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ABSTRACT 

In this report, we investigate the feasibility, costs, and benefits of 

installing gooseneck fixtures on U.S. Navy ships to reduce plastic waste and improve 

Sailors’ quality of life. By equipping water coolers across 162 surface ships with 

these vertical filling fixtures at a relatively low cost, the Navy can achieve a 50% 

reduction in single-use plastic bottles, saving approximately $5.6 million in the first year 

alone. With an initial investment of $1.1 million and a break-even point of just two 

months, we propose this initiative as a cost-effective and proactive measure toward 

environmental sustainability. By installing fixtures at a ratio of 1 per 40 Sailors, 

we underscore the Navy’s commitment to environmental stewardship and highlight 

substantial cost savings and enhanced quality of life for its personnel. 
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EXECUTIVE SUMMARY 

This business case analysis (BCA) examines the feasibility of installing gooseneck 

water bottle fixtures onto existing water coolers onboard U.S. Navy ships. Gooseneck 

fixtures are vertical spout attachments that allow for the refilling of bottles. The goals are 

to encourage water consumption and to reduce shipboard-generated plastic waste by 

providing an efficient means for Sailors to fill reusable water bottles. The current water 

coolers onboard ships do not efficiently support this function, and installing gooseneck 

fixtures will reduce the reliance on single-use plastic bottles.  

Internationally, the International Maritime Organization (IMO) mandates various 

regulations, including those on plastics. The U.S. Navy adheres to these through domestic 

laws and internal environmental programs, such as Plastics Removal in a Marine 

Environment (PRIME) and Waste Reduction Afloat Protects the Sea (WRAPS). Despite 

extensive efforts, shipboard-generated plastic waste remains a significant challenge, with 

bottled beverages accounting for 15% of all shipboard-generated plastic waste (Whitman, 

2017).  

The BCA highlights a critical gap: current water coolers on ships are not optimized 

for filling personal water bottles, which increases the use of single-use plastic bottles. 

Addressing this, the proposed installation of gooseneck fixtures across 162 surface ships is 

analyzed for its potential to reduce plastic waste while enhancing Sailor morale and 

contributing to the Navy’s environmental goals. 

Our analysis reviewed several acquisition scenarios with varying Sailor-to-fixture 

ratio courses of action (COAs), COA 1 (50:1), COA 2 (40:1), and COA 3 (30:1), alongside 

diversion rates ranging from 10% to 90%. For example, at a 10% diversion level, the 

program reduces single-use bottle acquisition by 10% and is more cost-effective than the 

status quo within one year. As diversion levels increase to 90%, the replacement of most 

single-use bottles leads to significantly more cost savings much faster. Our analysis shows 

the best option is 40:1 with a 50% diversion rate. We recognize that results may vary, and 

we present and address other options and potential outcomes.   
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Assuming a 50% diversion rate from single-use plastic bottles, the analysis projects 

substantial cost savings in acquisition, labor, disposal, and environmental costs. Using a 

ratio of 40:1 for the number of Sailors to gooseneck fixtures, the analysis determined the 

need for 2,738 fixtures across all evaluated ships. The initial investment of approximately 

$958,000 for acquiring the fixtures, combined with labor costs of approximately $150,000 

for installation, is offset through the reduction of the other associated costs. This initiative 

reaches a break-even point of around two months due to reduced plastic waste disposal 

costs and savings on water bottle purchases. Additionally, the analysis suggests that the 

gooseneck fixtures offer enhanced hydration access for Sailors, leading to improved morale 

and crew satisfaction.   

Moreover, we recognize the qualitative benefits that add significant value to the 

Navy’s environmental stewardship efforts. Installing these fixtures can help strategically 

phase out single-use bottles and enhance the accessibility and use of water coolers, 

influencing Sailors’ purchasing trends and consumption habits over time. Promoting 

reusable water bottles can help reinforce the Navy’s commitment to reducing plastic waste 

and supporting sustainability. This initiative not only enhances Sailor morale but also 

strengthens the Navy’s reputation for environmental leadership on the global stage.  

We recommend that the Navy implement this fixture onboard all surface ships 

using COA 2 (40:1 Sailors-to-gooseneck fixture) with an expected 50% diversion rate. This 

fixture is a commercial-off-the-shelf (COTS) solution and therefore easily retrofitted onto 

current water coolers, making it more compelling for the Navy to adopt. COA 2 saves the 

Navy around $5.6 million after only one year.  

References 

Naval Sea Systems Command. (2016). Shipboard habitability design criteria and 
practices manual (surface ships) for new ship designs and modernization (T9640-
AC-DSP-010/HAB). https://habitability.net/WebData/T9640-AC-DSP-
010_HAB.pdf 

Whitman, J. (2017, November 7). White paper: alternative to afloat packaged beverages. 
Naval Supply Systems Command Weapons Systems Support, Hazardous Material 
and Pollution Prevention Dept, Code N26. 

