets high score.  Instead, Skagit County chose the two options closest to the “worst 
corner,” eventually settling on “the all-electric concept with a back-up generator on board for 
emergencies.”7  To keep this packet simple, I will use the all-electric ferry as the point of 
comparison.  My research paper addresses the nuances of Skagit County’s inclusion of a backup 
generator onboard the all-electric ferry. 

Question 1:  Why did Skagit County choose the two propulsion systems nearest the “worst 
corner,” as defined by Skagit County’s own evaluation criteria and calculated by Skagit County’s own 
subject matter expert? 

In the next three sections, I ask 21 questions about three major issues that are subsumed within 
Exhibit 1.  First, I ask about reliability, which is the largest contributor to the Skagit-Glosten score 
on the vertical axis.  Second, I ask about lifecycle cost, which is represented on the horizontal axis.  
Third, I ask about environmental impact, which makes up one-fourth of the Skagit-Glosten score 
and a much higher fraction of community and media attention to our ferry replacement process. 
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Reliability 
Exhibit 2 shows the share of the total propulsion system score that the commissioners assigned to 
“reliability and availability” (left) and the share of Public Works poll respondents who said that 
“reliability” was the “most important” consideration in replacing the Guemes ferry (right).8  The 
commissioners and the public agreed that reliability was the most important consideration in 
replacing the Guemes ferry. 

Exhibit 2.  Reliability priority reported by Skagit County and Glosten 

    
Exhibit 3 shows the “reliability and availability” scores calculated by Glosten for the propulsion 
system options considered by Skagit County.  A higher score indicates higher reliability and 
availability.  Skagit County ultimately chose the all-electric propulsion system, which has the lowest 
reliability and availability score of all options considered. 

Exhibit 3.  Reliability and availability scores calculated by Glosten 

  
Skagit County claims that “replacing the existing 39-year-old diesel ferry with a new electric ferry… 
will improve reliability.”9  That claim cannot be substantiated without knowing Glosten’s “reliability 
and availability” scores for the existing geared diesel ferry before and after its recommended 
overhaul.10  If the commissioners remain committed to replacing the existing ferry in the near 
future,11 then the debate over reliability would be between the five options in Exhibit 3, not between 
the least reliable option in Exhibit 3 and continuing to operate Guemes without overhauling it. 
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Question 2:  If everybody agrees that reliability is the most important consideration when designing 
a new Guemes ferry, then why did Skagit County choose the least reliable propulsion system? 

Question 3:  What system characteristics cause the electric ferry’s reliability score to be lower than 
that of the baseline geared diesel ferry?  Given these known risks, what measures will Skagit County 
take to minimize the probability of failures? 

An article in the January 2019 ferry newsletter highlighted several early adopters of electric and 
hybrid vessels around the world.12  Exhibit 4 contrasts key characteristics of some passenger routes 
mentioned in that article with the proposed Guemes route.13 

Exhibit 4.  Characteristics of proposed and active electric and hybrid passenger routes 

Route Guemes Bainbridge San Fran. Bay Lavik-Oppedal 

Status Proposed Planned In service In service 

Owner and operator Skagit County WA St. Ferries Red & White Norled / DSD 

2018A fare revenue ($mn) 1 195 Est. 10–22 286 

Boats in fleet 1 22 4 80 

Total boats on route, of which: 1 3 4 3 

    → Hybrid or all electric 1  1/2B   1C 1 

    → Diesel or diesel electric 0  2/1B 3 2 

Miles by road No road 92 0 (tour) 42/195/583D 

Medical centers near all terminals No Yes Yes Yes 
A Annual or fiscal year, as reported.  Total fare revenue from all routes is provided above. 
B The hybrid conversions will be done one at a time.  Until ca. 2025, they will run exclusively on diesel fuel. 
C This plug-in hybrid boat seems to run mostly on biodiesel. 
D Two other ferry routes and one road route are available. 

With the exception of Skagit County, all of the organizations in Exhibit 4 have sizable revenues and 
fleets to help them endure the financial and operational challenges that often accompany the 
adoption of cutting-edge technology.  With the exception of Skagit County, all of the organizations 
in Exhibit 4 have assigned at least three boats to the electric vessel’s route, including at least one 
diesel boat, to provide high redundancy.  With the exception of Guemes, all of the destinations in 
Exhibit 4 are accessible by road, lessening the consequence of service disruptions.  And with the 
exception of Guemes, all of the terminals in Exhibit 4 are a quick drive from medical centers or 
hospitals, lessening the consequences of failures and outages. 

The Guemes ferry is our primary means of transporting patients and equipment in emergencies.  
Glosten observed that islanders have come to rely on the capabilities of the existing diesel ferry: 

The existing Guemes Island ferry has set a standard of emergency response 
for the community.14 

Glosten also observed that electrification hampers the ferry’s ability to respond to emergencies: 

The existing vessel is capable of providing a variety of response scenarios, 
and it is assumed that the replacement vessel must also be able to do so.  

The all-electric and plug-in hybrid propulsion systems make this 
requirement difficult to meet.15 

I have addressed these problems in greater detail in my research paper.  In the interest of brevity, I 
simply point out that in order to electrify the Guemes ferry route, Skagit County has had to strike a 
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compromise that is both more expensive and less capable than a baseline geared diesel ferry.16  This 
compromise reflects the limitations of today’s battery-electric vessel technology. 

Question 4:  What specific risks do lower reliability and availability pose to Guemes ferry 
operations?  What measures will Skagit County take to minimize the consequences of failures on 
regular and (most importantly) emergency services? 

Lifecycle Cost 
Lifecycle cost is the total net cost to acquire, to operate, and to discard an asset, over some fixed 
period of time, expressed as one single cost in today’s dollars.  Because all relevant financial 
differences can be accounted for in a lifecycle cost estimate, lifecycle cost is frequently used to select 
the most economically efficient course of action from a diverse set of options. 

Lifecycle cost appears to be very important to county officials, because their primary argument for 
building a new ferry is to “minimize the overall cost of ownership” (i.e. lifecycle cost).17  The 
importance of cost is reinforced in the cost-benefit plots made by Glosten (Figures 4 and 5 in the 
CDR) and Jon Hodgdon (Exhibit 1), in which cost gets its own axis. 

