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1.

USWE Project presentation

1.1 Summary of the project

USWE project aims at detecting the skills gaps and future needs in the Shipbuilding Industry,
including in the scope the several subsectors that make it up: manufacturing, repair, maintenance
and conversion of vessels, equipment and other maritime structures such as the offshore platforms.
The project will start analysing existing data previously collected by diverse agents of the sector
through diverse initiatives. It will also review social trends in demography or migrations, and the
challenges originated by Industry 4.0, the increasing digitalisation of the manufacturing processes
and the new KETs regarding their potential impact on growth and employment in the sector.

Based on the acquired knowledge and analysis, the partnership will elaborate an updated list of
occupations and corresponding skills. Technical, transversal, digital and green skills will be the focus
of this project.

These profiles and skills will be validated by sectoral experts, focus groups and professionals. Once
there is consensus on the final list of occupations and skills, they will be sent to ESCO, fed into the
Skills Panorama and supported with further recommendations for stakeholders and policymakers.

1.2 Project Partners

Tknika. Viceministry of VET. Department of Education. Basque Government.

SeaEurope. Shipyards and Maritime Equipment Association of Europe (recognised sectoral social
partner representing the employers at European level)

IndustriAll European Trade Union (recognised sectoral social partner representing workers at
European level)

Turku University of Applied Sciences

1.3 Project’s main tasks

Analyse of the State of the Art

Forecast for Shipbuilding 4.0

Identification of Skills and Profiles

List of VET Profiles and Skills

Recommendations for Stakeholders and Policymakers
Management and Coordination

Quality Assurance and Risk Management
Dissemination, Exploitation and Sustainability

1.4 Webpage

https://www.usweproject.eu
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2. Work Package 02: Forecast for Shipbuilding 4.0

The shipbuilding sector is one of the most innovative industrial fields of the EU. Therefore, the sector
should also be aware of the new innovative trends and challenges and consequently adapt to them.

The sector will survive only if it manages to be innovative. Nowadays, this means that a deep analysis
should be done regarding 4.0 Industry and the potential effect it may have in the skill needs of the
sector.

4.0 Industry will also have a strong impact on the VET training provision systems.

2.1 Objectives
e Research on new innovative trends in Shipbuilding Industry
e Analyse 4.0 Industry and the potential effect it may have in the skill needs of the sector.
e Forecast the influence of these trends in the future of the sector.

2.2 Activities
e Desk Research on Drivers & Forces of change in the sector (4.0) and in VET.
e Designing guidelines and rubrics for the interviews with experts.
e Interview experts on drivers and forces of change in the sector (4.0).
e Publication of the Forecast for Shipbuilding 4.0

2.3 Deliverables
e Desk Research Report on Industry 4.0 Challenges
= A Desk Research will be carried out for the detection of the skill needs for 4.0 Industry.
e Guidelines and Rubrics for the Field Research
= Guidelines to be followed in the interviews with experts and rubrics to be filled in with the
information obtained from the questionnaires.
e Field Research Report on Needs for Industry 4.0
= Afield research will be carried out with experts at relevant companies in order to find out,
from the point of view of industry, the most relevant skills for Industry 4.0.
e Forecast for Shipbuilding 4.0
= The publication will collect all the skill needs detected in the sector regarding the influence
of 4.0 Industry. The publication will include the two previous deliverables.
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2.3. Approach and Methodology

Foreword
The first step in preparing this report has been to recover, as a foreword, a recent report elaborated
by SEA Europe that deals also with matters directly related with aspects of interest for our study.
We present three short sections of this report:

o The European Shipbuilding and Maritime Technology Market today
o Prospect for tomorrow: The shipbuilding Market Forecast
o SEA Europe’s Newbuilding requirement Forecast

Identifying Trends

The second step has been to select a number of relevant fields where changes and transformations
are definitely generating trends which will impact on the shipbuilding market. To our
understanding, these are the key fields of interest:

The geopolitical situation. The Shipbuilding Market.
Trends in the economic activity, Seaborne Trade.
The social developments.

The effectiveness of the technological progress.
The introduction of new energies.

Sustainability: The environmental regulation.
Health and Safety.

The Human Capital.

0O O O 0 O O O O

Drawing Conclusions

The third step has been to draw some conclusions from the previous reflections. These conclusions
were further enriched once we got feedback from the field research.
Forecasting Challenges

The fourth step has been to pull out a number of challenges from the trends merging in the selected
fields.

References

Finally, a number of references have also been included at the end of the document.
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3. The European Shipbuilding and Maritime Technology Market
today

3.1 Foreword

Europe’s maritime technology sector covers all enterprises involved in the design, building, maintenance,
conversion and repair of civilian and naval ships or other maritime structures. It also covers the complete
supply chain of maritime systems, equipment, technologies and services, supported by research and
educational institutions.

With an aggregated production value of €128.6 billion, the European maritime technology sector — as
represented by SEA Europe - represents 26.6% of global maritime technology production value (€482.5
billion) and generates more than one million direct and indirect jobs in Europe.

Figure 1 Annual Average Production Values of the Shipbuilding Value Chain SEA Europe and EU-28

Figure 2 Production Value Development EU-28
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European shipyards generate an annual average production value of €42.9 billion and employ directly
285,000 people (EU-28 area). With each job created in a shipyard, another six jobs are created in the supply
chain, with some regions being highly dependent on the local shipyard.

Europe’s maritime equipment industry produces and supplies all types of materials, equipment and
systems, technologies and services for the building, repair, maintenance, conversion or service of ships and
platforms. Material and system suppliers and turnkey suppliers are of great importance, as their share of
the marine industry is bigger than that of the shipyards and the production is becoming more and more
decentralized. Many of them are global operators. The trend has for many years been towards increasing
outsourcing; of design to design companies as well as manufacturing of larger areas (cabins, public spaces,
HVAC, restaurants, etc.) to the so-called turnkey suppliers.

Average employment
2012-2016

"' 'm —.— N
. . » 2nd tier

o . suppliers
|2 L)

| m 1sttier
suppliers

= Ship- and
- boatbuilding

Figure 3 Average Employment SEA Europe and EU-28

& 2nd tier suppliers

m 1sttier suppliers
m Ship-and boatbuilding

Figure 4 Average Employment by Country
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Europe counts some 300 shipyards, primarily building complex, innovative and technologically advanced
civilian and naval ships and platforms, or maintaining, converting or repairing existing (merchant) ship
types.

Complex ship types include cruise ships, ferries, offshore supply vessels, research vessels, mega yachts,
fishing vessels, dredgers, tugs, and naval ships. Complex platforms are used for offshore and other “Blue
Economy” activities (e.g. for offshore renewable energies, or deep-sea mining). In these markets, Europe is
currently a global leader. The complex and unique nature of the ship types and platforms built in Europe
requires specific expertise and know-how, which today can only be found in Europe, and highly skilled
personnel.

T SEA EUROPE

Alrcraft Carrier
_11.000.000 Hrs_
2000 000 Parts
60000 Tons
12 000 000 Code Lines
Complex Research Vessel
PR 1000 000 Hrs
. 550 000 Parts
3000 Tons
asso 1 300 GO0 Cods Lines
80 000 Hrs
100 000 Parts
‘ 537 Tons
Fighter Jet 1600 000 Code Lines
Automobile 60000 Hrs RICER MG CORBE
23 Hrs 40 000 Parts S o .
2000 Parts - ~ 24 Toms—
1.9Tons 2000 000 Code Lines
o 5 i0 15 20 25 30 35 a0 as

Manufacturing Time

Figure 5 Product Complexity Curve

Blue Growth & Maritime Technology

Oil & Gas Offshore A Iture Deep Shipping
Industry Renewables Mining
- ->

Maritime tech and tools are provided to bring these activities to sea

Key Enabling Technologies

<

SEA Europe B

—_—

Figure 6 Maritime Technology - Key enabling technologies

It is anticipated that ships, equipment, and technologies will further increase in complexity. The evolution
of complexity is already indicated in the chart above. Enhanced complexities are expected on many fronts,
including in production processes, ships’ operations etc. digitalization, connectivity, automated processes,
and vessels will become reality — and in some cases — are already a reality.
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3.2 Prospect for tomorrow: The Shipbuilding Market Forecast

Demand for merchant ships and maritime equipment is driven primarily by global GDP and population
growth, seaborne trade, energy mix and patterns, and other macro-economic and societal trends.

It must be taken into consideration that forecasting the future newbuilding requirements for cargo ships is
completely different to forecasting the demand for specialised ships (the “European types”, such as
passenger ships, offshore, fishing vessels, tugs, dredgers and so on). SEA Europe, the Shipyards and
Maritime Equipment Association of Europe, has a dedicated working group which since 1969 is forecasting
newbuilding requirements for all vessel types and participating in the International Shipbuilding Forecast
Expert Meetings (ISFEM) for discussing findings and harmonising the forecasting methodologies with the
shipbuilding associations of Japan, China and South Korea. The trends identified in the current report are
largely based in the work of this forecasting group.

This forecast analyses the expected growth of the fleet for each vessel type and size in the medium and
long term taking into consideration: Macro-economic trends, global trade patterns, energy mix, the
average age of the fleet-segment, the rate of vessel scrapping, and other considerations such as
regulatory issues and technological developments.

The figure below illustrates the methodology

Fleet requirement to 2040

Macro economic Global trade

* GDP o Existing fleet size and age
e deleted ships and replacement
o regulations

* etc.

Newbuildng requirements

* demography etrade patterns

: | to 2040
production etype of trade

® energy mix

esea borne/land
* etc

eetc.

3.3 SEA Europe’s Newbuilding Requirement Forecast

The maritime industry is undergoing structural changes affecting almost all segments and impacting the
foreseen newbuilding requirements towards year 2040. Expectations for technological advancement are
having increasingly significant impact on the forecasts. The speed of change, the convergence of sciences,
advanced robotics on one hand, and on the other machine perception, intelligence and learning are
delivering capabilities that are seamless, synchronous, and personalized. Increasingly stringent
environmental rules driven by societal and policy expectations on shipping to reduce its environmental
footprint in the coming years and decades will continue to be key drivers for fleet replacement investments.

However, besides ongoing technological advancements and increasing regulatory pressure on the industry,
the unstable geopolitical situation, the slowing pace of overall seaborne trade growth and general global
economic uncertainties are also impacting the forecasts.
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Already before the COVID-19 pandemic outbreak, the risk of a “slowbalisation” scenario (The Economist
2019), with its impact on the trade demand outlook, was representing a major downside risk to the recovery
path of the global shipbuilding and shipping markets towards healthier and more profitable levels.

Compared to the 2018 forecasts, global GDP expansion and seaborne trade growth had been indeed revised
downwards.

