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[image: ]

Ocean shipping is a critical mode of transport for global trade, accounting for roughly 90% of traded goods. Shipping tech refers to the use of next-generation technologies and tools such as autonomous tech, green tech, IoT, and digital technologies for ocean-based cargo and passenger transportation. These tools’ overall focus is making shipping more environmentally sustainable and efficient.

While decarbonizing the shipping industry poses risks and challenges, the potential benefits for environmental and economic sustainability are significant. Shipowners are actively seeking innovative and eco-friendly technologies to meet new environmental requirements as the volume of global logistics traffic continues to rise. Key areas of such innovations include green ships that use renewable energy sources, the use of autonomous ships for safety and cost efficiency, the development of smart ports and terminals, the digitalization of shipping operations, and the use of data analytics to optimize shipping routes and decision-making.

Note: Additional sections (market sizing, incumbents, etc.) can be provided on request.
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[bookmark: _zao7xv3tudyb]What is shipping tech?
Shipping tech refers to the use of next-gen technologies and tools such as AI/ML, IoT, big data, autonomous tech, and green tech to digitalize and decarbonize ocean cargo and passenger transportation. 
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Digitalization includes using cutting-edge technologies and data-centric solutions to streamline operations, improve safety, and optimize efficiency in the maritime industry. Meanwhile, decarbonization efforts aim to reduce greenhouse gas (GHG) emissions from shipping operations. 

While being separate initiatives, they also play a synergistic role within the industry—where decarbonization efforts are facilitated and strengthened by digitalization and related activities. For instance, sensor data can help optimize routes and fuel consumption, thereby reducing emissions, while AI-based navigation can help determine shipping routes with the lowest carbon footprint.
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[bookmark: _8rf8p9ymbfxm]Shipping tech: Key segments and use cases
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[bookmark: _w8du884o4aa7]The shipping tech ecosystem
Shipping tech companies offer B2B solutions for the entire shipping value chain, including freight forwarding, transit, and port operations. The shipping tech industry is fairly nascent and is dominated mostly by early-stage startups, with only a few segments having growth-stage companies.

The digital freight solutions segment has the highest number of growth-stage companies, including Flexport, Forto, Freightos, and the New York Shipping Exchange, among others. These companies are involved in supply chain and logistics handling spanning multiple modes of transport and industries, enabling them to attract customers from various sectors. For example, Flexport offers freight forwarding solutions for ocean, air, and land transportation, along with procurement and fulfillment services.

The smart ports and terminals segment has benefitted from several smart ports that have emerged across the globe in recent years (such as the ports of Rotterdam, Hamburg, and Shanghai). A notable smart ports and terminal company is Port Automation, which offers comprehensive solutions for automating port operations, such as software, RFID, GPS, fleet management, and process automation. The company has deployed its automation solutions around the globe, including in New Zealand, Mexico, the UK, Panama, and the Isle of Mann. Other key startups include Awake.AI, Portbase, and Octopi, which provide AI-powered platforms to enhance port visibility and tracking.

Data analytics and sensor technologies streamline vessel operations and provide technologies/platforms to aid decarbonization initiatives. Winward, a growth-stage company, offers an AI analytics solution that can track various metrics including fuel consumption, CO2 emissions, and engine performance. Other startups such as DeepSea Technologies, Notech.AI, and DockTech use integrated sensors to collect data and provide insights for optimizing vessel operations, route planning, meeting compliance requirements, and predictive maintenance.

The autonomous/remotely operated vessels segment is the smallest and includes startups that use AI/ML and autonomous tech to develop systems for unmanned vessel operations. Key startups include Sea Machines and Robosys Automation, which develop automated onboard control systems and remote piloting systems, as well as Orca AI, which develops support software for unmanned operations that offer marine situational awareness and intelligent collision avoidance.