Capital Replacement Budget 
When Elliott Bay Design Group (EBDG) concluded in 2013 that replacing the existing ferry 
immediately was the option with the lowest lifecycle cost, its calculations were based on an estimated 
replacement cost of $8.4mn.18  The $25.7mn replacement cost of the 32-car all-electric ferry was 
three times the cost used by EBDG for its analysis.19  Skagit County is now pursuing a 28-car all-
electric ferry with a replacement cost of $18.9mn, which is more than twice the cost used by EBDG 
for its analysis.20  The doubling of the replacement cost could easily tip the outcome of a lifecycle 
cost analysis in favor of refurbishment as the first step in a comprehensive replacement program. 

Question 5:  Given the increase in the new ferry’s cost, what analysis has Skagit County done to 
confirm that immediate replacement still minimizes the Guemes ferry’s lifecycle cost, net of grants? 

Question 6:  What is Skagit County’s budget for capital expenditures on the Guemes ferry 
replacement project?  What will Skagit County do if cost forecasts begin to exceed the budget? 

Propulsion System Lifecycle Cost 
Exhibit 5 presents Glosten’s 40-year lifecycle cost estimates (capital + operating costs) for the 32-car 
ferry’s propulsion system options in 2017 dollars.21  (The full range of propulsion cost estimates is 
not available for the 28-car ferry.)  The total heights of the bars represent the total lifecycle costs of 
each propulsion system, and the heights of the bars above the thick red line ($0) represent the 
remaining cost to Skagit County after the inclusion of all propulsion-specific grants that the county 
has secured.  These grants include $1.5mn for ferry charging equipment and up to $1.2mn for design 
(which I applied at a rate of 5% of each propulsion system’s capital cost, up to $1.2mn).22 

Although the electric propulsion system’s operating cost is forecasted to be lower than that of the 
baseline geared diesel propulsion system (CDR Figure 5), its capital cost is so much higher that 
Skagit County still ends up losing millions of dollars, even after accounting for the propulsion-
specific grants in hand today.  Without grants, Skagit County loses $6.2mn over the life of the 32-car 
electric ferry relative to geared diesel, with millions more lost upfront (CDR Figures 3 and 4).  With 
grants, Skagit County still loses $4.3mn over the life of the 32-car electric ferry relative to geared 
diesel.  Per the BUILD Grant application, the gap between the proceeds of grants and the cost to 
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Skagit County appears to be funded by bonds that are ultimately paid, with interest, by Skagit 
County’s taxpayers and ferry-riders.23 

Exhibit 5.  New 32-car ferry propulsion lifecycle cost estimates reported by Glosten 

  

Question 7:  Given Skagit County’s concern with minimizing ferry costs, why is Skagit County 
continuing to pursue the propulsion system with the highest lifecycle cost, even after accounting for 
grants? 

Question 8:  Skagit County has made some efforts to cut cost by reducing ferry size and charging 
power.24  How does the lifecycle cost of this updated 28-car all-electric propulsion system compare 
with the lifecycle cost of an updated 28-car baseline geared diesel propulsion system?  What 
assumptions are built into this cost comparison? 

Question 9:  Since the County Road Administration Board’s (CRAB’s) funding is propulsion-
agnostic, would anything prevent Skagit County from asking the CRAB to consider allowing a 
change in propulsion system relative to the submitted design, as a means of reducing cost and risk?25 

Question 10:  What additional grants is Skagit County pursuing?  Which are propulsion-specific, 
and which are propulsion-agnostic?  If no additional propulsion-specific grants come through, then 
would Skagit County consider selecting a lower-cost propulsion system to reduce its financial 
burden? 

Propulsion System Cost Uncertainty 
Exhibit 6 shows the share of the total propulsion system score that the commissioners assigned to 
“design and build complexity” (left) and the share of Public Works poll respondents who said that 
“cost/ affordability” was the “most important” design consideration in replacing the Guemes ferry 
(right).8  The “design and build complexity” score measures the difficulty of designing and building 
the propulsion system, which affects the chances of encountering unexpected capital cost overruns.  
I suggest that these challenges and cost uncertainties may persist throughout the life of the vessel, 
because I believe it could be difficult to maintain and repair a system that Glosten describes as a 
“rare propulsion system worldwide.”26  Electric ship technology may become more commonplace in 
the decades to come, but it also may evolve in ways that are incompatible with electric propulsion 
equipment from the early 2020s.  Resolving these incompatibilities may be costly.  These unexpected 
costs seem likely to end up on Skagit County’s balance sheet, and ultimately to be resolved through 
higher taxes and fares.  This is my rationale for juxtaposing complexity and public affordability. 
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Exhibit 6.  Complexity and cost priorities reported by Skagit County and Glosten 

    
Exhibit 7 shows the “design and build complexity” scores calculated by Glosten for the propulsion 
options considered by Skagit County.  A higher score means lower design and build complexity.  
The all-electric and plug-in hybrid propulsion systems are tied for the lowest “design and build 
complexity” score.  These two systems are the most susceptible to unanticipated (and costly) 
complications, creating “significant additional risk.”26  The baseline geared diesel system received the 
highest score because it is a stable, proven, and widely supported technology that incurs “no 
additional risk.”26 

Exhibit 7.  Design and build complexity scores calculated by Glosten 

  

Question 11:  Design and build complexity is a significant contributor to cost uncertainty.  Given 
Skagit County’s concern with minimizing ferry costs, why did Skagit County choose the propulsion 
system with the greatest complexity and, by extension, the greatest cost uncertainty? 

Question 12:  What specific contributors to the electric ferry’s complexity has Skagit County 
identified?  What is Skagit County doing to minimize the risks posed by those complexities? 

