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Executive summary
Cruise ships are a key mode of transport within the hospitality industry, offering unique travel experiences while significantly contributing to environmental challenges. Cruise ships facilitate luxury travel and tourism but also generate substantial air and marine pollution, excessive waste, and ecological damage, necessitating urgent action towards sustainability. This report examines the environmental impact of cruise tourism and explores sustainable solutions to mitigate its ecological footprint.
Key environmental concerns include air pollution from heavy fuel oil combustion, which releases greenhouse gases and toxic emissions including sulphur oxides (SOx) and nitrogen oxides (NOx). Additionally, marine pollution from wastewater discharge, ballast water contamination, and chemical effluents negatively affect ocean ecosystems. Waste generation on cruise ships, particularly plastics and food waste, exacerbates marine pollution and threatens biodiversity. Furthermore, cruise activities can physically damage marine ecosystems, particularly coral reefs, through anchoring and propeller wash.
To address these issues, the industry is transitioning towards cleaner fuels such as liquefied natural gas (LNG) and shifting towards eco-friendly energy alternatives, like hydrogen-based fuel cells and solar-generated power. Shore power technology is being implemented to reduce emissions while docked, and waste reduction initiatives, including improved recycling systems and single-use plastic bags, are being introduced. Environmental education programs for passengers and crew also play a vital role in fostering responsible tourism practices. Collaborative efforts among cruise lines, port authorities, policymakers, and environmental organisations are essential for achieving sustainable cruise tourism. Public-private partnerships and industry-wide commitments help enforce environmental standards and promote innovative, eco-friendly solutions. Additionally, stronger regulatory measures are necessary to limit emissions, improve wastewater treatment, and protect marine biodiversity.
By integrating advanced technologies, adhering to stricter environmental regulations, and fostering stakeholder cooperation, the cruise industry can reduce its environmental impact while maintaining economic benefits for coastal communities. Sustainable cruise tourism is crucial for preserving marine ecosystems and ensuring long-term viability for both the industry and the broader hospitality sector.
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1. [bookmark: _Toc192155350]Introduction
Hospitality transport plays an essential part in the tourism and hospitality industry, enabling the movement of guests, staff, and goods (Dinu, 2018). It encompasses various modes of transportation, including air travel, land transport (such as cars, buses, and trains), and water transport, which includes ferries and cruise ships. These transportation manners are important for unifying travel logistics, improving customer experiences, and upholding the operational efficiency of hospitality businesses (Sun et al, 2021). Effectual and dependable transportation not only influences customer satisfaction but also contributes to the affordability of hospitality brands in an extremely lively market. 
However, the choice of transportation mode significantly impacts the environment, affecting carbon emissions, air quality, and community well-being. As environmental concerns grow and regulations become stricter, the hospitality industry faces increasing pressure to adopt sustainable transport solutions that reduce environmental harm while meeting customer demands. This involves exploring cleaner energy sources, reducing waste, and adopting innovative technologies to minimise the industry's ecological footprint (Kanwal et al, 2024). For instance, the cruise industry is investing in advanced fuel alternatives such as liquefied natural gas (LNG), synthetic LNG, biofuels, and hydrogen fuel cells to reduce emissions (The Guardian, 2024).
This report highlights the importance of cruise ships as a key mode of transport in the hospitality industry (Buhalis et al, 2022). Cruise ships offer a unique travel experience by combining accommodation, entertainment, dining, and transportation, attracting millions of travellers worldwide. They provide luxurious amenities, diverse recreational activities, and access to unique travel destinations, contributing to the growth of the global tourism industry. However, cruise ships also have a significant environmental impact, leading to marine pollution, high carbon emissions, and damage to marine ecosystems. 
[image: ]
Figure 1: Cruise ship
(Source: Chang, 2024)
2. [bookmark: _Toc192155351]Environmental Impact of Cruise Ships

Cruise ships, while offering luxurious and memorable travel experiences, also have significant environmental consequences (Chou et al, 2024). Their impact is multi-layered, upsetting air quality, marine ecosystems, and the general ecological balance (Dotto et al, 2023). 
