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Executive Summary
The cruise industry plays a major role in global tourism, offering a unique blend of transport, accommodation, and entertainment. However, despite its economic importance, cruise ships have a significant environmental footprint, contributing to air and marine pollution as well as excessive waste. The heavy reliance on heavy fuel oil (HFO) leads to high carbon emissions, while untreated wastewater and solid waste disposal pose serious risks to marine ecosystems (Legrand, Chen & Laeis, 2023).
This report examines the environmental impact of cruise ships, the challenges in making the industry more sustainable, and the potential solutions. It explores key efforts such as the adoption of alternative fuels, shore-side electricity, advanced waste management systems, and eco-friendly infrastructure to assess their effectiveness in reducing harm to the environment (Edgell, 2020).
While many cruise lines are investing in sustainability initiatives, challenges like financial constraints, consumer expectations, and inconsistent regulations make progress difficult. The findings suggest that a combination of technological innovation, stricter regulations, and greater consumer awareness is crucial for pushing the industry toward a more sustainable future.
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1.Introduction
Hospitality transport refers to modes of travel that combine accommodation and entertainment, enabling seamless tourism experiences (Weaver, 2022). This includes cruise ships, luxury trains such as the Orient Express, and premium long-haul airline services that integrate hospitality elements within transport. Cruise ships, in particular, offer a unique combination of transport, lodging, and recreation, making them a popular choice among tourists. However, this form of travel has raised serious concerns regarding its environmental impact. Cruise ships operate as floating hotels that require substantial amounts of fuel, water, and food, while also producing considerable waste and emissions that affect marine ecosystems and the atmosphere (Legrand, Chen & Laeis, 2023).
This report explores the environmental implications of cruise ships as a mode of hospitality transport. It discusses the significant pollution generated by these vessels, the challenges in adopting sustainability measures, and the possible strategies cruise companies can implement to minimize their ecological impact. By evaluating the effectiveness of industry efforts, this report aims to highlight how cruise companies can move towards sustainable operations while maintaining economic viability in the global tourism sector (Edgell, 2020).











2. Environmental Impact of Cruise Ships
2.1 Air Pollution
Cruise ships are significant contributors to air pollution, primarily due to their reliance on heavy fuel oil (HFO), which emits sulphur oxides (SOₓ), nitrogen oxides (NOₓ), and carbon dioxide (CO₂). In 2023, Carnival Corporation’s fleet emitted 2.55 million tonnes of CO₂, exceeding the emissions of Glasgow (2.43 million tonnes in 2021) (The Guardian, 2024). Large cruise ships burn up to 250 tonnes of fuel daily, leading to substantial carbon emissions (GreenMatch, 2024).
Additionally, cruise ship pollution levels in ports can surpass urban air pollution levels, affecting coastal air quality and public health (Environment & Energy Leader, 2024). Emission Control Areas (ECAs) have attempted to curb pollution by requiring ships to use low-sulphur fuels, but outside these regions, many vessels revert to cheaper, high-sulphur fuels, undermining environmental efforts (IMO, 2023).
The substantial growth in both the number and size of cruise ships has significantly contributed to increased fuel consumption and greenhouse gas emissions. This trend underscores the urgent need for sustainable alternatives to mitigate its environmental impact (The Guardian, 2024).
2.2 Marine Pollution
Beyond atmospheric emissions, cruise ships significantly impact marine ecosystems through the discharge of various waste streams. These include sewage (blackwater), greywater from sinks and showers, ballast water, and hazardous materials.
A large cruise ship with 3,000 passengers and crew generates an estimated 55,000 to 110,000 liters of blackwater and 330,000 to 960,000 liters of greywater daily (Environmental Impact of Shipping, 2023). Untreated or inadequately treated discharges can introduce harmful bacteria, pathogens, nutrients, and chemicals into marine environments, leading to issues such as algal blooms, oxygen depletion, and contamination of seafood resources.