Question 13:  In light of the greater financial risks associated with greater “design and build 
complexity,” how is Skagit County preparing for cost overruns and revenue gaps that could occur 
during the design, construction, and operation of the electric ferry? 
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Environmental Impact 
Exhibit 8 shows the share of the total propulsion system score that the commissioners assigned to 
environmental considerations such as “airborne noise” and “air emissions” (left) and the share of 
Public Works poll respondents who said that being “environmentally friendly” or exhibiting 
“quietness” were the “most important” design considerations in replacing the Guemes ferry (right).8  
The commissioners and the public seem to agree that environmental issues are important, but not as 
important as reliability (recall Exhibit 2). 

Exhibit 8.  Environmental priority reported by Skagit County and Glosten 

    

Air Emissions 
Exhibit 9 shows the “vessel air emissions” scores calculated by Glosten for the propulsion options 
considered by Skagit County.  These scores represent “the local engine exhaust emissions, measured 
in particulates.”26  A higher score means lower local particulate emissions.  The electric ferry has the 
highest air emissions score, because it is expected to produce the fewest local exhaust particulates. 

Exhibit 9.  Vessel air emissions scores calculated by Glosten 

 
It appears that Skagit County is trying to solve two different problems related to air emissions.  The 
first problem, which is most closely related to Exhibit 9, is to minimize the crew’s exposure to 
engine exhaust gases.27  Exhibit 10 presents the Occupational Safety and Health Administration’s 
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(OSHA’s) allowable marine workplace concentration levels for key pollutants found in marine diesel 
exhaust.28  Although these pollutants are not the only undesirable chemicals present in diesel 
exhaust, they are the ones of greatest interest to the federal agency charged with protecting workers. 

Exhibit 10.  OSHA allowable marine workplace concentrations for diesel exhaust pollutants 

  Exhaust component   Allowable concentration 

  Carbon monoxide (CO) 50 ppm 

  Nitric oxide (NO) 25 ppm 

  Nitrogen dioxide (NO2) 5 ppm 
 

Question 14:  What diesel pollutant concentration levels (ppm) have been measured during 
cruising and loading/unloading on modern diesel-powered ferries similar to the design of the new 
Guemes ferry?  How do these measured levels compare with OSHA limits?  Could those measured 
levels be reduced through design efforts that prioritize the reduction of crew exposure to engine 
exhaust?  If so, then how?  If not, then what are the limiting factors? 

Question 15:  What exhaust pollutant concentration levels (ppm) have been measured on electric 
ferries during vehicle loading/unloading? 

The second air emissions problem, which Skagit County has publicized much more broadly, is the 
reduction of carbon dioxide (CO2) emissions.  This problem involves the emissions from distant 
powerplants as well as onboard engines, and it bids us to consider the broader impact of the supply 
chains that bring us our energy and our vehicles. 

Skagit County’s ferry replacement website, Skagit County Public Works’ 2018 annual report, and 
Skagit County’s BUILD Grant application all contain the statement that a 32-car electric Guemes 
ferry would reduce CO2 emissions by 619 metric tons per year, but they do not explain how this 
relative reduction was calculated.29  The BUILD Grant application also contains a table that states 
the CO2 reduction would be 453 metric tons per year (34%) relative to a diesel electric ferry.30 

The diesel electric propulsion system has the highest CO2 emissions of all systems considered in the 
CDR.  It is 24% more polluting than the geared diesel propulsion system that Glosten characterizes 
as the baseline choice for a new Guemes ferry.31  Based on the information in that table, a more 
neutral and applicable comparison between the 32-car all-electric and baseline geared diesel 
propulsion systems would result in a CO2 reduction of 192 metric tons per year, or 18%.32  
(According to Table 8 in the BUILD Grant application, the 32-car all-electric ferry emits 898 metric 
tons of CO2 per year.) 

Question 16:  By how much does Skagit County believe a 28-car electric Guemes ferry would 
reduce annual CO2 emissions (metric tons per year), and relative to what baseline technology?  
Please clarify the assumptions built into your estimate. 

I have assumed, optimistically, that a 32-car electric Guemes ferry could reduce CO2 emissions by 
619 metric tons per year relative to a geared diesel ferry.  In order to achieve that 619-ton reduction, 
Skagit County and its benefactors must spend an additional $6.2mn over the 40-year life of the 
electric ferry (recall Exhibit 5).  By simple division, the cost of CO2 reduction is therefore $250 per 
metric ton in 2017 dollars, or $255 per metric ton in 2020 dollars.33  Contrast this cost with the costs 
of other readily available CO2 reduction strategies presented in Exhibit 11.34  Exhibit 11 includes 
established green technologies such as wind and solar energy, general actions in policy and industry, 
and the social cost of harm done by CO2 emissions according to state and federal agencies. 

The contents of Exhibit 11 are explained more thoroughly, with calculations and citations, in my 
research paper.  In my research paper I also independently calculate the 28-car ferry’s carbon 
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footprint for the geared diesel and all-electric propulsion systems, accounting for the changes in 
electricity sources over the life of the new ferry.35  The cost comparison is similar to Exhibit 11. 

Exhibit 11.  Comparison of social and reduction costs per metric ton of CO2 

 
According to Exhibit 11, an electric Guemes ferry appears to be a very inefficient use of the limited 
funding available to support the reduction of greenhouse gas emissions.  For the same amount of 
money, taxpayers and ferry-riders could remove 13 times more CO2 from the atmosphere by 
supporting Puget Sound Energy’s (PSE’s) Green Power Program, which any consumer can do right 
now by clicking a button on PSE’s website.36 

In the year 2020, it is still extremely challenging to make a cost-competitive electric ferry that meets 
even the most basic functional requirements for serving Guemes Island.  These challenges are 
reflected in the lower reliability (Exhibit 3), lower capability,16 higher cost (Exhibit 5), and higher 
complexity (Exhibit 7) of the electric Guemes ferry.  Exhibit 11 presents only a few of the many 
strategies for reducing greenhouse gas emissions that are much more cost-effective, much more 
shovel-ready, much less risky, and much more scalable.  By siphoning publicity and grant money 
away from these less glamorous yet more effective solutions, we may do more harm than good. 