Acquisition Research Program 
Department of Defense Management 
Naval Postgraduate School

https://habitability.net/WebData/T9640-AC-DSP-010_HAB.pdf
https://habitability.net/WebData/T9640-AC-DSP-010_HAB.pdf


I. INTRODUCTION 

A. MOTIVATION 

The National Security Strategy (NSS) frequently references the threat of climate 

change and climate crisis as one of the greatest shared problems the world currently faces 

(Biden, 2022). The life cycle of plastics contributes to the threat of climate change, which 

generates “about 4% of global greenhouse gas emissions” (United Nations Framework 

Convention on Climate Change [UNFCCC], 2024). Plastic waste generation continues to 

rise due to the 73% increase in single-use water bottle sales globally over the past decade 

(Ramirez, 2023). As the effects of global warming become undeniable, climate change 

discussions increase on the world stage, leading to changes in climate policy (United 

Nations, 2022). This awareness of global warming encourages people to make slight 

changes, such as increasing their use of reusable water bottles, with an aim to reduce single-

use plastic waste (Ingilizian et al., 2021). The United States (U.S.) needs to promote 

environmental stewardship and the Navy can be the service lead to implement more eco-

friendly practices. In this paper, we explore options for a small onboard capital 

improvement project by installing water bottle-filling fixtures or “gooseneck fixtures” on 

U.S. Navy surface ships. The installation of this fixture onto currently installed water 

coolers can help the Navy reduce its shipboard-generated plastic waste. It can be one part 

of a larger overall effort to become a more environmentally conscious Navy while 

increasing the quality of life for Sailors onboard ships. 

B. SUBJECT OF THE BUSINESS CASE ANALYSIS 

This business case analysis (BCA) focuses on the cost of implementing gooseneck 

fixtures on U.S. Navy ships. Implementing this practical solution offers a variety of 

advantages to the Navy including reducing its plastics waste stream and the costs associated 

with disposal, and qualitative advantages, such as increasing Sailor morale, promoting 

better hydration practices, and positively influencing public perception. There are various 

models of bottle-filling fountains on the market; our solution utilizes a fixture that is 

commercial-off-the-shelf (COTS). Naval Sea Systems Command (NAVSEA) procures 
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water coolers, and they are easily retrofitted with the gooseneck fixture. Other procurement 

options, such as wall-mounted units, are available. Wall-mounted units require changes to 

a ship’s infrastructure, and they do not meet required standards for shipboard use. These 

alternatives are more expensive and therefore, the gooseneck fixture is the best option. This 

BCA will also include an analysis of risks and benefits, as well as barriers to the 

implementation of this shipboard solution. 

C. RESEARCH QUESTIONS

The primary research questions are:

1. What are the acquisition costs associated with installing gooseneck

fixtures in habitability spaces on Navy ships?

2. What quantitative and qualitative benefits, including environmental

improvements and cost savings, can be expected from reducing plastic

water bottle usage?

3. Do the anticipated benefits of installing gooseneck fixtures outweigh the

costs, thereby justifying their implementation?

D. ORGANIZATION OF THE STUDY

The study is organized into several chapters to systematically address the research

questions. 

● Chapter I introduces the motivation, background, and objectives of the

study.

● Chapter II examines the current status of water fountains on Navy ships

and the environmental impact of single-use plastics.

● Chapter III details the BCA for the proposed bottle-filling fixtures,

analyzing costs, benefits, and break-even points.

● Chapter IV discusses potential barriers to implementation and strategies to

overcome them.
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● Chapter V concludes with a summary of findings and recommendations 

based on the BCA. 
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II. BACKGROUND  

A. MARPOL REGULATIONS AND THE UNITED STATES 

The United Nations established the International Maritime Organization (IMO), a 

specialized agency, in 1948, whose primary purpose is to regulate international shipping 

(International Maritime Organization [IMO], n.d.). Even though IMO focuses on maritime 

safety, the organization has evolved over time to include environmental protection efforts. 

The International Convention for the Prevention of Pollution from Ships (MARPOL 73/

78) is the most significant event to come from the IMO. The policies addressed pollution 

generated from ships that ranged from air pollution and sewage to garbage, including 

specifics on plastic waste (IMO, n.d.). 

The U.S. Congress passed the Act to Prevent Pollution from Ships (APPS) to enact 

the MARPOL 73/78 Protocol (Act to Prevent Pollution from Ships [APPS], 1980).  The 

U.S. ratified the MARPOL Protocol and its annexes in 1987. Annex V bans various forms 

of garbage disposed at sea, including plastics. To enforce these regulations, the U.S. 

Congress passed Public Law 100-220, the Maritime Plastic Pollution Research and Control 

Act (United States-Japan Fishery Agreement Approval Act, 1987). Additionally, the U.S. 

is engaged at other national and international levels to develop and explore ways to fight 

plastic pollution.  

At the operational level, the U.S. Navy complies with the MARPOL Protocol 

through U.S. laws and within its own manual, the Environmental Readiness Program 

Manual OPNAV M-5090.1 (Department of the Navy [DN], 2021). To help with 

compliance, Naval Supply Systems Command (NAVSUP) created programs like Plastics 

Removal in the Marine Environment (PRIME) and Waste Reduction Afloat Protects the 

Sea (WRAPS) to increase solid waste awareness and evaluate new packing solutions 

onboard ships (Whitman, 2023). 