[image: ]
Figure 2: Environmental Impact of Cruise Ships
(Source: Booksie, 2019)
[bookmark: _Toc192155352]2.1 Air Pollution and Carbon Emissions
Cruise ships are among the most energy-intensive forms of transportation, primarily due to their large size and the extensive energy required to power onboard facilities such as restaurants, entertainment venues, swimming pools, and lodging services (Kolçak et al, 2022). To meet these high energy demands, cruise ships primarily rely on Heavy Fuel Oil (HFO), a cost-effective but highly polluting fuel. This reliance contributes to significant emissions of greenhouse gases, exacerbating global warming and climate change (Buzova, 2023). Cruise ships release substantial amounts of CO₂, intensifying the greenhouse effect, leading to higher global warming, the rapid melting of ice caps, and a surge in extreme weather patterns. 
The high sulfur content in Heavy Fuel Oil (HFO) leads to the production of sulfur oxides (SOx), which react with atmospheric water vapour to form sulfuric acid, contributing to acid rain (Bauer et al, 2024). Acid rain damages vegetation acidifies water bodies and corrodes infrastructure. Additionally, ground-level ozone is formed as a result of nitrogen oxide (NOx) emissions, negatively affecting air quality and public health (Schueppel & Graebner, 2024). Particulate matter from ship exhaust can penetrate deep into the lungs, increasing susceptibility to cardiovascular and pulmonary diseases, such as lung cancer. 
[bookmark: _Toc192155353]2.2 Marine Pollution
Cruise ships discharge large amounts of wastewater and pollutants into the ocean, including different types of waste. Sewage (blackwater) from toilets contains pathogens and nutrients, posing environmental risks (Willis et al, 2022). Graywater, which comes from showers, sinks, and laundries, includes detergents, oils, and chemicals that can harm marine ecosystems. Additionally, oily bilge water accumulates in the lower parts of the ship, containing fuel residues and other pollutants (Rivertrace, 2024).
Furthermore, ballast water is taken in to stabilise the ship but can introduce invasive species when discharged in different regions, disrupting local ecosystems. The Environmental Protection Agency (EPA) reports that an average cruise ship produces around 21,000 gallons of sewage each day (US EPA, 2015).
Excess nutrients in wastewater trigger harmful algal blooms (HABs), depleting oxygen levels and creating uninhabitable zones for marine life. Toxic chemicals and heavy metals from wastewater and cleaning agents disrupt marine organisms’ reproduction, growth, and survival. These pollutants also threaten coral reefs, leading to fish population declines, ecosystem instability, and reduced marine biodiversity (Aliko et al, 2022; Krishnakumar et al, 2024).
[bookmark: _Toc192155354]2.3 Waste Generation and Disposal
Cruise ships generate large amounts of solid waste, including plastics, food waste, and hazardous materials. Studies indicate that plastic waste from cruise ships contributes significantly to marine debris, increasing the environmental burden on ocean ecosystems (Kotrikla et al, 2021).
One of the significant environmental impacts of waste generation on cruise ships is plastic pollution, particularly single-use plastics such as straws, cups, and packaging materials, which are commonly used onboard (Di Vaio et al, 2024). These plastics often end up in the ocean, posing serious threats to marine life through ingestion and entanglement. Additionally, microplastics from waste disposal contaminate marine ecosystems and enter the food chain, potentially impacting human health (Di Vaio et al, 2024).
Excess food waste contributes to nutrient pollution, triggering harmful algal blooms and reducing oxygen in marine ecosystems, negatively impacting marine life (Toneatti et al, 2022). Additionally, batteries, cleaning chemicals, and medical waste contain toxic substances that can leak into the ocean, polluting marine habitats and threatening the health and survival of aquatic species (Schumüller et al, 2022). Improper waste disposal can result in long-term pollution, harming marine animals, contaminating the food chain, and disrupting the natural balance of marine ecosystems (Schumüller et al, 2022).
[bookmark: _Toc192155355]2.4 Damage to Marine Ecosystems
Cruise ships damage coral reefs and marine habitats through anchoring and propeller wash. Heavy anchors and chains crush coral structures, reducing coral size and coverage (Flynn & Forrester, 2019). Additionally, propeller wash stirs sediment, increasing water turbidity and blocking sunlight essential for coral growth, further disrupting marine ecosystems (Surfrider Foundation, 2020).