We could contend that the electric ferry prevents the release of 619 metric tons of CO2 per year, 
because the CO2 emissions of the electrical grid are less than the CO2 emissions of a diesel engine, 
per unit of energy extracted, in many parts of the U.S.37  Yet we could also contend that the electric 
ferry promotes the release of 7,500 metric tons of CO2 per year, because we chose not to spend the 
cost premium of an electric ferry on a readily available CO2 reduction project that was 13 times 
more effective.38  Our intention to spend an extra $6.2mn to reduce CO2 emissions is the same in 
both scenarios, yet our choice of how to spend that money yields a 13-fold difference in the desired 
outcome. 

Given the abundance of more effective strategies to reduce our carbon footprint—including energy 
conservation, which often has a negative lifecycle cost (i.e. it saves money)—it concerns me that the 
tiny Guemes ferry has become Skagit County’s focal point for reducing greenhouse gas emissions.  
In 2008, Skagit County passed an ambitious resolution that became known as the Climate Change 
and Sustainability Initiative.39  This initiative created a buzz on the county’s website for five years, 
and then it fell silent.  Whatcom County, the City of Anacortes, and other regional governments buy 
renewable energy through PSE’s Green Direct program, but Skagit County does not.40 

Question 17:  How does an electric Guemes ferry fit into Skagit County’s overall plan for reducing 
greenhouse gas emissions?  What is the future of the Climate Change and Sustainability Initiative? 
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Question 18:  How would Skagit County respond to concerns that an electric Guemes ferry is an 
inefficient use of the limited grants available to combat greenhouse gas emissions? 

Question 19:  What insight has Skagit County gained regarding the environmental impacts of the 
construction, maintenance, and disposal of diesel and electric ferries? 

Question 20:  Skagit Transit (SKAT) has expressed a desire to “upgrade heavy-duty coach 
purchases to electric buses as funding and support facilities permit.”41  As a point of comparison, 
what insight has Skagit County gained about the economics of electrifying SKAT, and about such a 
program’s impact (metric tons) and cost (dollars per metric ton) of CO2 reduction? 

Airborne Noise 
Exhibit 12 shows the “airborne noise” scores calculated by Glosten for the propulsion options 
considered by Skagit County.  These scores represent “airborne noise created on the vessel from 
engine operation.”  A higher score means less shipboard engine noise.  The all-electric ferry scored 
highest because it is expected to have the least shipboard engine noise. 

Exhibit 12.  Vessel airborne noise scores calculated by Glosten 

 
Regardless of propulsion system, the new Guemes ferry will be significantly quieter than the existing 
ferry.  The existing ferry’s engines are located on the car deck behind ineffective enclosures, whereas 
the design for the new diesel Guemes ferry shows the engines below the main deck.42  I recently 
took unofficial sound level measurements at cruise speed on Guemes and on two modern diesel 
ferries.  Results are shown in Exhibit 13, along with the International Maritime Organization’s 
(IMO’s) exposure limit of 85 decibels (dB) for up to eight hours without hearing protection.43 

The modern ferries’ lower levels of airborne noise can be attributed to higher standards, better 
materials, better engineering, and better engine locations.  Removing the engines would probably 
further reduce but not eliminate airborne noise, because there are other significant contributors.  
The absence of engine noise would probably be most noticeable during loading/unloading. 

Question 21:  What interior and exterior noise levels (dBA re:20μPa) does Skagit County expect to 
achieve, during loading/unloading and cruising, on the new geared diesel and all-electric ferry 
options?  How were these noise levels estimated?  What measured noise levels on existing diesel and 
electric ferries can you point to as validation for your estimates? 
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Exhibit 13.  Unofficial airborne noise levels measured on three diesel ferries at cruise speed 

 

Underwater Noise 
Exhibit 14, reproduced from a declassified Navy report, demonstrates that boats produce 
underwater noise from many sources besides engines—including pumps, gears, propellers, and even 
the hull as it moves through the water.44  Exhibit 14 also identifies the presence of ambient 
underwater noise, which is caused by many natural phenomena, including current and waves.  
Exhibit 14 shows how water depth (vertical axis) and vessel speed (horizontal axis) affect the 
prominence of those different noise sources relative to one another. 

Exhibit 14.  Navy diagram of contributors to underwater noise 

 
 

The press has asserted that an electric Guemes ferry’s underwater noise signature would be “orca-
friendly,”45 yet Skagit County’s marine engineering expert has made no such claim.  The only 
statement Glosten makes regarding the new Guemes ferry’s underwater noise signature is as follows: 

G
ue

m
es

, 1
24

' (
19

79
)

G
ue

m
es

, 1
24

' (
19

79
)

Sa
lis

h,
 2

74
' (

20
11

)

Sa
lis

h,
 2

74
' (

20
11

)

Sa
m

ish
, 3

62
' (

20
15

)

Sa
m

is
h,

 3
62

' (
20

15
)

0

10

20

30

40

50

60

70

80

90

100

Interior Sound Levels Exterior Sound Levels

So
un

d 
Pr

es
su

re
 L

ev
el

 (d
B 

re
:2

0μ
Pa

) IMO 8‐hour Limit (85 dB)



Questions Regarding Guemes Ferry Replacement 13 2020-06-16 (Rev. –) 

 

Most underwater noise emitted by marine vessels is from propellers, 
especially from the cavitation that can occur with highly loaded propellers 
and the pressure pulses from passing propeller blades.  Propellers and the 
associated thruster components will be designed to minimize excess noise 
and cavitation, mitigating to the extent possible the underwater radiated 

noise produced by the replacement vessel.46 

Since all variants of the new Guemes ferry appear to use the same size and type of propeller,47 
electrification offers no relief from the most significant source of underwater noise. 

Question 22:  What is Skagit County’s position regarding the impact of electrification on 
underwater noise produced by the Guemes ferry?  If Skagit County holds the position that 
electrification would reduce underwater radiated noise from the Guemes ferry, then please provide 
estimated underwater noise frequency decompositions (dB re:1μPa as a function of frequency) for 
the geared diesel and all-electric ferries during loading/unloading and cruising.  How were these 
noise signatures estimated?  What measured underwater noise signatures from existing diesel and 
electric ferries can you point to as validation for your estimates? 