B. PLASTIC WASTE GENERATION ON NAVY SHIPS 

Due to operational requirements and space restrictions, shipboard-generated plastic 

waste creates significant challenges for ship’s personnel. NAVSEA (2018) estimates 
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shipboard-generated plastic waste at 0.30 lbs. per person per day or 0.231 cubic feet per 

person per day. While the galley generates most of the shipboard waste (45.6%), personnel 

cannot process this plastic food packaging in the same way as plastic waste from the ship’s 

store (Hazardous Material and Pollution Prevention Department, 2017). Alternatives to 

plastic food packaging will need industry involvement. 

Bottled beverages, including water, soda, and sports drinks, account for 15% of 

shipboard-generated plastic waste, while water bottles account for 1.6% (Whitman, 2017). 

Plastic bottles are brought onboard through the purchase of beverages via the Navy 

Exchange Service Command (NEXCOM). NEXCOM manages all items purchased via 

Navy ships for resale within their ship’s stores and vending machines. Most classes of 

surface ships have ship’s stores and vending machines. To reduce the stream of ship-board 

plastic waste generated by bottled beverages and their logistics footprint, initiatives such 

as the use of ValidFill RFID refillable cups with Coke Freestyle machines have been 

proposed (Whitman, 2017). Cruise ships and theme parks have successfully implemented 

this concept; however, the Navy must conduct a pilot project onboard a ship to address 

implementation challenges. 

C. PLASTIC WASTE PROCESSING ON NAVY SHIPS 

To reduce the amount of space unprocessed plastic waste requires, the Navy equips 

ships with shredders. Shredded plastic waste is placed into Compress Melt Units (CMUs) 

where a heated drum crushes and melts plastic into twenty by four-inch-thick disks for 

storage (Diaz, 2019). Plastic disks can weigh between seven and thirteen and a half pounds, 

based on whether personnel shred the plastic waste prior to melting (Walker, 2013). All 

disks are sealed into odor-barrier bags “to contain odors that might result from any 

remaining food contamination” (Kelly et al., 1997). These bags are consolidated in tri-wall 

containers in preparation for offload.  

The Navy is exploring innovative solutions and modern technologies to address the 

challenges of managing shipboard-generated plastic waste. For example, on Ford-class 

CVNs the plasma arc waste destruction system (PAWDS) turns all plastic waste into a 

harmless inorganic ash (Buchanan, 2020). The Department of Defense (DOD) and the 
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Navy increasingly recognize the need to manage shipboard-generated plastic waste more 

effectively to protect the environment and enhance operational efficiency. 

D. ENVIRONMENTAL AND ECONOMIC IMPACT OF PLASTIC WASTE 
ON NAVY SHIPS 

Plastic waste, particularly from single-use water bottles, poses significant 

environmental and economic challenges. Discarded bottles often accumulate in landfills or 

as litter where they can take centuries to decompose (UN, 2021). They also release harmful 

chemicals into the soil and water systems, disrupting wildlife habitats, and contaminating 

food chains (UNFCCC, 2024). Cleanup and waste management costs strain municipal 

budgets, while producing these bottles inefficiently uses non-renewable fossil fuels and 

contributes to resource depletion. Societal impacts include losing natural beauty in 

recreational areas, suffering negative health effects from microplastics entering the food 

supply and the perpetuation of wasteful consumption habits (Mamun et al., 2022). 

Addressing plastic waste on Navy ships by reducing the reliance on disposable water 

bottles can mitigate these far-reaching consequences, setting a positive precedent for 

sustainable resource management. 

Economic costs arise from collection and processing, while specialized machinery 

and waste transfer lead to increased operational costs. Efficiently managing this waste 

stream is crucial to reduce operational disruptions and expenses. Reducing the use of 

plastic water bottles on Navy ships can help alleviate these burdens, ensuring optimal space 

utilization, improved crew efficiency, and minimized machinery costs, enhancing 

operational effectiveness and sustainability in naval operations. 

E. CURRENT STATE OF WATER COOLERS ON NAVY SHIPS 

The Navy mandates water coolers aboard ships to maintain crew hydration and 

health. Coolers are in all berthing spaces, many engineering spaces, and other communal 

areas. These coolers adhere to Military Specifications (MILSPEC) MIL-C-24166B 

established by the DOD to ensure sound construction, limit corrosion, and ensure vibration 

resistance on items installed on ships. Currently installed coolers cannot fill water bottles 

efficiently. Figure 1 represents the proposed solution to this problem. The gooseneck 

Acquisition Research Program 
Department of Defense Management 
Naval Postgraduate School

7



fixture is compatible with water coolers through an adapter kit. The ship’s crew can 

complete the installation, allowing Sailors to fully fill their own reusable bottles while 

helping reduce single-use plastic bottles. 

 
Figure 1. Gooseneck Fixture. Adapted from Elkay (n.d.). 