Furthermore, the discharge of pollutants from cruise ships, such as sewage and greywater, contributes to nutrient pollution, leading to algal blooms and reduced oxygen levels in marine habitats. A 2024 report by The Guardian raised concerns that cruise ships were "dumping toxic effluent" into the Great Barrier Reef, exacerbating environmental degradation. 
Noise from ship engines significantly disrupts marine mammals' communication, navigation, and reproductive behaviours. Species such as whales and dolphins, which rely on echolocation for survival, are particularly affected. According to the National Oceanic and Atmospheric Administration (NOAA, 2022), "human-produced noise can interfere with marine mammal communication, navigation, and their ability to detect predators or prey."
The degradation of marine ecosystems, particularly coral reefs, presents both environmental and economic challenges. Coral reefs support coastal tourism and fisheries, providing essential income for local communities. Damage from cruise ship activities can lead to significant economic losses in tourism-dependent regions (Lloret et al, 2021). Additionally, cruise ships contribute to air and marine pollution, waste generation, and ecosystem damage, leading to widespread environmental degradation that impacts both marine life and coastal communities.
The cruise industry has grown rapidly in recent years, offering luxurious and exclusive experiences while allowing travellers to visit multiple destinations in one voyage (Baumann, 2021). However, this rapid expansion has come at a significant environmental cost. Cruise ships are major contributors to air pollution, marine pollution, and ecological disruption, negatively affecting coastal communities and fragile marine ecosystems (Buhalis et al, 2022).
For cruise tourism to continue growing sustainably, it is essential to address environmental challenges through sustainable practices and collaborative efforts (Kolçak et al, 2022). One key solution is to minimise the environmental footprint of cruise ships while protecting marine ecosystems and supporting the well-being of coastal communities (Yan & Cao, 2024).
Coastal communities and marine life are particularly vulnerable to these effects, reinforcing the urgent need for sustainable practices and effective environmental management. Without proactive measures, the continued expansion of cruise tourism risks placing excessive pressure on already fragile ecosystems and local economies (Lloret et al, 2021). 
Compliance with environmental regulations varies, and loopholes allow cruise ships to discharge pollutants in international waters (IMO, 2024). Stricter emission standards for CO₂, SOx, and NOx are needed, along with a shift to cleaner fuels like Liquefied Natural Gas (LNG) and low-sulfur alternatives (CLIA, 2024).
Mandating advanced wastewater treatment systems is also crucial to prevent marine pollution, ensuring that sewage, greywater, and bilge water are properly treated before discharge (EPA, 2024). Without tighter regulations, cruise tourism will continue to harm marine ecosystems and public health.
Waste management regulations, including banning single-use plastics and mandatory recycling, are essential to reducing cruise ship pollution. Large cruise ships generate substantial waste, requiring effective waste management (Sucheran, 2024). 
Environmental certifications and transparent reporting on emissions and sustainability improve industry accountability. The cruise industry is investing in green technologies and alternative fuels to cut emissions and eliminate untreated wastewater discharge (Kotrikla & Chortatsiani, 2022).
Stronger regulations and strict enforcement are needed to ensure compliance. In 2022, the 218 cruise ships operating in Europe released more sulfur oxides (SOx) than a billion cars, highlighting the need for tighter controls (Transport & Environment, 2023).
3. [bookmark: _Toc192155356]Innovative Solutions and Sustainable Practices
To address the environmental challenges of cruise tourism, the industry is adopting innovative solutions and sustainable practices to reduce its ecological footprint. 
[bookmark: _Toc192155357]3.1 Transition to Cleaner Fuels
LNG and low-sulfur fuels help reduce SOₓ and particulate emissions, though their impact on CO₂ emissions is limited due to methane slip (Wärtsilä, 2018). Alternative energy sources like hydrogen fuel cells, solar panels, and wind turbines offer greater potential for emission reductions (U.S. Department of Energy, 2024).