Conclusion 
According to Skagit County’s marine engineering expert (Glosten), an electric Guemes ferry comes 
with significantly higher costs and risks than a baseline geared diesel ferry does.  According to my 
supplemental calculations in this packet, an electric Guemes ferry’s environmental benefits may 
come with a surprisingly high opportunity cost.  Simply put, the numbers published by Skagit 
County do not support the commissioners’ aspirations for an electric ferry to be “safe, reliable, and 
affordable,” with “fiscal and environmental benefits.” 

Glosten’s reliability score for the all-electric ferry is only half that of the baseline geared diesel ferry.  
Given the high concern for reliability that the commissioners and the public have rightly expressed, 
I remain surprised that nobody has addressed this worrisome paradox.  With only one boat, our 
ferry system is fragile.  With few alternative connections to emergency services, failures and outages 
can have serious consequences. 

Although Glosten found that the 32-car electric ferry’s operating cost would be $2.2mn lower than 
that of the 32-car geared diesel ferry over its 40-year lifetime, Glosten also found that the electric 
ferry’s capital cost would be $8.4mn higher—i.e. it costs $8.4mn to save $2.2mn.  In other words, 
the electric ferry produces a net lifecycle loss of $6.2mn relative to the geared diesel ferry.  Skagit 
County has secured roughly $1.9mn in grants to support electrification, and the remaining $4.3mn 
loss still weighs on the backs of Skagit County’s taxpayers.  In my research paper, my estimate of the 
cost differential for the updated 28-car ferry shows a similar outcome with smaller numbers. 

Surprising though it may be, Glosten’s analysis seems to indicate that a geared diesel ferry strikes the 
best balance of reliability, affordability, and environmental benefit.  The money saved could be 
invested in a strategic approach to reducing greenhouse gas emissions through the Climate Change 
and Sustainability Initiative, with far greater impact.  If Skagit County were allowed to spend its 
$1.5mn grant for shoreside ferry charging infrastructure on PSE’s Green Power Program instead, 
doing so would remove three times as much CO2 from the atmosphere as the electric ferry would 
during its entire lifetime.48 

There remains so much potential to clean up our electrical grid that it is hard to justify connecting 
everything to it immediately as the best way to save the planet.  Dollar for dollar, energy 
conservation and renewable generation projects offer much greater potential to cut greenhouse gas 
emissions than an electric Guemes ferry does, and with none of the risks to life and property.  
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Conservation and renewable projects are also more equitable, because they benefit millions of 
taxpayers and energy consumers, not just a few thousand Guemes ferry riders.  We should also 
consider investing beyond our home region, because greenhouse gas emissions are ultimately a 
global problem.  Highly localized strategies can lead to very inefficient solutions, especially when 
those solutions pose as many expensive technical challenges as an electric Guemes ferry does. 

Electrification is seductive because it turns the mirror away from us: it separates the action from the 
consequence, the effortless trip across Guemes Channel from the pollution it creates.  This 
psychological effect is especially alluring to us because Guemes’s engines are impossible to ignore.  
When the engines fade away, our harm to the planet becomes plausibly deniable.  Unfortunately, 
replacing the most obvious direct CO2 emitters with the most newsworthy indirect CO2 emitters is 
probably not the most effective way to combat climate change.  It is important that we face these 
realities now, before we commit to a path that may not lead to the destination we had envisioned. 

I believe it is crucial that we reconcile the gaps between Glosten’s sobering technical reports and 
Skagit County’s hopeful embrace of new electric technology.  In so doing, Skagit County would have 
a better chance of building its critical public infrastructure on a solid foundation.  This is what 
matters most to me as an engineer, a taxpayer, and an affiliate of the Guemes community. 

Endnotes 
 

1 Brent Morrison.  Guemes Ferry Replacement: One Engineer’s Perspective.  Rev. –, 2020-02-25.  
This research paper is on file with Skagit County. 

2 Skagit County.  Resolution R20150428.  2015-12-29.  Available [2019-10-10]: 
http://www.skagitcounty.net/Common/Documents/LFDocs/COMMISSIONERS000005/00/
01/2a/00012ac9.pdf 

3 Glosten.  Guemes Island Ferry Replacement: Concept Design Report.  2017-12-11.  Available 
[2017-12-30]: https://www.skagitcounty.net/PublicWorksFerryReplacement/Documents/ 
designreport/1b_Concept%20Design%20Report.pdf 

4 Per page 2 of the CDR (endnote 3), the geared diesel propulsion system is considered the 
“baseline,” presumably because it represents the preponderance of the world’s existing 
propulsion installations, including the installation on the ferry we have today.  It is also the 
lowest-cost option, both to build and to own over its lifetime, per Figures 3 and 4 in the CDR 
(endnote 3).  Glosten produced two general arrangements belowdecks: one for the all-electric 
ferry and one for the geared diesel ferry, suggesting that at some point, these two propulsion 
options may have been the most likely candidates or the most relevant points of comparison.  
See: Glosten.  Guemes Island Ferry Replacement: Concept General Arrangement.  Rev. –, 2017-
12-11.  Available [2018-06-02]: https://www.skagitcounty.net/PublicWorksFerryReplacement/ 
Documents/designreport/1c_Concept%20Design%20Drawings%20-%20GA.pdf 

5 Jon Hodgdon said that he produced this graph and spreadsheet “acting as a ‘citizen volunteer (ex) 
naval architect,’ trying to assist Skagit County on this project wherever they tell me they’d like 
assistance.”  The spreadsheet as-downloaded contained nonexistent grants and category 
weightings that did not match Skagit County’s final category weightings.  I removed the 
nonexistent grants and updated the category weightings to reflect Table 22 in the CDR.  See: Jon 
Hodgdon.  Excel spreadsheet entitled “Glosten Propulsion Scoring (Interactive) 
v20171209.xlsx.”  2017-12-09.  Available by request from http://www.linetime.org. 