Table 1 from NAVSEA lists the maximum personnel per water cooler for living 

and messing spaces on surface ships by accommodations that are specific to berthing areas. 

Table 1. Water Cooler Requirements for Living and Messing Spaces on 
Surface Ships. Source: Naval Sea Systems Command (2016).  
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Table 2 lists the water cooler requirements for spaces other than living and messing 

spaces. The spaces listed do not represent one specific platform but cover all platforms 

across the Navy and the minimum requirements for crew support. 

Table 2. Water Cooler Requirements for Spaces Other than Living and 
Messing Spaces. Source: Naval Sea Systems Command (2016). 

 
 

The number of coolers on Navy ships vary depending on other spaces and crew 

sizes, which average between 85 to 5000+ Sailors aboard MCMs to CVNs (United States 

Navy, n.d.). While the crew has ample access to water, those with personal water bottles 

have limited means to easily refill them. The Mess Decks, where the crew eat their meals, 
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have a water dispenser, but most ships prohibit crew members from filling personal water 

bottles at these machines for sanitation reasons. The space also has a water cooler, but it 

does not have the fixture to fill a water bottle. Additionally, access is restricted to the mess 

decks before and after mealtime to allow the Culinary Specialists and Mess Deck 

Attendants time to prepare and clean up, limiting access to these dispensers and coolers. 
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III. BUSINESS CASE ANALYSIS 

A. SCOPE OF THE PROJECT 

In this BCA, we estimate the costs and considerations associated with installing 

gooseneck fixtures on Navy ships. This project specifically focuses on habitability areas, 

like berthing’s, because this is where water coolers are easily accessed by all crew and can 

be retrofitted with the gooseneck fixture. We also review qualitative benefits, such as 

public perception of the Navy and quality of life for Sailors. Our analysis determines the 

main benefit of the gooseneck fixture is cost savings, which comes from a reduction in 

single-use plastics, and costs associated with environmental, disposal, and operations. 

B. METHODOLOGY 

In this analysis, we evaluate the feasibility of installing gooseneck fixtures on water 

coolers across the surface fleet at various ratios. The Navy currently consists of 238 ships 

in commission per the Naval Vessel Register (Naval Sea Systems Command Shipbuilding 

Support Office [NAVSHIPSO], 2024). Our analysis addresses 162 surface ships, to include 

all Nimitz and Ford-class Nuclear-Powered Aircraft Carriers (CVN), America-class 

Amphibious Assault Ships (LHA), Wasp-class Amphibious Assault Ships (LHD), San 

Antonio-class Amphibious Transport Docks (LPD), Whidbey Island-class Dock Landing 

Ships (LSD), Ticonderoga-class Cruisers (CG), Arleigh Burke and Zumwalt-class 

Destroyers (DDG), Freedom and Independence-class Littoral Combat Ships (LCS), and 

Avenger-class Mine Countermeasure Ships (MCM). Crew size utilized is based on normal 

crew complement excluding possible embarked crew. We conduct a detailed cost-benefit 

analysis for each ship class over a 35-year operational lifespan. Specific areas analyzed 

include the cost of investment, replacement, labor/operations, material disposal, and 

environmental costs. We calculate totals and multiply them by a discount rate of 2.5% to 

compute the present value, in accordance with the annual Office of Management and 

Budget (OMB) Circular No. A-94 discount rates (OMB, 2023). Net present values for the 

status quo and gooseneck fixture installations are computed by summing the present values 

over 35 years. The option with the lowest net present value represents the most cost-
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effective choice. Furthermore, our study looks at various courses of action (COAs) based 

on various ratios of goosenecks fixtures at a 50% diversion. We will also show qualitative 

benefits associated with the installation. 

Appendix A details our analysis of various ratios of acquisition and total water 

cooler fixture upgrades by individual ship classes and the analysis of all ships in this study. 

Appendix B shows the plastic generation rates per ship class and associated disposal costs. 

Appendix C shows the cost comparison and break-even point summary for the entire 

surface fleet based on data from Appendix D. Appendix D shows the cost comparison and 

break-even analysis for each individual ship class by single ship and total class over its 

operational lifespan. 

C. COST CALCULATIONS 

When calculating costs, we start by assessing the number of water coolers currently 

installed on Navy ships, which determines the gooseneck fixtures to be procured. The 

habitability manual provides a maximum 100:1 ratio of Sailors to water coolers (NAVSEA, 

2016). However, based on first-hand experience as Supply Officers, we know that the ratio 

of Sailors to water coolers in habitability spaces is closer to 40:1. Table 3 shows our 

calculations of alternate ratios of 50:1 and 30:1, to account for variations in berthing and 

procurement options. Furthermore, we understand that some berthing’s have more water 

coolers than others, highlighting the variation in water cooler distribution across ship 

classes. 

