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EXECUTIVE SUMMARY

ECOPRODIGI is an initiative of the EU-Interreg Baltic Sea Programme, whose mission is to
improve and promote the eco-efficiency of shipping and maritime operations. This report
is a product of the work package 4 (WP4); a foresight exercise, whose mandate is to
provide a roadmap for the future of maritime operations in the Baltic Sea Region with a
focus on shipbuilding and shipyard operations. A sister publication exists that provides a
policy-innovation roadmap for Ro-Ro shipping, entitled Maritime in the 21st century.

This report is a product of inter-disciplinary collaboration. At the core of the team are the
consortium members. Early drafts were validated through consultation with experts, and
results were then summarised and validated together with wider industry and policy actors
through surveys. For more information on the methodology, see Appendix 2.

The potential users of this roadmap include a wide variety of stakeholders. Policy makers
can use it as an agenda-setting reference for promoting and championing eco-efficient
policies, regulations, and standards. Industry stakeholders can use it to check against their
own strategies for coherence. Researchers can use it to anticipate questions that might
be of particular relevance over the next decade. Technology developers can use it to
benchmark against their own expectations for technology development. In all, this
roadmap can be a starting point for discussion so that all stakeholders can move together
into the future, forward, by sharing the expectations for development in order to
coordinate action to enact eco-efficiency in the Baltic Sea and beyond.

The report is organised as follows. The introduction will lay out the current state-of-play
of eco-efficiency and the zeitgeist of the current situation on maritime that we find
ourselves in, in 2020. The next section will provide some historical context looking back
to 2010 and 2000 to trace the trajectory and developmental course that we are on.

The core contribution of this report is the Shipyard 4.0 Roadmap, that can be found in
Figure 1 on page 9. This illustration plots the expectations for technological capabilities
and policy from 2020 to 2030. The descriptions of the elements of the roadmap are
provided in Appendix 1.

It should be acknowledged that the current COVID-19 pandemic has played a significant
role in societies during the development of this roadmap. Indeed, the injection of such
uncertainty has caused the authors of this report to reflect quite significantly. The
ECOPRODIGI consortium considers this of utmost concern and thus requests that users of
this roadmap take the status of the pandemic into consideration when using this roadmap.
As it had always been thought of as a working roadmap of the future since its beginning,
prudence is required in its use and it should be suggested that users create their own
updates and assessments in an ongoing fashion as the future unfolds.



Introduction - the current state of play in
2020

By 2020, global maritime governance had become more effective than ever due to the
new and improving regulations and enforcement from EU, IMO, and other international
bodies. Industry, responding to the demand from consumers, had stepped up with the
announcement of new environmental imperatives to join the calls for de-carbonisation,
zero-emission, and the electrification of the seas. Green taxes, enabled through the
detailed emissions and energy consumption record keeping was affecting vessels,
shipyards, ports, and other elements of the ocean economies. Sustainable practices and
circular-economy thinking has received widespread attention, and demonstrated
results to this end were emerging, noticeably in the Baltic Sea region where clean
shipping was having a positive impact in mitigating the problems with eutrophication.

At the onset of 2020, the future vision of many industries had been a fully digitalised
and optimised one. Developments in Al, machine learning and machine vision have
made progress through their nascent stages of development in the decade prior. More
than ever, big data collected by the ever-increasing amount and kinds of sensors and
cameras had begun to be processed on remote servers. Special attention and sustained
investments were ensuring that the software and algorithms that had been developed
to process, manage, and visualise the data so that operators could effectively optimise
workflows.

The ongoing impact of digitalisation to maritime operations has been tremendous. Data-
based decision support systems have been available to the industry for some time. Now
these systems are beginning to suggest optimal sailing routes; performance and
monitoring systems are providing estimates for required maintenance and repairs;
decisions about hull and propeller maintenance, schedule design, retrofitting, and
more, are improving because they are being made on the basis of data. Ship operators
are optimising vessel stowage, reducing the use of ballast water, and improving on
vessel utilisation. Different kinds of fault detection and early-warning systems are being
implemented to avoid accidents and breakdowns.