6 Washington State Legislature.  RCW 39.26.160: Bid awards—Considerations—Requirements and 
criteria to be set forth—Negotiations—Use of enterprise vendor registration and bid notification 
system.  Available [2020-02-11]: https://app.leg.wa.gov/rcw/default.aspx?cite=39.26.160 
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7 An article in late 2017 or early 2018 in the Anacortes American reported that Skagit County had 

chosen to proceed with only the all-electric and plug-in hybrid ferry options.  The quotation is 
from: Rachel Rowe (Skagit County).  Email to Brent Morrison regarding cost, funding, range, and 
public commentary relating to replacement ferry: “RE: New Ferry Cost Documentation?”  2019-
10-29. 

8 These two pie charts and the associated explanations are based on the following sources: 
 Tables 22 and 23 in the CDR (endnote 3). 
 Skagit County.  Guemes Ferry Replacement Survey.  2017-09-12.  Available [2019-10-02]: 

https://publicinput.com/1970 
9 This quotation is spliced from two sentences on pages 10 and 16 of the BUILD Grant application.  

I think it is a reasonable connection to make in context, because the phrase “a new electric ferry” 
overlaps both sentences.  See: Guemes Island Ferry Replacement Project (Electric): 2018 BUILD 
Discretionary Grants Program Application.  2018-07.  Available [2020-05-17]: 
https://www.skagitcounty.net/PublicWorksFerryReplacement/Documents/ 
BUILD_Grant%20Application_Website%208.8.18.pdf 

10 There is no value in contrasting the reliability of a new electric ferry with the reliability of a “do-
nothing” scenario, because a “do-nothing” scenario is not a viable option.  According to EBDG, 
Skagit County needs to make some kind of capital investment in the coming years, be it an 
overhaul or a newbuild.  Per Exhibit 3, diesel ferries appear to be significantly more reliable than 
electric ferries, so the existing ferry could end up somewhere between a new geared diesel ferry 
and a new all-electric ferry, especially after its recommended overhaul.  The executive summary in 
the Ferry Replacement Plan recommends that the existing ferry be overhauled (including 
replacing the troublesome outdrives, per Section 4.2) or replaced before 2024.  See: Elliott Bay 
Design Group.  M/V Guemes, O.N. 601686: Ferry Replacement Plan.  Rev. B, 2013-11-22.  
Available [2014-02-12]: https://www.skagitcounty.net/PublicWorksFerry/Documents/ 
Replacement/MV%20GUEMES%20Ferry%20Replacement%20Plan_22Nov2013.pdf 

11 I met with Commissioners Janicki and Dahlstedt on 2020-02-26 and found that they would not 
support any effort to extend the life of the existing ferry.  I met with Commissioner Wesen on 
2019-11-26 and found him open to the solution that proved to be best for Skagit County. 

12 Edith Walden.  “Marine Industry Boosts Fleets of Battery-powered Vessels.”  Skagit County Ferry 
Replacement News.  2019-01.  Available [2019-02-02]: https://www.skagitcounty.net/ 
PublicWorksFerry/Documents/newsletter/newsletter0119.pdf 

13 I compiled this table from many sources that I have cited in my research paper (endnote 1). 
14 See Section 5 in: Glosten.  Guemes Island Ferry Replacement: Transportation System Assessment.  

Rev. –, 2017-12-14.  Available [2020-01-04]: https://www.skagitcounty.net/ 
PublicWorksFerryReplacement/Documents/designreport/ 
2b_Transportation%20System%20Assessment.pdf 

15 See Section 3.6.1.4 in the CDR. 
16 This packet discusses some of the ways in which we must compromise on reliability, cost, and 

complexity to electrify the Guemes ferry.  There are also operational compromises because of the 
electric ferry’s reduced capability.  There are several places to go for further reading on this 
subject: 
 My research paper (endnote 1) discusses operational compromises and lost capability in 

greater depth.  In general, the electric ferry is much more sensitive to abnormalities because 
it stores much less energy aboard and is much more reliant on shore facilities. 

 Section 5 of the Transportation System Assessment (endnote 14) provides some useful 
background information.  The emergency scenarios described in that section were used as 
upper performance limits for designing the electric ferry.  In general, a diesel ferry could 
outperform those scenarios. 
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 Section 3.6 of the Concept Design Report (endnote 3) says that the 32-car electric ferry is 

designed to operate in winds up to 20 mph, which corresponds to 5% weather downtime, or 
about 420 canceled runs per year.  As we know from experience, a diesel ferry could serve in 
much stronger winds, up to approximately 50 mph per my research paper (endnote 1).  

 To reduce cost, Glosten halved the power of the 28-car ferry’s charging system, with the 
following result: “During days of above normal currents or high wind and wave events, 
combined with full loads of vehicles, the charging system will restrict the vessel’s schedule to 
less than 2 round trips per hour.”  See: Glosten.  Project Memorandum: 28-car Options Cost 
Estimate.  2018-03-30.  Available [2019-10-28]: 
https://www.skagitcounty.net/PublicWorksFerryReplacement/Documents/17097-043-
02%20GIFR%2028-Car%20Cost%20Project%20Memorandum.pdf 

 The addition of a backup generator to the electric ferry may help ease the issues of energy 
storage and shore reliance, but the extent is unclear.  When I asked Captain Rowe about this 
issue in an email on 2019-10-29, she told me: “The vessel will be able to operate at a reduced 
tempo and capability with only the backup generator running.” 

17 Minimizing ownership cost is stated as the reason for replacing the existing ferry on Skagit 
County’s ferry replacement homepage.  This sentence seems to have been taken verbatim from 
page 2 of the Ferry Replacement Plan (endnote 10).  For the ferry replacement homepage, see: 
Skagit County.  Guemes Island Ferry Replacement Project.  N.d.  Available [2019-10-02]: 
https://www.skagitcounty.net/departments/publicworksferryreplacement 

18 See Appendix A in the Ferry Replacement Plan (endnote 10). 
19 Glosten.  Guemes Island Ferry Replacement: Engineer’s Cost Estimate.  Rev. –, 2017-11-30.  