Our calculations consider two scenarios: maintaining the status quo or 

implementing gooseneck fixtures. Since it is unrealistic to assume that ships will eliminate 

the use of single-use plastic water bottles, we assume a 50% diversion. This means that by 

adopting the gooseneck fixture solution, a ship may reduce its water bottle usage by 50%. 
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Table 3. Sailor-to-Fixture Ratio COA Analysis 

 
 

Our cost calculations detailed in Appendix C (fleet data) and Appendix D 

(individual ship class data) are based on the 40:1 Sailor-to-fixture ratio. In Table 3, we 

calculate the total costs at a 50% diversion to illustrate potential savings and expenses with 

varying levels of gooseneck fixture upgrades. With our recommended 40:1 Sailor-to-

fixture ratio at a 50% diversion, the Navy will break even approximately two months after 

installation, as shown in Appendix C. Regardless of the selected COA, our analysis 

indicates that installing the gooseneck fixtures will save the Navy money within the first 

year. 

1. Cost of Investment 

a. Status Quo 

All costs in this analysis are normalized to FY24 values. To evaluate the financial 

implications of maintaining current practices, we need to consider the initial investment 

costs associated with the continuous use of single-use water bottles. Sailors typically 

purchase these bottles from the ship’s store and vending machines, which replenishes the 

revolving ship’s store fund. The average retail price for a 16.9-ounce water bottle is set at 

$1.25, based on a gross profit margin of 20% in Retail Stores and 55% in vending 

machines, as stipulated by NEXCOM (Navy Exchange Service Command [NEXCOM], 

2014). These profits help cover operation and transport expenses, with any excess funds 

supporting the ship’s Morale, Welfare, and Recreation (MWR) fund. Despite this system’s 
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benefits in funding shipboard amenities, we recognize that the continued reliance on single-

use plastic bottles incurs substantial costs and logistical challenges for the Navy. 

On an average CVN, about 35,625 water bottles are sold each month, which 

translates to approximately 85.5 bottles per person per year (Whitman, 2017). When we 

project this across the 162 ships included in this study, the total expenditure by sailors on 

single-use water bottles reaches $11,706,019 per year. This considerable amount highlights 

the financial burden of the status quo, emphasizing the potential for significant cost savings 

through the implementation of gooseneck fixtures. 

b. Gooseneck 

Our initial investment for acquiring and installing gooseneck fixtures includes labor 

and materials. Each gooseneck fixture kit, comprising models Elkay 98498C and Halsey 

Taylor 96852CA, costs $350 (Elkay, n.d.; Halsey Taylor, n.d.a). The kit includes the metal 

gooseneck fixture, tubing, fittings, and other necessary hardware. Based on a 40:1 Sailor-

to-fixture ratio, we need 2,738 gooseneck fixtures for the 162 ships in our study, totaling 

an initial investment of $958,300 for the kits. 

We will install these gooseneck fixtures using the ship’s crew, leveraging their 

skills and available tools to ensure cost efficiency and avoid the higher costs of employing 

civilian labor. We determine the labor involves 30 minutes for sailors to review the 

installation manual and gather the required tools, followed by 60 minutes for the actual 

installation of each fixture. Our labor estimates focus strictly on the physical installation, 

excluding administrative tasks such as tag-out procedures. We assume all water coolers in 

habitability areas can be retrofitted. The DOD composite standard average rate for 

paygrades E-1 to E-5, as shown in Table 4, is rounded to $37.00 per hour (McAndrew, 

2023). The labor cost to install 2,738 gooseneck fixtures is $149,513. The total cost for the 

initial acquisition and installation is $1,107,813. 
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Table 4. Military Composite Pay Rate. Adapted from OMB (2023) 

 
 

2. Cost of Replacement 

a. Status quo 

We determine there is no cost of replacement associated with the status quo option. 

b. Gooseneck 

We estimate the gooseneck fixture failure rate at 5% per year. This rate is based on 

our assumption that the gooseneck fixture’s protruding design above the water cooler 

makes it more susceptible to damage. For this replacement, the Halsey Taylor Glass Filler 

8561 is available for $265 per unit (Halsey Taylor, n.d.b). 

The labor costs associated with these replacements are consistent with the rates 

applied during the initial installation. For instance, on a CVN, we might replace 

approximately six gooseneck fixtures annually, whereas on an MCM, a replacement may 

be required once every ten years. This infrequency underscores the overall durability and 

cost-effectiveness of the gooseneck fixture installation over the long term. The total annual 

cost for replacing these fixtures across the fleet is $43,780. 
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3. Cost of Labor and Operations 

a. Status Quo 

To accurately assess the labor and operation costs associated with processing 

shipboard-generated plastic waste, we need to differentiate between conditions when a ship 

is in port and when it is underway. These two scenarios necessitate separate cost analyses 

due to the different methods used in waste processing. When underway, Sailors’ compact 

plastic waste using shredders and CMUs, leading to higher costs per pound compared to in 

port processing, where trash remains uncompacted. 

The processing costs for plastic while underway includes the life-cycle cost of 

processing, corrective maintenance on plastic equipment, associated materials, disk 

disposal, and odor barrier bags, originally calculated at $2.99 per pound (Walker, 2013). 

