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1 INTRODUCTION
Industry 4.0 promises a new revolution that combines advanced production and
operations techniques with smart technologies for implementation in organisations,
people and assets.
This revolution is marked by the appearance of new technologies such as robotics,
analytics, artificial intelligence, cognitive technologies, nanotechnology and the Internet
of Things (IoT), among others. Organisations must identify the technologies that best suit
their needs to invest in them. If companies do not understand the changes and
opportunities that Industry 4.0 offers, they run the risk of losing market share.
This new industry will have a crucial impact on people because these changes involve
modification in the way they currently work, which in turn will cause a need to adapt to
the said new technologies as well as a need for new qualified employees arriving to the
different organisations with the future required skills already acquired.
The present report is framed within the MATES project, Maritime Alliance for Fostering
the European Blue Economy through a Marine Technology Skilling Strategy, whose
objective is to analyse the evolution of maritime technologies in Europe, in order to
develop a strategic plan to improve competitiveness of the industry through an
adaptation of the existing training courses. The project is comprised of eight work
packages that will be implemented from 2018 to 2021.
The completion of the first planned stage of the project has resulted in this initial
document which looks at the current and future prospects and challenges that activities,
which are the subject of this project, namely; shipbuilding and marine energy industry
must face. The purpose of this initial document is to first explain the current situation of
these activities in Europe, the technologies and projects that are being implemented at
present or planned to be introduced in the near future, and lastly provide an introduction
on the situation of workers as well as the skills they need to have.
Different publications and projects compiled both by the consortium responsible for
project implementation, as well as by experts actively collaborating in the same, have
been taken into account when preparing this document. Besides this information, the
document builds on the conclusions drawn by the five working groups that endeavoured
during April and May, and wherein consortium members were able to discuss about the
current and future prospects and training needs of the people with the different
Industry 4.0 experts from the relevant sectors.
This document, therefore, provides the basic information to be taken into account during
subsequent analysis of the various existing training programs in Europe associated with
these productive sectors, and also to generate discussions with the thematic expert
groups in relation to the future of the industry.
The document is structured into three parts: a) Overall situation, b) Key enabling
technologies, and c) Demographic situation and the required skills. The objective of the
first part is to explain the current status of the activities to be covered by the study and
the prospects and challenges in the future. The second part outlines the existing key
enabling technologies in relation to Industry 4.0 and the projects that are underway to
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respond to the challenges posed. Lastly, and based on the preceding sections, the
demographic changes in recent years and the skills required of the people are presented.
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2 OVERALL SITUATION
2.1 Overall situation of the shipbuilding industry
2.1.1 Introduction
The shipbuilding industry is defined as a synthesis industry that manufactures a unique,
non-serial, high unit value product (which usually exceeds the financial capacity of the
shipbuilding companies), with long manufacturing periods. This industry is highly
sensitive to economic cycles, has (almost permanent) excess global capacity, and is
strongly subject to international competition.
The shipbuilding industry includes both shipyards (companies involved in shipbuilding,
ship repair and conversion of commercial and military ships), as well as the auxiliary
industry (companies that provide equipments and associated services). Thus, the sector
has become a synthesis industry in which shipyards have specialised to become assembly
plants that build the hull, the basic structures and then integrate the components
supplied by the auxiliary industry. The shipyard has progressively become the coordinator
of a global project, responsible for planning and coordinating the activity of a large
number of companies involved in the design, construction, repair and maintenance or
transformation of a ship. Therefore, shipyards are the driving force of an important
auxiliary industry. It is important to note that the equipment installed (motors, water
purification systems, electronic equipment, etc.) can account for up to 65 % of the total
value of the ship, while construction labour represents up to 35 % of the productive
effort.

Figure 1: Construction process of the Shipbuilding Industries, Source: Newport News Shipbuilding

2.1.2 Economic situation and global perspective
The shipbuilding industry is sensitive in the global economy trends, and there has been a
sharp recession in recent years, which peaked in 2008. From that moment onwards,
markets have been recovering and presenting a constant and sustained growth in time
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and in forecasts for the following years. The graph shows the percentage evolution of
global growth for different groups of countries over the years.

Figure 2: Real GPD growth (Annual percent change), Source: International Monetary Fund

This global economic situation greatly affected new orders from 2008 to 2012 with
workloads dropping year after year until it reached the worst moment in 2012 with a work
load of new orders measured in compensated gross tonnage (CGT) of 24.7 Million.
Contracted CGT has gradually increased since 2012 and even though 2016 was not a
good year for the sector, the future forecast continues to predict an upward trend,
wherein contracted CGT doubled in the last year with respect to 2016. Worldwide
shipbuilding registered new orders to the value of 20.21 Million in 2017. By regions, China
continues to be the first in the world at 32 % of contracted CGT just like South Korea,
which is the country with the highest increase in orders; tripling the CGT from the
previous year. It was followed by the European Union, with 19 % CGT. Shipyards located
outside Europe and Asia registered 8 % of worldwide contracted CGT while Japan was at
7 %. Japan continues to show important signs of weakness, and is obtaining an unusually
low volume of contracts. South Korean shipyards have been affected in recent years due
to the recession in the shipping and offshore industries. Ever since the crisis began, the
three large South Korean shipyards (Samsung, Daewoo and Hyundai) laid off more than
20,000 workers and recorded losses of about € 6,400 Million in 2015, but there has been
a recovery in the last year in terms of new orders.
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Figure 3: Global Commercial Shipbuilding Activity in CGT, Source: Sea Europe Elaboration of Data from IHS Fairplay

Figure 4: % Market share for new orders in 2017, Source: Asime with data from Europe/IHS Fairplay

The best performances were recorded within the passenger ships sector, with overall new
orders reaching more than $ 21,400 Million. Other sectors with improvements, albeit
mild, were bulk carriers and container ships. On the other hand, offshore vessels and
tankers continued to suffer the harsh consequences of an oversupplied market.
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Figure 5: World New Orders by Ship Types, Source: IHS Fairplay

Considering classification by type of vessel, the global order book continued to be widely
comprised of large transport vessels such as tankers, with 23.3 % of the overall CGT
orders; bulk carriers were at 19.3 % CGT, and container ships were at 16.7 % CGT. Cruise
liners were the only type of ship that registered significant increases in orders, attaining
more than 10 % of the shipbuilding CGT in the world. This new shipbuilding market was
concentrated almost entirely within the European continent.

Figure 6: World Orderbook by Ship Types, Source: IHS Fairplay
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Once again, the Asian continent accounted for the majority of the world’s shipbuilding
contracts, totalling 75 % orders in CGT between China, South Korea and Japan. Europe
with a 13 % market share has cut down differences with the Asian countries in recent
years and won more than 5 percentage points.

