
 
Business Case for Modern Marine Vacuum Toilet Systems in 
Ship Design 
Executive Summary 

This business case advocates for the inclusion of modern marine vacuum toilet 
systems in the standard design specification for new ship builds. Traditional 
gravity-based sanitation systems face increasing challenges in contemporary 
shipbuilding, including spatial limitations, stringent environmental regulations, and 
the demand for enhanced operational efficiency. Modern vacuum toilet systems 
offer a compelling alternative, providing significant advantages such as substantial 
water savings, increased design flexibility, and reduced overall costs. Compliance 
with evolving international maritime regulations and the selection of a reputable 
system manufacturer with proven commercial and naval experience, coupled with 
a robust global after-sales network, are crucial for successful implementation. 
Furthermore, the adoption of vacuum technology offers notable environmental 
benefits through decreased water consumption and reduced waste discharge. 
Evidence from successful implementations across various vessel types supports 
the feasibility and advantages of this modernization. It is recommended that the 
shipyard adopts modern marine vacuum toilet systems as a standard specification 
for future projects, conducting further detailed evaluations of specific 
manufacturers and system models to optimize selection. 

Introduction: Background to Ship Sanitation Systems and the Case for 
Modernization 

For decades, traditional gravity-based marine sanitation systems have been the 
standard for waste management on ships. These systems rely on gravity to 
transport sewage from toilets to holding tanks or treatment facilities, typically 
requiring significant pipe slopes and direct routing. While functional, gravity 
systems present growing difficulties in the context of modern shipbuilding.1 
Contemporary vessel designs often prioritize maximizing usable space, leading to 
tighter constraints on inter-deck heights and the routing of essential services like 
plumbing. The inherent need for sloping pipes in gravity systems can complicate 
layout, particularly in areas with numerous obstacles or complex structural 
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configurations.1 

Moreover, the maritime industry faces increasingly strict international and national 
regulations concerning the discharge of sewage into the marine environment.4 
These regulations, driven by growing environmental awareness, necessitate more 
effective and efficient methods of waste management. Additionally, ship owners 
and operators are constantly seeking ways to enhance operational efficiency, 
reduce costs associated with water consumption and waste disposal, and improve 
the overall hygiene and comfort for passengers and crew.3 

In response to these evolving challenges, modern marine vacuum toilet systems 
have emerged as a highly viable and advantageous alternative to traditional 
gravity-based systems.3 Leveraging vacuum technology, these systems offer a 
paradigm shift in ship sanitation, providing solutions to many of the limitations 
inherent in gravity-based approaches. This business case aims to provide a 
comprehensive justification for the adoption of modern marine vacuum toilet 
systems as a standard feature in the shipyard's design specifications for new ship 
construction, outlining the numerous technical, economic, regulatory, and 
environmental benefits they offer. 

The Proposed Solution: Modern Marine Vacuum Toilet System 

A modern marine vacuum toilet system operates on the fundamental principle of 
using a pressure differential to transport sewage with minimal water consumption.3 
When a vacuum toilet is flushed, a valve opens, creating a temporary connection 
to a vacuum network. The higher atmospheric pressure behind the waste then 
propels it, along with a small amount of rinse water, through a relatively narrow 
pipe to a collection tank or a sewage treatment plant.3 The key components of 
such a system typically include the vacuum toilets themselves, a vacuum 
generation unit comprising one or more vacuum pumps (often a Vacuumarator® 
type that also macerates the waste), collecting tanks for temporary storage, and 
the network of vacuum drainage pipework connecting these elements.7 

It is important to emphasize the division of responsibilities in this context. While 
the manufacturer of the vacuum sanitary system typically supplies the vacuum 
plant (including the pumps and vacuum generator), the toilets, and other 
accessories, the design and installation of the vacuum drainage pipework within 
the ship remain the duty of the shipyard. This necessitates a thorough 
understanding of the relevant international standards and regulations governing 
the design and installation of such pipework. Furthermore, the long-term success 
and reliability of the system are heavily dependent on selecting a vacuum sanitary 
system manufacturer with an excellent track record, demonstrated through 
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significant commercial and naval references, and supported by a comprehensive 
global after-sales network for the efficient supply of spare parts and provision of 
service. 

Business Justification 

The adoption of modern marine vacuum toilet systems presents a compelling 
business case for the shipyard, offering numerous advantages over traditional 
gravity-based systems across various operational and financial aspects. 