To tailor these calculations to the specific ship classes involved in our study, we revised 

the calculations based on the fleet’s total annual cost of $12,722,126 and the total plastic 

waste generation of 3,819,360 pounds per year. This refinement results in a cost of $3.30 

per pound. We apply this figure to the number of days each ship spends underway and the 

volume of shipboard-generated plastic waste from water bottles to determine the annual 

underway processing cost of $231,102. For in port processing, we calculate costs by 

estimating the yearly man-hour labor costs for approximately 1% of the crew, who spend 

about 10 minutes each day bringing garbage bags to dumpsters at the end of the pier. This 

activity translates to a labor cost of $6.17 per Sailor based on the composite rate from Table 

4, resulting in an in port processing cost of $1,629,591. The total labor and operations costs 

are $1,860,693 as shown in Appendix C.  

b. Gooseneck 

Labor and operations costs associated with the gooseneck fixtures are minimal. 

Once we install them onto existing water coolers, the gooseneck fixtures are not expected 

to significantly increase water or energy consumption. This efficiency is a key advantage 

of retrofitting the water coolers. 

Given that we are aiming for a 50% diversion, half of the labor and operations costs 

associated with the status quo will still apply to the gooseneck fixtures. This results in the 
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total annual cost of $930,347 per year for all 162 ships included in our study, as shown in 

Appendix C. 

4. Cost of Material Disposal 

a. Status Quo 

To accurately assess the disposal costs associated with shipboard-generated plastic 

waste, we began by calculating the amount of plastic waste a single Sailor typically 

generates in one day. We based this calculation on the monthly solid waste data from water 

bottles sold in the ship’s store on a CVN, which amounts to 786 lbs. (Whitman, 2017). 

Converting this figure to a daily rate gives us approximately 25.68 lbs. per day, which, 

when divided by the average crew size of a CVN, results in about 0.00517 lbs. of water 

bottle plastic per sailor per day. 

For disposing of this waste, we applied the flat rate of $0.03 per pound to all plastic 

waste generated underway and in port. This cost is calculated using the average cost of 

landfilling one ton of solid waste in the U.S. as of 2022 (Paben, 2023).  The total annual 

disposal cost is $6,234. It is important to note that this calculation does not include disposal 

costs outside the continental United States (OCONUS), due to variable exchange rates and 

the differing regulations in foreign countries. Moreover, the irregularity of port visits adds 

further complexity to estimating these costs. 

Additionally, while we acknowledge there are costs associated with the retrograde 

transportation of plastic waste generated underway—including potential fuel costs for 

helicopters moving tri-wall containers and fees from Combat Logistics Force (CLF) 

ships—we do not include these figures due to insufficient data on operational frequencies 

and the specific expenses related to waste transport and disposal in foreign ports. We 

assume, however, that these logistics would increase the overall disposal costs for the 

Navy. 

b. Gooseneck 

By implementing our gooseneck fixture option, we project that disposal costs will 

be significantly reduced. By achieving a 50% diversion from the current disposal rates for 
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shipboard-generated single-use plastic bottles, our installation of these fixtures decreases 

the volume of plastic waste. Additionally, we estimate that 5% of the gooseneck fixtures 

will break annually and will need to be disposed of. The disposal of these broken fixtures 

will adhere to the disposal rate of $0.03 per pound. These two costs add up to a total annual 

disposal cost of $3,121.  

5. Environmental Costs 

a. Status Quo 

Environmental costs associated with using single-use water bottles within naval 

operations represent an opportunity cost. The $0.05 per bottle we use in this analysis 

represents an average benefit under the “bottle bill” legislation, which provides financial 

incentives for recycling (Whittaker, 2021). States who implement a bottle bill offer a 

deposit that consumers pay when purchasing bottled beverages and get a refund upon 

returning the empty bottles (Whittaker, 2021). Deposit values vary between states. For our 

calculations, we use $0.05. This system encourages recycling and reduces litter by 

assigning a monetary value to the environmental cost of each unrecycled bottle, thus 

promoting resource conservation and environmental responsibility by attaching a direct 

cost to the failure to recycle. 

To calculate the total environmental cost, we multiply the plastic waste generated 

per sailor per day by the number of sailors and apply the recycling benefit of $0.05 per 

bottle. For all 162 ships in the fleet, the annual environmental cost is $10,331. 

b. Gooseneck 

By implementing gooseneck fixtures, we estimate a potential 50% diversion from 

the current use of single-use water bottles. This anticipated shift could significantly reduce 

the Navy’s environmental costs associated with plastic waste management. Enabling 

Sailors to refill reusable bottles is projected to cut the Navy’s annual environmental costs 

by half, bringing them down to $5,165 across the fleet.  
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D. RISK/BENEFIT ANALYSIS 

1. Risks 

As we consider the implementation of gooseneck fixtures aboard Navy ships, we 

first address the potential risks associated with this initiative. While the fixtures are 

compatible with existing water coolers, challenges may arise, especially with older models 

or units that might not align perfectly with the new hardware. Such discrepancies could 

lead to leaks or complications during the retrofit, requiring Sailors to make unforeseen 

adjustments or add additional components. 

Dependence on a few suppliers for the fixtures and components introduces another 

risk, particularly supply chain issues. Delays or disruptions in supply could impede the 

timely maintenance and broader rollout of the fixtures across the fleet.  