The fallout of the COVID-19 pandemic inflicted a significant blow to world economy and trade. Predicting
the pandemic’s longer-term impact as well as the timing and scale of the market recovery is on the other
hand fraught with uncertainty.

Looking at the different ship types, the following (pre-COVID 19) long term forecast results can be
mentioned.

Cargo-carrying vessels: the outlook was forecasted to be cautiously positive in a “base case” scenario
for the container market but it was observed that demand side risks continued to build, including from
trends in China, ongoing US-China trade tensions and challenges in some emerging economies.
Obviously the COVID-19 pandemic reshuffled the whole picture. For bulk carriers, the outlook for
seaborne trade growth remains difficult and newbuilding interest is expected to remain subdued in the
short term, hence this market segment is likely to remain under pressure for some time yet. Regarding
tankers, projections to 2040 showed that due to persisting overcapacity the fleet will grow less than
seaborne trade. A dramatic increase in the LNG fleet tanker growth was expected after 2020. In the
medium term, newbuild requirements for General Cargo were expected to recover and peak in the
period 2021-2025 driven by fleet replacement needs. In the longer run, however, the general cargo
fleet is expected to resume the declining trend it has exhibited over the years.

Offshore: The key driver for the demand of offshore oil and gas vessels is the oil price and the
perception of future oil price development vs. actual and expected cost development. With a higher oil
price, we get a higher number of profitable offshore fields, more exploration activity and thus higher
spending and a higher demand for offshore rigs and ships. After five years of very limited investment
in Oil & Gas after the oil prices collapsed in 2014. Offshore investments are set to increase, however
with regional variations. The newbuilding market will return, but not to levels seen in the past. In the
short and medium term, newbuilding market will continue to be sluggish, but the long-term outlook is
promising, also because of expected growth in offshore wind related activities.

Passenger ferry orders had picked up in recent years leading to an expected steady growth in deliveries.
It is expected that this growth in vessel completions may pick up during the next decade, as older
tonnage needs to be replaced, slowing down as from 2030. Cruise demand was forecasted to continue
to increase mainly through a replacement of smaller vessels with bigger ones. As both the cruise and
ferry segments have been hit very hard by the pandemic, the pace and timing of the market, which are
inevitably linked to the restoration of travel and consumer confidence, is uncertain.

Non-Cargo Carrying vessels (fishing vessels, research vessels, tugs, dredgers and other specialized
vessels): Due to an ageing fleet of fishing vessels a high level of scrapping is estimated to exceed new
build deliveries in number of vessels, resulting in a further drop of the fleet size. Recovery of exploration
activities and fleet renewal are expected to restart investments in seismic research vessels with a slight
recovery of seismic vessel contracting after 2020. A similar development is expected in newbuilding
requirements for oceanographic research vessels but at a reduced pace. While mature Western
economies suffer from budget constraints, they still need to replace their ageing fleet. Meanwhile,
emerging economies are increasing spending on their oceanographic research fleets in their quest for
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energy sources and other raw materials. For dredgers and tugs, scrapping is expected to peak around
2025 with a newbuilding peak in 2026-30 driven by fleet replacement needs.

The full impact of COVID-19 on the entire maritime technology sector is expected to be mostly felt as of
2021/2022, notably when the lack of new orders will impact workload increasingly. This situation may not
change before at least 2023/2024! since global trade is expected to decline further and shipowners will
therefore likely delay their investment decisions and new orders until market confidence has returned and
— for cruise and passenger ship operators — until passengers have regained confidence in better financial
and sanitary circumstances. These long-term effects are also related to the specificities of the sector:

- Shipbuilding has very long lead production times, with a 2-3 years’ time laps between the ship’s
contracting and delivery on average

- Shipbuilding heavily depends on a well-functioning supply chain, especially in complex shipbuilding.
Hence, any negative impact on shipyards is felt throughout the entire supply chain. This is valid for
regional manufacturers (i.e. those mainly producing for Europe’s complex shipbuilding markets) as
well as for global players (i.e. those producing both for Europe’s complex niche markets and for
global markets).

- As export-oriented industry, the maritime technology sector very much depends on global macro-
economic trends, trade volumes, and market sentiments.

As 71% of the Earth surface is represented by Oceans and Sea, the long-term perspectives for ocean
economy activity and maritime business potential are good and indisputable. However, significant
challenges remain ahead since, with persisting overcapacity across several shipping segments and
uncertainty on the future trade outlook, these demand prospects for growth may not be enough to restore
balance to the ongoing health of the overall maritime industry.

3.4 EU Green Deal and Industrial Policy

Green Deal. In December 2019 The European Commission presented The European Green Deal — a
roadmap for making the EU's economy sustainable by turning climate and environmental challenges into
opportunities across all policy areas. The European Green Deal is a set of policy initiatives by the European
Commission with the goal to make Europe climate neutral by 2050.

The European Green Deal will support the ongoing efforts of Europe’s shipyards to build and retrofit
innovative climate-neutral ships as well as Europe’s maritime equipment companies to manufacture and
supply climate-neutral maritime technologies and maritime applications of clean fuels. All these products
will be key in transforming waterborne transport into a climate-neutral mode of transport. European
maritime industry supports the ambitions of the European Green Deal and maritime technology sector is
fully involved in the digital and green transformation of its factories as well as in the pioneering of best
practices on smart factories (“Shipyard 4.0”).

The Green Deal will enable Europe’s maritime technology industry to continue to build structures and ships
for offshore and marine renewable energies and to produce related technologies. The Green Deal will offer

L “Coronavirus, Climate Change and Smart Shipping: 3 maritime scenarios, 2020-2050”, Dr. Martin Stopford, April 2020, A White
paper published by Seatrade maritime, part of Informa Markets.
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stimulating opportunities for Europe’s maritime technology sector, including the potential to regain certain
lost markets.

The role of new technologies, sustainable solutions and proactive innovation are critical to achieve its
objectives. The support of technological neutrality and a goal-based approach is crucial to avoid a curtailing
of innovative clean technologies and to stimulate a rapid development of alternative fuels for waterborne
transport.

Due to the large variety of ship types and ship trades, all options for clean technologies, alternative fuels
and their optimal integration need to be researched, developed, supported and facilitated and any
legislation and policy actions should stimulate flexibility and thus refrain from imposing or prescribing
specific technological solutions or specific alternative fuels.

Increasing offshore wind production and encourages the European Commission to foster the deployment
of innovative maritime technologies and infrastructure (such as smart grids and hydrogen networks),
including green installation and maintenance of these offshore structures. Equally, Europe’s maritime
technology sector plays a key role in the sustainability of the entire Blue economy and in keeping oceans
healthy and clean.

The proposed Green Deal rightly stresses the importance of the European industrial strategy overall. The
manufacturing industry, including energy-intensive industries is crucial for the EU’s future. Investing to
transform and strengthen integrated industrial value chains to maintain and create good jobs in Europe,
and protecting against carbon leakage, must be at the core of the EU's approach to fight climate change.
Industry is the backbone of European economy and the EU should ensure its transformation through
investment and technological innovation, while protecting it from unfair competition. Social fairness and
inclusiveness have been presented as key guiding principles of the European Green Deal.

Industrial Policy. “New Industrial Strategy for Europe” was presented on March 2020 with a new SME
strategy, the Single Market Barriers Report and the Enforcement Action Plan for the Single Market.

With this new EU Industrial Strategy, the European Commission recognizes industry as “central to Europe’s
future progress and prosperity” and announces a comprehensive set of measures based on three key
priorities:

1) A globally competitive and world-leading industry
2) An industry that paves the way to climate-neutrality
3) An industry shaping Europe’s digital future.

The strategy explicitly recognizes the role of shipbuilding in driving the twin “green” and “digital/smart”
mobility transitions, supporting Europe’s industrial competitiveness, and improving connectivity.

The strategy has several initiatives relevant for the maritime technology industry:

= A Comprehensive Strategy for Sustainable and Smart Mobility to ensure that EU mobility industries
maintain their global technological leadership.

= A new ‘Pact for Skills’ to contribute to up- and reskilling and to unlock public and private investment
in the workforce action of industry, Member States, social partners and other stakeholders. The
Pact will put focus on sectors with high growth potential for Europe or those undergoing the
most significant change.


https://ec.europa.eu/info/sites/info/files/communication-sme-strategy-march-2020_en.pdf
https://ec.europa.eu/info/sites/info/files/communication-sme-strategy-march-2020_en.pdf
https://ec.europa.eu/info/sites/info/files/communication-eu-single-market-barriers-march-2020_en.pdf
https://ec.europa.eu/info/sites/info/files/communication-enforcement-implementation-single-market-rules_en_0.pdf
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= EU Strategy on Offshore Renewable Energy.

= Action Plan on synergies between civil, defence and space industries, including at the level of
programmes, technologies, innovation, and start-ups.

= A new strategy for smart sector integration, also setting out the EC vision on clean hydrogen.

=  White Paper on a new legal Instrument to tackle Foreign Subsidies. This will be followed-up with a
legislative proposal in 2021. The EC will also tackle the issue of access of foreign, state-owned
companies to public procurement and to EU funding (e.g. CEF).

= Intellectual Property Action Plan to assess the need to upgrade the legal framework, ensure a smart
use of IP, better fight IP theft.

3.5 COVID-19

Since winter 2020 COVID-19 pandemic has impacted the European industrial sectors heavily. Production
has decreased due to health and safety concerns and in some cases, production stopped completely during
some months. The effect of the virus on European society and the global economy is unprecedented, with
grave consequences for the European industry. Some companies announced temporary closures layoffs
due to collapsing demand which dropped 80% compared to the same period in 2019 (data from September
2020) supply shortages and are facing cases of virus infections and quarantines among their employees.

With all manufacturing coming to a standstill and the retail network effectively closed, the jobs of
Europeans are now at stake. It would be very important to keep the production and supply of material and
parts going. The companies and trade unions are in constant discussions with management with some
agreements being made.

National governments, EU institutions, trade unions and social partners have made several measures taken
to deal with the crisis. They are presenting developments in industry and at company-level as well as
collective agreements.

Some shipyards are negotiating postponing their orders to avoid cancellations and expect that newbuilding
business will not resume for several years therefore some companies could consider cutting capacity to
stay afloat.

The COVID-19 has had a far-reaching impact on the world economy. During the spring 2020 the virus has
halted the business of cruise ships more or less completely worldwide. Large number of cruises were
cancelled, and the reduction of maritime transport and the closure of borders affected the maritime
technology industry seriously.

The first effects of the COVID-19 are the postponement of investment decisions and the reduction of new
trades due to the situation. The shipyards are postponing the delivery of vessels so that shipping companies
do not cancel orders.