Figure 7: % Market share of orderes in 2017, Source: Sea Europe/IHS Fairplay

2.1.3 Economic situation and the European perspective
The EU shipbuilding industry scenario has drastically changed in recent decades. Global
competition has increased, especially in Asia, where countries with lower wages have
taken over the construction of the most common types of vessels and manufacture of
many components. However, the European Union has managed to maintain a leadership
position in highly specialised vessels and in quality excellence. The European shipbuilding
industry is renowned throughout the world for its ability to develop and offer new hightech solutions and innovative production processes for both existing and traditional
markets and for new market niches that comply with the most demanding requirements
of international technical and safety standards.
After several years of increasing demand (2004-2007) and with the recession overcome,
Europe considers the gradual recovery in both orders as well as in new shipbuilding to be
very positive. In general, the European continent continues to perform far better than the
world average, accounting for 3.6 Million CGT.
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Figure 8: EU28 +Norway Commercial Shipbuilding Activity in CGT, Source: IHS Fairplay

The European Union continued to lead new orders in niche markets such as cruise liners
with a global market share of 94.8 %. The market share for mega yachts is 94 %; for
oceanographic vessels is 44.1 %; and for fishing industry vessels is 30.7 % of the
worldwide contracted CGT.
The Netherlands was the country with the most units ordered, mainly tugs, while Spain
was the second country in the European Union with more units ordered, mainly vessels
for the fishing industry. Italy recorded more CGT mainly for cruise ships.
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Figure 9: Contracting quotas by type of vessel during 2017, Source: PYMAR
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The European Union maintained leadership in orderbooks in the construction of cruise
ships, with 94.8 % of the total CGT; yachts were at 81.9 %; dredges at 63.8 %; and
oceanographic vessels at 41.0 %. Most of these vessels are highly complex to build.
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Figure 10: Portfolio shares by type of vessel at 2017 closure , Source: PYMAR

2.1.4 Major challenges ahead
The European Commission’s LeaderSHIP 2020 initiative establishes the vision and
strategy of the shipbuilding industry to ensure long-term prosperity in the market. It was
adopted in 2013, in response to the effects of the economic crisis, and provides a number
of short to medium term technology recommendations for the European maritime sector,
in order to support high value sustainable growth and cope with the social challenges of
Europe. Based on the strategic vision for 2020, the EC is striving to make the industry
innovative, competitive and international, and the European maritime actors have
identified four pillars of action for business success:





Employment and skills. In anticipation of the short supply of qualified personnel in
the sector, the strategy seeks to improve the image of the marine industries as a
sector of the future with a view to making it attractive in the labour market. It also
proposes mobility promotion and harmonisation of the different systems and
professional accreditation levels to meet market needs and improve
employability, both in formal training (including graduate and postgraduate
studies), as well as in non-formal training and experience.
Improvement of access to markets and fair market conditions, by regulating trade
negotiating practices in the OECD, the WTO and the ILO, for clearer rules, in order
to promote competition and access to markets.
Access to funding. This is a determining factor in the competition for shipbuilding
contracts, and will be achieved by financially promoting technologies that
improve environmental management and those designed to promote sector
diversification, for example offshore renewable energies or the technological
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upgrading of existing facilities. To that end, also envisaged is the creation of a
specific Development Fund for activities that support innovation processes as well
as industry attractiveness and the required staff training. The reason for creating
this specific Fund resides in the nature of the activity wherein production is not
serial, several of the processes are manual, and where years of crises have led to a
decrease in funds for innovation and development.
Research, development and innovation, promoted through public-private
cooperation, zero-emissions policy and energy efficiency in vessels, increasing
safety of on-board operations and exploring new market opportunities, with
emphasis on the development of renewable marine energies. The objectives set
by the International Maritime Organisation aim to promote both the growth of
transport in this medium, as well as reduction of fuel consumption, and hence the
need to support initiatives and explore new ways to achieve them, such as the
introduction of composite materials to lighten weight of the ship whilst
maintaining properties, or the use of renewable energies.

LeaderSHIP 2020 allows the European maritime technology industry to continue placing
strong emphasis on innovation, the environment, and on the application of new
technologies, as well as on diversification into new emerging markets, such as offshore
wind power.
On the other hand, air pollution generated by the transport sector is and continues to be
a reason for implementation of many policies aimed at mitigating its negative impact on
the environment and on the health of the population.
The International Maritime Organisation (IMO) is the United Nations’ agency in charge of
maritime safety and prevention of pollution generated by ships in the marine
environment. Since its entry into force on 19 May 2005, Annex VI to the MARPOL
Convention regulates the emission of the principal air pollutants contained in exhaust
gases of ships’ engines, such as SOx, NOx, as well as ozone-depleting substances.
The White Paper published by the European Commission in relation to the transportation
roadmap warrants the need to adapt this industry, whose first objective is to reduce boiler
fuel CO2 emissions by about 40 % in the maritime sector by the year 2050. Its objective
number three foresees transfer of 50 % of transportation that uses other means, to rail
and maritime transport in 2050.
The barrier-free European maritime transport space should evolve to become a "blue belt"
of free movement at sea in Europe and its surroundings, and furthermore exploit the full
potential of maritime and river transport.





Integrate the use of vigilance tools by all competent authorities, ensure full
interoperability between information and communication technology (ICT)
systems in the areas of maritime and river transport, ensure surveillance of vessels
and their cargo ("blue belt") and establish adequate port facilities ("blue lanes").
Establish a framework for granting certificates of exemption from pilotage
services in EU ports.
Review restrictions on the provision of port services.
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Increase port financing transparency by clarifying the destination of public
subsidies in regard to the different port activities with a view to avoiding any
distortion of competition.

Therefore, the medium to long-term trend in the shipbuilding industry will lead to the
construction of vessels that use alternative energies and fuels such as LNG, wind, solar,
hydrogen or biofuels. Likewise, also linked to a reduction in the weight of vessels, is the
possibility of incorporating composite materials or other materials that allow lightening
weight of vessels and therefore reduction of fuel consumption. And as the third axis,
assess the incorporation of modularisation of vessels to lengthen life span and facilitate
different uses from time to time.

Figure 11:Eco Marine Power Testing Solar Sails Ocean Going Cargo Ships , Source:
https://cleantechnica.com/2018/01/31/eco-marine-power-testing-solar-sails-ocean-going-cargo-ships/

The current industrial era faces the challenge of digital transformation without losing
sight of the medium to long-term objectives. This new paradigm, based on technology,
involves the integral evolution of manufacturing companies, regardless of the sector they
belong to, toward a new way of understanding productive activity and relations with all
value chain agents. This disruption is solidly set on the new opportunities offered by the
integration of new digital technologies, but more so, on the competitive disadvantage
that will result for those who do not incorporate such technologies.
The new Industry 4.0 model promotes use of tools that permit hybridisation of the
physical world (materials, products, machinery and facilities) with digital systems, and
thus make progress toward the concept of smart manufacturing.
In a market scenario characterised by production overcapacity and increasing pressure
on margins, the reduction of "Time-to-Market", the optimisation in the use of resources
and the incorporation of new customer services added to the product (known as
"servitization") are increasingly crucial factors in the competitiveness of shipyards.
The practical use of digital key enabling technologies (KETs) facilitates the achievement
of these objectives. In its digital strategy, the industry sets special emphasis on three of
them: collaborative platforms, embedded sensors and systems, and 3D printing.
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The mentioned second KET, i.e.; collaborative platforms, enable simultaneous instant
coordination of the many value chain agents that engage in vessel construction in a
shipyard, as well as the integration of their management in the systems used to monitor
work progress. The optimisation of planning and control of productive flows, facilitated
through the use of these tools, offer the opportunity to shorten manufacture times and
the resultant efficiency improvement of production facilities.
Lastly, the incorporation of a higher degree of sensors and embedded systems
(embedded devices in products to control one or more functions, acting as a data source),
can facilitate the incorporation of new functionalities and ship’s services that provide
greater added value. An example of this is the integration of component behaviour
analysis systems, which offers ship owners a new predictive maintenance utility based on
monitoring, for prior detection of failure, thus avoiding early and/or unnecessary or too
late replacement.
The fundamental advantages in the case of 3D printing techniques for the manufacture
of complex design components are the need for a small number of elements and less
maintenance. Moreover, thanks to the possibility of local manufacturing, its use would
minimise the logistics costs associated with their production.
These and many other possibilities that digitisation offers to the industrial sector to
improve competitiveness have a common denominator: the human capital. The results of
a survey prepared by PwC showed that more than 2,000 companies from 26 countries
have benefited. The same study indicated major transformation barriers such as the lack
of culture and digital training, as well as the lack of involvement of senior management
in the process.