Available [2018-07-16]: https://www.skagitcounty.net/PublicWorksFerryReplacement/ 
Documents/designreport/2c_Engineers%20Cost%20Estimate.pdf 

20 Skagit County.  Skagit County Ferry Replacement News.  2019-05.  Available [2019-10-02]: 
https://www.skagitcounty.net/PublicWorksFerryReplacement/Documents/newsletter/ 
newsletter052319.pdf 

21 In Appendix A of my research paper (endnote 1), I made informal lifecycle cost estimates for the 
28-car ferry, but in this packet, I am limiting myself to information that is directly available from 
Skagit County’s website.  Formal lifecycle cost estimates do not exist for the range of propulsion 
options for the 28-car ferry, so I am using the 32-car ferry’s cost estimates instead.  As I point out 
in Appendix A of my research paper, Glosten’s CDR (endnote 3) appears to have underestimated 
the capital cost of the 32-car all-electric ferry by $0.7mn relative to Glosten’s Engineer’s Cost 
Estimate (endnote 19), which I take to be the authoritative resource on cost.  I have chosen to 
take all my numbers from the CDR.  Table 16 in the CDR presents capital costs that I have taken 
to be correct, although they do not match the highlighted line in the table on CDR page A-1 that 
is needed for the lifecycle cost summations to work out correctly in that table.  There are no 
operating or lifecycle cost summary tables in the body of the CDR, so I have taken the operating 
cost totals from page A-1 and added them to the capital costs in Table 16 to calculate the 
lifecycle cost.  I have done my best to represent the CDR’s findings accurately, given the available 
information.  Given the obsolescence of 32-car ferry’s cost estimates, my concerns about 
representing the 32-car ferry’s cost accurately may not be that important.  I am more meticulous 
about my cost estimates for the 28-car ferry in my research paper, and my conclusions are the 
same: the electric ferry is vastly more expensive upfront, and it falls far short of ever paying for 
itself over its lifetime, even after accounting for grants. 

22 The $1.2mn grant applies to design costs per the Ferry Replacement News (endnote 20).  Design 
costs are understood to be 5% of capital costs per the Engineer’s Cost Estimate (endnote 19). 

23 See Section 3 of the BUILD Grant application (endnote 9). 
24 See the 28-car Options Cost Estimate (endnote 16). 
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25 On 2019-10-29, Captain Rowe (Ferry Operations Division Manager, Skagit County Public Works) 

told me: “whether we call it an all-electric or a plug-in hybrid, it will be one or the other or we 
will lose $7.5 million in [CRAB] funding.”  Yet when on 2020-02-26 I asked Commissioner 
Janicki, who is a member of the CRAB, whether the propulsion system could be changed without 
invalidating the grant award, she said that she was uncertain.  It appears that we may not have 
clear guidance from the CRAB on this matter, and I do not know whether we have asked them.  
The CRAB’s written guidelines are propulsion-agnostic, so it seems to be purely a matter of 
whether the CRAB would permit changes in the design after the grant application has been 
submitted.  Given the inevitability of design revisions as years-long civil engineering projects 
mature, I would be surprised if the CRAB rejected a design change that demonstrably reduced 
project risk and lifecycle cost, and also brought down the capital cost by as much as 36% (per the 
Engineer’s Cost Estimate for the 32-car ferry, endnote 19), to a point where the grantee might 
have a much easier time securing the rest of the funding needed to bring the project to fruition.  
See: County Road Administration Board.  County Ferry Capital Improvement Program (CFCIP) 
— WAC 136-400 Project Application Guidance.  2017-01.  Available [2019-10-24]: 
http://www.crab.wa.gov/programs/ferry/dcs/170124CFCIPWACsummary.pdf 

26 See Table 23 in the CDR (endnote 3). 
27 When I met with Captain Rowe on 2020-03-04, she told me that the electric ferry’s reduction of 

crew exposure to engine exhaust was an important design consideration. 
28 Occupational Safety and Health Administration.  Diesel Exhaust / Diesel Particulate Matter.  

2013-01.  Available [2020-05-17]: https://www.osha.gov/dts/hazardalerts/ 
diesel_exhaust_hazard_alert.html 

29 See the following three documents, none of which cites a source for the CO2 reduction estimate: 
 The ferry replacement homepage (endnote 17). 
 Skagit County Public Works.  Annual Report: 2018.  2019-04.  Available [2019-11-11]: 

https://www.skagitcounty.net/PublicWorks/Documents/ 
2018%20Public%20Works%20Annual%20Report.pdf 

 Letters of support in the BUILD Grant application (endnote 9). 
30 See Table 8 in the BUILD Grant application (endnote 9). 
31 The CO2 emissions of a diesel engine is directly proportional to the amount of fuel it burns, 

assuming complete combustion.  Per Table 18 in the CDR (endnote 3), the geared diesel ferry 
burns 100,000 gallons of fuel every year, and the diesel electric ferry burns 124,000 gallons of fuel 
every year, or 24% more.  This increased fuel consumption is a consequence of the diesel electric 
ferry’s higher inefficiencies.  It is also worth noting that the series hybrid ferry uses 13% more 
fuel than the geared diesel ferry does.  Hybrids are not always more fuel-efficient than their 
mechanical counterparts. 

32 The calculation of the CO2 emissions reduction relative to geared diesel is as follows: 
 Per Table 8 in the BUILD Grant application (endnote 9), the 32-car diesel electric ferry 

emits 1,352 metric tons of CO2 per year.  Per Table 18 in the CDR (endnote 3), it burns 24% 
more fuel than the geared diesel ferry does.  CO2 output is proportional to fuel input. 

 The 32-car geared diesel ferry’s CO2 emissions is likely to be approximately: 
1,352 metric tons/yr ÷ 124% = 1,090 metric tons/yr. 

 Per Table 8 in the BUILD Grant application (endnote 9), the all-electric ferry emits 898 tons 
of CO2 per year. 

 The 32-car all-electric ferry’s CO2 savings relative to the 32-car geared diesel ferry is likely to 
be approximately: 
1,090 metric tons/yr – 898 metric tons/yr = 192 metric tons/yr. 