Companies in the green-ships-related tech segment are driven by the sustainability needs in the industry. It features companies that develop wind-assisted propulsion systems like Norsepower Oy and bound4blue. It also includes startups like Marine Edge, which develop ML-based power management systems for minimizing emissions, and Graphite Innovation & Technologies, a startup that provides nanocoatings for ships to increase vessel performance and fuel savings. We excluded companies that develop alternative fuels such as hydrogen and methane from this segment, as they are not exclusively shipping-tech-related.
Shipping tech incumbents encompass well-known companies such as DHL, Siemens, Rolls-Royce, ABB, and Maersk, each venturing into the industry with in-house developments. For example, Rolls-Royce provides autonomous and remotely operated vessels for the maritime industry and Siemens delivers solutions for smart ports and terminals, including software platforms, automation systems, and electrification solutions.
[bookmark: _397yrcs9wjdz]What are the key technologies?
[bookmark: _fdi384s9shpx]AI/ML, big data, IoT, and automation spearhead digital transformation
Data analytics software harnesses the power of AI/ML and big data to seamlessly integrate real-time weather patterns, traffic conditions, engine performance, and other critical variables. This integration provides ship operators with real-time, actionable insights, allowing them to optimize shipping routes, cargo capacity, and vessel performance to ensure optimal operational efficiency. For instance, ShipIn’s FleetVision, an AI-powered ship-to-shore collaboration and visibility platform, claims to increase cargo operations efficiency by 8%, while Nautilus Labs’ maritime voyage optimization software uses AI to determine profitable and low-emission routes.

Automation, combined with IoT, has enabled the development of unmanned (autonomous and remotely operated) vessels that navigate using AI/ML. Companies like Sea Machines and RoboSys Automation offer commercial-grade autonomous command systems and AI-based remote piloting systems for vessels. These vessels are often equipped with collision avoidance and advanced perception technologies to improve safety, such as Orca AI’s SeaPod solutions, which claim to improve marine situational awareness. 
Remote technologies also help reduce human labor and time waste by providing a central access point for monitoring and controlling hatch doors and bulkhead systems during port calls, loading, and unloading. Additionally, integrated sensors enable emissions monitoring and reporting, helping the industry meet disclosure requirements and maintain a sustainability record.
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[bookmark: _5rc0u8cl7633]Alternative propulsion systems and fuels help ships go green
The shipping industry relies heavily on fossil fuels such as marine gas oil and heavy fuel oil (HFO), which emit CO2, methane, and nitrous oxide. Additionally, HFO spills cause surface coating, smothering of intertidal organisms, and long-term sediment contamination, resulting in overall harm to the marine ecosystem.

To combat these issues, shipping companies and regulatory bodies are considering alternative fuels, including liquid natural gas (LNG), liquefied petroleum gas (LPG), hydrogen, ammonia, methanol, and electricity. However, shifting to such fuels requires significant infrastructure modifications to existing engines and machinery. 

Though 100% conversion to alternative fuels is still far away, companies are developing dual fuel systems that allow alternative fuels and HFOs to be used in conjunction. Industry leader Maersk already has a methanol-enabled container vessel in its fleet and is actively exploring retrofitting dual-fuel systems. Meanwhile, startups Candela and Fleetzero are developing electric-powered ships.
[bookmark: _7ogy207exbvy]

[bookmark: _7dxxr479mcvn]Advantages and disadvantages of various marine fuel sources
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Additionally, wind-assisted propulsion systems (WAPS) are emerging as strong contenders to be the propulsion method that would aid the industry in its path to decarbonization. WAPS uses sails to harness wind energy and can be part of new builds or retrofitted to existing ships. While still in the early stages of development, WAPS has been tested on several pilot projects, with operators reporting between 4.5% and 9% fuel savings. Early-stage startup bound4blue has developed a wingsail system that is claimed to reduce fuel consumption by 40%. Norsepower, another green shipping tech company, offers the Rotor Sail, which uses electricity and wind power to throttle engines and is claimed to be 10x more efficient than conventional sail systems.