2.2 Overall situation of the marine energy industry
2.2.1 Introduction
Marine energies play an essential role in the reduction of CO2 emissions of human origin,
hence their promotion and development is crucial for mitigating the effects caused by
climate change. Currently, the technology with a higher level of development is offshore
wind power. However, there are other systems that obtain energy from seas and oceans;
energy from waves (wave energy) and energy from tides (tidal power). Moreover, we need
to mention other energy sources associated with the sea such as temperature and salinity
gradients.
As mentioned earlier, wind energy is the most matured and developed of the renewable
energies. It generates electricity through wind action by using the kinetic energy
produced by air currents. This is a clean and inexhaustible source of energy, which
reduces greenhouse gas emissions and preserves the environment.
Wind energy moves a propeller which through a mechanical system turns the rotor of a
generator to produce electricity. Wind turbines are usually grouped together and called
wind farms in order to make better use of the energy, which also reduces its
environmental impact.
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Figure 12: Process of obtaining wind energy power, Source: www.globalmaritime.com

It should be noted that 2020 is an important milestone for the European Union to the
extent that Member States will be analysed for their commitment to climate change and
energy. Wind energy will contribute significantly to the achievement of these
commitments in the energy sector, allowing many Member States to attain their
objectives in a cost-effective manner and continue with their power generation
transformation process.
Power generation from ocean energy is an emerging sector. Several technologies are
currently being developed, such as power generation from tides and waves, conversion
of ocean thermal energy (taking advantage of the difference in temperature between
cold deeper waters of the ocean and warmer surface waters of the tropics) or the salinity
gradient (energy generation from salinity difference between sea water and river water).
The various ocean energy technologies are at different stages of technical and
commercial development.
Wave energy is the one with the highest potential among marine energies, but this
potential is not the same on all coasts of the world. Areas with the greatest potential must
first be selected, in order to take maximum advantage of this resource. Moreover,
choosing an area with great potential for wave energy is not the only factor that needs to
be analysed, as there are many factors for harnessing waves and several classifications of
the energy converters. The choice of area and the technique used are closely linked to the
cost of development and its environmental impact.
Wave energy is essentially a condensed form of solar power produced by the action of
wind blowing on the ocean surface that can then be used as an energy source. When the
intense rays of the sun hit the atmosphere, they heat it. The intensity of the sun's rays
that strike the earth's atmosphere varies considerably in different parts of the world. This
variation in atmospheric temperature throughout the world makes the air travel from
warmer regions to colder ones giving rise to winds.
As the wind glides over the ocean surface, a fraction of the kinetic energy of the wind is
conveyed to the water below, producing waves. In fact, the ocean could be seen as a large
collector and store of energy transported by the sun’s rays to the oceans, where waves
carry the kinetic energy transmitted through the ocean surface. With this in mind, we can
safely conclude that waves are a form of energy and it is this energy, and not water, that
slides over the ocean surface.

17

Waves can travel through large oceans without losing much energy. However, when they
arrive to the coast, where water depth decreases, their speed reduces and their size
increases significantly. These waves finally crash on the shore, transferring large amounts
of their kinetic energy.
It is important to indicate that one of the most relevant advantages with respect to other
renewable energy sources is that the arrival pattern of waves is highly predictable. They
arrive both during the day and at night and carry more energy than other renewable
energy sources.
Tidal energy is defined as the energy obtained from tidal flows, generated by action of
the gravitational and centrifugal forces between the earth, the moon and the sun. A tide
is the regular rise and fall of the ocean surface caused by the gravitational pull of the sun
and the moon on the earth. The rotation of the earth and the moon produces the
centrifugal force. The moon generates a gravitational force that is approximately 2.2
times greater than the gravitational force of the sun because the moon to earth distance
is less as compared to that of the sun. Gravity creates a tide with two "protuberances"on
the earth’s surface; one on the side of the earth facing the moon and the other on the
opposite side. There are a maximum of two tides depending on the location relative to the
earth’s axis of rotation.
Power from tides can be generated using various technologies, the most important ones
being tide dams, tide fences and tide turbines.
Tidal dams are the most efficient sources of tidal energy. A tidal barrage is a dam that
uses the potential energy generated by the change in height between high and low tides.
This energy turns a turbine or compresses air, thereby generating electricity.
Tidal fences are turbines that operate as giant tourniquets, while tidal turbines are similar
to wind turbines but under water. In both cases, electricity is generated when the
mechanical energy from tidal currents is transferred to the turbines connected to a
generator. Ocean currents generate relatively more energy than air currents because
ocean water is 832 times denser than air and therefore, applies a greater force on the
turbines.
2.2.2 Economic situation and global perspective
2017 has been a very favourable year of unprecedented growth for the offshore wind
farm sector due to several factors among which we can highlight a) the emergence of
increasingly large turbines reaching powers of up to 9.5 MW, b) a plan to build a number
of artificial islands for offshore wind energy generation with more than double the
current installed offshore wind power capacity in Europe, promoted by the operators
Tenet in the Netherlands and Germany and Energinet in Denmark, for installation in the
North Sea. These can generate around 30 GW, and c) the different markets that are
expanding rapidly such as Australia, Brazil and Turkey. The rapid development of
technology has meant that offshore wind power is positioning itself as the main source
of energy.
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Figure 13: Artificial islands for offshore wind energy, Source: Source: TenneT

According to GWEC, s annual report in 2017, a historic record capacity of 4,334 MW of
offshore wind energy was installed in nine markets worldwide in 2017 (United Kingdom,
Germany, Belgium, Finland, Japan, South Korea, Taiwan and France). This represents an
increase of 95 % of the 2016 market. In general, there is now 18,814 MW of offshore wind
power capacity installed in 17 markets throughout the world. At the end of 2016, nearly
84 % of all installations at sea were in waters off the coast of eleven European countries.
The remaining 16 % were mainly in China, followed by Vietnam, Japan, South Korea, the
United States and Taiwan.
The United Kingdom is the world's largest offshore wind energy market and represents a
little more than 36 % of installed capacity, followed by Germany in second place at
28.5 %. China occupies third place in the global offshore classification at slightly less than
15 %. Denmark is now at 6.8 %, the Netherlands at 5.9 %, Belgium at 4.7 % and Sweden
at 1.1 %. Other markets such as Vietnam, Finland, Japan, South Korea, the USA, Ireland,
Taiwan, Spain, Norway and France make up the rest of the market.
The expansion of the offshore industry beyond the north of Europe to North America, East
Asia, India and other places has now begun. The first US offshore wind farm began
operations in 2016; Block Island Wind Farm has a capacity of 30 MW and is located off
the coast of Rhode Island. China’s offshore wind industry has taken off and Taiwan has an
ambitious program in the pipeline. The number of countries planning to start pilot
projects or large-scale development of offshore wind farms on a commercial scale is
growing rapidly; the latest newcomers who wish to enter the sector are Australia, Brazil
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and Turkey. In 2017, Turkey launched a tender for the construction of a 1,200 MW
offshore wind energy plant, the largest in the world and the first in the country.