 As a percentage, this CO2 savings is: 192 metric tons/yr ÷ 1,090 metric tons/yr = 18%. 
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33 The 32-car all-electric ferry’s reduction cost per metric ton of CO2 is calculated as follows: 

 $6,200,000 ÷ (619 metric tons/year × 40 years) = $250/metric ton. 
 Since the cost of CO2 emissions is mostly related to the cost premium of building a more 

expensive ferry, I have adjusted the cost from the release of the CDR (December 2017) to 
January 2020 (which is contemporary with the other costs in Exhibit 11) using the Producer 
Price Index for building nonmilitary self-propelled ships (series PCU3366113366119).  The 
index increased from 344.2 in December 2017 to 350.5 in January 2020.  The cost 
adjustment is therefore: $250 × 350.5 ÷ 344.2 = $255.  See: U.S. Bureau of Labor Statistics.  
Producer Price Index.  Available [2020-02-22]: https://data.bls.gov/cgi-bin/dsrv?pc 

34 Details related to the creation of Exhibit 11 are presented, with sources cited, in my research paper 
(endnote 1).  Per the first reference below, “PSE Green Power is Green-e Energy certified, and 
meets the environmental and consumer-protection standards set forth by the nonprofit Center 
for Resource Solutions.”  This and other related references that may be of interest are as follows: 
 Puget Sound Energy.  Green Power Program.  N.d.  Available [2020-06-11]: 

https://www.pse.com/green-options/Renewable-Energy-Programs/green-power 
 Puget Sound Energy.  Integrated Resource Plan.  2017.  Available [2019-10-02]: 

https://www.pse.com/-/media/PDFs/001-Energy-Supply/001-Resource-Planning/ 
8a_2017_PSE_IRP_Chapter_book_compressed_110717.pdf 

 The World Bank.  What Is Carbon Pricing?  N.d.  Available [2019-10-19]: 
https://carbonpricingdashboard.worldbank.org/what-carbon-pricing 

 U.S. Environmental Protection Agency.  Social Cost of Carbon.  2016-12.  Available [2019-
11-12]: https://19january2017snapshot.epa.gov/sites/production/files/2016-
12/documents/social_cost_of_carbon_fact_sheet.pdf 

 Washington Utilities and Transportation Commission.  Social Cost of Carbon.  N.d.  
Available [2019-11-12]: https://www.utc.wa.gov/regulatedIndustries/utilities/Pages/ 
SocialCostofCarbon.aspx 

 Per-Anders Enkvist et al. (McKinsey).  A Cost Curve for Greenhouse Gas Reduction.  2007.  
Available [2019-10-09]: https://www.mckinsey.com/business-functions/sustainability/ 
our-insights/a-cost-curve-for-greenhouse-gas-reduction 

 Kenneth Gillingham (Yale University) et al.  “The Cost of Reducing Greenhouse Gas 
Emissions.”  Journal of Economic Perspectives.  32(4), 2018.  Available [2019-09-17]: 
https://pubs.aeaweb.org/doi/pdfplus/10.1257/jep.32.4.53 

 Philip Hanser et al. (The Brattle Group).  “Re-evaluating the Implied Cost of CO2 Avoided 
by Clean Energy Investment.”  The Electricity Journal.  30, 2017.  Available [2019-12-19]: 
https://www.bu.edu/ise/files/2016/01/Re-evaluating-the-implied-cost-of-CO2-avoided-
by-clean_2017_The-Electricity-.pdf 

 Wesley Cole et al. (National Renewable Energy Laboratories).  Cost Projections for Utility-
scale Battery Storage.  2019-07-10.  Available [2020-02-09]: https://www.nrel.gov/docs/ 
fy19osti/73222.pdf 

35 See Appendix D in my research paper (endnote 1). 
36 PSE has updated its website since I published my research paper.  I updated the three PSE CO2 

reduction costs in Exhibit 11 to reflect the information now available on PSE’s website.  Below is 
a calculation for the Green Power Program, since I chose it as the point of comparison: 
 12,197.00 lb/yr CO2 without program – 0.58 lb/yr CO2 with program = 12,196 lb/yr. 
 12,196 lb/yr CO2 ÷ 2,204.62 lb/metric ton = 5.53 metric tons/yr. 
 $8.68/mo × 12 mo = $104.16/yr. 
 $104.16/yr ÷ 5.53 metric tons/yr = $19/metric ton. 
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37 The CO2 emissions related to electricity generation vary greatly across the country and across the 

world.  To give you a rough sense of scale, a coal powerplant releases 1.0 kg of CO2 per kWh 
extracted (kg/kWh), a 550-kW diesel generator set releases 0.7 kg/kWh, and a natural gas 
powerplant releases 0.4 kg/kWh.  The propulsion system’s efficiency also matters, because it 
affects the amount of energy consumed.  I discuss these details in Appendix D of my research 
paper (endnote 1). 

38 The lost opportunity to reduce CO2 emissions is calculated as follows: 
 Cost premium for electric ferry, annualized: $6,200,000 ÷ 40 yr = $155,000/yr. 
 Annual potential CO2 reduction through Green Power Program: 

$155,000/yr ÷ $19/metric ton = 8,158 metric tons/yr. 
 Difference between electric ferry and Green Power Program: 

8,158 metric tons/yr – 619 metric tons/yr = 7,539 metric tons/yr. 
 Difference in efficacy: 8,158 metric tons/yr ÷ 619 metric tons/yr = 13. 

39 Here are two useful references related to the Climate Change and Sustainability Initiative: 
 Skagit County.  Resolution R20080304.  2008-06-24.  Available [2020-01-03]: 

http://www.skagitcounty.net/Common/Documents/LFDocs/ 
COMMISSIONERS1000009/00/00/06/00000607.pdf 

 Skagit County.  Skagit County Climate Change and Sustainability Initiative.  N.d.  Available 
[2020-01-03]: https://www.skagitcounty.net/Departments/Sustainability 

40 Puget Sound Energy.  Green Direct Energy Partnership.  N.d.  Available [2020-02-20]: 
https://www.pse.com/green-options/Renewable-Energy-Programs/green-direct 

41 Skagit Transit.  Transit Development Plan: 2018–2023.  N.d.  Available [2020-05-16]: 
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