Marine transport has also been looking at nuclear-powered vessels. While nuclear energy has been used in the past for military submarines and icebreakers, recent reports indicate that commercial use is at least 10 years away. Nuclear energy has near-zero emissions and can provide power for extended operations, making it an ideal solution for both regulatory compliance and optimized operations. However, safety concerns, scarcity, high initial costs, and radioactive waste are among the many hurdles for commercial adoption.
[bookmark: _xtes9gj0yj7d]Driving factors
[bookmark: _wjvth25cwhx9]1. Rising shipping emissions and the need to mitigate them
The shipping industry accounted for ~3% of global GHG emissions in 2022 and was the third highest emitter within the transportation industry behind passenger vehicles and medium-heavy trucks. According to the UN Conference on Trade and Development (UNCTAD), shipping industry emissions have risen by ~20% over the last decade (2012–2022) and could reach 130% of their 2008 levels by 2050 if left unchecked. The rise in emissions is due to a combination of factors including higher demand for maritime transport and increased shipping distances.
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[bookmark: _eox39fh4bnpl]Shipping emissions by vessel type
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Besides emissions, there are several ways in which the maritime industry affects the environment:
· Noise pollution caused by ships can affect the surrounding areas and marine life. The noise produced by ships can travel long distances, which can disorient marine species that rely on sound for communication, with studies indicating both short- and long-term consequences, especially for marine mammals.
· Discharge from vessels, including oil, bilge water, black water, and gray water, negatively impacts marine environments and can cause public health risks. However, there has been a reduction in oil spills in recent decades, which underscores the industry’s commitment to be more environmentally conscious. Additionally, ballast water discharge can unintentionally transport aquatic organisms, including microorganisms, larvae, and small invertebrates, from one location to another. This can introduce invasive species to new environments and have ecological and economic impacts.



[bookmark: _q0vsniis4nth]2. New laws and regulations governing marine emissions
The International Maritime Organization (IMO) is a specialized UN agency responsible for regulating and overseeing international shipping. It initiated a net-zero road map in 2018, aiming to achieve a 50% absolute reduction in shipping emissions by 2050, while 175 IMO member countries have pledged their commitment to this, as of October 2023. 

An amendment to the IMO’s strategy in 2023 requires shipping companies in member countries to calculate an attained Energy Efficiency Existing Ships Index (EEXI) value for every existing vessel with a cargo capacity of 400 tonnes or more. Additionally, companies must collect fuel consumption and voyage data for ships with a gross tonnage of 5,000 or more to calculate an annual operational Carbon Intensity Indicator (CII).

· EEXI measures a vessel's in-service energy efficiency based on the technical design of the ship. Factors such as ship type, capacity, and principle of propulsion are considered when determining the EEXI value. Compliant ships will receive a one-time standardized certificate deeming the ship fit for sailing. Vessels that exceed the base EEXI value will be required to implement energy-saving measures to attain compliance.
· CII provides a rating system, ranging from A to E, for carbon emissions produced by vessels and aims to control greenhouse gas emissions, combat air pollution, and mitigate global warming. Unlike EEXI’s one-off process, CII requires ships to continually reduce their carbon emissions, with annual assessments and increasingly stringent limits. Ships with lower ratings must provide a corrective action plan to receive a Statement of Compliance and reasoning for failure to attain the desired grade.