Figure 14: Global Cumulative Offshore Wind Capacity in 2017, Source: GWEC

According to BVG Associates, the forecasts for the year 2030 are a total installed capacity
of 120 GW, and a rate of installation of more than 10 GW per year.
Much of this growth will be in Europe, based on the capacity to establish such technology
and cost control but there will also be a significant increase of installed power in countries
like China or the United States and, to a lesser extent but also significant, in Japan, Taiwan
and South Korea.
2017 witnessed the launch of the first floating wind farm in the world: Hywind Scotland,
owned by Statoil, now Equinor. Conversion of strong winds off the coast into electricity
requires defying the depth of the sea. According to the operator Equinor, about 80 % of
the possible offshore wind sites are in waters of >60 m depth and that floating wind
structures facilitate the capture of energy in deep environments of up to 800 m depth.
This wind farm has a capacity of 300 MW and it is expected that in 2030, the costs of
energy from the Hywind floating wind farm will be reduced to 60 €/MW hour according to
the entity. During the first years of 2020, floating farms may continue to be a niche sector
that will gain momentum towards the end of the decade.
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Figure 15: Projections for Offshore Wind Development Globally Out to 2030, Source: Source: BVG Associates

Energy from tides, waves, and oceans is a different story since it currently contributes
very little to electricity production in EU countries and worldwide. In 2016, this source of
energy amounted to 0.02 % of the total electricity generated from renewable energy
sources in the EU-28.
The power rating of a wavefront is measured in energy density per metre of front and its
value varies from one location to another. The potential depends on wave height which is
attenuated by water depth as a result of friction of the wave with the sea bottom. This
energy source has not been quantified with accuracy, and estimations oscillate between
2,000 and 4,000 GW depending on the source. If we distribute these values over the
336,000 Km of coastline in the world, we obtain an average wave energy density value
per metre of coastline of 8.0 kW. However, this distribution is not equal since there are
coastal areas in Australia or New Zealand where it can reach 100 kW/m whilst in other
places it is only 5 kW/m. In Europe this resource is found mostly on the Atlantic Coast and
varies from 30 kW/m to 75 kW/m depending on location.
The potential for this type of available energy source is huge even though the existing
technological capacity does not permit one to exploit more than 2 % of the same.The
estimated global potential is 2 TWh/year and the areas with the greatest potential per
metre of coastline to use wave energy are the following: the European continent in the
north west area, especially in the North Sea; the north coast of the United Kingdom and
the coasts of Ireland and Scotland; the North and South Pacific coasts in South America;
the coasts of Japan, and Asturias, and the coasts of Aysén and Magallanes in Chile.
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2.2.3 Economic situation and the European perspective
The European offshore wind industry obtained a new annual record for installed capacity
of 3148 MW and corresponds to 560 new turbines in wind farms. It represents double the
installed capacity in 2016 and a 13 % rise over that in 2015.
Slightly more than half of all capacity (53 %) launched in 2017 was in the United Kingdom,
including the launch of the first floating wind farm on the high seas: Hywind, in Scotland.
The second most important market was Germany, with 40 % of the EU’s total capacity,
thanks largely to the implementation of the Veja Mate and Wikinger projects.
In cumulative terms, Europe now has an installed offshore wind capacity of 15,780 MW,
which corresponds to 4149 wind turbines connected to the network in 11 countries.

Figure 16: Cumulative and Annual Offshore Wind Energy Installation in Europe, Source: WindEurope

The United Kingdom has the largest offshore wind capacity in Europe at 6,836 MW,
followed by Germany with 5,355 MW and Denmark with 1,271 MW. The Netherlands
occupies fourth place at 1,118 MW, and Belgium fifth place at 877 MW. Together, the five
main countries of the EU represent 98 % of all offshore wind energy installations
connected to the network in Europe.
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Figure 17: Annual Offshore Wind Capacity Installations per Country, Source: WindEurope

Installations in the North Sea represent 71 % of all offshore wind capacity in Europe. The
Irish Sea has 16 % installed capacity, which is followed by the Baltic Sea at 12 %, and the
Atlantic Ocean at 1.2 %.

Figure 18: Net Annual Installations by Sea Basin, Source: WindEurope

During the 2014-16 period, the tidal energy sector made significant progress towards
commercialisation which culminated with the installation of the first tidal energy network
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in the Shetland Islands. This was followed by the four 1.5 MW turbines deployed as part
of the Meygen project in Pentland Firth, in November 2016.
According to the 2016 JRC report on the status of ocean energy, Europe is the world leader
in the development of ocean energy technologies and accounts for most of the promoters
in the world (52 % for tidal currents and 60 % for wave energy). However, the installation
of ocean energy devices is slower than expected, there being only 14 MW of installed
ocean energy capacity at the end of 2016, instead of the 641 MW declared by the EU
Member States in their national action plans for renewable energy.
From a technological point of view, there are different projects in the sector and their
portfolio announced in Europe could reach 600 MW for tidal power and 65 MW for wave
energy by 2020. In 2020, and taking into account only projects that have already obtained
funding, the EU may have 71 MW of tidal power and 37 MW of wave energy.
The EU is strongly committed to supporting the development of ocean energy, by
financing projects right from the research and development stage to the stage of
demonstration plants and regional collaboration. The European Commission has
reinforced its support for the development of ocean energy within the framework of its
Strategic Energy Technology Plan. To that end, objectives have been set for the cost of
harnessing wave and tidal energy, in order to ensure adoption and long-term viability of
both technologies.
2.2.4 Major challenges ahead
In Europe and the rest of the world, technological breakthroughs have contributed most
to cost reduction and the consequent rise in the number of offshore wind projects. The
technologies that have most encouraged progress are the larger, more efficient turbines
and improvement in the foundations of structures. Since wind turbines account for most
of the capital and operating expenditures, it is likely that rotor size will continue to
increase with a view to seeking scale economies to reduce cost per MW, thereby
improving performance and operation, and maintaining efficiency. This is why the main
challenge within this industry is to continue reducing the cost of electricity. The said
reduction in electricity cost is directly linked to decreasing uncertainty in terms of the
costs associated with the strategies for optimal operation and maintenance. These
activities are related to maritime transport and involve performance of corrective
maintenance in the different turbines on the farms, which also depends on maritime
navigation conditions.
Another challenge faced by the industry is to increase the life span of wind farms, as well
as that of improving their availability through the introduction of predictive systems and
optimisation of energy generation in machines. At this point, the digitisation
technologies used in the different farms are of great relevance when it comes to
information removal and storage. This information may be processed using Big Data tools
in order to finally establish such predictive systems. And lastly, this challenge is also
related to maintenance of facilities and hence with the costs incurred in operations and
maintenance.
Much of the R&D in renewable energies is focussed on improving energy storage
technologies. Storage systems provide a response to the major challenges faced by the
development of renewable energies.
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Likewise, it is important to highlight the trend that offshore wind farms are being
increasingly installed in deeper waters. This results in modification of the technologies
used in foundations. Monopile foundation systems are losing out to the jacket foundation
ones. According to the National Renewable Energy Laboratory, it is expected that
monopile structures will decrease from 80 % to 59 % between 2017 and 2022, as the
preferred system used in structure foundations. While the case is reverse for the jacket
foundation which has increased from 2 % to 22 %. Mention must be made at this point of
the close relations that exist between the two industries (shipyards and wind energy)
because the jacket foundations used in various wind farms are being built in different
shipyards.
There are just a few who doubt about the potential of marine energy as a source of
electricity generation: both wave movement and tidal displacement can generate huge
amounts of almost limitless renewable energy. But over the years, none of the two has
progressed as expected. In Europe, these energies are in a position to make the most
significant contribution to the European energy system in the short to medium term.
The significant reductions in technology costs are aimed at achieving the ambitious goals
outlined in the European Strategic Energy Technology Plan (SET-Plan): the technology
cost of tidal energy must be reduced by 75 % and 85 % for wave energy. Similarly,
offshore wind farms need to be deployed and investors need to be attracted by the sector,
this requiring public intervention to help boost plants that are unique.
A reduction of such costs will be viable if R&D is achieved in a short period of time (for
example, by improving the concepts of design and optimisation of engineering), or by
making use of scale economies in production, construction, installation, operation and
management, or on the basis of long-term learning, in order to be competitive on a
commercial scale, because the theoretical cost of a wave power plant would be around
€3.9 and €6.7 Million/MW. The hours of operation never coincide with the planned ones,
which range from 2,200 and 3,100 hours/year, and these figures are never reached in
actual performance of the prototypes. The investment and operations costs of these
facilities will depend on the dimension, capacity, location, that is to say, on the harvesting
technology being used. By using many complex simulation tools, the operations cost are
estimated to be between € 30 M and €52 Million/MW/year, where three-fourths are
destined for the cost of maintenance and repair.
In the case of the wave industry, the biggest challenges are posed by large waves directly
hitting machines and damaging components and devices that are submerged in places
with difficult access. The operation and maintenance of marine energy equipment has
always been a challenge. According to a report from the European Union, the annual
repair and maintenance costs can reach 5.8 % of capital expenditure, as against 3.7 % for
offshore wind power.
Projects such as the OPEN Sea Operating Experience to Reduce Wave Energy Cost
(OPERA) funded by Horizon 2020, or by the company Wave Swell Energy, have come to
the conclusion that wave energy devices must move towards the concept of oscillating
water column, due to the minimum number of components, scalability, and low cost of
power generation.
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3 KEY ENABLING TECHNOLOGIES
The term Industry 4.0 was first used by the German Government and describes the
organisation of production processes based on technology and devices that
communicate with each other autonomously throughout the value chain: a model of
"Smart" factory of the future where computer systems monitor physical processes and
create a virtual copy of the physical world, and where decisions are made in a
decentralised manner based on self-organisation mechanisms. In this new stage, sensors,
machines, components and systems would be connected along the value chain, beyond
the limits of individual firms. These connected systems could interact with each other
using standard Internet protocols and analyse data to predict errors, have capacity for
self-configuration and adapt to possible changes. In other words, digital technologies
permit linking the physical world (devices, materials, products, machinery and
equipment) with the digital one (systems). This connection enables devices and systems
to collaborate with each other and with other systems to create a smart industry, with
decentralised production that adapts to changes in real time. In this environment, the
barriers between people and machines become blurred.
Additive
Manufacturing
Modelling,
simulation &
virtualisation of
processes