[bookmark: _Toc192155358]3.2 Shore Power Technology
Shore power systems allow cruise ships to connect to onshore electricity, reducing CO₂ and NOₓ emissions while docked. This is especially beneficial in busy ports, where multiple ships contribute to air pollution. Studies show that adopting shore power in European ports could significantly lower at-berth emissions (Osipova & Carraro, 2023). 
[bookmark: _Toc192155359]3.3 Waste Reduction and Recycling Initiatives
Implementing sustainable waste management programs, including recycling and composting, can significantly reduce solid waste generation. Eliminating single-use plastics and adopting refillable alternatives further decreases marine debris and plastic pollution (UNEP, 2020).
[bookmark: _Toc192155360]3.4 Environmental Education and Awareness Campaigns
Sustainability education for passengers and crew promotes responsible tourism by encouraging energy conservation, waste reduction, and marine protection. Training in sustainable behaviour is essential for advancing eco-friendly cruise tourism (Kulkov et al, 2023). CSR and Triple Bottom Line approaches encourage long-term environmental responsibility (Hoarau-Heemstra et al, 2023).
[bookmark: _Toc192155361]4. Collaborative Approaches for Sustainable Cruise Tourism
Collaboration among cruise lines, port authorities, environmental organisations, and travellers is essential to reducing pollution and ecological disruption. A stakeholder-inclusive approach involving regulatory bodies and local communities is key to tackling cruise tourism’s environmental challenges (Jokinen et al, 2021).
Public-private partnerships (PPPs) play a crucial role in developing and implementing sustainable infrastructure, such as shore power systems and advanced wastewater treatment facilities at ports. These partnerships help distribute investment costs and risks, enabling effective environmental management (Sugimura, 2022).
Industry-wide sustainability commitments drive eco-friendly practices in cruise tourism, while certifications like Green Marine set clear environmental standards (Hoarau-Heemstra et al, 2023; Green Marine, n.d.). Community engagement ensures coastal residents benefit while preserving environmental sustainability. Collaboration among cruise operators, policymakers, and stakeholders is key to balancing economic growth and ecological protection (Hoarau-Heemstra et al, 2023).
Ongoing research and innovation in sustainable maritime technology are vital for developing eco-friendly propulsion systems, advanced waste management solutions, and environmentally conscious cruise ship operations (Ren et al, 2021). These efforts reduce maritime activities' environmental impact while promoting sustainable tourism practices.
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Figure 3: Collaborative Approaches for Sustainable Cruise Tourism
(Source: Paiano et al, 2020)

[bookmark: _Toc192155362]5. Conclusion
While the cruise industry is essential to global tourism, it also presents major environmental concerns, including air pollution, marine degradation, and excessive waste generation. Sustainable solutions such as cleaner fuels, shore power, waste reduction initiatives, and environmental education are crucial in minimising the industry's ecological footprint. Collaborative approaches involving regulatory bodies, cruise operators, and local communities are essential for balancing economic benefits with environmental protection. Stricter regulations, innovative technologies, and industry-wide sustainability commitments are necessary to ensure the long-term viability of cruise tourism while safeguarding marine ecosystems and coastal communities.



[bookmark: _Toc192155363]6. Recommendations
•	Transition to Cleaner Fuels
Cruise lines should adopt LNG and low-sulfur fuels to reduce emissions and improve air quality, supported by government incentives and industry-wide commitments.
•	Advanced Wastewater Treatment Systems
 Implementing cutting-edge wastewater treatment technologies can minimise marine pollution.
•	Waste Reduction and Recycling Initiatives
Implement comprehensive waste segregation and recycling policies, establish onboard composting systems, and mandate single-use plastic bans across cruise fleets.
•	Expand Shore Power Infrastructure
Develop government-backed funding programs and public-private partnerships (PPPs) to support the widespread installation of shore power systems at major cruise ports.
•	Environmental Certifications and Education Campaigns
Governments should strengthen emissions and waste regulations while ensuring compliance through Green Marine Certification and sustainability standards. Environmental education campaigns for passengers and crew should promote responsible tourism, energy conservation, and marine ecosystem protection.
· Foster Multi-Stakeholder Collaboration
Encourage cruise operators, policymakers, NGOs, and coastal communities to collaborate on sustainability initiatives, ensuring long-term positive environmental and economic outcomes.
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