Enhanced Efficiency and Operational Benefits Compared to Gravity Systems 

● Design Flexibility: Modern vacuum systems offer a significant degree of 
design flexibility that is often unattainable with gravity-based systems.1 The 
use of smaller diameter pipes, typically ranging from 50 to 200mm compared 
to the traditional 110mm for gravity systems, results in considerably reduced 
space requirements between decks.1 This can be particularly beneficial in 
optimizing the overall layout of the vessel and potentially reducing the ship's 
overall height or allowing for more usable space within the existing hull 
structure.1 Furthermore, the piping in a vacuum system is not reliant on gravity 
for the transport of waste.1 This independence from gravity allows for much 
greater freedom in routing the pipework. Unlike gravity systems that require a 
continuous downward slope, vacuum pipes can be routed around existing 
structures and obstacles, including vertically upwards and horizontally without 
any slope.1 This flexibility simplifies the plumbing design process and can lead 
to more efficient utilization of available space.2 The ability to position toilets 
more freely throughout the vessel is another key advantage.1 In gravity 
systems, lower-deck toilets often require separate pumping stations to lift the 
sewage to the main discharge line or holding tank. Vacuum systems, however, 
can transport waste upwards, eliminating the need for these additional 
pumping stations and their associated costs and space requirements.1 This 
simplified plumbing also makes retrofitting vacuum systems into existing 
vessels easier, requiring less deck penetration and minimizing disruption to 
the ship's structure.1 The enhanced design flexibility inherent in vacuum 
systems can lead to more efficient use of shipboard space and potentially 
lower construction costs due to simpler routing and fewer structural 
modifications. 

● Water and Sewage Benefits: One of the most significant advantages of 
modern marine vacuum toilet systems is the dramatic reduction in water 
consumption compared to traditional gravity-based toilets.2 Vacuum toilets 
are designed to use significantly less water per flush, often as little as 1 litre, 
compared to the 3 to 9 litres typically used by conventional dual-flush toilets.2 
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Some systems boast up to 90% savings in flushing water.2 This substantial 
reduction in water usage has several cascading benefits for the vessel. Firstly, 
it lessens the need for freshwater production and storage on board.1 
Producing freshwater, often through energy-intensive methods like 
desalination, consumes significant power and requires dedicated equipment 
and space. By reducing the demand for freshwater, vacuum systems 
contribute to overall energy savings and free up valuable space and weight 
capacity on the vessel.1 Secondly, the lower volume of water used for flushing 
directly translates to a significantly smaller volume of sewage that needs to be 
treated or stored.1 This allows for the installation of a considerably smaller 
Sewage Treatment Plant (STP), reducing both the initial capital expenditure 
and the operational costs associated with sewage treatment, such as energy 
consumption and chemical usage.1 Furthermore, the lower overall waste 
volume for the same number of toilets can lead to a reduced frequency of 
pump-outs required for holding tanks, saving time and costs associated with 
port visits and waste disposal.1 Vacuum systems are also typically closed 
systems, which effectively contain sewage gases and eliminate the need for 
complex ventilation of the piping network often required in gravity systems to 
prevent odour issues.1 Finally, the design of vacuum systems ensures that they 
can withstand the roll and pitch of the vessel, even in harsh weather 
conditions, without the risk of water or sewage leakage, a potential concern 
with gravity systems.1 The dramatic reduction in water usage offered by 
vacuum systems has significant operational and economic advantages, 
including lower costs for water production and sewage treatment, and 
increased vessel autonomy due to reduced reliance on freshwater resources 
and shore-based pump-out facilities. 

● Installation Advantages: The installation process for modern marine vacuum 
toilet systems often presents several advantages compared to the installation 
of traditional gravity plumbing.1 The use of lighter materials, particularly the 
smaller diameter and often plastic pipes, means that the components are 
easier to handle and manoeuvre during installation, leading to a reduction in 
overall installation time and fewer required installation hours.1 This streamlined 
handling and faster installation also contribute to simpler logistics and lower 
overall costs for the shipyard.1 The flexibility in routing vacuum piping around 
ducts and other obstacles can further simplify the installation process and 
potentially reduce the need for complex pipework configurations.1 
Additionally, vacuum piping can often be installed later in the construction 
process compared to gravity piping, which may offer greater flexibility in 
scheduling and coordination with other trades involved in the ship build.1 The 
lighter materials also typically require fewer and smaller deck penetrations, 
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simplifying structural work and reducing the risk of leaks.1 The ease of 
installation offered by vacuum systems can contribute to shorter build times 
and lower labour costs for the shipyard. 