Intelligent
Materials

Automation
and robotics

Cibersecurity

Cloud
computing &
connectivity

Cyberphysical
systems & IoT

Vision
technologies

Big Data & Data
Analytics

Figure 19: Technologies implemented in Industry 4.0, Source: Asime

The main characteristics of Industry 4.0, after taking the above into account, are:
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Interoperability: cyber-physical systems (carriers of working parts, assembly
stations and products) allow humans and smart factories to connect and
communicate with each other.
Virtualisation: creates a virtual copy of the Smart Factory linking sensor data with
virtual plant models and simulation models.
Decentralisation: capacity of cyber-physical systems to make their own decisions
and produce locally thanks to 3D printing technologies.
Real-time capability: the ability to gather and analyse data and provide resulting
information immediately.
Service orientation.
Modularity: flexible adaptation of smart factories to changing requirements by
replacing or expanding individual modules.

Also worth highlighting are the technologies associated with Industry 4.0 by the German
Government:








Application of information and communication technologies (ICTs) to digitise
information and to integrate systems in all stages of product creation and use
(including logistics and supply).
Cyber-physical systems that use ICT to monitor and control processes and physical
systems. These may involve embedded sensors, smart robots that can be
configured to suit the product in real time in line with the progress of additive
manufacturing or creation.
Network communications including wireless and Internet technologies that are
used for communication between devices (e.g. 3D printing).
Simulation, modelling and virtualisation in the design of products and the plant,
and with suppliers and distributors.
Collection of large amounts of data and its analysis and exploitation.
Greater support based on ICTs for workers, including robots, augmented reality,
or through Big Data analyses and Cloud Computing.

Another approach to the key enabling technologies of Industry 4.0 is the one provided by
EFFRA in its RoadMap:







Advanced manufacturing processes: such as additive manufacturing, photonics,
forming technologies, self-assembly, etc.
Mechatronics for advanced manufacturing systems: control techniques,
intelligence based on cognition in machinery and robotics, human-machine
interaction, smart actuators, advanced materials, etc.
Information and communication technologies: Connecting the physical world in
production plants, data mining, modelling and simulation, etc.
Manufacturing strategies: user-centred design, virtualisation, and digitisation, etc.
Modelling, simulation and forecasting.
Knowledge and skills of workers.

Digitised manufacturing will give rise to a wide range of changes in manufacturing
processes, results and business models.
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Smart factories allow for greater flexibility in production. The automation of production
processes, product data transmission during its passage through the manufacturing
chain and the use of configurable robots imply that a variety of different products can be
manufactured on the same production facility. This mass-customisation will allow
production of increasingly smaller lots (even as small as unique ones) due to the ability to
quickly configure machines to meet the needs of customers, and also due to additive
manufacturing. This flexibility also encourages innovation, since prototypes and new
products can be produced quickly, at a reduced cost, without the need for new production
lines.
The speed at which a product can be produced will also improve. Digital designs and
virtual modelling of the manufacturing process can reduce the time between product
design and its delivery. It is estimated that the supply chains based on data can accelerate
a manufacturing process by 120 %, while if we talk about the time needed to deliver
orders, the time to bring products to the market can be reduced by 70 %.
Integration of product development with digital technology and its physical production
has been associated with major improvements in product quality and a significant
reduction in error rates. Data collected through sensors can be used to monitor each
piece produced instead of using sampling to detect errors, and hence correction of
machinery errors can be done in real-time. These data can also be collected and analysed
to use 'big data' techniques and to identify and resolve small incidences on the fly.
Increase in quality plays an important role in reducing costs and, therefore, in increasing
competitiveness: the first 100 European manufacturers could save around
€ 160 000 Million in reprocessing costs of defective parts if all defects were eliminated.
Productivity can also be improved through various effects of Industry 4.0. By using
advanced analytics in predictive maintenance programs, manufacturing firms can avoid
machine breakdowns in the production plant and reduce downtime by an estimated
50 %, and increase production by about 20 %. Some companies will create 'lights out'
factories where automated robots continue to produce without light or heat after staff
has gone home. Human workers can be used more effectively, for tasks in which they are
truly essential. For example, in the Netherlands, Philips produces electric razors in a "dark
factory"using 128 robots and only nine workers, who perform quality control.
Customers will be able to participate more in the design process, even by providing their
own designs which can then be produced quickly and cheaply. The location of some
manufacturing operations can also be sited close to the client: if the manufacture is
largely automated, there is no need to be "off-shore" or located in distant countries with
low labour costs (but high transport costs). European companies can decide to bring back
to Europe, i.e., "re-shore", or to establish new plants in Europe rather than abroad.
Industry 4.0 will also bring about changes in business models. Instead of competing solely
on costs, European companies can compete on the basis of innovation (the ability to
deliver a new product quickly), or the ability to produce customised designs (through
configurable factories) or quality (the reduction of flaws due to automation and control).
Some companies may take advantage of the data created as "smart"products and adopt
business models based on the sale of services and not products.
This servitization can help expand business opportunities and increase revenues.
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In Europe we have examples of shipyards that are facing the transformation processes
towards industry 4.0 such as Meyer Werft, Damen or Fincantieri among others.