Travel restrictions also cause challenges to labor mobility. Restrictions have made the mobility of workers
very difficult both from other EU countries and from abroad. This is seriously hampering the productivity of
the companies in a sector with a very high mobility of workers and service companies from all around
Europe. Restrictions on movement have also brought significant challenges to maintenance work. Supply
chains have been put to the test and there have been delays in material deliveries.
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Due to labor and material mobility problems, the maritime industry has continued to operate at a
somewhat reduced volume. In addition, the challenges, and interruptions of operations in other European
shipyards have reflected in maritime suppliers.

The shipyards have had to negotiate new delivery times and terms with their customers, the shipping
companies, and with their suppliers. These issues, combined with other effects of COVID-19, such as
workforce management, have made shipyard life demanding and challenging. Supply chains have been put
to the test and there have been delays in material deliveries. Due to material and mobility challenges, the
European maritime industry haven been operating at reduced volume. Some of the business has collapsed,
while the impact on some has been smaller. Strong and coordinated actions at national and EU level are
needed to provide immediate support for companies, their suppliers and employees.

The concrete measures must be taken to avoid irreversible and fundamental damage to the industry with
a permanent loss of jobs, capacity, innovation, and research capability. Europe is preparing to stimulate
the recovery of industry which will be a key contributor to the accelerated recovery of the European
economy.

It must be stressed that the current COVID-19 pandemic cannot be used as a way to undermine workers’
rights. It is essential to protect the employees’ health in maritime industries and ensure that no worker is
forced to work unless safety is guaranteed.

The shipbuilding industry is already under huge pressure e.g. due to an unfair level playing field in
international trade and much work will need to be done post the COVID-19 pandemic to ensure that the
European sector can remain competitive on the international level.

4. Identifying Trends Driving the Shipbuilding Market

4.1 The Geopolitical Situation - The Shipbuilding Market

Introduction

First, we must state that predicting is a challenge in itself, so you never know the degree of success you can
achieve in the prediction. Though focusing on the trends that we have described in the previous pages, we
can perceive that to improve or maintain the competitiveness in the current global environment with a lack
of global playing field will be a major challenge for the sustainability of the sector.

There will be some other major challenges due to the global warming and the climate change. In here, we
have pulled out a number of challenges that are emerging as a result of the transformations and trends that
we have pointed out previously.

Geopolitical trends

Shipbuilding and maritime technology is a strategic industry that is key for international trade, transport of
people and territorial cohesion, maritime and coastal defence and surveillance, fishing, aquaculture, energy
supply, sustainability and climate change.
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While all shipbuilding nations outside Europe consider this sector as strategic, over the last years Europe
has forgotten the key importance of its maritime technology industry and the sector has been facing one
of the strongest phases of unfair competition ever.

Demand for new ships, equipment and technologies for all blue economy sectors will increase in the next
decade. Europe is specialised in high-tech non-cargo ships, and keeps the innovation leadership, however
China and South Korea are targeting European niche markets through fierce and unfair trade practices and
massive state aid to their industries. Trade tensions between economic powers are expected to continue
and affect the European shipbuilding industry: US-China, Brexit, Turkey, etc.

In order to maintain Europe’s shipbuilding and maritime technology sector industry and workers
representatives are working hand on hand and requesting a strong support and engagement of European
policy makers. There is still huge room for shipbuilding industry in the next decade, but strong government
support and political stability are required. The resulting demand for ever scarcer raw material may lead to
geopolitical tensions and raise the risk of instability.

Globalisation will make the sharing and dissemination of knowledge an important feature of maritime
industries. (Cybersecurity) There is a need for focusing on the knowledge economy: “Knowledge
circulation”. This means to identify and use knowledge from other companies, sectors, and countries. It is
called “cross-over” which often results in innovation, ideas, and knowledge hubs. Amounts of information
are globally available, but the issue of the ownership hasn’t been solved yet. The amount of data will grow
exponentially and there will be risk of cybercrime.

The Global and European Shipbuilding Market

The fallout of the COVID-19 pandemic continues to dramatically impact the shipbuilding and maritime
equipment industry, particularly in Europe, with lasting repercussions and uncertainties on potential
demand recovery prospects investment and production patterns stretching over the next years.

In the 3Q 2020, globally contracting was down by almost 40% from last year, widening the existing (pre-
COVID) global market imbalances. Indeed, one could observe from the chart below that nine of the last 12
years (2008-20) have seen orders substantially below production, with global shipbuilding output declining
by more than 40% since the 2011 peak. Unfortunately, this trend may continue if investment decisions are
delayed due to the global trade sentiment deterioration as a fallout of the COVID-19 crisis, severely
worsening the current under-utilisation of the world’s shipbuilding capacity and adding pressure on the
internationally active European maritime equipment supply chains.
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Global Shipbuilding Market
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Figure 7 Global Shipbuilding Market

With historically low contracting volumes and comparably steadier deliveries, the global orderbook and
“Forward cover” (measuring the average number of years of work ahead for shipyards) shrunk to a record
low, adding pressure on the workforce and supply chains ahead.

The pandemic has hit extremely hard European yards, with new orders in Europe declining by 64% in CGT
from 2019. Until COVID-19, Europe’s niche markets of complex shipbuilding were doing rather well,
contrary to the global shipbuilding “volume” markets which were suffering from significant overcapacity
and weak demand. COVID-19, however, has hit Europe’s complex shipbuilding markets much harder than
all global shipbuilding segments. The “ordering freeze” caused by COVID-19 was prominent in the cruise
sector, which accounts for more than 80% of the European orderbook.

Evolution of Global Contracting Value (S) by vessel types
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Figure 8 Evolution of Global Contracting Value by vessel types
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Shipbuilding in Europe (EU + N + UK)
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Europe hit the hardest
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The global sluggish market conditions, coupled with predatory low-priced offers by shipbuilding players in
Asia to clinch new order deals, continues to exert a downward pressure on newbuild prices at global level.
Asian governments have put in place enormous stimulus packages and financing tools specifically targeted

to their domestic shipbuilders.
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Internationalisation

Due to internationalisation and the resulting dominance of the free market, nation states are starting to
lose their influence. Frequently decisions are taken out of the national, continental borders. In the years to
come, hyper connectivity will make the world increasingly more borderless. There will be more and more
global connections and companies will turn more independent.

Policies are drawn up on a super national level. There will be a need for harmonisation of laws and
regulation and more and more often, the compliance monitoring of these laws will be organised
internationally — WTO. The influence and control of supranational legislative, supervisory, and enforcing
organisations will increase. Relationship and organisational structures are becoming more short-term, but
more complex.

Regionalisms
In recent years a strong trend to regionalism has emerged. Regionalisms defend economic protectionism,
risking the collapse of global trade, and have a resistance to internationalisation.

Regionalism also means to bring the entire production chain together in one place: from research and
development to manufacturing. It will be facilitated by robotisation, 3D printing, the loT and cloud
computing.

This rejection to the international order will end weakening the economic competitiveness of these
countries in the world.

“Just in time” supply in the framework of the 24-hour economy will play an important role in regionalism
and will have a stimulating effect on it.

Geopolitical Situation
Massive state aid and sectoral protective measures from competing actors and the trade barriers imposed
to European equipment and products mainly in China, South Korea, and others. In order to remain
competitive Europe must keep the technological lead, research and innovation, high quality products, new
designs and concepts and the best skilled workforce.
e Need for sectoral actions and initiatives:

o Review internal training programmes

o Utilise external training programmes

o Work with other actors in the sector to develop the skills required

o Promote the sector to school leavers and graduates
e Skills set of workers will need reforming for complex repair tasks and conversion retrofits.
e To be more efficient:

o Enhancing performance

o Consuming less fuel

o Processing data.



Al
\_
(]
' .‘ ‘ ' Co-funded by the
v : A — Erasmus+ Programme

Upskiling Shipbuilding Workforce in Europe of the European Union

4.1  Trends in Economic Activity and Seaborne Trade

Seaborne trade

In the last couple of decades, the shipping industry has recorded an increase in the total trade volume.
Rapid industrialization and the liberalization of economies are the prominent factors propelling trade
volumes between two countries.

According to the UN report on World Economic Situation and Prospects? (2019) economic growth
accelerated in more than half the world’s economies in both 2017 and 2018. Developed economies
expanded at a steady pace of 2.2 per cent in both years, and growth rates in many countries have risen
close to their potential, while unemployment rates in several developed economies have dropped to
historical lows. Among the developing economies, the regions of East and South Asia remain on a relatively
strong growth trajectory, expanding by 5.8 per cent and 5.6 per cent, respectively in 2018.

UNCTAD projects the volume of international maritime trade to fall by 4.1 per cent in 2020, amid supply-
chain disruptions, demand contractions and global economic uncertainty caused by the pandemic.
Seaborne trade growth is expected to return to a positive territory and expand by 4.8% in 2021, according
to UNCTAD, assuming world economic output recovers.

In the longer term, world seaborne trade is forecasted to continue to increase but at a slower pace than

previously expected, as a result of geopolitical and trade tensions, economic uncertainty and consequent
erosion of business and consumer confidence. significant downside risks remain.

Seaborne Trade Forecast (MIn Tonnes) — PRE-COVID 19
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Figure 11 Seaborne Trade Forecast by cargo type (source: SEA Europe Market Forecast WG 2019

Economy and trade trends

The seas and oceans are drivers for the EU economy and have great potential for innovation and growth.
The rising prosperity and new emerging markets are drivers for the sector which Europe is leading. Besides,
there are some facts which drive to be optimistic.

2 https://www.un.org/development/desa/dpad/wp-content/uploads/sites/45/WESP2019_BOOK-web.pdf)


http://www.un.org/development/desa/dpad/wp-content/uploads/sites/45/WESP2019_BOOK-web.pdf)
http://www.un.org/development/desa/dpad/wp-content/uploads/sites/45/WESP2019_BOOK-web.pdf)
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an annual growth rate of 3,9 %.

Technical and network facilities will enable innovative and smart production processes, and as a result,
quality will be higher and the lower production costs will be able to compete with production costs in low-
income countries. As quality will be higher, it will make offshoring less profitable

Despite the optimistic forecast two caveats must be considered: It is difficult to translate this optimism to
shipbuilding demands. It is also difficult to say how it will affect the rise or decrease of new ship

construction.