● Hygiene Benefits: Modern vacuum toilet systems offer notable hygiene 
benefits compared to traditional gravity toilets.2 The powerful vacuum flush 
action effectively removes air and odours from the toilet bowl, leading to a 
more pleasant and sanitary environment.2 Some systems can suction a 
significant volume of air during a flush, further suppressing the risk of 
contaminated mist and the spread of bacteria.2 The minimal water usage in 
vacuum toilets also reduces the potential for bacteria to spread compared to 
the larger volumes of water used in gravity systems.2 Furthermore, the design 
of vacuum collection systems ensures that there is no risk of wastewater 
leaking from the system under normal operating conditions.3 In the event of a 
pipe breach, the negative pressure in the system would cause air to leak into 
the pipe rather than wastewater leaking out into the surrounding areas, 
further enhancing hygiene on board.3 The enhanced hygiene provided by 
vacuum systems contributes to a healthier environment for passengers and 
crew, potentially reducing illness and improving overall well-being. 

Compliance with International Standards and Regulations for Drainage 
Pipework 

The design and installation of marine sanitation systems, including the vacuum 
drainage pipework, are subject to a comprehensive set of international standards 
and regulations aimed at preventing pollution and ensuring the safety and health 
of those on board.4 Key international bodies involved in setting these standards 
include the International Maritime Organization (IMO) and the International 
Organization for Standardization (ISO). 

● IMO Regulations (MARPOL Annex IV): The International Maritime 
Organization's (IMO) Annex IV of the International Convention for the 
Prevention of Pollution from Ships (MARPOL) specifically addresses the 
prevention of pollution by sewage from ships.4 These regulations outline 
restrictions on the discharge of sewage into the sea within specified distances 
from the nearest land, unless the ship has an approved sewage treatment 
plant in operation or is discharging comminuted and disinfected sewage using 
an approved system.4 MARPOL Annex IV requires certain ships engaged in 
international voyages to be equipped with either an approved sewage 
treatment plant, an approved sewage comminuting and disinfecting system 
with a holding tank, or a sewage holding tank.6 The regulations also define 
different types of Marine Sanitation Devices (MSDs) certified by the U.S. Coast 
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Guard, including Type I (flow-through discharge with faecal coliform count not 
greater than 1,000 per 100 millilitres), Type II (flow-through with stricter 
effluent standards), and Type III (holding tanks preventing any overboard 
discharge).4 Notably, the Vessel Incidental Discharge Act (VIDA) in the United 
States is expected to bring further changes to the regulation of sewage 
MSDs.4 Modern marine vacuum toilet systems, with their inherent ability to 
significantly reduce the volume of sewage generated and facilitate efficient 
collection and transfer to either holding tanks or advanced treatment plants, 
play a crucial role in enabling vessels to comply with the requirements of 
MARPOL Annex IV.1 

● ISO Standards (ISO 15749 series): The International Organization for 
Standardization (ISO) has developed a series of standards under ISO 15749, 
which specifically addresses drainage systems on ships and marine 
structures.23 Of particular relevance to vacuum toilet systems is ISO 15749-
3:2004, titled "Ships and marine technology — Drainage systems on ships and 
marine structures — Part 3: Sanitary drainage, drain piping for vacuum 
systems".24 This part of the ISO standard applies to the design of sanitary 
drain lines specifically within vacuum systems on ships and marine 
structures.24 It should be used in conjunction with ISO 15749-1, which covers 
the planning and basic requirements for sanitary drainage-system design.23 
ISO 15749-3 provides detailed guidelines and specifications for the design of 
the vacuum piping network, taking into consideration factors such as pipe 
materials, dimensions, layout, and connection methods. It also references 
other relevant standards, including IMO Resolution A.753(18) on guidelines for 
the application of plastic pipes on ships.33 Adherence to ISO 15749-3 ensures 
that the design and installation of the vacuum drainage pipework by the 
shipyard meet internationally recognized standards for safety, functionality, 
and performance. 