Addressing these risks is crucial for the Navy’s successful adoption of gooseneck 

fixtures. This includes implementing regular performance reviews and updating 

installation and maintenance procedures based on operational feedback. Proactive risk 

management will ensure that the installation of gooseneck fixtures aligns with the Navy’s 

operational needs. 

2. Qualitative Benefits 

Our analysis determines many qualitative benefits. A primary benefit for the Navy 

is the improvement in crew morale and well-being. By providing Sailors with easy access 

to refill their personal reusable water bottles, we not only enhance daily convenience but 

also boost overall satisfaction in working conditions.  

This installation acts as a “nudge,” encouraging Sailors to make more 

environmentally conscious decisions, not only onboard but in other areas of their lives 

(Byerly et al., 2018). By facilitating the use of reusable bottles and reducing reliance on 

single-use plastics, the fixtures subtly promote sustainable habits among crew members. 

This “nudge” can lead to broader environmental awareness by Sailors, reinforcing the 

Navy’s commitment to sustainability. 
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Furthermore, these fixtures enhance the Navy’s public and international perception. 

They send a powerful message globally about the Navy’s active commitment to reducing 

its environmental footprint and adopting sustainable practices. This initiative not only 

highlights the Navy’s dedication but also sets a precedent for other nations and maritime 

organizations, potentially influencing their environmental outlook.  

Additionally, the Navy’s proactive approach to sustainability can positively impact 

its diplomatic relations. By demonstrating leadership in environmental stewardship, the 

Navy helps bridge gaps with other governments, military organizations, and environmental 

groups, facilitating effective collaborations and policy initiatives. This strategic positioning 

strengthens the Navy’s global reputation, aligning with the President’s NSS and enhancing 

the U.S.’s soft power to “galvanize the world and incentivize further action” on the 

international stage (Biden, 2022, p. 27). Through these efforts, the Navy not only 

contributes to global environmental efforts but also gains potential savings and strategic 

advantages from its reduced ecological footprint. 

E. SENSITIVITY ANALYSIS 

1. Number of Gooseneck Fixtures 

The total number of fixtures used in this BCA was 2738, based on a 40:1 Sailor-to-

fixture ratio. We also calculate other COAs at ratios of 30:1 and 50:1. While COA 1 (50:1) 

is the maximum per accommodation for water coolers in berthing’s, we chose COA 2 

(40:1) due to our first-hand knowledge of habitability spaces, which is more in line with 

what we encounter on DDG’s. Regardless of the COA, we found that the associated costs 

are low for a project encompassing almost all of the surface fleet and break-even in a couple 

of months. 

Appendix C (fleet data) and Appendix D (individual ship class data) show our 

gooseneck upgrade data at a 50% diversion. This means that 50% of the status quo costs 

still exist in our solution for COA 2. Table 5 shows our spectrum of cost savings at different 

diversions.  
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Table 5. Diversion Analysis and Cost Savings Calculations 

 
 

2. Comparison of Bottle Filling Stations 

We considered other options to fill water bottles, including wall-mounted units. We 

found that a wall-mounted alternative would be the most practical, but they are more 

expensive and would require additional alterations on the ship. On the open market, this 

type of cooler, which combines a traditional drinking fountain and a bottle refill station, 

costs approximately $1,800. For this alternative, the initial cost of procurement for the 

Navy is $4,928,400 to replace 2738 currently installed water coolers. This excludes other 

costs such as labor and a ship alteration (SHIPALT) due to the requirement to change the 

functional design of the ship to accommodate wall-mounting. Another consideration is that 

wall-mounted units have not been shipboard tested or authorized, meaning they do not meet 

the current MILSPEC, which could lead to higher initial costs for the Navy after testing is 

complete.  

In contrast, we found that the gooseneck fixture can be installed with minimal 

intrusion, making it a more cost-effective and practical choice for Navy ships where space 

and budget constraints are significant considerations. While the wall-mounted alternative 

may offer certain design advantages, its higher cost and technical complexities make the 

gooseneck fixture a more favorable option for the Navy to retrofit. 
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IV. BARRIERS TO IMPLEMENTATION 

A. CHALLENGES IN RETROFITTING EXISTING WATER COOLERS 

Retrofitting the gooseneck fixture onto previously installed water coolers poses 

several challenges, including time, labor, and fiscal challenges. The first significant 

challenge is time. Before retrofitting begins, personnel need to tag out the equipment 

because the fountains have power and water running to them. Tagging out electrical 

systems is a safety precaution that involves multiple personnel documenting the work, 

hanging the danger tags, and verifying the equipment is de-energized and safe to work on. 

While tag outs are not an overly complicated procedure, they can be time intensive and 

require advance planning before any work can begin. Additionally, because each fountain 

has a waterline running to it, personnel also need to tag out this line and close the 

appropriate valves to support the installation, which could impact water to other parts of 

the ship while work is completed. 

