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[bookmark: _Toc213877407]FOREWORD
The management of freshwater and wastewater on board ships has become a critical aspect of sustainable maritime operations. With global attention shifting toward reducing environmental impact and ensuring compliance with international conventions, seafarers today must be equipped with the knowledge and skills to handle water systems responsibly. This module, Water Waste Management and Conservation on Board, has been designed to provide maritime professionals with practical understanding, regulatory awareness, and operational competence in managing one of the vessel’s most vital resources — water. It promotes best practices that protect crew health, preserve marine ecosystems, and enhance the ship’s environmental performance.

[bookmark: _Toc213877408]COURSE STRUCTURE
The course is divided into four interconnected parts, each focusing on a core area of shipboard water management:
Part 1: Understanding the Freshwater Cycle on Board
Explains the origin, flow, storage, and consumption of water aboard vessels, highlighting safety, quality control, and contamination prevention.
Part 2: Freshwater Generation and Treatment
Describes the operation of evaporators and reverse osmosis systems, as well as post-treatment, storage, and maintenance procedures for potable water.
Part 3: Gray Water and Black Water Management (MARPOL)
Examines wastewater categories, sewage treatment systems, and discharge regulations under MARPOL Annex IV, emphasizing compliance and safety.
Part 4: Practical Tips for Reducing Water Consumption
Offers operational, behavioral, and technological methods for water conservation, including the environmental and economic benefits of efficiency.
Each part includes detailed explanations, best practice guidance, and links to real-world shipboard operations, ensuring comprehensive understanding and application.

[bookmark: _Toc213877409]LEARNING OBJECTIVES
By the end of this module, participants will be able to:
1. Explain the complete freshwater cycle on board ships.
2. Describe methods of freshwater generation, treatment, and storage.
3. Identify systems for gray water and black water management and relate them to MARPOL Annex IV requirements.
4. Implement practical strategies to reduce water consumption and improve sustainability on board.
[bookmark: _Toc213877410]INTRODUCTION
Every seagoing vessel relies on an efficient freshwater system for crew welfare, safe operation, and environmental compliance. The scarcity of natural freshwater sources at sea, coupled with increasing environmental restrictions, has made water management a priority for the maritime industry. Poorly managed freshwater and wastewater systems can lead to health risks, pollution incidents, and regulatory penalties. This course provides a comprehensive overview of how water is generated, used, treated, and conserved on board. It covers both technical and behavioral strategies to minimize waste while maintaining compliance with MARPOL and other international standards. Learners will gain not only operational knowledge but also a sustainability-oriented mindset that supports global maritime environmental goals.
	
[bookmark: _Toc213877411]PART ONE: Understanding the freshwater cycle on board

1.The Importance of Freshwater at Sea
Freshwater is essential to the safety, health, and comfort of all personnel aboard ships. It supports critical domestic functions such as cooking, washing, and drinking, and is also used in technical systems including boilers, cooling circuits, and sanitation. The limited space and resources at sea make water management a central component of shipboard sustainability. Unlike on land, every liter produced or consumed must be carefully monitored, as replenishment options are restricted to onboard generation or shore supply.

2. The Shipboard Water Cycle
The freshwater cycle aboard a vessel begins with generation, followed by storage, distribution, consumption, and discharge. Water is generated using evaporators or reverse osmosis (RO) systems and stored in protected tanks before being distributed throughout the vessel via pressurized piping. After use, it becomes wastewater — either gray or black water — requiring collection and treatment. Understanding each stage ensures effective control of quality and quantity, supporting both hygiene and compliance.

3. Sources and Supply Management
Ships rely on two primary freshwater sources: onboard production and bunkered supply from ports. While onboard systems provide independence during voyages, shore bunkering may still be necessary when equipment is under maintenance or demand is high. Proper sampling and certification of bunkered water are mandatory to prevent contamination. The Chief Engineer oversees water quantity planning, ensuring adequate reserves for the voyage and emergencies.
4. Distribution and Consumption
Freshwater is distributed through a closed piping system powered by booster pumps. The system ensures consistent pressure across the vessel’s domestic and technical areas. Flow control valves, filters, and monitoring devices help regulate supply. Average daily consumption is tracked for each department to identify overuse or leakage. A typical consumption rate ranges between 200 and 350 liters per person per day, depending on vessel type and operational conditions.
5. Preventing Contamination
Water contamination can arise from faulty cross-connections, tank corrosion, or biological growth. Preventive measures include regular tank cleaning, controlled chlorination, and avoiding stagnation in pipelines. Chlorine levels should be maintained between 0.2–0.5 ppm. Sampling from distribution points verifies potability and confirms compliance with WHO and flag-state standards. Proper documentation supports both internal audits and external inspections.
6. Monitoring and Documentation
Regular monitoring of water generation and consumption is recorded in logbooks. Deviations from expected values often indicate leaks, wastage, or inefficiency in generation systems. Routine checks, supported by automation and data logging, enable proactive corrective action. Documentation ensures transparency during port-state inspections and contributes to overall environmental accountability.

PART TWO: Fresh water generation and treatment.