Ballast water discharge is another critical concern. Cruise ships take on ballast water in one region and discharge it in another, inadvertently transporting invasive species that can disrupt local ecosystems and outcompete native species (Ballast Water Discharge and the Environment, 2023). Furthermore, exhaust gas cleaning systems, known as scrubbers, have led to the discharge of acidic wastewater into oceans, contributing to ocean acidification and posing toxic threats to marine life (High Country News, 2023).
2.3 Waste Generation
Cruise ship operations result in substantial waste production, including solid waste, food waste, and hazardous materials. Managing this waste is challenging, and improper disposal can lead to significant environmental harm.
On average, a cruise ship generates approximately 7 tons of solid waste daily. This includes plastics, paper, wood, cardboard, food waste, and glass. Improper disposal methods, such as incineration at sea or illegal dumping, can lead to marine pollution and harm to wildlife (JSTOR Daily, 2019).
The increasing size of cruise ships exacerbates waste management issues. Larger vessels accommodate more passengers and crew, leading to higher consumption of resources and greater waste production. This trend raises concerns about the capacity of existing waste treatment facilities both onboard and at port to handle the growing volume of waste effectively (The Guardian, 2024).











3. Challenges in Achieving Sustainability
Despite growing awareness and technological advancements, sustainability in the cruise industry remains difficult to achieve due to financial constraints, weak regulations, and consumer-driven expectations. 
3.1 Economic Constraints and Financial Barriers
One of the primary obstacles to sustainability is the high cost of green technology adoption. Retrofitting cruise ships for Liquefied Natural Gas (LNG) or hydrogen fuel cells requires substantial investment, with LNG conversion costing between $10 million and $35 million per vessel (Ship Universe, 2024). Additionally, new LNG-powered ships are 20-25% more expensive to build than traditional ones, discouraging widespread adoption (FreightWaves, 2023).
Sustainable fuels, such as biofuels and hydrogen, remain significantly more expensive than conventional marine fuels, with hydrogen costing up to 3-5 times more per unit of energy compared to natural gas (Michaels Energy, 2022). Furthermore, many ports lack the infrastructure to support refueling for alternative energy sources, adding another financial burden to cruise operators (CLIA, 2021).
Many cruise operators are struggling to balance profitability with the investments needed for sustainable upgrades (Cruise Lines International Association, 2024). Between March and September 2020, the industry experienced an estimated $77 billion in losses, compelling many cruise lines to downsize, sell off ships, or cease operations entirely (Cruise Lines International Association, 2020). As companies focus on economic recovery, investments in sustainability have been postponed, extending reliance on traditional fuel sources and delaying the transition to more environmentally friendly alternatives.
3.2 Regulatory and Policy Gaps
The cruise industry operates within a fragmented regulatory framework, with environmental policies differing across jurisdictions. While MARPOL establishes emission and waste disposal standards, enforcement remains the responsibility of flag states, leading to inconsistencies (IMO, 2023). Many cruise ships are registered under flags of convenience, such as Panama and the Bahamas, where environmental regulations are often weaker, allowing some operators to bypass stringent waste and emissions controls (Clear Seas, 2020).
Despite existing regulations, enforcement remains inadequate. MARPOL Annex V prohibits plastic disposal at sea, yet some operators continue this practice due to weak monitoring and insufficient penalties (IMO, 2023). Emission Control Areas (ECAs), restricting sulphur emissions, are limited to four regions, requiring ships to use low-sulphur fuel (EPA, 2023). However, outside these zones, many cruise lines revert to cheaper, high-sulphur fuels, undermining sustainability efforts (Maritime Optima, 2023).
A key challenge is the lack of global standardisation. The EU mandates onshore power supply (OPS) for docked ships to reduce emissions, but adoption outside Europe is slow due to high costs and policy gaps (European Commission, 2023). Without harmonised international regulations and financial incentives, the shift towards greener technologies remains limited (Clear Seas, 2020).
To close these regulatory gaps, stricter enforcement, greater international cooperation, and stronger incentives are needed. Collaboration between the IMO, national governments, and port authorities is essential for uniform environmental compliance (IMO, 2023). Incentive-based policies, such as port fee reductions for low-emission ships, could drive broader adoption of sustainable practices (EPA, 2023), ensuring the cruise industry aligns with global sustainability goals.