Labor poses another challenge due to manning issues across the Navy. Most ships 

have the qualified personnel to install this fixture but not enough of them to complete the 

work with other competing priorities. This could lead to delays in the retrofit of the water 

coolers with the gooseneck fixtures.  

The implementation of this fixture introduces a fiscal challenge, primarily 

stemming from the upfront costs of purchase and installation in conjunction with budget 

constraints. Within fiscal year 2024, policy makers have passed two continuing resolutions 

(CRs) to keep the government operating, with an average of four CRs since 1977 (Saturno, 

2023). This instability in budget means that funding for ships is tightly controlled among 

the numerous operational needs a ship has. The decision to implement this fixture must be 

balanced against other critical funding requirements, such as maintenance or systems 

upgrades. This balancing act highlights the complexity between introducing a novel 

upgrade to aid in reducing plastics and managing the fiscal responsibilities inherent within 

the Navy. 
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B. NEXCOM RESERVATIONS 

As the prime source for all ship’s store goods, NEXCOM might have reservations 

on decreasing water bottle sales in the fleet. However, this would be a negligible change 

due to vendors adapting to purchasing trends. The Navy’s cost savings do not translate to 

NEXCOM’s bottom line, but we see the very visible qualitative benefits and probable 

increase in emblematic sales as good reasons for NEXCOM to find this solution palatable. 

Any negligible impact to MWR contributions from ship’s store profits could be offset by 

increased emblematic sales and vendor’s adapting to consumer trends by selling water in 

something other than plastic bottles. 
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V. CONCLUSIONS AND RECOMMENDATIONS 

We strongly recommend the implementation of COA 2. With a 40:1 Sailor-to-

fixture ratio and a goal of 50% diversion, ships will realize cost savings within the first 

year. The availability of gooseneck fixtures as COTS solutions that can be easily retrofitted 

onto existing water coolers further underscores the practicality of adopting this measure.  

We recommend Type Commanders (TYCOM) distribute funds to facilitate 

procurement of fixtures. This enables ships to customize installation timelines based on 

operational tempo. Ship crews would perform the straightforward retrofit, minimizing 

downtime and disruption, making this a feasible project across the fleet within days.  

In addition to the direct cost savings and reduction in plastic waste, the qualitative 

benefits of installing gooseneck fixtures are substantial. These benefits extend beyond 

environmental impact, enhancing the Navy’s public image as a leader in environmental 

stewardship. This shift not only bolsters international perceptions of the Navy but also 

supports more sustainable practices. Moreover, the improvement in Sailor morale and 

health, driven by their direct involvement in sustainable practices, enhances overall job 

satisfaction. 

By positioning the Navy as a proactive force in addressing the challenges of plastic 

pollution and climate change, the gooseneck fixtures align with broader strategic objectives 

outlined in the NSS. The initiative supports the Navy’s commitment to operational 

efficiency and environmental responsibility, displaying an adaptable and forward-thinking 

approach that can serve as a model for other military organizations. 

As part of ongoing efforts to optimize and enhance the efficacy of the gooseneck 

fixture installations, several areas for future research and development have been 

identified: 

1. 3D Printing of Fixtures: Investigating the feasibility of using 3D printing 

technology to produce customized gooseneck fixtures on-demand could 

significantly reduce logistics and storage costs while allowing for rapid 

onsite adjustments or repairs. 
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2. Enhanced Water Fountain Models: Exploring the development and 

acquisition of new water fountain models that integrate gooseneck fixtures 

as a standard feature could streamline new ship constructions and major 

retrofits, ensuring uniformity and reducing the need for subsequent 

modifications. 

3. Wall-mounted Fountain Options: Assessing the long-term benefits and 

feasibility of wall-mounted units that meet MILSPEC standards could 

provide alternatives that offer additional benefits, such as improved 

accessibility and aesthetic integration. 

Overall, the implementation of gooseneck fixtures is not just a cost-effective 

modification but a strategic enhancement that contributes significantly to the Navy’s 

operational capabilities and environmental goals. This initiative represents a crucial step in 

modernizing the Navy’s infrastructure to better align with contemporary environmental 

and operational challenges. 
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APPENDIX A.  SHIPBOARD WATER COOLER COUNT 
CALCULATIONS 

This appendix provides an overview of the count calculations used for this BCA. 

The number of Sailors-to-water coolers is based on a range of ratios from the team’s 

collective experience serving onboard Navy ships.
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APPENDIX B.  ANALYSIS OF FLEET PLASTIC WASTE 
GENERATION AND PROCESSING COSTS 

This table shows the overview of plastic waste generated by each class of ship and 

by person. It breaks down processing costs while in port as well as days underway per ship 

which this BCA focuses on.
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APPENDIX C.  COST COMPARISON AND BREAK-EVEN POINT 
FOR ENTIRE FLEET 

The graphs and charts show a detailed analysis of the break-even point for the fleet 

and the costs and savings associated with the gooseneck fixture. 
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APPENDIX D.  COST COMPARISON AND BREAK-EVEN 
BY SHIP CLASS 

The graphs and charts show a detailed analysis of the break-even point for each 

ship class and the costs and savings associated with the gooseneck fixture. 
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