Figure 20: Meyer Werft, Source: https://www.meyerwerft.de/de/meyerwerft_de/index.jsp

It is an Industry 4.0 shipyard, which has all of its processes digitised, right from ship design
to production, which allows for its vertical integration into management systems. For
example, construction plans are hardly used and have been replaced by virtual
simulations of the shipbuilding processes, which permit early optimisation of the ship and
its systems, as well as simulation of the processes required for their production. This
results in substantial improvement for the safety of people, protection of the
environment, and optimisation of energy consumption.
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Figure 21: Meyer Werft Plant, Source: https://www.meyerwerft.de/de/meyerwerft_de/index.jsp

It is also important to highlight the effort and commitment of other shipyards, such as
Navantia in Spain, which are implementing digital transformation plans to adapt to the
4.0 industry.

3.1 Innovative projects
Listed below are innovative projects related to the shipbuilding value chains and the
marine energy sector that reflect some of the trends in these sectors for the coming years.
In the projects described below we will check the implementation of key enabling
technologies applied to processes, products and services.

RAMLAB PROJECT (http://www.ramlab.com/)
Industrial spare parts should always be available wherever and whenever they are needed.
They must also meet or exceed end-user’s quality requirements and come at a
competitive price. Additive manufacturing has the potential to facilitate the availability
of certified large-scale metal parts upon demand. RAMLAB’s mission is to accelerate the
adoption of additive manufacturing technology, in order to provide partners with easy
access to the entire value chain.
RAMLAB’s 3D printing field laboratory (Rotterdam Additive Manufacturing LAB) is
working with partners Damen Shipyards Group, Promarin, Autodesk and Bureau Veritas
to develop the first 3D printed marine propeller in the world. A boat propeller was
produced using a hybrid manufacturing process that combines additive wire and arc
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welding, using industrial robotic arms and subtractive machining and grinding
techniques.
The Dutch port of Rotterdam, is the largest port in Europe, and is one of the major
intersections for cargo flow in the world. It offers the best connections in the region to
worldwide ports and handles more than 460 Million tons of cargo/year, and hence the
need that both installations and ships operate without problems.
For example, if a ship currently arrives to port and sends a requests for a spare propeller
it can take weeks or months to order and get it delivered, which costs companies millions
of dollars while they wait. Keeping a large stock of spares in stores around the world can
also be quite expensive for companies.
To address this challenge, the port opened the innovative RAMLAB, an on-site installation,
which has a pair of robotic arms with 6 axes that is also capable of producing large
industrial metal parts. The RAMLAB team works with a dedicated network of hardware
and software partners, academic and certification institutions, and end users, key to
helping the port to stay on course and become the smartest port in the world.

Figure 22: Ramlab Propeller, Source: www.ramlab.com

ENERGY OBSERVER (http://www.energy-observer.org/en/)
This is an innovative project in which a catamaran is driven solely and exclusively with
renewable energies. These include solar, wind, wave energies, as well as hydrogen
generated from sea water.
This hydrogen-based energy technology is not new since we have seen it in operations on
land. In fact, Toyota uses this technology in its car Mirai and it has now been adapted to
this vessel. This is the first time that it is being used in the marine field to produce
hydrogen in a direct manner during navigation.
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Although it sounds unbelievable, the Energy Observer is not new and it was built in
Canada in 1983 by the naval architect Nigel Irens with the intention of participating in
maritime races. Its aim is not to impose its first record either, since in 1984, it became the
first catamaran to sail more than 800 kilometres in just 24 hours.
For this new challenge, the Energy Observer has increased its length in time to
30.5 meters, while the width has stayed the same at 12.8 meters. Its weight is only
28 tonnes, which makes it lighter than vessels with battery storage systems.
The interesting part lies in the interior, where we find a system that extracts hydrogen
through demineralisation of sea water, and then separates oxygen and hydrogen by
electrolysis. Hydrogen is compressed and then stored in tanks, ready to be used in the
batteries whenever needed.
More than 30 people comprised of engineers and designers have worked on this project,
in order to prepare it for an adventure that will last six years. During this time, the plan is
to visit 50 countries and 101 ports, and in fact, the idea is to pass through Tokyo in 2020
for the Olympic Games.
During this long journey, a team will record content for a documentary focused on
renewable energies, which will have eight episodes and be broadcasted by the French
channel Planète+. There will also be a series in web format, shared on social media
networks over these six years, and will serve to closely follow this journey.
Obviously, one of the goals of this project is to demonstrate the feasibility of using
hydrogen-based energy and its practical applications, and furthermore seeks to promote
greater adoption of this technology.

Figure 23: Renewable Energy Catamaran, Source: Top Gear
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ROBOTICS (http://www.koreaherald.com/view.php?ud=20180304000138)
Hyundai Heavy Industries Co. for the first time uses robots to build ships in order to
improve efficiency and reduce costs.
It is one of the largest shipyards in the world and is located in Ulsan, 414 kilometres southeast of Seoul. The shipyard has recently completed a year of testing on a robotic system
which automatically shapes the three-dimensional curved surface of a vessel.
This unmanned system is based on the Internet of Things and automation technologies,
and is equipped with a high frequency inductive heating system and a multi-articulating
arm.
Hyundai Heavy Industries Co. plans to add artificial intelligence and more sophisticated
technologies in the future.

Figure 24: Robot, Source: http://www.koreaherald.com/view.php?ud=20180304000138

The company said that the system will increase productivity three times as compared to
the work done by humans, besides improving quality of the final product. Hyundai Heavy
Industries Co. expects the robot to save between 100,000 Million KRW ($ 92.3 Million)
and 200,000 Million KRW over the next 10 to 20 years, depending on its useful life.
This Korean shipbuilder is one of the industry leaders in the adoption of robotics for
efficiency, workplace safety and cost reduction.
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Robots can replace skilled labour in welding, blasting, painting, lifting heavy loads and
other tasks.

MAGALLANES PROJECT (http://www.magallanesrenovables.com/es/proyecto)
The Magallanes project was born in 2007 in Redondela (Galicia, Spain) with the challenge
of developing a technology capable of obtaining power from tidal currents. The project is
in the final stage of assembly and construction of a full-scale 350 metric tons prototype.
Sea trials were carried out towards the end of 2015 and early 2016.
After a phase of research and development, in 2014, Magallanes built and tested the first
1:10 scale model, which successfully concluded the official tests carried out at the
European Marine Energy Centre (EMEC) in Orkney (Scotland). The system developed by
the Magallanes is based on building a floating platform (a steel trimaran) that includes a
tube with a submerged part where hydrogenerators are installed.
The platform is anchored by two anchor lines at the fore and aft of the vessel. Being a
floating platform, it does not involve any sea floor construction and thus can be installed
in any part of the world. It is also the system with the lowest maintenance cost, since it
allows access by boat to the platform for checks, repairs or any other operation.
The objective of Magallanes is to develop and build in Galicia, the technology needed to
win the tidal power race, and promote filing of patents, expert teams and an industry of
electrical and naval components for floating platforms.
This is the first time that Galicia is contributing an electrical technology project to harness
tidal energy in other parts of the world, and is not being used for the exploitation of
natural resources in Galicia.
The project has the support of the Xunta de Galicia, through the Galician R&D Plan. Forty
researchers from universities and technological centres are involved in the development
of the model based on the latest third generation technologies.
Magallanes is the only Spanish project which is at an advanced stage of development that
researches into electricity generation from tides. It uses floating technology that does not
need dams or barrages, or any structures or pillars on the sea floor.
Its greatest advantages are: low maintenance cost due to an easily accessible engine
room, low installation costs, and greater efficiency. Being floating installations, they can
be adapted to all marine areas, with low environmental impact.