3.3 Consumer Demand and Industry Expectations
Despite rising awareness of climate issues, consumer demand remains a challenge for sustainable cruise development. Studies indicate that only 30% of cruise passengers actively consider sustainability when booking a trip, with most prioritising cost and onboard amenities (Traveltek, 2023).
The cruise industry's reliance on mega-ships, such as Icon of the Seas, which accommodates over 7,000 passengers, increases emissions, fuel consumption, and waste production (Euronews, 2024). While some companies have introduced hybrid-electric and LNG-powered ships, they remain a small fraction of the industry (The Times, 2024). Additionally, while many passengers express support for sustainable travel, fewer than 20% are willing to pay a premium for greener cruises, limiting investment incentives (WTTC, 2023).
To shift consumer behaviour, cruise lines must increase transparency regarding sustainability initiatives and introduce green certification programmes. Educating consumers on the environmental impact of cruise tourism could foster greater demand for sustainable alternatives (UNWTO, 2023). 



















4. Potential Solutions and Industry Innovations
4.1 Alternative Fuels and Energy Efficiency
Transitioning to cleaner energy sources is vital for reducing emissions in the cruise sector. Liquefied Natural Gas (LNG) has become a prominent alternative to heavy fuel oil, offering significant environmental benefits. LNG virtually eliminates sulphur oxide (SOx) emissions, reduces nitrogen oxide (NOx) emissions by approximately 85%, and achieves up to a 20% reduction in CO₂ emissions (Cruise Lines International Association, 2024).
However, LNG is not without concerns. Methane slip, where unburned methane escapes into the atmosphere, poses a significant environmental challenge due to methane's high global warming potential. Studies indicate that using LNG as a marine fuel can emit over 120% more life-cycle greenhouse gas emissions than marine gas oil (Reuters, 2024).
In response, cruise operators are exploring advanced solutions, including methanol and biofuels, which offer lower greenhouse gas emissions. Carnival Corporation, for instance, is trialing biofuels and investing in LNG-powered ships designed to be compatible with future fuels like bio-methane and synthetic methane (Cruise Arabia, 2025).
Beyond alternative fuels, cruise lines are enhancing energy efficiency through technological innovations. MSC Cruises has introduced the OptiCruise tool, which utilises machine learning algorithms to optimize itineraries by adjusting speed, port sequencing, and fuel consumption, aiming to reduce emissions by up to 15% across its fleet by 2026 (Daily Telegraph, 2024). Additionally, hybrid propulsion systems are gaining traction; companies like Hurtigruten are implementing battery-assisted ships to minimize fuel consumption in sensitive Arctic regions (The Times, 2024).
4.2 Shore-Side Electricity (Cold Ironing)
Shore-side electricity (SSE), also known as cold ironing, is an increasingly adopted solution for reducing emissions at ports. By enabling ships to connect to a port’s electrical grid, SSE significantly reduces sulphur and particulate emissions. For instance, the Port of Barcelona has committed to full shore power infrastructure by 2026, aiming to cut docked emissions by up to 66% (European Cruise News, 2024). This solution drastically cuts emissions, particularly in high-traffic cruise destinations where docked ships contribute to local air pollution. Research indicates that SSE can reduce port-based emissions by up to 98%, depending on the energy mix used to power the grid (Cruise Industry Environmental Report, 2023).
Several ports have invested in SSE infrastructure to facilitate this environmentally friendly practice. The Port of Seattle, for instance, has installed shore power systems at its cruise terminals, enabling ships to connect to cleaner, landside electrical power and turn off diesel engines while at berth. This initiative has resulted in significant reductions in greenhouse gas emissions and other pollutants (Port of Seattle, 2023). Similarly, PortMiami has launched shore power capabilities, allowing cruise ships to "plug in" and reduce emissions during their stay in port (Maritime Professional, 2023).