The already mentioned growth of waterborne transport, seaborne trade and the active fleet in the
upcoming future will be steady, like in the previous couple of years, though they will continue to grow at a
lower path. The projected global economic growth, according to the OECD’s expectations, oscillates around

Framework Conditions

S

= Strong European industry base in general, very good mechanical engineering

= Powerful research environment and educational system

and electrical enginesring

Strong competitive environment with numerous flexible companies
Good infrastructure, reliable logistics

W

* Access tofinance

- Significant administrative burdens and cumbersome regulation

Heterogeneous industry structure, few big, very many small companies
High wages and costly social system - High cost of production
Material cost comparatively high

Currency exchange rates
In comparison to other European industries, reluctant political support

= Further hamonisation and standardisation of regulations in Eurcpe to

= High energy cost may trigger even more demand for energy fficient vessels

remove legisiative barmiers

Further environmental regulations may lead to further increase of “green
cost”, but may drive technological markels for powerful systems and
components

 Accelerated strategic expansion of the Asian mantime supplies industry

mainly in Japan, South Korea and China, in conjunction with increasing
export activities to the European market

Increasing activities by strategic investors from North America and Asia to
acquire stakes in European global-acting companies. [This may lead to
accelerated exodus of companies or knowledge drain

Comparatively high (e.g. environmental) requirements cause high production
costs in Europe

Subsidies in competing countries

Table 16: Framework conditions SWOT analysic

Figure 12 European maritime industry SWOT analysis (BALanced Maritime Consultancy 2017)
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Societal trends
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particularly in Asia
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Finnish Marine Industries

Figure 13 Global Megatrends in transport and logistics (Source: Finnish Marine Industries)
General social issues & demography

Increasingly stringent environmental rules driven by societal and policy expectations on shipping to reduce
its environmental footprint in the coming years and decades will be key drivers for fleet replacement
investments. However, demand for new and more environmentally friendly ships could increase if
regulations apply to existing vessels and retrofitting in order to be in compliance might be unfeasible or
costly, leading to increased scrapping of old ships. (United Nations 2019)

When energy prices have increased rapidly, one focus area is energy efficiency and fuel technology is a
major opportunity as the environmental regulations by IMO are becoming stricter and place a demand for
new fuel types and machine technology solutions (IMO 2008). The sulphur oxide (SOx) and nitrogen oxide
(NOx) regulations are getting more exacting, which means for example that in the long term new fuel types
need to be found to replace heavy fuel oil, especially in the ECA areas (Emission Control Areas).

At global level, population growth is increasing the demand of food (aquaculture, fisheries, ...) renewable
energy and water supply.

Shifts in global demographic and population growth rates, coupled with long-term economic growth in
developing markets, will have implications for the maritime sector over the course of the next decade. As
Middle classes are growing there will be a demand for commodity trades. The growing middle classes will
also demand more passenger transport and leisure (ferries, cruise). Future growth will mainly be
concentrated in Asia and Africa, as population is expected to shrink in Europe and Japan.
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Ageing population

Ageing is a global phenomenon. Europe will have relatively large ageing population in the decades to come
at this fact will have a multifaceted impact on the economic development, o the decrease in the number of
children (birth rate) and on the increase in life-expectations.

People will remain healthier for longer. Life expectancy may also increase as a result of developments in
“gen technology”, organ printing, molecular machines and stem cells transplantation.

To increase the pensionable age, if the period becomes longer, question arises as to whether the amount
contributed will remain in balance with the amount payable. Occupational Health and Safety, improved
ergonomics, and new technologies such as robotics and co-botics are essential given the extended
retirement ages.

Migration issues

On one hand, people fleeing from conflicts in their countries will generate economic refugees in Europe,
on the other hand, there is also a replacement demand in the EU countries: There is work available and it
is attractive for people abroad.

There will be more and more displacements and migrations due to economic, environmental, and other
reasons. Migration is mitigating the lack of workforce in developed countries (also in Europe) and this
trend is increasing.

The issue is that migration is threatening to bring about social tensions in the receiving EU countries due
to the competition mainly experienced by low-skilled indigenous workers.

4.1 Technology Trends

Industry 4.0

The concept of Industry 4.0 refers to the transformation of manufacturing to the digitization. Industry
4.1 represents the fourth industrial revolution that has occurred in manufacturing. From the first
industrial revolution with the lean production systems in the 1970s, the outsourcing manufacturing of
the 1990s, and the automation that took off in the 2000s the fourth industrial revolution will take what
was started in the third with the adoption of computers and automation and enhance it with smart and
autonomous systems fuelled by data and machine learning.

According to Industry 4.0, in the future computers will be connected and will communicate with one
another to ultimately make decisions without human involvement. A combination of cyber-physical
systems, the Internet of Things and the Internet of Systems make Industry 4.0 possible and the smart
factory a reality. As a result of the support of smart machines that keep getting smarter as they get access
to more data, our factories will become more efficient and productive and less wasteful. The network of
these machines is digitally connected with one another and creates and shares information that results
in the true power of Industry 4.0.
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Industry 4.0 offers the opportunity for manufacturers to optimize their operations quickly and efficiently
by knowing what needs attention. Industry 4.0 means greater flexibility and responsiveness to
production processes. On the one hand, this allows processes to be adapted more easily to new product
designs than is now the case. For example, data can be collected about the current status, consumption,
location and temperature of a particular machine part, and predictive analysis technologies can then be
used to predict when that part will break.

New materials at the shipyards

Material technology is another very important area to e.g. reduce ship weight, improve safety. A wide range
of innovations is expected in the field of lightweight materials for the shipbuilding industry. The use of
composites (which are composed of a plastic resin and strengthened with fibres) in the shipbuilding industry
has been borrowed from the aviation industry. New types of composite will continue to be developed in
the future. Among other things, the possibility of using different bio-based and renewable materials is being
studied, while new ways of joining/bonding are also being developed. (Rotterdam Study, Future in Sight —
Desk Study Standing Strong Rotterdam South, 2019)

Smart lightweight materials will reduce the weight of the ship and therefore the energy consumption
required to be displaced. Adaptive materials and structures will also improve vessels and platforms ability
to operate in ever-changing conditions. Therefore, smart materials and design solutions will bring more
flexible and efficient vessels.

New materials are promising:
e Weight reduction
e Environmental protection
e Efficiency gains
e Reduce hull resistance

On the other hand, smart coating, plastics, and materials with sensors will also be used and will indicate
when they should be replaced or repaired.

New shipbuilding processes

The Waterborne TP expects that by 2030, digitisation and automation will also lead to the use of advanced
design and production technologies, which will deliver flexible and cost-effective ships, vessels and offshore
structures with competitive production costs and increased productivity by 50%. They will, furthermore,
contribute to the establishment of an entire production chain of safe, competitive, and eco-friendly
shipyards and production sites. They will enable European shipyards to master the increasing complexity of
ships and vessels, maintaining their leadership in the area of specialized ships and vessels and increasing
their market share of new ships and vessels of other types.

Europe is expected to maintain the world leadership in design, engineering, construction and maintenance
of ships, vessels, equipment, infrastructure and integrated complex systems in high value ships, equipment
and infrastructure throughout their lifecycle.
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The sector will provide ship-owners with the greenest and most innovative ships and vessels in accordance
with the highest technical standards. It will provide a safe working environment, with a zero-accident target
and long-term job creation through the local networks. The shipyards and production yards will ensure
green operation with zero emissions into the environment and 100% recycling of production waste and
decommissioning. The complexity of the construction of a ship, vessel or other floating structure requires
excellence in design, engineering and construction. The various segments of the blue economy offer
potential for the further growth of the sector, as long as they maintain the capability to manufacture a large
range of products, thereby maintaining and diversifying specifically tailored production.

Modularization is one area under development that will enable mass-customization and further decrease

lead times.

e Standardization and modularization of ship systems, integration and good planning are regarded as
ways to increase productivity in outfitting.

e Advanced outfitting.

e The production process will change completely at many shipyards. Actually, many processes in docks
have already been automated: these fast developments require a fast adaptation of the workforce as
well to the production processes.

e Interconnected systems.

e Smart manufacturing.

New systems

e The technology evolution is also a driver for the sector.
e New disruptive technologies
e Digitalisation and connectivity

e Automation in the industry
e Modular shipbuilding techniques
e Advanced outfitting
e Ship launching airbags
e Technologies can help solving environmental challenges and improving operational efficiency
e Design and construction operation will merge.
e Artificial Intelligence will take on many human tasks.
e There will be optimising processes through specialisation:
o Welder of stainless steel with welders of finishing processes, networking.
o A Chain of experts. From cutting packages to paintwork

New technologies in shipbuilding

Digitalization and Automation in the industry, Robotics, Additive Manufacturing and 3D Printing, among
others, are forecasted to have significant impact on vessels manufacturing and operation, on the
improvement of communication between ship and shore, on vessels monitoring. They will improve vessels
safety and security and well-being of seamen, including medical treatment. The contribution of ICTs
towards vessels control may potentially lead to unmanned vessel operation.
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Marine Technology Trends
(LIoyd’s Register, Global Marine Technology Trends 2030)

Trends Big Data Analytics
Sensors
1. Scientific and technological development Autonomous Systems
Speeding up Robotics
Smart Ship
Communications

2. Technologies have interdependencies

Advanced Materials
and overlap

Propulsion and Powering
Shipbuilding, Design and Construction
). Advanced Manufacturing

o

3. Linkages between technologies and the
human element will become more
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. Human-Computer Interaction
12. Human Augmentation

complex 3. Cyber and Electronic Warfare
14. Energy Management
4. The increasing complexity of the 15. Marine Biotechnology
technologies will impose demands on the 16. Deep Ocean Mining
skills 17. Sustainable Energy Generation

18. Carbon Capture and Storage

P NERITEOLLISUUS

Finnish Marine Industries

Figure 14 Marine Technology Trends. Transformational Technologies (source: Finnish Marine Industries)

Digitalisation

With automation, customization and flexibility, the total cost of production is meant to be at a more
competitive level. Planning and manufacturing as close as possible (and not on different continents, for
example) and producing through systematic design will increase the performance of the industry.

Digitalisation helps to return to production. Speed, agility, know-how and insight will solve your success in
the global marketplace. Digitalization also enables the development of new business models and service
business. The production times of series are shorter, requirements are growing, and more and more
products are added to services.

More accurate information on production processes, machines, equipment, and raw materials is provided

in real time. Production lines and entire plants can be driven unmanned, either fully automated or remotely
controlled.

With their sensors, intelligent devices collect information that can be wirelessly transferred either to the
company's own ERP system or to the selected cloud server. Information is collected for both production
and equipment maintenance. This enables both anticipation and rapid response in case of disruption.