WAVE SWELL ENERGY (http://waveswellenergy.com.au/technology/)
Wave Swell Energy technology is based on the well established "oscillating water column"
(OWC) concept. An OWC is actually an artificial breather. It is a large hollow concrete
chamber, which is partially submerged and seated on the seabed, with an underwater
vent to the ocean. The chamber also has a small opening above the water line to the
atmosphere which houses an air turbine.
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As wave crests and troughs pass through the OWC, water enters and exits the camera
through its submerged vent. This water travels up and down in the chamber, causing the
pressure of the air trapped above to oscillate between positive and negative pressures.
Such pressure fluctuations force air to pass through a turbine located at the top of the
chamber, thereby generating electricity.
The fundamental difference between the OWC Wave Swell Energy technology and that
of other companies is that, through an ingenious conceptual difference, patented by the
company, the WSE turbine is exposed to air flow from just one direction. This provides a
much simpler and more robust turbine design that is also more reliable and provides
greater energy conversion efficiency.
The only moving parts of the entire technology are in the turbine and some simple valves,
all of which are situated far above the water line. There are no moving parts within or
underwater. This means that maintenance is only required in areas with easy access
located well above the ocean.
This design reduces maintenance, and directly contributes to cost reduction and greater
viability of the project.
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4 DEMOGRAPHIC SITUATION AND SKILL REQUIREMENTS
The continuing decline in birth rates and the increase in life expectancy are transforming
the shape of the age pyramid of the EU-28; and probably the most important change will
be the sharp transition to a much older population structure, which is already apparent in
several EU Member States.
Therefore, the proportion of working-age people in the EU-28 is declining, while the
relative number of retired persons is increasing. The percentage of elderly persons in
relation to the total population will increase significantly over the next decades, when a
large part of the post-war "baby boom" generation reaches retirement age. This, in turn,
implies an increase in the social spending burden of the working-age population to deal
with the needs of an ageing one.
According to Eurostat data, the population of the EU-28 on 1 January 2016 was
approximately 510.3 Million. Youth (0 to 14 years of age) accounted for 15.6 % of the EU28 population, while persons considered of working age (15 to 64 years of age) accounted
for 65.3 % of the population. The elderly (65 years or more) accounted for 19.2 % (an
increase of 0.3 % compared to the previous year, and an increase of 2.4 % in relation to
ten years earlier). The average age of the population in 2017 was 42.8 years while in 2010
it was 41.0 years.
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Figure 25: European Economic Area (EU28 - current composition, plus IS, LI, NO), Source: Asime based on Eurostat
data

The average age in all EU Member States ranged between 36.9 years (Ireland) and 45.9
(Germany), which shows that population structures are relatively young and relatively old
in these two Member States.
In all EU Member States, the proportion of youth in the total population in 2016 was
highest in Ireland (21.9 %) and lowest in Germany (13.2 %). In relation to the proportion
of people ≥65 years of age in the total population, Italy (22.0 %), Greece (21.3 %) and
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Germany (21.1 %) showed the highest percentages, while Ireland recorded the lowest
proportion (13.2 %).
The ageing of the workforce in Europe is a huge challenge and even though the total
population of the EU-28 will only decline slightly from now until 2050, Eurostat forecasts
that the age structure will dramatically change as shown in the following graph:
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Figure 26: EU-28 Age Structure, Source: Asime based on Eurostat data

This existing demographic trend is crucial in the shipbuilding industry where the average
age of workers may be 53 years. This warrants the development of a necessary and useful
strategy to facilitate renewal of existing staff prior to retirement and early retirement in
the coming years, in order to ensure that expert knowledge is transferred from older to
younger staff.
This generational change should stem from an improvement in the maritime industry’s
image in general and the activity of the shipbuilding industry in particular. We should be
able to attract young people with talent to lead and manage the evolution of Industry 4.0,
based on knowledge of all processes currently used in the industry.
Finally, in this Industry 4.0 demographic and paradigm change, we should also take into
account an ideal methodology based on the age bracket of each worker.
The shipbuilding study carried out by the European Social Dialogue Committee shows a
comparison of the age distribution in the shipbuilding industry for the EU-14 countries as
against the rest of the European workforce.
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Figure 27: Comparison of the Age Distribution in the Shipbuilding Industry for the EU-14, Source: Demographic
Change & Skills Requirements in the European Shipbuilding & Ship Repair Industry

In 2008, 53 % of workers in the industry were aged 40+ years and the situation has
aggravated since due in large measure to the recession mentioned hereinabove. This
situation, when viewed by country shows a great deal of variation between them.

Figure 28: Comparison of the Age Distribution in the Shipbuilding Industry for the EU-14 by Country, Source:
Demographic Change & Skills Requirements in the European Shipbuilding & Ship Repair Industry

Countries such as Portugal, Malta, Spain, Finland, the United Kingdom and Germany had
more than 60 % of staff aged 40+years, while the situation is completely different in
countries such as Italy and Romania in which more than 60% of the staff are aged
<40 years.
Sector specialisation means that access to skilled labour has become important for both
European shipyards and suppliers of marine equipment. Below is a graph showing the
educational level of the work force in the shipbuilding industry.
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Figure 29: Educational Level of the Work Force in the Shipbuilding Industry, Source: Demographic Change & Skills
Requirements in the European Shipbuilding & Ship Repair Industry:

The trend is that there is an increasing need for workers with a high education level and
that workers with basic education are gradually disappearing. This is closely related to
the shipbuilding industry becoming more specialised and more knowledge intensive. It is
also in line with the expected increase in demand for sales staff (from 2 to 3 %) and design
and engineering staff (from 12 % to 17 %).

Education Level
MSc/BSc level
Vocational level
Basic level
Total

2004
19%
66%
15%
100%

2010-2015
25%
74%
<1%
100%

Figure 30: Percentage of Workers by Educational Level, Source: Study on the competitiveness of the European
Shipbuilding Industry-2009

According to the OECD report "The Ocean Economy in 2030", in 2010, the shipbuilding
and ship repair industry employed almost 2 million direct employees as can be seen in the
figure 31.
The ocean-based industries have been contributed some 31 million direct full-time jobs
since 2010, around 1% of the global work force. The largest employers were industrial
capture fisheries (36%) and maritime and coastal tourism (23%). The remaining
industries accounted for shares of between less than 1% and 8%.
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Figure 31: Employement in the Ocean-Based Industries, Source: OECD STAN, UNIDO INDSTAT, UNSD

It is expected that the growth of almost 30% of employment in ocean-based industries
during the 20 years exceeds that of the global labor force (around 19%). Table below
presents a sector-by-sector comparison of the results of the projections until 2030 for the
average annual growth rates of value added and employment for the ocean economy.