Despite these advancements, the adoption of SSE faces challenges, including the high costs of infrastructure development and a lack of global standardization. The installation of shore power systems requires significant investments in both port facilities and ship retrofitting. Additionally, less than 20 ports worldwide currently provide shore power for large cruise ships, highlighting the need for broader implementation to maximize environmental benefits (Cruise Lines International Association, 2024).
4.3 Waste Management and Sustainable Cruise Infrastructure
The cruise industry is advancing waste management and sustainable port infrastructure to minimize its environmental footprint.
Waste Management Innovations
Modern cruise ships are integrating advanced waste treatment systems to reduce solid and food waste. Royal Caribbean Group has introduced waste-to-energy technology, converting solid waste into synthesis gas (syngas) for onboard energy use (Royal Caribbean Press Center, 2024). Norwegian Cruise Line employs food waste digesters, cutting disposal volume by up to 80% (Cruise Industry News, 2024), while Royal Caribbean’s zero-food-waste programme repurposes surplus food into biogas (Cruise Lines International Association, 2023).
To tackle plastic pollution, cruise lines are eliminating single-use plastics. Virgin Voyages has replaced plastic items with recyclable and compostable alternatives (Cruise Lines International Association, 2023), and Norwegian Cruise Line has transitioned to biodegradable packaging (4Ocean, 2024).
Sustainable Port Infrastructure
Several ports are investing in green infrastructure to support eco-friendly cruise operations. The Port of Seattle has installed shore power at cruise berths, allowing ships to turn off engines while docked, significantly reducing emissions (Port of Seattle, 2023). The Port of Barcelona is working towards full port electrification by 2026, aiming to cut docked ship emissions by 66% (European Cruise News, 2024).
Other notable efforts include Madeira’s investment in Onshore Power Supply (OPS) infrastructure (MedCruise, 2024) and Estonia’s Tallinn Cruise Terminal, which operates on 100% renewable energy and features stormwater management systems (European Ports Report, 2023). Additionally, Silversea Cruises’ upcoming Nova-class ships will incorporate hybrid propulsion, LNG fuel, and fuel cells for zero-emission port stays (Sustainability Magazine, 2024).












5.Conclusion
The cruise industry remains a vital part of global tourism, but its environmental impact poses serious sustainability challenges. High emissions, marine pollution, and excessive waste generation continue to threaten ecosystems, while financial constraints, weak regulations, and consumer expectations slow progress toward greener operations.
Despite these financial and regulatory hurdles, advancements in alternative fuels, shore-side electricity, and waste management technologies indicate that a transition towards sustainability is feasible. However, the cruise industry must align its economic strategies with environmental policies to accelerate progress (Cruise Lines International Association, 2024). However, meaningful progress will require stronger regulations, financial incentives, and a shift in consumer priorities toward sustainable travel. Without collective efforts from governments, cruise operators, and travelers, the industry risks long-term environmental and economic consequences.
Sustainability in cruising is achievable, but only if the sector prioritizes innovation, accountability, and long-term commitment over short-term gains.












6. Recommendations
For the cruise industry to achieve meaningful sustainability, operators must prioritize the transition to cleaner energy sources such as biofuels, hydrogen, and LNG, reducing reliance on heavy fuel oil. Governments should provide financial incentives and subsidies to encourage investment in alternative fuels, making them a viable option for more cruise lines. Additionally, expanding shore-side electricity (SSE) at major ports is essential, allowing ships to use clean power while docked, thereby cutting emissions significantly.
Stronger international regulations are also necessary to close legal loopholes that allow cruise operators to bypass stricter environmental policies. Organisations such as the IMO and MARPOL must enforce uniform emission and waste disposal standards across all jurisdictions. Improved waste management systems, including waste-to-energy technologies and plastic-free policies, should also be widely adopted to mitigate marine pollution.
Finally, passenger awareness campaigns are needed to shift consumer demand toward eco-friendly cruises, encouraging travelers to choose sustainability without compromising the industry's economic growth.
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