Moreover, the International Convention for the Prevention of Pollution from Ships (MARPOL), enacted in 1973, includes regulations covering the prevention of marine environment pollution arising from ships during routing operations and accidental causes. Additionally, in 2022, IMO members agreed to establish a sulfur emission control area (SECA) in the Mediterranean Sea, tightening the regulations on exhaust gasses from ships.
[bookmark: _84ovwnok3ktz]3. Green shipping corridors and other apex-level initiatives
Green shipping corridors are designated maritime routes or areas declared by governments, similar to special economic zones, encompassing various factors like smart ports, green ship technology, low-emission fuels, and optimized voyage routes. The success of these relies on cooperative efforts between private industry players and public authorities, with public investments, subsidies for low-emission fuels, and targeted policies that introduce best practices playing key roles in adoption. 
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[bookmark: _k4f96u35svos]Key government measures to support net-zero shipping
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[bookmark: _80ol3sozrowt]4. Rising operational costs
Ship operating costs have risen by more than 3x in the past five years (2017–2022). Having gone through the height of the Covid-19 pandemic, which led to an exponential rise in shipping costs, the industry now faces the effects of geopolitical tension between Russia and Ukraine, which has caused shipping distances to increase. 
[bookmark: _60lewwx6mqm0]Annual change in ship operating costs (Drewry’s Index)
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Fuel cost is the highest contributor to total ship operating costs, accounting for ~46% of it. Other costs include port charges, personnel expenses, repairs, and insurance fees. Companies are under increasing pressure to find the cheapest alternative fuels and to streamline operations to reduce costs. AI/ML-powered intelligent navigation systems allow vessels to find optimal routes that reduce fuel consumption and emissions. Meanwhile, data analytics and sensor integrations enable operators to pinpoint areas with higher/lower costs.

Furthermore, port congestion can be a significant cost factor, as ships will anchor outside the port till a berth becomes available. This can lead to increasing fuel and personnel costs and disrupt shipping schedules, driving down the efficiency of operations. Digital freight solutions and smart ports can address these by streamlining port operations. The development of unmanned vessels can reduce the need for humans aboard ships, providing another opportunity to slash costs.
[bookmark: _rvkjfuu74l9w]
Risks to growth
[bookmark: _arala2x38ugg]1. Challenges and complexities in implementing maritime digitalization solutions
Bandwidth cost and scarcity: Ships rely on satellites and 4G/LTE technology for their communications needs. While the demand for marine bandwidth is set to increase, bandwidth remains a limited resource. Increased use of digitalization solutions such as AI/ML, big data, blockchain, and IoT necessitates additional bandwidth beyond regular operations. Further, integrating sensors and monitoring systems, training staff, and recruiting additional personnel (data analysts, network engineers) would increase costs.  

Data latency and coverage: Real-time data and insights are crucial for harnessing the benefits of these modern technologies. Around 37,000 vessels (~31% of the global merchant fleet) use Very Small Aperture Terminal (VSAT) technology for communication and data transfer. While these offer broadband speeds, data latency issues in low coverage areas could impact operations and timely decisions. To overcome this, shipping companies are adopting 4G/LTE technology, which offers lower latency but is limited by coverage and ship-to-shore range.

Cybersecurity threats: As with any digitalization initiative, the shipping industry needs to consider cybersecurity threats. The integration of digital technologies opens vessels and shipping companies to threats such as malware, remote attacks, data theft, and more, which affect both IT and operation technology (OT). 

A Det Norske Veritas (DNV) survey revealed that 79% of maritime professionals consider cybersecurity risks in maritime transport as vital (as important as health and safety risks). Major shipping tech providers such as Maersk, COSCO, and CMA CGM have experienced varying degrees of maritime cyber attacks, underscoring the need for more stringent cybersecurity measures for the maritime transport industry. However, smaller companies may face challenges, primarily due to the cost of advanced cybersecurity solutions and the need for additional staff and training in order to have more robust measures.
[bookmark: _zh0x16itjpax]2. High costs associated with maritime decarbonization
The UNCTAD estimates an additional USD 8 billion–28 billion annual spending for measures and technology to decarbonize ships by 2050 as well as further investments ranging between USD 28 billion and USD 90 billion to develop supporting infrastructure. Additionally, alternative fuels such as hydrogen, ammonia, and LNG carry a significant price premium and are on average 95%–178% more expensive than HFO and MGO, making adoption less likely.
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Digitalization and decarbonization are key pillars of shipping tech
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