Information can also be shared outside the factory, for example, with a material supplier or with a company
responsible for machine maintenance.
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Industry 4.0 can be illustrated by an Industry 4.0 Maturity Matrix:

Digitalisation dustrie 4.0
How can an autonomous response be achieved?
What will happen?
g g re
2
Why is it happening?
What is happening? -
= s Connectiv

Figure 15 Industry 4.0 Model of Maturity Stages (source: Industrie 4.0 Maturity Index)

Digitalisation processes

1. Computerisation
=  Basis of digitalization
= Enables cheaper manufacturing
= Digitalisation is helping, (CNC milling machines, CAD), still manual production

2. Connectivity
= |solated deployment of information technology is replaced by connected components
= Parts of operational systems (OT) provide connectivity but no full integration
=  First stages of loT

3. Visibility
= Sensors enable processes to be captured from the beginning to the end with large number
of data points
= real-time data all the time in manufacturing (and other company levels)
= Collecting data from different sources, not fully integrated

4. Transparency
= Understanding the process
= Big data applications are deployed (e.g. ERP, MES)

5. Predictive capacity
= Enables to stimulate different scenarios and identify the moist likely ones
= Anticipation (unexpected events, logistics, forecasts

6. Adaptability
= Continuous adaptation allows a company to delegate certain decisions to IT systems
= Changes is business systems very quickly
= Automatization without human assistance
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Digitalisation in Shipbuilding

Applicability of Industry 4.0 to Shipbuilding 4.0 is not necessarily unambiguous. One of the reasons for
which the largest part of shipbuilding processes are not yet automated lies in the very nature of the
shipbuilding operations, and in the uniqueness of the industry. Steel construction apart, the degree of
automation of the other processes can be difficult. E.g. the automation in the outfitting could be developed
in pipe fitting and pipe workshops. High degree of prefabrication means that major part of pipes is being
manufactured in workshops. Bending of pipes and welding of flanges can be automated with relatively small
effort and this has been already done to some extent.

In shipbuilding, individualised products are core to maritime industry. Large parts of shipbuilding operations
are exactly not repeatable. Shipbuilding also relies heavily on cooperative supply networks and the transfer
of concepts from mass production to one-of-a-kind production in challenging.

Digital revolution is taking place across all industries and also shipbuilders are embracing the digital thread.
Digital thread is hoped to offer answer to manufacturing world dilemma where more and better quality
should be made with less effort, time, and costs. Digitalisation and industry 4.0 could mean a change from
outdated methods and out-of-sync plans into data-rich, streamlined, and efficient future of the smart
factory. Data is the key to this transformation. Creating a synchronised thread of digital information
throughout the supply chain into cohesive digital enterprise would enable a single version of truth and
hence an entire ecosystem that would contain all the phases of project lifecycle from conception to
production and maintenance. This would mean that all complete and accurate information would be
available for all workers and parts of supply chain. This development is also expected to speed up all
processes within the product lifecycle and saving time, lowering engineering costs and shorter production
schedules. (Nichols, 2017)
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Figure 16 Two-way closed loop for ship design, ship manufacturing and ship (source: Ang Goh, Salvidar, Li 2017)
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Automation and Robotisation

Automation and robotisation are the replacement of human labour with machines or computers and
computer programmes. The reason for this is economic at an initial stage but also has efficiency and health
and safety implications: Due to the process of automation, it will be possible to replace more and more
human labour with machines or computers and computer programmes. Implementation costs and efforts
are the greatest obstacles to the actual implementation on the work floor of everything that is already
possible.

Automation affects the logistical process and the warehouse management and supply of materials which
can be transported by automated trolleys. Welding and cutting robots already exist and are being used in
many shipyards.

Due to robotisation, more and more physical activities are being performed without the intervention of
human beings: this is a specific type of automation. It mainly relates to robot arms, mobile robots and
drones. In industry and in the ports, welding robots, unmanned warehouses and the largely unmanned
transhipment of containers are already quite common. Because robotisation is an important way of saving
costs and therefore remaining economically competitive worldwide larger numbers of more advanced
robots are expected to enter the work field and radically change the nature of labour in near future.

Robots that can fabricate metals, carry out repair, lay pipes, apply insulation, connect cables and work on
floors. There will also be inspection robots, in addition to the familiar diving robots.

3D Printing

3D Printing in shipbuilding is one of the major trends. The shipbuilding industry is adopting the 3D printing
technology in order to improve efficiencies and quality of the manufactured part. 3D technology is also
expected to improve the design standards. 3D printing is on the rise, both in industry and among private
individuals. Some experts forecast that in the future, every household will have a 3D printer that can be
used to print domestic applications 3D printing also seems to be an unescapable development in the
maritime sector (Rotterdam Study 2017).

3D Printing enables an ecological and time-saving way to produce products. With 3D the prototypes can be
easily manufactured of a product without many steps. Its potential for mass production is enormous.

As well as 3D Printing, 4D Printing can also play an important role in the production process. Here, parts
are printed with a 3D printer and the shape adapts when the parts come in contact with water or heat, for
example. This is done without including robotics in the design. For example, it could involve a pipeline that
repairs itself if a leak occurs and there is contact with water. 4D printing is an example of a combination of
an innovative production process and innovative materials. (Study, Future in Sight — Desk Study Standing
Strong Rotterdam South, 2019)

The Internet of Things

loT, machine to machine, Industrial Internet is the communication between the sensors installed in the
machines and the business around it. Various cloud services and the Internet of Things produce tremendous
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amounts of data to help your business get valuable information at just the right time. Data can be
measurement data, statistics, analytics, feedback - and much more. The challenge is to use the necessary
information to distinguish essential information from irrelevant. At its best, cloud services and IoT ensure
the functionality of the technology while improving customer experience and service. Knowledge of a
broken or soon-to-be-maintenance machine rushes before a person using it can even notice a fault.

e Smart sensors and data transfer
e RFID Cards: Radio Frequency ldentification will tag products and spare parts facilitating their tracking
and tracing during the building process but also once on board.
e Wireless communication systems.
e Devices quipped with sensors that transmit data to a computer via the internet
o Machine learning: Represents a leap to determine cause / effect of crashes. They are smart
systems which understand complexity and draw conclusion and make decisions by themselves.
e |oT will deliver smart vessels with shore-based control. Remote control. A fully autonomous operation
of assets. It will also bring improvements in:
o Ship design and shipbuilding
o Ship propulsion and powering
o Commercial and operational performance of ship operation

Big Data

Most prominent applications will be on improving predictive maintenance and remote maintenance, or in
the foreseeing to fix components. Another application will be to implement the evidence-based design.

Big Data will save costs and increase safety and save costs. BD, machine learning and deep learning are key
concepts when it comes to autonomous vessels.

Big Data will bring advances in real-time weather data and routing. It will improve the assessment and
management of a vessel’s energy consumption. The vessel’s performance and its engines and general
conditions monitoring will also be enhanced by BD.

There are a few obstacles to overcome on implementing Big Data. In the first place, data must be accurate,
and robustness is still an issue. Then, the computer analysis must be correct.

Applications must work in all locations: Standardisation of software and hardware is crucial to be
interoperability of applications. Technology must be safe, and cybersecurity is crucial.

There must be a focus on the human dimension. Education to train the next generation on multidisciplinary:
Focusing on both technology and the humanities.

Simulation

Simulation can improve productivity without disturbing the factory's normal operations. Improvements are
being put into practice much more rigorously than the traditional enterprise and the trial and error model.
At best, simulation can be used to design a new factory or production line. This allows you to minimize the
investment risks and to choose the production system control principles in advance. Simulation can also be
used to develop the order-supply chain.

With accelerating digitalisation, industry is shaping up with new ways. Although robotics and automation
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have been used for a long time, their role in production will increase. Robotics and artificial intelligence are
especially used in dangerous objects and even in impossible jobs for people. Robots are able to work more
accurately and faster than a human being is. Nor do they make any mistakes in any environment and focus
only on the task assigned to them. In the future, robots will be increasingly easier to program and use, and
audio and image recognition will help.

Testing products in virtual environments speeds up the manufacturing process and reduces costs. At the
same time, it is ensured that what is being done is done. The Digital Twin concept is often referred to in
industry. For example, the Digital Twin is a precise digital copy of a process, product, or service. Thus, the
product may be at a very early stage, for example, as a 3D model on a computer screen.

Virtual Reality’s relevance: Visual insight, ability to sense how vessels vibrate. Clients will be able to oversee
the manufacturing process on remote.

The Augmented Reality will also be part of product design. Its importance, for example, as an aggregator
of global teams, is enormous: at best, all members of the team around the world can solve the same
problem at the same time.

Biomimetic is one of the professional fields that would create many jobs over the coming decades. We can
still learn a lot from nature: The biggest innovations of the 21 century will be at the intersection of biology
and technology. Proven technologies from nature are: Light weight construction. Underwater adhesives.
Resistance reduction: shark skin, layer of air (Salvinia effect)

Nanotechnology makes it possible to work with particles the size of nanometres. At this scale, you can
change the properties of materials. This has great potential for technologies that reduce carbon emissions.
Coatings for ships made of nanomaterials, for example, could reduce resistance and accordingly reduce fuel
costs and the burden on the environment.

The technologies and the impact of change may vary depending on the country and the production
technology level, production management etc. of shipyards. The impact of technologies also depends on
the level of competencies of employees and the speed of knowledge transfer.

Some of the technologies are implemented already whereas some technologies will emerge only in the
future. When analysing the technologies and their impacts we must anticipate their transformational
effects, likelihood of implementation, investment attractiveness, and their expected overall impact on the
shipbuilding industry in the future.