 1. Overview of Generation Methods
Modern vessels generate freshwater through thermal distillation (evaporators) or reverse osmosis (RO) filtration. The choice depends on available waste heat, energy efficiency, and maintenance considerations. Evaporators use engine jacket water to evaporate seawater, condensing the vapor into distilled water. RO systems push seawater through membranes that filter out salts and impurities under high pressure.
2. Evaporator Systems
Distillation-type evaporators operate under vacuum to lower boiling points, optimizing heat recovery and efficiency. After condensation, the water is remineralized to prevent taste issues and ensure potability. Scaling and fouling are controlled by periodic cleaning and chemical dosing. Continuous monitoring of salinity ensures product water meets quality standards before transfer to storage tanks.
3. Reverse Osmosis Systems
Reverse osmosis units are highly efficient and compact. They rely on high-pressure pumps and semi-permeable membranes that allow water molecules to pass while rejecting salts and contaminants. Feedwater must be pre-filtered and chemically conditioned to avoid membrane damage. Routine membrane cleaning extends lifespan and maintains performance, with automation simplifying monitoring and shutdown procedures.
4. Post-Treatment and Storage
After generation, water undergoes post-treatment to ensure hygiene and quality. Chlorination or UV disinfection eliminates microorganisms, while filters improve taste and clarity. Tanks are designed with coatings or stainless steel linings to resist corrosion. Regular sampling from tank outlets confirms water remains potable during storage.
5. Safety and Maintenance Practices
Crew safety during handling and maintenance of water treatment systems is vital. Personal protective equipment (PPE) must be worn when dosing chemicals. Regular calibration of sensors and pressure gauges ensures operational reliability. Maintenance logs record cleaning, filter replacements, and inspections, forming a key part of the vessel’s safety management system (SMS).
6. Energy Efficiency and Regulation
Energy optimization is achieved by using waste heat and variable-speed pumps. Compliance with WHO, IMO, and flag-state standards guarantees water safety. Regular audits and water analysis are often required during vessel inspections or certifications. Efficient generation not only ensures self-sufficiency but also reduces fuel consumption and environmental footprint.
   

PART THREE: Gray water and black water management.
1. Wastewater Classification
Shipboard wastewater is categorized as gray water or black water. Gray water originates from showers, sinks, galleys, and laundry systems, whereas black water includes sewage and waste from toilets and medical facilities. Both require controlled handling to prevent marine pollution. Although MARPOL Annex IV formally regulates sewage, many operators voluntarily manage gray water under similar environmental standards.
2. MARPOL Annex IV Regulations
MARPOL Annex IV governs the discharge of sewage into the sea. Vessels over 400 GT or carrying more than 15 persons must have an approved sewage treatment plant (STP) or holding tank. Treated sewage may be discharged more than 12 nautical miles from land, while stricter limits apply closer to shore. All discharges must be recorded in the sewage logbook for verification by authorities.
3. Sewage Treatment Systems
Modern sewage treatment plants use biological and physical processes to reduce solids and pathogens. Aeration, clarification, and disinfection are common steps, followed by filtration and chlorination or UV treatment. Type-approved equipment ensures consistent effluent quality. Regular cleaning and monitoring of aerators, pumps, and sensors maintain reliable operation.
4. Gray Water Control Measures
Although gray water is less hazardous than black water, it can still contain oils, detergents, and food residues. Filtration, chemical treatment, or biological processes can reduce its environmental impact. Ships often store gray water for later discharge at approved port facilities. Upcoming regulations may make gray water treatment mandatory, especially for passenger ships and environmentally sensitive regions.
5. Compliance and Safety
Crew must understand the ship’s sewage management plan and discharge procedures. Safety protocols cover PPE use, confined-space precautions, and chemical handling. Equipment failures or accidental discharges must be reported immediately. Port-state inspections frequently review sewage logs and treatment plant performance records.
6. Environmental Protection and Good Practice
Effective wastewater management prevents eutrophication, disease transmission, and coastal pollution. Integrating STP operations into the ship’s environmental management plan supports sustainability. Regular audits, crew training, and preventive maintenance collectively uphold the vessel’s commitment to cleaner oceans.
	
[bookmark: _Toc207962628][bookmark: _Toc213877412]PART FOUR: Practical tips for reducing water consumption
1. Importance of Conservation
Freshwater production consumes significant energy and time. Reducing unnecessary use directly decreases fuel consumption and operational costs. Conservation also minimizes wastewater generation, easing the load on treatment systems. Every crew member plays a role in sustaining shipboard water efficiency.
2. Behavioral Approaches
Crew awareness campaigns and training sessions emphasize simple habits like shorter showers, shutting taps, and using full laundry loads. Signs placed near sinks and showers remind crew to conserve. Incentive programs for efficient departments can create a culture of accountability and participation across the vessel.
3. Technological Measures
Modern ships use low-flow fixtures, aerators, and vacuum toilets to reduce consumption. Real-time monitoring systems track water flow and detect leaks. Recycled gray water can serve non-potable purposes such as deck washing. Integrating these technologies with automation systems allows precise control and reporting.
4. Operational Efficiency
Routine inspection of tanks, valves, and pipelines ensures no water loss. Adjusting watermaker production to match demand avoids wasteful overproduction. Proper maintenance of cleaning and laundry systems prevents excess consumption. Periodic reviews of daily logs identify trends for improvement.
5. Environmental and Economic Benefits
Efficient water use supports MARPOL objectives by reducing discharge volumes. Lower energy demand decreases CO₂ emissions and fuel costs. Demonstrating good environmental performance improves a company’s reputation and may qualify for green shipping certifications. Sustainable water management is both a legal and financial advantage.
6. Continuous Improvement and Future Outlook
Continuous improvement relies on crew engagement, innovation, and monitoring. Benchmarking consumption among fleet vessels helps identify best practices. Future ship designs will integrate advanced condensation recovery and closed-loop recycling systems. The maritime industry’s goal is to achieve zero discharge and near-total water self-sufficiency.

[bookmark: _Toc213877413]PART FIVE : Course References
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