Digital vessel performance monitoring is beginning to offer the opportunity for the
ship’s crew to navigate real-time in a more energy efficient manner using robust
decision support tools and models providing overview of most optimal sailing route and
speed and on-board equipment for monitoring the weather, current, wind, draft, cargo
loading conditions, and more. The advancement in software and simulation has
gradually made inroads towards the realisation of the grand vision for automated ships.



The benefits of digitalisation are not confined to the ship, but rather spread across the
maritime value chain. Full digital data capture and Al models are enabling truly digital
and integrated logistics. Digital transparency about cargo unit positions, states, and
conditions, are enabling terminals to optimise cargo operations, gain efficiencies and
shorten port stays, providing ship operators with more opportunities to sail slower,
reduce fuel consumption, and provide better service quality to their customers. The
ports, ships and supply chain are increasingly integrated in multi-modal data platforms
that enhance the efficiencies of stowage and voyage planning and execution. Ship
location data are beginning to be translated into real-time arrival estimates allowing
ports to act and react on better information to lower time in port and increase time
sailing. This intensive use of real-time data throughout the supply chain opens up for
more secure and efficient coordination and planning of all operational links in the
chain, and contributes to the competitiveness of Ro-Ro shipping, especially in relation
to rubber wheel traffic / lorries on land, which continue to be a major contributor to
negative environmental impacts.

3D scanners and computer vision have the potential to make stowage operations more
efficient. Virtual reality and augmented reality technologies are providing process
perspectives never seen before. Increased data sophistication, transparency, and
management help to align incentives for improving cooperative performance, and giving
insight into the magnitude of the inefficiencies that are yet to be mitigated, or in other
words, the money left on the table and the unnecessary destruction to the environment.

The evolution of the maritime and related industries towards digitalisation has meant
that there are an increasing demand for different skillsets than before. The work that
could be removed from the crew and captains has being assigned to partially
autonomous systems at the benefit of increasing safety and decreasing human error. In
other words, captains and crew are being challenged by new technologies, and new
skills are required to be able to manage the technology effectively while also improving
the work environment and occupational health. The arrival of big data requires more
data analysts and improved data science architects. This, in turn, requires not only
requirements for new ways of learning and training, i.e. through simulation, but
effective and experienced managers and leaders are needed to see this transition
through. Special attention must therefore be placed on making the image of the
industry an attractive place to form a career.

In the midst of all this development, the continuance of these trends have been called
into question. Not only due to the corona virus, but also e.g. cyberattacks have
thwarted confidence in digitalisation: the quantity and magnitude of the attacks,
spoofing, cyber-terrorism, and ransom, are reaching a critical point. And much goes
unreported. To protect all sorts of assets, encryption technology and distributed ledgers
are being considered to play an increasing role here.



The environmental agenda is also at stake. Initiatives from the International Maritime
Organization (IMO) - the Marine Environment Protection Committee (MEPC) have put
forward a series of measures aimed at reducing the total amount of greenhouse gas
(GHG) emissions from ships in line with the UNFCC’s Paris Agreement and UN 2030
Agenda for Sustainable Development. By April 2018, the IMO adopted an initial strategy
to reduce annual GHG emissions by 50% by 2050 compared to the 2008 level. The
effectiveness of this will unfold over the next decade.

If the disruptions of 2020 are overcome, the techno-regulatory regimes continue in their
progress, and investments and policy can continue their trajectory, then the decade is
likely to become a decade of eco-efficiency. However, advancing industry standards
are needed in that standards organisations, classification societies, and industry
continue to push for the establishment of harmonised rules and communication to
unlock the value promised in an increasingly digital era.

Mevyer Turku Shipyard (© Meyer Turku / Lavea Media)



A brief history of the maritime industry in
the 21st century

Year 2000

Notwithstanding the dot com bubble burst in March of 2000, Europe was experiencing
a period of healthy territorial, economic, and technological growth at the onset of the
new millenium. Europe’s Ministerial Intergovernmental Conference on Accession
Negotiations with numerous Eastern European countries opened in January. Fuel prices
had been low for some time, and industrial output was high, with China’s entrance into
the WTO resulting in the dramatic expansion of trade to and from Southeast Asia.

