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EXECUTIVE SUMMARY
Cruise transport, a significant segment of the hospitality sector combines travel and luxury accommodations, offering passengers a unique experience while visiting multiple destinations. The industry has witnessed remarkable growth, contributing over $150 billion to the global economy in 2019. However, this expansion has raised concerns over its environmental impact, particularly in air and water pollution, waste management, and sustainability challenges.
Cruise ships emit substantial amounts of pollutants, including Sulphur oxides (SOₓ), nitrogen oxides (NOₓ), and particulate matter (PM), contributing to climate change and health hazards. Studies reveal that major cruise corporations release more SOₓ than millions of cars combined. Additionally, ships discharge untreated wastewater and ballast water, introducing harmful chemicals and invasive species into marine ecosystems, affecting biodiversity and coastal economies. Poor waste management exacerbates ocean pollution, as seen in multiple environmental law violations by cruise companies.
To mitigate these impacts, industry leaders are adopting alternative fuels like LNG, advanced emission control technologies, improved waste management systems, and shore power solutions. These measures aim to enhance environmental sustainability while maintaining operational efficiency. Despite challenges in implementation costs and regulatory compliance, such initiatives are essential for the future sustainability of cruise transport and the preservation of marine ecosystems.
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[bookmark: _Toc192116640]Introduction
Hospitality transport refers collectively to the means by which guests travel and get some additional services throughout their travel while being in the same experience (Gelbman, 2021). Amongst the many forms of hospitality transport, cruise shipping is a prominent example in that vessels function as a vehicle for travel as well as a moving hotel doling out entertainment, dining and recreational services while traversing (Ros Chaos et al., 2021).
The cruise transport has become an essence of modernist tourism. The appeal of having the likelihood to see several destinations during one project is enjoyed by resilient of passengers and cruise lines provide splendid facilities and a variety of onboard adventures. However, as cruises have grown in popularity, so have the environmental threats of these huge floating resorts. With increasing scrutiny of cruise ships as a major contributor of air and water pollution as well as waste management problems (Ramoa et al., 2020).
This report concentrates on cruise transport as a form of hospitality transport. It takes a look at the environmental damage cruise ships cause, and it gives analysis on what industry leaders have put into action, or are proposing to put into action to avoid it. They hope to discuss the debate both from the perspective of industry examples and statistical evidence from respectable sources, to offer wide and full scope of the problems and possible solutions regarding to cruise ship operations.
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· [bookmark: _Toc192116642]Overview of Cruise Transport in the Hospitality Sector
Cruise ships differ from other types of vacations in that they are valid transportation combined with a total upscale hospitality experience. Each brings an onboard accommodation, dining, entertainment and recreation, in motion round the world’s oceans. Cruises have emerged as a dual-purpose travel and leisure destinations and as such have grown rapidly in number through the past two or three decades (Vlăsceanu & Țigu, 2020). As an example, cruise business was worth more than $150 billion in 2019 to the global economy and transported more than 30 million passengers annually ((BREA), 2020) . The amazing increase in this sector also reflects the importance of this sector, but also highlights its significant environmental footprint in such a large-scale operation.
Logistics are quite complex in the cruise industry. Cruise ship operating requires managing a large set of services, including engines’ fuel consumption and performances, waste treatment, water treatment and so on. Its vessels travelling the world’s international waters are subject to multiple environmental rule frameworks. But even minor inefficiencies in these operations add up to the point where there is substantial cumulative environmental damage (Toneatti et al., 2020).
· [bookmark: _Toc192116643]Environmental Damage Caused by Cruise Ships
· [bookmark: _Toc192116644]Air Pollution
Air pollution in cruise transport is one of the main environmental issues. In cruise ships, heavy fuel oil (HFO), which has high Sulphur levels and other pollutants, is used mostly. HFO is burned and releases sulphur oxides (SOₓ), nitrogen oxides (NOₓ), particulate matter (PM), and very large quantities of carbon dioxide (CO₂) (Ruiz-Guerra et al., 2019). In addition to global climate change, these emissions also contribute to local air quality degradation in near port and coastal communities. Notably, in 2017, Carnival Corporation's cruise ships emitted nearly 10 times more Sulphur oxides around European coasts than all 260 million European cars combined (Abbasov, 2019). They have such high emission levels it directly affects public health and is part of the atmospheric problems of acid rain and others.
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Figure 1: Aggregated Cruise ships out pollute entire passenger car fleets in six European port cities (Constance Dijkstra, 2023)
· [bookmark: _Toc192116645]Water Pollution and Marine Ecosystem Impact
As well as hugely contributing to air pollution, cruise ships are also huge polluters of the water. These vehicles discharge wastewater as well as ballast water and oily residues from which range of harmful contaminants are released into marine environments (Perić et al., 2019). Onboard electronic equipment produces minutes of its own waste water, which may include just the organic matter, or it may include heavy metals, disinfectants and other chemical residues. In certain instances, excessive nutrients can result in eutrophication of coastal waters, nutrient rich water that will cause harmful algal blooms that deplete oxygen and harm the marine ecosystem (Comer et al., 2020).