● Other Relevant Standards: In addition to IMO and ISO standards, other 
national and classification society rules may be relevant to the design and 
installation of marine vacuum drainage systems. For instance, British 
Standards (BS EN) such as BS EN 1123-3:2004 and BS EN 1124-4:2013 address 
pipes and fittings specifically for vacuum drainage systems in shipbuilding.22 
Classification societies like the American Bureau of Shipping (ABS), Lloyd's 
Register, and DNV also have their own rules and guidelines that may pertain to 
marine vacuum piping.36 For example, ABS rules may specify design 
considerations for plastic pipes used in vacuum conditions, particularly 
regarding external pressure.36 Similarly, Lloyd's Register and DNV have 
comprehensive rules for the classification of ships that may include 
requirements for various shipboard systems, including sanitation.41 It is 
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important for the shipyard to consult the specific rules and regulations 
applicable to the vessel's flag state and chosen classification society to 
ensure full compliance. These rules often incorporate or reference IMO and 
ISO standards, providing an additional layer of safety and quality assurance. 
Notably, DNV regulations mention restrictions on the use of asbestos in new 
installations, including in rotary vane vacuum pumps.46 

Table 1: Key International Standards and Regulations for Marine Vacuum 
Drainage Systems 

 

Standard/Regulation Body Standard/Regulation Name 
and Number 

Key Focus Areas 

IMO MARPOL Annex IV Prevention of Pollution by 
Sewage from Ships 
(Discharge restrictions, MSD 
requirements) 

ISO ISO 15749-3:2004 Ships and marine technology 
— Drainage systems on ships 
and marine structures — Part 
3: Sanitary drainage, drain 
piping for vacuum systems 
(Design of vacuum drain lines) 

BS EN BS EN 1123-3:2004 Pipes and fittings of 
longitudinally welded hot-dip 
galvanized steel pipes for 
wastewater systems, 
Dimensions and special 
requirements for vacuum 
drainage systems 

BS EN BS EN 1124-4:2013 Pipes and fittings of 
longitudinally welded stainless 
steel pipes for wastewater 
systems, Components for 
vacuum drainage systems 

ABS (Refer to relevant sections) Design and installation 
requirements for non-
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essential piping, including 
vacuum sanitary piping 
(External pressure 
considerations) 

Lloyd's Register (Refer to relevant sections) Design and installation 
requirements for shipboard 
systems 

DNV (Refer to relevant sections) Design and installation 
requirements for shipboard 
systems (Restrictions on 
asbestos use in vacuum 
pumps) 

 

Comprehensive Cost Analysis: Installation and Lifecycle Costs 

A thorough cost analysis is essential to justify the adoption of modern marine 
vacuum toilet systems. This analysis should consider both the initial installation 
costs and the long-term lifecycle costs associated with the system. 

● Installation Costs: While the initial investment in the vacuum plant and toilet 
units supplied by the manufacturer might be perceived as higher than basic 
gravity system components, there are several areas where vacuum systems 
can offer potential cost savings during the installation phase.1 The use of 
smaller and lighter pipes in vacuum systems can lead to significant savings in 
material costs compared to the larger diameter pipes required for gravity 
systems.1 The reduced space requirements between decks facilitated by the 
smaller pipes can also contribute to lower overall construction costs by 
potentially allowing for a more compact superstructure design.1 Furthermore, 
the streamlined handling of lighter materials and the simpler logistics 
associated with vacuum system installation can result in a reduction in the 
number of installation hours required, leading to lower labour costs for the 
shipyard.1 The need for fewer and smaller deck penetrations in vacuum 
systems can also reduce associated material and labour costs.1 The inherent 
flexibility in routing vacuum piping around existing structures and obstacles 
may also minimize the need for extensive structural modifications that might 
be necessary with rigid gravity piping layouts.1  

● Cost of Vacuum Plant and Accessories: The cost of the vacuum plant, 
including the vacuum pumps or generators, the vacuum toilets themselves, 
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and other accessories, is typically borne by the ship owner as these 
components are supplied by the specialized manufacturer. The cost of these 
components can vary depending on the manufacturer, the size and capacity 
of the system required for the vessel, and the specific features and materials 
of the toilets.58 The shipyard should consider these costs, which will impact 
the overall budget for the ship owner, when recommending a particular 
vacuum toilet system manufacturer and model. Providing a range of potential 
costs based on different manufacturers and system sizes would be beneficial 
for the ship owner's financial planning. 