Confidence in the maritime industry was strong, and both large and small companies
were succeeding. The demand for new vessels was high and the orderbooks at the
shipyards were full. The low fuel prices, coupled with high demand and freight rates,
meant profitable times for maritime transport.

Ships were getting bigger and faster. Prior to 2000, a large container ship could carry
around 4000 TEU, and capacity would soon expand to carry 7000-8000 TEU. Roll-on Roll-
off (Ro-Ro) vessels were also getting bigger and scheduling more frequent departures.
To pace the increasing demand driven by global GDP growth, vessel types were
diversifying: Demand for built-for-purpose vessels grew, with new mixed cargo, service,
passenger and work ships filling the orderbooks in European yards. Yards were not
making everything by themselves anymore, but outsourcing and sub-contracting
practices spread, with the establishment of local and global supply chain networks.
Shipbuilding had already evolved towards block construction that meant that not
everything - hulls included - had to be both built and assembled on the spot. Ship design
companies were internationalising and finding new markets globally. Yard orders were
booming in years 2004 to 2008 with a large number of newly built yards being opened
in Asia, and particularly in China. The delivery of main engines for propulsion of the
growing fleet became the bottleneck.

Globalisation was beginning to affect the ownership of the companies across many parts
of the value network - among maritime segments (i.e. container shipping and Ro-Ro),
ports, and yards. The industry was moving towards a duality of huge companies and
their smaller subcontractors.



With increased resources, more standards, and access to global solutions, the
investment, development, and implementation of digital technologies in maritime and
related industries had expanded - albeit gradually. Internet connections were more
ubiquitous with the standardisation of Wi-Fi and growth of mobile telephony. Telefax
was widely used in maritime, as there were computers in the offices, but typically few
on board ships. The first web portals for tendering and purchase orders in the industry
were starting to open. Morse code was finally discontinued in maritime communication
in 1999.

In the year 2000, health, safety and environment (HSE) procedures were mostly already
developed, however the industry experienced more accidents relative to today. Tragic
accidents in the late 1980ies and early 1990ies lead to a series of new regulations that
would come into force around 2000, such as an update to the IMO’s Safety of Life at
Sea (SOLAS) and the International Safety Management (ISM) code. These mandated not
only new behaviours, such as checklist-based reporting procedures for monitoring and
reporting, but also the shift in paradigm from deterministic to probabilistic methods
and the further implementation of new technologies and stricter requirements for
them. After the accident of the M/S Estonia in the Baltic Sea with the loss of 852 lives,
new regulations resulted in safety retrofits for Ro-Ro vessels: new validation procedures
and calculations on aspects such as stability requirements, flood control doors,
watertight bulkheads, bow visors, ramp functionalities, video recording requirements,
alarm systems, and more, were brought about in the Stockholm convention. The impact
of new regulations had not been so great, arguably, since the Titanic, in the aftermath
of the regulations that followed in the wake of the M/S Estonia.

As ships were required to record what they were doing in much greater detail,
inspections were still conducted manually which left open the many possibilities for
human error. The idea of dual officers who are familiar with both navigating and
engineering was surfacing. Robots were becoming more common in manufacturing
processes that would foreshadow the later automation of the workforce in European
shipyards and ports. Yet the processing power of computers was making analysis more
of an automated process. The first flowmeters for monitoring fuel usage that would
revolutionise vessel performance management and optimisation, were being installed
on vessels. Ship desigh companies were progressing in the migration to integrated 3D
modelling software such as Computer-Aided Design (CAD). Likewise, improvements in
Computational Fluid Dynamics (CFD) and materials were resulting in ships that could
sail faster without increasing fuel usage. Accident reconstruction techniques improved
as well that helped to further identify risks.

Consequences for human resources were also beginning to emerge. The idea of dual
officers who are familiar with both navigating and engineering was surfacing. Robots
were becoming more common in manufacturing processes that would foreshadow the



later automation of the workforce in European shipyards and ports. With the increasing
use of subcontractors, supply chain management tools had to be developed in order to
organise workflow efficiently.