Figure 32: Overview of estimates of industry-specific growth rates in value added and employment between 2010 and
2030, Source: OECD STAN, UNIDO INDSTAT

From the data reflected in the previous table, the Offshore Wind industry stands out, as
far as changes in employment are concerned
One of the relevant topics of the MATES Project is the issue of equality between men and
women. At the time of writing, it is highly complex to find aggregated data at European
level on women's participation in the shipbuilding industry. The sensation perceived
among the different interest groups that have been consulted is that the role of women
in this industry has a low representation. To establish some information on the perceived
sensation, indicate that the most relevant Spanish shipyard, Navantia, which has a
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workforce in 2017 of 5.172 workers according to the information contained in the annual
report of 2017 published, has in its workforce 10.1% women. This company has a plan for
corporate social responsibility and equality which aims to reduce this gap and improve
the conditions for family reconciliation among other challenges.
She Figures 2015 investigates the level of progress made towards gender equality in
research & innovation (R&I) in Europe. It is the main source of pan‑European, comparable
statistics on the representation of women and men amongst PhD graduates, researchers
and academic decision‑makers. The data also sheds light on differences in the
experiences of women and men working in research – such as relative pay, working
conditions and success in obtaining research funds. It also presents for the first time the
situation of women and men in scientific publication and inventorships, as well as the
inclusion of the gender dimension in scientific articles.
In recent decades, there have been strides towards gender balance within the pool of
higher education graduates. Whilst women were once under‑represented at doctoral
level, in 2012 they made up 47 % of PhD graduates in the EU (EU-28), and between 40 %
and 60 % of PhD graduates in all countries covered by the She Figures. At the same time,
there are marked differences by sex when it comes to the most popular subjects and
educational pathways. For instance, men are more than two times more likely than
women to choose engineering, manufacturing and construction, whereas women are
twice as likely to pursue an education degree. In 2012, women accounted for just 28 % of
PhD graduates in engineering, manufacturing and construction, and only 21 % of those
graduating from computing.
The under‑representation of women continues to characterise participation in science &
technology (S&T) occupations. For instance, in more than half of the countries women are
under‑represented relative to men, making up less than 45 % of scientists and engineers.
At the level of the EU-28, women scientists and engineers made up 2.8 % of the total
labour force in 2013, whereas men made up 4.1 %. However, there has been some
progress in this area – the number of women amongst employed scientists and engineers
grew by an average of 11.1 % per year between 2008 and 2011 (at a faster rate than the
number of men, which grew by 3.3 % over the same period).
Amongst researchers specifically, the representation of women and men also remains
uneven. In 2011, women in the EU accounted for only 33 % of researchers (EU-28) – a
figure unchanged since 2009 (EU-27). In only eight out of 28 EU Member States did
women account for more than 40 % of researchers. Women in the EU have a stronger
presence amongst researchers in the higher education and government sectors. In the
business enterprise sector, they make up close to one in five researchers (2011).
Regarding the pool of graduated talent, the main findings of She Figures 2015 indicated
that:
There is gender balance amongst PhD graduates in the EU. In 2012, women made up
between 40 % and 60 % of graduates in all countries.
There are differences by sex when it comes to the most popular subjects amongst
top‑level graduates. However, in the EU, both women and men PhD graduates are most
likely to study the field of Science, Mathematics and Computing.
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Men are more than two times as likely to choose engineering, manufacturing and
construction, whereas women are twice as likely to pursue an education degree.

Figure 33: Proportion (%) of women ISCED 6 graduates by broad field of study, 2012. Source: SHE FIGURES 2015, European
Commision

There are several reasons why enterprises are having difficulties in recruiting suitable
staff, two of the main ones being education and attractiveness of the industry. The low
number of entities and qualified staff to train specific personnel for the shipbuilding
industry is the principal reason for the problem of staff recruitment. The other main factor
is the declining appeal of the industry as compared to other types of activities. There is
therefore a need to create specialised training in shipbuilding and to improve working
conditions, since they are key factors to address the challenges associated with the work
force.
According to the latest report of the International Renewable Energy Agency, hereinafter
IRENA, the wind energy industry employed more than a million people around the world
in 2017, to be more precise, it created 1,148,000 direct jobs. Countries that generate
most jobs in the world are China, Germany, the United States, India and the United
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Kingdom respectively. Wind energy is the fourth type of renewable energy that has
generated more direct jobs and is preceded only by photovoltaic/solar energy, biofuels
and hydraulic power stations. According to the macroeconomic scenarios of the report
made by Wind Europe, in the case of reaching an installed capacity of 323 GW in offshore
wind, it is estimated that 569,000 direct jobs are needed in this industry in Europe. In
contrast, the wave, tidal and marine energy industry created 1,057 direct jobs. As
described above, this type of industry is still in a pre-commercial stage and therefore the
number of jobs created at the moment is low as compared to other technologies.
Moreover, the various workshops held in the first half of 2018 identified the need to
develop specific training programs to address the training needs demanded by the
marine industry value chain companies. There are several professional activities such as
painter and sheet-metal workers that do not have formal training system, making it
difficult for the educational system to provide workers needed in the shipbuilding
industry. And we need to not only address the skills needed to perform the job but also
provide basic training in the prevention of occupational risks.
Lastly, we need to not only identify and schedule workers current needs but also outline
the future skills required of them.
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5 CONCLUSIONS
After several years of an important economic crisis, which led to the disappearance of
companies and destruction of jobs worldwide in different activity sectors, we are at a
moment now when the current and future job prospects look positive and are generating
a restrained optimism within society. Stable jobs will be created in the upcoming years
not only in strong sectors in Europe like shipbuilding and the offshore wind industry, but
also in other areas such as the marine (mainly wave and tidal) energy industry that have
experienced a high degree of development and implementation in Europe mainly due to
the good conditions on our continent.
There are factors that need to be taken into account when preparing a strategic plan to
adapt the existing training courses. During the same time as the crisis, there appeared the
so-called Industry 4.0, wherein the key enabling technologies promise a greater level of
automation in all operations, provide interconnection of information both intra company
and with other value chain agents, and optimisation and use of resources. The upcoming
years will be crucial for market positioning in the different activity sectors. Europe
currently has a high level of specialisation in the shipbuilding industry and virtually
monopolises the construction of certain types of ships. This new Industry 4.0 revolution
may influence the type of ships that will be built in Europe because of the major changes
foreseen on the horizon. This is why both businesses and workers face a major challenge,
namely; the adaptation to this new revolution.
Another important aspect and particularly relevant to the maritime industry is the one
related to demography and the training of people. The average age of the European
society is increasing year after year and this is more beset in the shipbuilding industry due
above all to the crisis period and the consequent movement of skilled workers toward
other activities, and the lack of qualified personnel to successfully perform such tasks.
This lack of qualified staff is mainly due to two factors: a) the lack of specific training
programs for the maritime industry, and b) the failure to attract young talent to the
sector, in order to develop their professional career. We also need to anticipate and take
into account staff specialisation in emerging sectors, such as wave and tidal energy, in
order to help both the development of these two technologies and their posterior
implementation and management.
After this inception report and the gathered documents, the following step will be to
review and establish a first analysis of skills needs in the target sectors of the project
through the identification of the different training programmes offered in Europe, as well
as existing projects and trends in the sectors and the information provided by the
thematic groups, in order to develop a strategic plan to enhance the industry’s
competiveness.
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