The development of new technologies impacting the shipbuilding processes may vary significantly
nationally and by shipyards or manufacturing company. Some milestones and potential impacts for ship
design, manufacturing and operation is illustrated in table below (Ang, Goh, Salvidar, Li 2017). The rapid
pace of technology development will continue to accelerate, driven by increasing computing power and
growing networks of companies.
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Table 3.
Table 3. Milestones and potential impacts for smart design, manufacturing and operation.
Product lifecycle  Parameters Near-Term (1-2 Years) Mid-Term (2-5 Years) Long-Term (5-10 Years)
Fully automated design with
Semi-automated hull f > full ction t
dml. e s T e 1 Highly automated HFDO cor{nm_h on
lesign and optimisation i e e e o manufacturing and
Smart desi Impact (HFDO) tool with limited srianibaciainmand operation systems and
- &n connection to manufacturing 0‘ nl’i;n " 's%erns prediction capabilities based
and operation systems pers Y on market trends and
customer feedback
Enabling i Automated simulations,
trchnologies Automated simulations Automated simulations, loT  cloud computing, big data
& analytics
Limited Cyber-physical Partial CPS through
e ———r - e ——
Integrated resource systems with highly system for monitoring and
Smart Impact management for monitoring  integrated monitoring and control of entire shipyard
manufacturing and control of project control system and partial ~ processes and interface with
manpower, cost and interface with physical workshop machinery
schedule machinery
Automated simulations, loT,
Enabling i4 itiienisbok IoT, big data analytics, big data analytics, intelligent
= ) )
technologies & intelligent robot robot, additive
manufacturing
Semi-automated ship Highly automate_d ship
operation with onboard opfrah‘?n Wit mlJmmal Fully autonomous and

Smart operation Impact

e
performance data for vessel
planning and maintenance
schedule

remote monitoring of ship
performance data and
voyage planning from
onshore

Unmanned SNIp Operation

through remote monitoring
and planning from onshore

Table 1 Milestones and potential impact for smart ship design, manufacturing and operating (Ang Goh, Salvidar, Li 2017)

4.4 New products and vessel concepts

Zero emission shipping: Green and clean waterborne transport

According to the Waterborne Technology Platform?, the European research and innovation platform for
waterborne industries, in 2050 waterborne transport will be the most sustainable mode of transport. To
achieve this aim, all harmful environmental emissions (including pollutant and greenhouse gas emissions)
as well as water pollution, waste, and noise, will be eliminated. Shipping and inland navigation are also
shifting their power generation towards sustainable options, including renewable energies. In its recently
published proposal for a Co-Programmed Partnership in the framework of Horizon Europe” the objective of
the Waterborne Technology Platform is to objective is to provide and demonstrate zero-emission solutions
for all main ship types and services before 2030, which will enable zero-emission waterborne transport
before 2050.

The waterborne transport sector aims to eliminate any negative influence of shipping on the environment
of people, flora, and fauna, enabling customers to choose the most sustainable form of transport. The
European Waterborne sector will extend its global leading position in green waterborne technology and
expertise to increase the market share of European shipping and shipbuilding companies, providing new
highly qualified jobs and stimulating overall growth.

3https://www.waterborne.eu/
4 https://www.waterborne.eu/images/documents/200527_Zero-
Emission_Waterborne_Transport_Proposal_Final_Version_Spread.pdf
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Safe and secure waterborne transport: Increased safety levels to onshore equivalence

By 2030, new technologies and new methodologies will radically improve the management of the safety of
ships (both maritime and inland waterway) and of their operations and will contribute to zero fatalities.
Then, by 2050, the waterborne transport sector will build and operate its fleet with a radically improved
safety culture — applied on-board as well as on-shore — and characterized by zero accidents, zero loss-of-
life and zero pollution, while ensuring secure data exchange and cybersecurity. The position of EU shipyards
and technology suppliers shall be strengthened by delivering safe and secure ships and vessels, primarily
for complex or critical ships and vessels and for new business models. The European community will
represent the forefront of innovation in safety defining standards, enabling the application of new materials
and ensuring a safe “marinization” of innovative technologies. On the basis of a solid safety culture and by
leveraging European technical excellence, technical contributions shall be provided to the process of
regulatory definition at IMO, CESNI, CCNR, UN-ECE and other competent bodies.

Digitisation in transport: autonomous and unmanned vessels

Digitisation will connect smart ships with onshore sites and infrastructure. It will enhance data flows. It will
also lead to a higher degree of automation and autonomy, automated and autonomous systems, ship
operations and remote control from the shore by 2030. Future ships and vessels will be designed so that
they can be continuously updated with the digital technologies throughout their lifecycle. Connectivity and
automation will not only improve nautical operations, safety or the energy-efficiency of waterborne
transport, but will also improve logistics and mobility flows.

The realization of autonomous ships requires many technologies to be integrated systemically, which
means that cooperation is essential between various actors who master the different technology areas.
This also means that new and improved skills are required which actors learn only by the cooperative
innovation processes (Rolls-Royce 2016)

The sector aims at the large-scale introduction of resilient and secure autonomous operations in 2050 and
will extend its global leading position regarding the integration and automation of systems, utilizing its
strengths in developing creative solutions and cooperation with all stakeholders. In order to keep Europe’s
leading position in terms of the deployment of integrated automated systems and set the standard in data
exchange and communications the high technology skills are of outmost importance.

Trends in transportation and logistics

The Waterborne TP expects that by 2050, port actors will connect and integrate maritime and hinterland
logistics to a point where they offer the lowest costs and the fastest, most reliable service with zero waste
and emissions in a safe and secure environment. In this regard, ports will be able to achieve zero-emission
in port-hinterland logistics. Inland waterways and inland ports will evolve rapidly and play a crucial role in
achieving these objectives, offering integrated multimodal solutions. Technological and logistical
developments will allow real time information (digital corridors) to flow throughout the entire supply chain,
providing the opportunity to transfer the cargo in a seamless way and offering customer-tailored solutions
(synchro-modality, cost/time trade-off, new cargo handling solutions, etc.). This dynamic will enable an
innovative business environment and will foster the smart collaborative planning of ship/vessel to
hinterland logistics (capacity sharing, self-organising logistics, physical internet, coordinated inland
navigation, etc.).

The increasingly changing demands from the logistics sector (sustainable procurement, real time cargo
status visibility, etc.) will enable the adoption of new concepts like modularisation of cargo to achieve
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secure intermodality in transport (last-mile integration, Internet of Things for Customs and security, etc.).
The integration of maritime and hinterland logistics will also provide expanding services to waterborne
tourism and mobility, cruises and ferries, waterbuses and water taxis.

Mega trends in transportation and logistics
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Figure 17 Megatrends in Transport and Logistics (Association of Finnish Marine Industries 2016)
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CASE: NAVANTIA - SHIPYARD 4.0
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Figure 18 Navantia's Shipyard 4.0 Model (Source: Rivas, 2018)

Navantia Shipyard has completed the study and analysis of the Industry 4.0 model for adaptation to
shipbuilding, called Shipyard 4.0. (see e.g. https://www.navantia.es/en/navantia-4-0/shipyard-4-0/).
That model is very useful to illustrate the Forecast of Shipbuilding 4.0 in this report.

This Shipyard 4.0 can be presented in many other ways (as seen on Navantia’s presentation
https://www.navantia.es/en/navantia-4-0/shipyard-4-0/). The structure of nine technologies or
technology themes is useful to illustrate and understand the development of possible scenarios of
future shipbuilding 4.0 demands. With transformative digital technologies, the example of Navantia's
Shipyard 4.0 will develop new processes for obtaining the hundreds of systems that compose the
ships.

The key elements of Shipyard 4.0 technologies

The impact of future technologies on shipbuilding professions based on Navantia’s Shipyard 4.0 Model
and technologies:

e Digitisation of all the workshops' machinery will enable vertical integration through
information systems allowing optimisation of the machines' maintenance and energy
consumption.

e Robotics. Collaborative robotics will allow people and robots to work together. A range of
tasks will be automated, from the more difficult and repetitive, to quality control, or even
administrative work.

e Automatization and robotisation are already integrated into shipbuilding processes. Smart
automated adaptive milling technology is now available. Huge for re-skilling e.g. understanding
automatic robot welding of large complex ship sections or blocks and e.g. fully automatic
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robotic pipe spool production. The gantry facilitates robot welding of extreme product sizes
such as double bottom hull sections of oil tankers or box ships.

The impacts are understanding the welding processes, technology and the different types of
welding processes used today, for different effects and needs. Three of the most common are
Arc, MIG (Metal, Inert Gas), and TIG (Tungsten Inert Gas) welding.

Professionalism and craftsmanship still are, and will be, appreciated and essential in
shipbuilding professions.

Different skills can be decentralised, e.g. in welding the skills can be deepened but limited
compared to traditional welder -> risks

e Additive Manufacturing, or 3D Printing, will allow the manufacturing of complex component
pieces from a 3D model with the same simplicity as printing on sheet of paper.
= Additive Manufacturing is realistic and already implemented.
= Coming to the industry in few years and impacts the shipbuilding professions

e Virtual Reality will allow the development of a ‘digital twin' or ship 0 to be created and fully
explored ahead of physical construction. Augmented Reality will allow workers easy access to
all the information about any specific component. Virtual modelling and AR /VR solutions in
e.g. digitalized instructions, blueprints, reporting, timesheets. Virtual Reality, Augmented
Reality can be helpful in monitoring, inspections and useful in trainings.

e Data Mining will allow the extraction of meaningful information from a large amount of data
(big data) generated in the horizontal and vertical integration of Shipyard 4.0.

e The Internet of Things will connect all Shipyard 4.0 stakeholders: people, products, and
facilities within the physical shipyard or around the world. This could include geographically
disperse supply chains or allow the connection of shipyards. The Internet of Things consists of
the communication internet, the logistical internet and the energy internet and is therefore a
combined network on Meta level. In the Internet of Things, information is exchanged between
devices, sensors, networks and systems.

Internet of Things or the Factory of the future is a future concept but also a challenge
production technology in the future. loT should also take into account vertical service entities
such as standards, security, integration, operation and management services, and operating
systems.

= Data is processed and utilized to an increasing extent at different levels of business. Data
analytics has an important role to play in the benefits of the industrial internet. In some
companies, data analysis expert can be own specialist staff, understanding the loT processes
is needed.

e The secure cloud will remove the borders for storing, computing, and exchange existing
information. Cybersecurity will ensure the protection of all information. Cyber cloud and cyber
security are real challenges in company level.

e Virtual modelling will optimise the ships and their systems' configurations in advance as well
as simulating the production processes required for their fabrication. The digital twin will be
the cornerstone of all the process along the whole lifecycle of the ships.

o Virtual modelling in blueprints is new skills what are needed in the future
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o Digital blueprints. Modelling need competence and understanding of IT technology,
using mobile tools/devices (pads, smart phones etc.)

All of these measures will directly translate into a significant improvement of personnel health and
safety, environmental protection, and an optimisation of energy consumptions. (Navantia 2019.)

5. New Energies

5.1 Introduction

According to BP, global energy demand is forecasted to grow by around a third by 2040 — a significantly
slower rate of growth than in the previous 20 years or so. By region, all of the growth in energy demand
comes from fast-growing developing economies, led by India and China. But growth of energy used in
industry shifts from China (after peaking in 2020) to other developing countries with India, Other Asia and
Africa accounting for around two-thirds of the increase in industrial energy demand.

Renewable energy (7% p.a.) is the fastest growing source of energy, accounting for around half of the
increase in energy, with its share in primary energy increasing from 4% today to around 15% by 2040°.

2040
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Figure 19 Global Energy Demand by Region (source SEA Europe based on BP)



Al

\ -
' ' ‘ ‘ ' Co-funded by the
v : A Erasmus+ Programme

Upskilling Shipbuilding Workforce in Europe of the European Union

Global Energy Demand - Fuel (Million toe)
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Figure 20 Global Energy Demand by Energy type (SEA Europe, based on BP)

Growth in transport demand is much slower than in the past, reflecting faster gains in energy efficiency.