Sustainability was not on the maritime agenda in the year 2000. Climate change was
recognised, but no efforts had been initiated to mitigate it in the shipping industry.
Other environmental issues, such as eutrophication of the Baltic Sea, were seen as more
urgent, and the effect of ship emissions on air pollution was recognised and efforts to
limit them began. The first Sulfur Oxides (SOx) regulations had been enforced in the
late 1990s, and environmental cooperation around the Baltic Sea Region countries was
increasing - in particular through the Helsinki Commission (HELCOM). In Gothenburg,
the first shore-power electric connections were offered in order to decrease smog and
air pollution in the area. The first Sulfur Emission Control Area (SECA) was implemented
in Sweden in 2005, tightened and expanded in 2010, and then again in 2015.

Maritime Industry from 2010

2010 was characterised as a post-financial crisis pre-recovery low point for shipping and
shipbuilding. The financial crisis and the subsequent recession led to lower demand for
consumer goods and oil. Given that the largest container ships had quadrupled in size
to 16000 TEU since 2000, overcapacity was resulting in a decline in asset values. The
orderbooks for large vessels at European yards were empty, and what orders there were
for large cargo vessels were being taken by Asian shipyards.

An increasing environmental consciousness had resulted in international debate and a
series of political and regulatory actions that impacted the maritime industry. While
initiatives with the aim of reducing pollution from the world's merchant fleet date back
to at least 1973 when the first edition of the International Convention for the
Prevention of Pollution from Ships (MARPOL) was adopted by IMO, many updates had
followed. By 2010, the techniques and technologies for calculating emissions and
corresponding energy efficiency had matured and were being incorporated into new
ships. Further guidelines would follow, including the Annex VI regulations on Energy
Efficiency Design Index (EEDI) aimed to reduce fuel consumption through technical and
design-based measures, as well as the Energy Efficiency Operational Indicator (EEOI)
and Ship Energy Efficiency Management Plan (SEEMP) to evaluate and improve the fuel
efficiency of existing ships.

Further regulatory advancements had been in design and taking hold in the industry
around 2010. Concerns over SOx emissions had grown over the previous decade, and
the installation of the first sulphur scrubbers on ships began. Slow steaming was urged



as another approach to decrease emissions (a strategy that coincided with
overcapacity). New SOLAS regulations were adapted to pay more attention to damage
stability, and cabins were no longer allowed to be constructed under watertight decks.

These complexities boosted the role of advanced techniques in shipbuilding. While
many of the new orders for large ships were headed to the Far East, European yards
had begun specialising in high-tech and complex vessels that were in demand given the
growth in emerging sectors such as offshore wind, as well as the growing popularity of
the cruise tourism industry. Shipowners were experimenting with alternative fuels as a
power source, for example LNG and methanol. The technology suppliers to the
shipbuilding industry were, by this time, well-established across the global shipbuilding
markets.

But although environmental disasters had been reduced by the improved regulations,
techniques, and safety protocols, they did not disappear. The Deepwater Horizon oil
disaster in 2010 would impact the offshore industry and usher in further HSE
regulations. In line with the worldwide trend for sustainability that was garnering a
foothold across industries, international emissions regulations were tightening, and the
concept of clean shipping became more visible, especially in fragile areas such as the
Arctic and the Baltic Sea Region. To decrease the hazards and material waste from the
other end of the ship’s life cycle, increasingly more attention was paid to developing
proper ship recycling practices.

While leaps in connectivity had, by this time, integrated on-shore economies, shipping
held onto older technologies. Over the seas and oceans, broadband connectivity, AIS
data, and satellite coverage was limited and unreliable. Port operations and berthing
was conducted via phone and radio. First generation of ECDIS (Electronic Chart Display
and Information System) had been developed and implemented on ships more and more
- but not without problems related to cybersecurity. Digital monitoring was becoming
more common, but the majority of ships had yet to even install flowmeters or other
devices to monitor their fuel consumption.

The purpose of this introduction has been to present a current state of play and a brief
history of maritime and related industries since 2000. From here, the report will begin
to lay out a vision for the future. The next section will present ECOPRODIGI’s roadmap
that illustrates a trajectory for the industry. Following the roadmap, descriptions of
the events presented in the roadmap can be referenced for more information. In the
appendix, readers can find details of the methods that were used to construct the
roadmap.