● Maintenance Costs: While gravity systems can be prone to issues like sewage 
floods and may require regular pump-outs, vacuum toilet systems also have 
their own specific maintenance requirements.7 However, one potential area of 
savings with vacuum systems is the reduced frequency of pump-outs required 
due to the lower volume of sewage generated.18 Routine maintenance for 
vacuum systems typically involves periodically checking and replacing wear 
parts such as duckbill valves in the vacuum pump, which generally have a 
lifespan of 3 to 5 years depending on usage.67 Bowl seals also have a similar 
lifespan of 3 to 5 years and may need replacement.70 Maintenance kits 
containing these essential replacement parts are readily available from 
manufacturers.60 Regular cleaning of the vacuum lines with a mild solution like 
white vinegar is often recommended to prevent the build-up of scale 
deposits.71 One potential maintenance challenge specific to vacuum systems is 
the risk of blockages due to the crystallization of urea in the pipes over time if 
not properly maintained.7 Certain chemical additives are available that can 
help prevent or remove these deposits.7 While vacuum systems may have 
fewer major issues like gravity-induced sewage backups 75, the shipyard 
should be aware of these specific maintenance needs to properly advise ship 
owners on the long-term upkeep of the system. 

● Lifecycle Cost Considerations: When evaluating the overall cost-
effectiveness of marine sanitation systems, it is crucial to consider the 
lifecycle costs, which encompass all expenses incurred over the operational 
life of the vessel.18 Modern marine vacuum toilet systems offer the potential 
for significant long-term savings in several areas.19 The most prominent is the 
substantial reduction in water consumption, which translates directly to lower 
costs for freshwater production and reduced demand on the ship's water 
storage capacity.2 The reduced volume of sewage also leads to lower energy 
costs and potentially reduced chemical usage for sewage treatment.1 Some 
sources suggest that the cost impact of a vacuum system compared to gravity 
in other applications can be offset by water savings within a few years.19 
Furthermore, a vessel equipped with a modern and efficient vacuum toilet 
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system may potentially have a higher resale value compared to one with an 
older gravity-based system due to its perceived modernity and efficiency.10 It 
is important to consider the expected asset life of the various components of 
the vacuum system, such as the vacuum pumps and valves, when assessing 
long-term costs.85 While the initial capital investment might be a factor, a 
comprehensive lifecycle cost analysis is likely to demonstrate the overall 
economic advantages of vacuum systems over the operational life of the 
vessel, particularly for vessels with a high number of passengers or crew 
where water consumption and waste generation are significant. 

Table 2: Potential Cost Comparison: Vacuum vs. Gravity Marine Toilet Systems 

Cost Category Traditional Gravity System Modern Vacuum System 

Initial Installation Costs 
(Materials) 

Higher (larger diameter, 
sloping required) 

Potentially Lower (smaller 
diameter, flexible routing) 

Initial Installation Costs 
(Labor) 

Potentially Higher (complex 
routing) 

Potentially Lower (faster, 
simpler routing) 

Toilet Unit Costs Lower (basic gravity toilets) Potentially Higher (specialized 
mechanisms) 

Pumping Station Costs (for 
lower decks) 

Applicable Not Applicable 

Water Consumption (per 
flush) 

Higher (3-9 litres) Lower (1-1.0-1.2 litres) 

Sewage Treatment Costs 
(energy, chemicals) 

Higher (larger volume) Lower (smaller volume) 

Freshwater Production Costs 
(energy) 

Higher (more water needed) Lower (less water needed) 

Maintenance Costs (pump-
outs, repairs) 

Variable Potentially Lower (fewer 
pump-outs, specialized 
maintenance) 
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Pipe Ventilation Costs Applicable Not Applicable 

Potential for Enhanced Resale 
Value of the Vessel 

Lower Higher 

 

Risk Assessment and Mitigation Strategies 

The implementation of any new technology involves potential risks. A thorough risk 
assessment and the development of appropriate mitigation strategies are 
essential for the successful adoption of modern marine vacuum toilet systems. 