The transport sector continues to be dominated by oil, despite increasing penetration of alternative fuels,
particularly natural gas and electricity. In the BP Scenario, oil demand accounts for around 85 % of total
transport fuel demand in 2040, down from 94 % currently. Natural gas, electricity and a mix of ‘other’ types
of fuels are each projected to account for around 5 % of transport fuel by 2040. Hence, the transition
towards a lower carbon fuel mix is set to continue.

Fuel efficient driven demand and costs reduction are two drivers for greening.

The energy transition is structured along these lines:

e Development of alternative fuels
e Generation of renewable energy
e Reduction of energy use, using more energy-efficient processes.

5.2 Alternative Fuels

Reducing emissions to air and introducing new propulsion technologies are key challenges for the
worldwide shipping sector. Some alternative ship fuels — LNG, LPG, methanol, biofuel and hydrogen and
emerging technologies such as batteries, fuel cell systems and solar- and wind-assisted propulsion (e.g.
Flettner Rotor). (DNV GL 2019)

When energy prices have increased rapidly, one focus area is energy efficiency and fuel technology is a
major opportunity as the environmental regulations by IMO are becoming stricter and place a demand for
new fuel types and machine technology solutions (IMO 2008). The sulphur oxide (SOx) and nitrogen oxide
(NOx) regulations are getting more exacting, which means, for example, that in the long term new fuel
types need to be found to replace heavy fuel oil, especially in the ECA areas: Liquified Natural Gas (LNG),
Biofuels (HVO), Liquified Petroleum Gas (LPG), Alcohols (methanol and ethanol), Ammonia, Hydrogen,
Synthetic/e-fuels, Electricity and direct use of wind/solar power onboard ships (rigid sails, Flettner rotor,
kite, optimized traditional sails, solar panels).
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The drivers for energy efficiency are the urgency of reducing emissions and being resource efficient.
Furthermore, there will be a growing demand for clean and sustainable energy, which is expected to be
more expensive and less available in near future than the fossil alternatives. Therefore, increasing energy-
efficiency will be a key driver for waterborne transport.

Biodiesel: By 2030 ships are expected to be able to use biodiesel produced from “algae” cultivated in large
seaweed fields.

LNG: This type of energy opens new opportunities for the maritime sector. It is becoming more important
as an alternative and transitional fuel in the shipping sector. LNG technology will play a significant role in
the decarbonization of waterborne transport if utilized with climate neutral synthetic fuels in the future.

Offshore oil and gas production in deep water: Higher demand for more efficient vessels and technologies
capable of working more efficiently in deeper, more distant waters and in adverse environment conditions.
Blue growth activities will foster the shipbuilding industry: Renewable energies, aggregate mining, shallow
and deep-sea mining, offshore oil and gas, etc.

5.3 Renewable and free energy solutions

Renewable energies are the world’s faster-growing energy source. By 2030 around 8 % of European energy
will be generated by offshore wind farms. Offshore biomass production and desalination will also be key
drivers.

There will be an increasing market for marine renewables, for energy devices for wave, wind, tidal current
and OTEC along with vessels to support maintenance and monitoring of these devices (predicted to be
unmanned, autonomous).

Recent research projects, e.g. JOULES (EU funded) and MethaShip (funded by the German Ministry of
Economics and Energy), revealed that a significant amount of renewable energy is needed to produce these
fossil free fuels. As a general indication, ca. 2,2 to 3 MJ of renewable energy is needed to produce 1 MJ of
final fuel (being fossil-free) depending on types of future fuels. In the context of required GHG reduction,
the accelerated built-up of energy infrastructure from renewable energy is of outmost concern.

There will be solar, and wind powered ships. Advanced hybrid power generation systems will become
popular. Renewable energy also plays its role in energy efficiency of the waterborne transport sector. Ships
requiring significantly less power for operation thanks to power efficient solutions, the exploitation of
renewable systems such as wind assisted navigation and the reconfiguration of the ship’s architecture®.

Renewable and free energy solutions are now attracting greater interest in the dramatic context of climate
change. Wind powering (e.g. multi-MW wind turbines, automatic-controlled kites, large sails made of
hinged composite panels, ...), or waste to energy solutions (e.g. Hydrothermal Oxidation and alternatives)
are also emerging as breakthrough solutions for larger ships propulsion. Most solutions are still under
development on a small scale and may not apply to all ship types. Ship design and integration and full-scale
demonstrators will be conducted to assess and select the most effective solution, depending on ship types
and operations. Significant potential market uptake is now expected by 2030, with progressively increasing
energy savings depending on the ship application and operating profiles. The combination of renewable
and free sources to power small scale vessels (such as solar energy for an energy autonomous drone) or

6 https://www.waterborne.eu/images/documents/200527_Zero-

Emission_Waterborne_Transport_Proposal_Final_Version_Spread.pdf
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provide off-shore fuel bunkering (see “Ports” activity), will enable new energy-efficient waterborne
applications. The most promising applications will be assessed and demonstrated. For large-scale onboard
ship applications, disruptive solutions in terms of power output and density, such as for wind (or solar)
energy, still need to be developed.

The utilisation of multi-use offshore platforms which will lead to complex systems at sea: Mutualisation and
colocation:

Geothermal power is another up-and-coming energy source.

Energy storage and distribution systems improvements, including Carbon Capture and Storage will
optimize performance, and energy efficiency measures will be adopted:

e Hydrodynamics
e Lightweight materials
e Advanced hybrid-power generation systems.

5.4 Energy conservation

By 2030, shipping will consume less energy that it does nowadays thanks to innovation which will allow, on
the one hand, processes to be optimised and, on the other hand, propulsion to be simplified. Energy
management on board is already an important theme in the yacht-building industry.

Regarding use of fuels, there will improvements on data-based savings:

o Analysis of weather conditions and adjusting speed accordingly
o Analysis and optimisation of container distribution

6 Sustainability

6.1 Introduction

Due to several factors like the climate change, the changing mindset on the need for respect nature, the
environment and raw materials, there is a growing need for boosting sustainable development and, so, the
governments are taking measures to turn into a more sustainable society. They are increasingly paying
attention to green policies, sustainability and quality of life.

Governments are signing agreements and taking measures to encourage business and consumers to
become more sustainable. The changing mindset with respect the environment means that there is a
market for this. Consumers are purchasing more green and responsible products as organically or locally
produced food.

Sustainability for this sector means, among other things, to introduce green shipbuilding technology, to
Reduce fossic energies consumption, and to focus on manufacturing zero emission ships. Consumers’
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demands for new vessels and technologies will follow this trend, so greener shipping should also be
ensured.

6.2 Environmental regulations

The impact of the recent and future waves of more stringent environmental regulations at global and
regional level is an increasingly fundamental factor to consider when forecasting how the fleet will look like
in the coming decades. These regulations also influence the fleet replacements and retrofitting of existing
ships.

Shipping has come under serious pressure over the last decades due to its environmental impact: ships
generate emissions of sulphur oxides (SOx), oxides of nitrogen (NOx), particulate matters (PM) and carbon
dioxide (CO2). These substances are a result of the current fuel used to power ships and especially in areas
with heavy marine traffic ship generated emissions can be significant and have a negative impact on the
population’s health. Moreover, the underwater noise and the introduction of invasive marine species into
new environments by ships’ ballast water or attached to ships’ hulls and via other vectors has been
identified as one of the greatest threats to the world’s oceans.

As a result, international and regional rules on fuel oil maximum sulphur content as loaded, bunkered and
subsequently used on board were introduced for Sulphur Emission Control Areas (SECA) and outside them
with a stepwise increase in the sulphur content restrictions. The enforcement of a 0.5% global sulphur cap
on all marine bunkers from January 1, 2020 in particular is expected to be an important game changer.
Similarly, NOx emission reduction regulation enforced from 2016 onwards requires newly built ships to
meet the 80% Tier Il criteria when operating in a NOx Emission Control Area (NECA). Increasingly stricter
regulation of emissions and widening of respective control areas is expected to continue.

Shipping’s greenhouse gas (GHG) emissions and the associated climate impact have been subject to intense
debate within the International Maritime Organisation (IMO). Although global regulation on mandatory
energy efficiency standards in shipping was introduced in 2013, various studies projected shipping’s GHG
emissions to grow if additional measures are not taken. For example, according the 4th IMO GHG study,
emissions are projected to increase from about 90% of 2008 emissions in 2018 to 90-130% of 2008
emissions by 2050 for a range of plausible long-term economic and energy scenarios.

In April 2018, the IMO adopted an initial strategy aimed at reducing the total annual GHG emissions by at
least 50% by 2050 compared to the 2008 level of emissions. Such decision is a key starting point towards
the adoption of a revised —and hopefully more ambitious — IMO strategy in 2023.

Finally, the IMO Ballast Water Management Convention (BMW), adopted in 2014 to prevent the spread of
harmful aquatic organisms from one region to the other through the release of ships’ ballast water, entered
into force on 8 September 2017. The Convention prescribes that ships must adhere to certain discharge
standards through the use of a ballast water system before the deadline of 8 September 2024.

Over the past recent years, the European Maritime Technology sector has helped the shipping industry with
developing several technological and operational measures to enhance the sector’s environmental
performance. Examples are modifications to ships’ design, development of on-board software dedicated
tools to enhance energy efficiency, EEDI, alternative hull paints, conversion to alternative fuels like LNG etc.
In 2018 EU shipyards and maritime technology producers are world leaders in LNG fuelled ships and
alternative fuel engines and systems with a total aggregated portfolio in excess of € 15 Billion. Despite these

positive developments it goes without saying that more efforts will be required to ensure that shipping
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really becomes environmental neutral by 2030. IMO’s planned 50% GHG emission reduction targets may
have positive implications in the longer run for the newbuilding markets, quickening the pace of ship
obsolesce and encouraging scrapping of old tonnage.

In the short term the biggest technical “disruption” will be assumably the 2020 0.5% global sulphur cap
enforcement. In the main merchant shipping segments ship owners are waiting to see what will happen in
2020, notably in relation to compliant fuel availability but it is expected that most of them will initially use
fuel with low sulphur content. Given that the estimated extra cost will be about 400 dollars per fuel ton,
ship owners are expected to employ slow steaming, reducing the speed by a few knots to compensate the
higher fuel costs. In some market segments, like ferries, the speed reduction could not be an option and
therefore the costs will probably be passed onto the customers.