The European Environment Agency (EEA) report in 2025 mentions that sea water quality in coastal areas where cruise ships were in significant traffic had been deteriorating, hence adversely affecting marine life and local fishing industries. It adds that shipping is responsible for 60% of non-native species entering European waters, and 56% of the alien, invasive species, through ballast water discharge ((EEA), 2025).
· [bookmark: _Toc192116646]Waste Management Challenges
Solid and liquid waste are generated in large volumes as a product of cruise ship operation. A mix of biodegradable and non-biodegradable waste is produced onboard activities such as food preparation, passenger services, maintenance and operational logistics (Kotrikla et al., 2021). Because a cruise ship is so confined there is no room for waste, which must be handled until the ship can get to a port that can properly dispose of or recycle this waste. Unfortunately, failure of waste management systems, and illegal dumping or illegal treatment of waste streams, occurs (Sanches et al., 2020).
For instance, there have been known events where international environmental law was violated, with cruise ships discharging non-treated or partially treated wastewater into ocean. The disposal and management of hazardous such as chemical, battery and other industrial by-products pose an additional risk. Cruise ships are implicated in environmental violations including dumping wastewater, untreated or even treated, into oceans. For one instance, in 2019, Carnival Corporation was fined $20 million for environmental crimes including dumping plastic mixed with food waste in Bahamian waters (Merrit Kennedy, 2019). The global crisis of ocean plastic pollution ends by insufficient onboard waste isolation and recycling practices. An annually, an estimated 8 to 10 million metric tons of plastic enters the oceans, which currently contributes to 75 to 199 million tons of plastic waste in the sea environment. This running issue underlines the need for better waste management strategies on both land and sea (Fava, 2022).
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Figure 2: Weekly cruise ship emission by company (OceanMind, 2023)
· [bookmark: _Toc192116647]Plausible Solutions and Industry Initiatives
· [bookmark: _Toc192116648]Adoption of Alternative Fuels
Transitioning to alternative fuels is one of the most promising ways to reduce cruise ship air pollution. The lower Sulphur content and the reduction in emissions of NOx and particulate matter from LNG makes it a popular option currently (Urbanyi-Popiołek, 2019). The emission of harmful gases from LNG powered vessels are found to be much less compared to the traditional usage of HFO. For instance, Royal Caribbean International has funded LNG powered ships, up to a 25% reduction in CO₂ emissions and more on sulphur emissions (Dijkstra & Simon, 2023).
Also, hybrid propulsion systems running LNG and electric power are also being studied. These systems are capable to switch between energy sources according to the needs of operational, and work on the highest level of energy efficiency. While the investment for installing alternative fuel systems is high, the payoff is long term by lowering fuel cost, meeting stricter regulations and a better public image (Inal et al., 2022).
· [bookmark: _Toc192116649]Advanced Emission Control Technologies
At the same time, cruise lines are also adopting advanced emission control systems in parallel with alternative fuels. The reduction of sulphur emissions through the use of technologies such as exhaust gas scrubbers, are used to wash the exhaust gases with a chemical solution before they are released into the atmosphere (Dotto et al., 2023). In areas with harsh sulphur restrictions, scrubbers are more common and have been demonstrated to cut SOₓ emissions by as much as 95% (Rweileh & Irveby Sporgelin, 2019). 
Additionally, modern catalytic converters and particulate filters are retrofitted on older vessels to abate NOₓ and PM emissions. Complementing the technologies to reduce NOx emissions, excess CO2 emissions and unburned hydrocarbons, these also enhance operators' fuel efficiency using the power generated by the engines (Lindberg, 2023). However, these systems entail high capital expenditure during the installation and maintenance but they are practical and necessary since they offer great potential benefits such as regulatory compliance and less environmental damage.
· [bookmark: _Toc192116650]Improved Waste Management Systems
Cruise ships have an important impact on the environment and thus waste should be managed properly. Nowadays, design of modern vessels includes advance waste segregation and recycling in order to minimize the volume of waste which needs to be offloaded (Kotrikla et al., 2021). Wastewater is treated on board by means of biological, chemical, and physical processes so that only clean water is discharged. Zero discharge systems are implemented in some cases where all waste is stored onboard until it can be recycled or disposed of properly on a port facility equipped to do that (Ramoa et al., 2020).