● System Failure: Potential failure modes in vacuum toilet systems include the 
malfunction of the vacuum pump or generator, blockages in the piping 
network, vacuum leaks within the system, and failures of the flushing 
mechanisms in individual toilet units.7 Vacuum pump failure can disrupt the 
entire system's operation.7 Blockages can occur due to the use of non-
marine-grade toilet paper, the flushing of foreign objects, or the build-up of 
urea crystals in the pipes.7 Vacuum leaks can lead to a loss of system 
efficiency and potentially continuous running of the vacuum pump.70 Failures 
in the toilet flushing mechanism itself, such as issues with the ball valve, shaft, 
spring cartridge, or water valve, can render individual toilets unusable.70 To 
mitigate these risks, the shipyard should prioritize selecting a reputable 
manufacturer known for producing reliable equipment, potentially with built-in 
redundancy for critical components like vacuum pumps, such as having 
backup units.8 Implementing a clear user guide and a comprehensive training 
program for both crew and passengers is crucial to ensure proper system 
usage, emphasizing the use of only marine-grade toilet paper and the 
prohibition of flushing foreign objects.51 Establishing a preventative 
maintenance schedule that includes regular inspection and replacement of 
wear-prone parts like duckbill valves, seals, and bellows is essential.67 For 
mitigating the risk of urea crystallization, the use of appropriate chemical 
additives in the system should be considered.7 Designing the piping system 
with easily accessible inspection points and potentially incorporating features 
like the RagBox® to facilitate the removal of blockages can also be beneficial.89 
Finally, ensuring that proper winterization procedures are in place, particularly 
in regions with cold climates, will help prevent freezing and subsequent 
damage to components like water valves.70 

● Maintenance Requirements: While modern marine vacuum toilet systems 
often offer advantages in terms of water savings and potentially fewer major 
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issues compared to gravity systems, they do require regular maintenance to 
ensure optimal performance and longevity.8 Specific maintenance tasks 
typically include the periodic replacement of duckbill valves, checking and 
maintaining seals, and regular cleaning of the system.67 Certain repairs or 
maintenance procedures may require specialized tools and knowledge 
specific to vacuum systems.74 To address these maintenance requirements 
effectively, the shipyard should select a system for which spare parts are 
readily available and comprehensive maintenance manuals are provided by 
the manufacturer. Establishing clear maintenance procedures and schedules 
as part of the ship's operational protocols will be essential for the crew. 
Additionally, the shipyard should consider recommending that the ship owner 
explore the possibility of a service agreement with the system manufacturer 
for specialized maintenance or repairs that may fall outside the scope of 
routine crew maintenance. Ensuring that the ship's crew has access to 
adequate training on system maintenance and basic troubleshooting is also 
crucial for proactive upkeep.90 

● Crew Training: Adequate training for the ship's crew on the proper operation 
and basic maintenance of the modern marine vacuum toilet system is 
paramount for its successful implementation and long-term reliable 
operation.51 The training program should cover the fundamental principles of 
how the system works, proper usage guidelines (e.g., type of toilet paper to 
use, what not to flush), basic troubleshooting procedures for common issues, 
and preventative maintenance tasks that the crew can perform.74 A lack of 
proper training can lead to misuse of the system, potentially causing 
blockages or other operational problems, and can also result in neglecting 
essential maintenance tasks, leading to more significant issues over time.51 To 
mitigate this risk, the shipyard should ensure that comprehensive training on 
the specific vacuum toilet system being installed is included as a key 
component of the ship's overall crew training program. Utilizing training 
resources and materials provided by the system manufacturer can be highly 
beneficial.92 Furthermore, conducting refresher training sessions for the crew 
periodically can help reinforce best practices and address any new issues that 
may arise during operation. 
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Table 3: Potential Risks and Mitigation Strategies for Marine Vacuum Toilet 
Systems 

Potential Risk Description Mitigation Strategies 

Vacuum Pump Failure Malfunction of the vacuum 
generating unit 

Select reliable manufacturer, 
ensure redundancy (backup 
pumps), regular maintenance. 

Piping Blockages Obstructions due to improper 
use, scale build-up 

Crew/passenger training, use 
of marine-grade paper, 
preventative descaling, 
accessible inspection points, 
consider chemical additives. 

Vacuum Leaks Loss of vacuum pressure due 
to leaks in pipes, seals, or 
connections 

Proper installation according 
to standards, regular 
inspections, use of quality 
components. 

Toilet Flushing Mechanism 
Failure 

Malfunction of components in 
individual toilet units 

Select reliable models, regular 
inspection and maintenance, 
readily available spare parts. 

Increased Maintenance Needs Requirement for specific 
maintenance procedures and 
replacement of parts 

Establish maintenance 
schedules, train crew, 
consider service agreements 
with manufacturer. 

Lack of Crew Familiarity Insufficient knowledge of 
system operation and 
maintenance 

Comprehensive crew training 
program, utilize 
manufacturer-provided 
resources, conduct refresher 
training. 

Damage due to Freezing 
(Water Valve) 

Cracking or damage to 
components in cold climates 
due to inadequate 
winterization 

Implement and enforce 
proper winterization 
procedures, including draining 
water from the system or 
using antifreeze solutions. 
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Importance of Manufacturer Selection: References and Global After-Sales 
Network 

The selection of the vacuum toilet system manufacturer is a critical decision that 
will significantly impact the long-term performance, reliability, and cost-
effectiveness of the sanitation system on board the vessel. Two key factors that 
should heavily influence this decision are the manufacturer's commercial and naval 
references and the extent of their global after-sales network. 

● Commercial and Naval References: Choosing a manufacturer with a strong 
track record, demonstrated through significant references in both commercial 
and naval applications, provides a high degree of assurance regarding the 
quality and suitability of their systems. Commercial references, such as 
successful installations on cruise ships, ferries, and luxury yachts, indicate the 
manufacturer's ability to provide reliable and efficient systems for high-usage 
environments where passenger comfort and operational uptime are 
paramount.7 These references often highlight the system's water-saving 
capabilities, hygiene standards, and overall performance in demanding 
commercial operations. Naval references, on the other hand, are particularly 
important as they demonstrate the manufacturer's capacity to meet the 
stringent standards and demanding operational conditions often encountered 
in military and coast guard vessels.96 Systems installed on naval vessels often 
need to be exceptionally robust, capable of withstanding shock and vibration, 
and compliant with specific military specifications.98 Manufacturers with a 
strong presence in the naval sector, such as Jets Vacuum, have a proven 
ability to deliver reliable systems for critical applications. Manufacturers like 
Jets Vacuum 89 also have significant commercial references, including 
installations on large cruise ships and offshore vessels, demonstrating their 
expertise in demanding maritime environments. The presence of both 
commercial and naval references suggests a manufacturer with a broad range 
of expertise and a commitment to high standards of quality and reliability 
across different types of vessels. 

● Global After-Sales Network: A comprehensive global after-sales network for 
the supply of spare parts and service is of critical importance for ensuring the 
long-term operability and minimizing downtime of the vacuum toilet system.102 
A robust global network ensures that genuine spare parts are readily available 
wherever the vessel may be operating, minimizing delays in repairs and 
reducing the risk of extended system downtime.107 Access to qualified service 
technicians located around the world is equally crucial for providing timely 
maintenance, troubleshooting complex issues, and carrying out necessary 
repairs.106 Furthermore, a strong after-sales network often includes the 
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provision of technical support and training resources for the ship's crew, 
enabling them to perform basic maintenance and address common issues 
effectively.92 Several leading manufacturers of marine vacuum toilet systems 
boast extensive global after-sales networks. For example, Jets Vacuum has a 
worldwide network of representatives ready to assist with any issues.107 The 
presence of such a global network provides ship owners and operators with 
the assurance that they will have access to the necessary support and 
resources to keep their vacuum toilet systems functioning reliably throughout 
the vessel's operational life, regardless of its location. 

Table 4: Reputable Manufacturers of Marine Vacuum Toilet Systems with Global 
Reach 

Manufacturer Significant 
Commercial 
References 
(Examples) 

Significant Naval 
References 
(Examples) 

Presence of Global 
After-Sales Network 

Jets Vacuum Cruise ships (Carnival 
Dream), luxury 
yachts, offshore 
vessels 

Royal Norwegian 
Navy (Skjold-class 
missile craft) 

Royal Australian Navy 
(several ship classes) 

Yes 

 

Environmental Sustainability Advantages 

The adoption of modern marine vacuum toilet systems offers several significant 
environmental benefits, aligning with the growing global emphasis on sustainability 
in the maritime industry.2 

● Reduced Water Consumption: As previously highlighted, vacuum toilets use 
considerably less freshwater per flush compared to traditional gravity toilets, 
often achieving water savings of up to 90%.2 This dramatic reduction in water 
usage directly contributes to the conservation of a precious natural resource, 
which is particularly important in regions facing water scarcity.9 Furthermore, 
by reducing the demand for freshwater, vacuum systems also lessen the 
energy required for its production on board, especially for vessels that rely on 
energy-intensive desalination processes.1 Lower water consumption translates 
to a smaller overall environmental footprint for the vessel. 