For example, Carnival Corporation’s newer ships have featured innovative waste treatment technologies that have yielded dramatic reductions in both the amount of waste produced and in the amount that was not properly recycled (Boucht, 2024). In addition, cruise lines have partnered with specific waste management firms that allow circular economy practices by converting materials into reusable resources. Besides ameliorating environmental harm, these initiatives achieve both savings in resource recovery and [image: ]reductions in waste disposal fees (Ramoa et al., 2020).








Figure 3: Predictions of CLIA Global Oceangoing Cruise Lines in transforming to LNG (CLIA, 2024)
· [bookmark: _Toc192116651]Industry Case Studies
· [bookmark: _Toc192116652]Royal Caribbean International
It is proven that Royal Caribbean has made LNG powered vessels and installed advanced emission control as economically viable. Notably, 'Project Evolution,' their next single class set to open in 2023, will deliver a 40% lessening of greenhouse gas discharge per helpless gazing encounter than preceding classes (group, 2021). The company also indicated a 6.8% drop in carbon intensity in 2023 which represents notable work toward its reaching net zero goals. Reduction of CO₂ and Sulphur emissions as well as fuel efficiency gains and lower operating costs are more economical aspects of sustainable maritime practice, which these initiatives help achieve (News, 2024).
· [bookmark: _Toc192116653]Carnival Corporation
Over $500 million, Carnival Corporation has spent retrofitting its older vessels with Advanced Air Quality Systems (scrubbers), cutting the absolute particulate matter by up to 68% compared to 2015 (plc, 2024).  Also, the company is managing about 70% of its fleet with Advanced Wastewater Treatment Systems, improving water quality and operations (Carnival, 2024). These initiatives show the feasibility to continue to update legacy fleets to these modern environmental standards.
· [bookmark: _Toc192116654]Norwegian Cruise Line (NCL)
Technological innovation and operational efficiency are the tools used by Norwegian Cruise Line Holdings (NCLH) to increase environmental sustainability. By 2025, the target is to achieve 70% of its fleet with shore power and by 2023, 50%. Docked emissions from shore power cuts were temperate up to 98% (Rogosic et al., 2025). Furthermore, itineraries in the Greek Isles have been optimized with closed loop trips switched to open jaw, and emissions have been cut by 16% for 10- and 11-day cruises ((NCLH), 2023). Committed to degrading its own environmental footprint, these efforts show that that NCLH is making good faith attempts to rein stead.
· [bookmark: _Toc192116655]Challenges and Future Directions
· [bookmark: _Toc192116656]High Capital Costs and Retrofitting Challenges
However, the major problem is the large amount of capital inventory bundled away by retrofitting an existing ship or building new ships with green technologies. But older ships are especially difficult because many older ships are not candidates for retrofitting due to design limitations that make retrofitting both complex and costly. New builds can integrate with sustainable features from the outset, however legacy vessels are a costly and technically complex task to upgrade (Papathanassis, 2025).
· [bookmark: _Toc192116657]Regulatory Compliance and Global Standardization
Cruise transport is dealt with by a complicated regulatory landscape of differing standards across regions. The IMO and the European Union, which are making an effort to standardize regulations, have some disparity in the latter that can restrict uniform application of environmental legislation. International cooperation and further modification of policies is needed to guarantee that all vessels will satisfy the highest environmental standards (Di Vaio et al., 2022).
· [bookmark: _Toc192116658]Future Research and Innovation
It is important to conduct continued research and development in order to find new sustainable technologies to decrease the environmental impact in cruise transport. They are interested in hydrogen fuel cells, wind assisted propulsion, and battery storage system boosts. Such innovations are driven forward by collaboration between governments, research institutions and industry players. New technologies that are emerging must be tested with a lot of rigors so that they are both economically feasible as well as environmentally efficacious before getting widely adopted (Tsai & Bui, 2020).
[bookmark: _Toc192116659]Conclusion and Recommendations
Cruise transport is a dynamic and challenging morsel of the hospitality world. The benefits from cruise ships as travel experiences and economic perspective are unparalleled; however, their significant impact at the environmental level from air emission and water pollution along with the still unresolved complex waste management are very risky to the marine ecosystem and coastal communities. Industry data and case studies confirm that the industry is shifting towards sustainable practices through the adoption of LNG, hybrid propulsion, advanced emission controls, shore power, and so forth and that it is both necessary and increasingly possible.
Overall, this report looks into the environmental facets of cruise transport and promising solution that can be productive. The recommendations highlight continued investment in alternative fuel technologies, retrofitting of older vessels with advanced emission and waste management systems, and a strengthened regulatory framework that supports global standards. To reduce their economic and environmental footprint cruise operators can apply these changes, not only for more efficient operations and thus improve working conditions for all stakeholders, but also due to a growing market demand for sustainable travel.
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