● Reduced Waste Discharge: The lower volume of water used for flushing in 
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vacuum systems directly results in a reduced volume of sewage generated.1 
This smaller volume of wastewater has several positive environmental 
implications. Firstly, it allows for the use of smaller and more energy-efficient 
sewage treatment plants on board, potentially reducing both the energy 
consumption and the amount of chemicals required for the treatment 
process.1 Secondly, the reduced volume of sewage makes it easier for vessels 
to comply with increasingly stringent international regulations concerning 
waste discharge into the marine environment, such as MARPOL Annex IV.1 
Finally, because vacuum systems are typically closed systems operating under 
negative pressure, they minimize the risk of accidental sewage leaks and the 
subsequent contamination of the marine environment.1 By reducing the 
volume of sewage and minimizing the risk of leaks, vacuum systems lessen the 
potential negative impact of ship operations on marine ecosystems. 

● Other Environmental Benefits: Beyond the direct benefits of reduced water 
consumption and waste discharge, vacuum toilet systems can contribute to 
environmental sustainability in other ways. Some systems allow for integration 
with greywater systems, enabling the use of wastewater from showers and 
sinks to further reduce the overall demand for freshwater and the volume of 
wastewater discharged.3 Certain manufacturers offer advanced wastewater 
treatment solutions, such as Membrane BioReactors (MBRs) and dissolved air 
flotation systems (DAF), which can be used in conjunction with vacuum toilets 
to achieve even higher levels of effluent purity before discharge, exceeding 
current regulatory requirements.55 Additionally, the reduced weight on board 
due to the need for less water storage can lead to improved fuel efficiency for 
the vessel, further reducing its environmental impact through lower 
greenhouse gas emissions.1 Vacuum toilet systems can therefore be a key 
component of a broader strategy for achieving more sustainable and 
environmentally responsible ship operations. 

Case Studies of Successful Implementations 

Evidence from real-world applications demonstrates the successful 
implementation and numerous benefits of modern marine vacuum toilet systems 
across various vessel types.89 For instance, major cruise lines have widely adopted 
vacuum technology. Carnival Cruise Line's Carnival Dream utilizes Jets Vacuum 
systems.89 These examples underscore the reliability and efficiency of vacuum 
systems in demanding commercial operations where water conservation and 
hygiene are critical. In the naval sector, the Royal Norwegian Navy's Skjold-class 
stealth missile craft utilize Jets Vacuum systems, demonstrating the technology's 
robustness and suitability for high-performance military vessels.89 Naval 
applications highlight the ability of vacuum systems to meet stringent 
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performance and reliability requirements in challenging operational environments, 
including shock and vibration resistance. While specific data on the performance 
metrics (e.g., exact water savings) from these large-scale implementations are not 
always publicly available, the widespread adoption of vacuum toilet systems in 
these diverse and demanding vessel types serves as strong evidence for their 
feasibility and the significant benefits they offer in terms of water savings, 
improved hygiene, and operational reliability. Furthermore, data from other 
sectors, such as railway stations, indicate the potential for substantial water 
savings through the implementation of vacuum toilet technology.9 

Conclusion and Recommendations 

The analysis presented in this business case clearly demonstrates the numerous 
advantages of modern marine vacuum toilet systems over traditional gravity-
based systems for incorporation into the shipyard's design specifications. These 
advantages span enhanced design flexibility, significant water and sewage 
management benefits, streamlined installation processes, improved hygiene 
standards, and a reduced environmental footprint. Moreover, the ability of vacuum 
systems to facilitate compliance with increasingly stringent international maritime 
regulations concerning sewage discharge makes them a future-proof solution for 
ship sanitation. 

The importance of selecting a reputable manufacturer with a proven track record 
in both commercial and naval applications, supported by a comprehensive global 
after-sales network for spare parts and service, cannot be overstated. This will 
ensure the long-term reliability and cost-effectiveness of the installed systems. 

Given the compelling evidence of the benefits and the successful implementation 
of vacuum toilet systems in a wide range of vessel types, it is strongly 
recommended that the shipyard adopts modern marine vacuum toilet systems as 
a standard option in its design specifications for new ship builds. To facilitate this 
transition, it is further recommended that the shipyard undertakes a more detailed 
investigation into specific manufacturers and their available system models to 
determine the best fit for the shipyard's typical vessel designs and customer 
needs. This investigation should include a thorough evaluation of technical 
specifications, cost structures, and the extent of the manufacturers' global 
support networks. Finally, to gain firsthand experience with the technology and to 
refine installation and integration processes, the shipyard should consider 
undertaking a pilot project or a trial installation of a modern vacuum toilet system 
on an upcoming vessel build. This will provide valuable practical insights and 
further solidify the case for the widespread adoption of this advanced and 
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beneficial technology. 
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