Installations and use of Exhaust Gas Cleaning Systems (commonly known under the name of “Scrubbers”)
in combination with conventional engines running on heavy fuel oil (HFO) will continue over approximately
the next ten years but there is increasing awareness about the “transitional” nature of such solution.
Moreover, the use of open loop scrubbers in sensitive environmental areas or in ports may become limited
if wastewater discharge regulations become stricter.

Albeit still marginal in comparison to the total fleet size, the uptake of LNG-fuelled vessels is growing. There
are currently 118 LNG fuelled vessels globally, excluding LNG carriers and inland waterway vessels, of
which more than two-thirds are operating in Europe. A confirmed order book of 111 vessels will see that
figure double. In addition, there are 114 vessels that are classified as LNG-ready. As major pioneer and
driver for LNG propulsion the cruise industry has stepped up ordering of clean vessels. The new orders for
large LNG-fuelled cruise ships already represent a quarter of all cruise tonnage on order. The multi-billion-
dollar investments are triggering LNG infrastructure particular in cruise destination ports. With bunkering
infrastructure developing around the world, the concept is becoming increasingly appealing also to
container lines, with several now giving serious considerations to LNG for their new build fleets as well.
Lloyd’s Register Marine and the UCL Energy Institute expect that around 30% of all tankers will be fuelled
by LNG by 2030.

LNG might see a growing uptake in the short and medium term as part of industry efforts to mitigate CO2
emissions, in particular if LNG becomes cheaper than low-sulphur fuels. LNG fuelling is projected to account
for almost 200,000 barrels of oil equivalent per day of global bunker demand in 2020 but could take until
the 2040s to overtake oil-based fuels (Alpha tanker analyst 2018). Whereas LNG is currently the most
promising alternative, it remains a carbon fuel and it contributes to GHG emissions also in terms of methane
slip. Therefore, in the long-run the decarbonisation objective will require zero-GHG fuels such as renewable
gases or liquids e.g. methanol. Already today, first commercial vessels operate on methanol while others
gather experience with the use of small-scale fuel cells.

It is likely that what will be needed to meet future emission targets will be an intelligent mosaic of various
cleaner energy sources and integrated solutions. A large number of future new-builds will be equipped
with multi-fuel engines to allow for a smooth transition of main fuels, while ultra-low or zero emissions will
be achieved by electric propulsion in special areas, such as ports or ECAs. Several locally operating vessels
will become fully electric (small, full electric ferries are already available on the market) as large high-density
battery systems will become available driving stronger market uptake, while other vessels will have hybrid
propulsion systems. Ships will become wind-assisted and batteries for non-propulsion workload will be
recharged by solar energy.
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With regard to ballast water, to date more than 60 ballast water treatment systems have been given type
approval. European maritime technology industry has up until now developed approximately 70% of total
ballast water system, which is a market worth around 34 billion EUR. Uptakes across mainstream shipping
segments was for the moment quite limited owing to the delayed application of the new rules, but the
convention deadline of 8 September 2024 is expected to lead to an acceleration in demand and supply on
the market for ballast water systems in the coming years and stimulate retrofitting activity.

To conclude, the recent and future wave of increasingly stringent rules will have not only an impact on the
environmental performance of the shipping sector. They will also contribute to technology developments
and growth in shipbuilding, repair, and marine equipment industry by creating potentially new business
opportunities. To meet global environmental targets as well as the international regulations, current
technologies will have to undergo major modifications and new innovative solutions will have to be
established. Initiatives and standards will increasingly take into account the whole life cycle of a ship, from
raw materials used in shipbuilding to final dismantling. Growing public expectations related to
environmental protection will result in more non-governmental and industry-led initiatives with new and
additional voluntary standards. The shipbuilding and marine equipment industries are hence expected to
play a large role in mitigating adverse impacts of shipping and allow the sector to respond to policy and
societal requests to enhance its environmental sustainability.

The main regulations that are likely to influence future shipbuilding demand are:

o The Ballast Water Treatment Convention
o MARPOL Annex VI
o Emission Control Areas (ECAS)

6.3 Circular Economy

In December 2015, the European Commission put forward a package to support the EU's transition to a
circular economy. On 4 March 2019, the Commission reported on the complete execution of the action
plan. All 54 actions included in the 2015 plan have now been delivered or are being implemented. This will
contribute to boost Europe's competitiveness, modernize its economy and industry to create jobs, protect
the environment and generate sustainable growth. With no doubt the transition towards a circular
economy is also a driver of change for the shipbuilding and maritime technology industry.

7 Health and Safety

7.1 Health and Safety in the Shipbuilding Sector

The European shipbuilding industry is highly regulated with strong OHS measures established both at
national and European level. European shipyards are well known for having the highest health and safety
standards in the global industry and the introduction of new technologies and digitalisation is bringing
additional positive prospects to the sector.
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On the one hand, the use of robotics and co-botics will release workers from manual repetitive tasks.
Through automation some works will become cleaner, faster, and lighter. On the other hand, the
technological development is also bringing an improved ergonomy to shipyard workers.

The European Agency for Safety and Health at Work (EU-OSHA) in its Report on Foresight on new and
emerging occupational safety and health risks associated digitalisation by 2025 identifies the following
positive trends that digitalisation can bring to the workplace:

Exposure to hazardous substances: automation, robotics, remote interfaces and the use of VR for training
purposes can help to reduce workers’ exposure to hazardous substances.

Exposure to physical hazards: automation, robotics and autonomous vehicles or drones can reduce the
need for workers to work in hazardous environments such as confined spaces, to work at height, to be
exposed to noise and vibration or to come into contact with moving machinery. They also offer the
opportunity to hand off routine or repetitive tasks to fast, accurate and tireless machines. A number of
features can be used to make collaborative robots safer, such as sensors, vision systems, appropriate
materials, soft, rounded edges, reduced speeds and force, and software tools (Boagey, 2016). Sensors on
cobots should help to ensure physical safety for human workers. Examples include lasers, radiation sources,
welding electrodes and mechanical equipment (Steijn et al., 2016). Little government guidance or policy
exists regarding the safe integration of robots into the workplace and this is a new field for OSH
professionals.

Manual handling: mobile autonomous robots or exoskeletons could assist workers with manual handling
tasks and strenuous work. Such innovations could allow older workers to continue to do jobs that involve
physical effort (Burgess, 2016) and create better access to work for disabled people. Traditionally, OSH in
relation to robotics has been managed through the segregation of workers and robots. With robots working
in close proximity to workers, new techniques will include sensors, vision systems, soft, rounded edges, and
reduced speeds and force (Boagey, 2016).

Big data for better OSH: more powerful computing enables machine learning and Al to sort and analyse, at
high speeds, the large amount of data collected by monitoring of increasingly complex systems such as
smart energy grids (Steck and Venables, 2017). This has the potential to provide better insight into OSH
problems, to support better OSH decisions, and to allow more timely and effective interventions, even
giving advance warning of or predicting OSH problems before their occur. It can even allow businesses to
more easily demonstrate compliance with OSH standards and regulation, and labour inspectorates to more
easily investigate breaches.

7.2 Safe and secure waterborne transport

The European Waterborne sector will strengthen Europe’s lead in Waterborne safety and security in two
ways. First, by 2030, new technologies and new methodologies will radically improve the management of
the safety of ships, both maritime and inland waterway, and of their operations and will contribute to zero
fatalities. Then, by 2050, the Waterborne sector will build and operate its fleet with a radically improved
safety culture — applied on board as well as on-shore — and characterized by zero accidents, zero loss-of-
life and zero pollution, while enduring secure data exchange and cybersecurity.
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It is essential to protect the life and preserve the health of the workforce, passengers, and citizens living in
coastal areas/near waterways and lakes, because we care about people. Sufficient consideration must
therefore be given to social sustainability.

The Waterborne sector pursues a zero accident, zero fatalities, zero pollution policy and has an avowed
policy to protect ships, vessels and infrastructures from perils, cyber-attacks, piracy and terrorism. Safety
shall be ensured in developing new types of ships, vessels and equipment that will become more complex,
larger, with more freight and more passengers and increased payload, year after year. The sector shall
safely enable new operating conditions and business models by developing new products and supporting
the safe introduction of new technologies, materials and fuels.

The position of EU shipyards and technology suppliers shall be strengthened by delivering safe and secure
ships and vessels, primarily for complex or critical ships and vessels and for new business models. The
European community will represent the forefront of innovation in safety defining standards, enabling the
application of new materials and ensuring a safe “marinization” of innovative technologies. On the basis of
a solid safety culture and by leveraging European technical excellence, technical contributions shall be
provided to the process of regulatory definition at IMO, CESNI, CCNR, UN-ECE and other competent bodies.

8 Human Capital

8.1 Introduction

Shipbuilding is very complex construction. Processes have to be strictly aligned, when steel plates are
turned into giant vessels. One challenge is to keep the flow running, while maintaining a tight grip on
building quality and making optimal use of valuable space at your yard. The qualification in shipbuilding
employees consists of general shipbuilding skills e.g. welding, plate and sheet metal work, interior work,
outfitting, machinery installation and pipefitting. When defining and analysing the most relevant
shipbuilding professions we have to choose some modules or competencies. The analysing of production
technology skills can be made in shipbuilding processes (from design to part fabrication, unit production,
block outfitting, painting, block outfitting, hull assembly, area outfitting) or professions (welder, etc.).

The European shipbuilding and maritime industry need for technical employees in design and engineering
at all levels. The training of highly skilled workers takes at many years. The need for employees in the
production segment is regarded as mainly a short-term problem, although for specialised sectors the need
for production workers poses not only a short-term, but also a medium-term problem.

The rise of new advanced technologies is heavily transforming the nature of jobs. Some jobs are facing high
risk of automation or substantial change. Routine tasks are increasingly becoming automated, while newly
created jobs require different competences. Technology industry including shipbuilding industry is
increasingly struggling to find the right profiles to fill their job vacancies. Employers worry about finding
and hiring employees with the right skills they require in the digital world and employees are lacking skills
or they have obsolescence of skills or training.
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This leads to skills gaps that risk slowing down future growth. Large-scale effort to upskill and/or reskill the
workforce is necessary. A skills paradigm must be developed to meet the demands of industry by having
skills at the heart of the industrial policy.

While new technology will create the demand for new skills, the technological evolutions and developments
may make some maritime professions obsolete. Automatization can create jobs because of additional
competitive advantages and safer working conditions that can attract employees interested in novel high
tech tools and instruments. New skills are needed in vocational training professions, mostly linked to use
of IT technology, data management and production technologies etc. Other jobs linked to the engineering
side of the technology to come will include data grid engineer, remote automation engineers, cyber
specialist.

8.2 Skills demand

Education and skills are the key drivers for growth and jobs because they provide the

backbone for innovation and value added, in particular in a high-technology, high-precision sector like the
maritime industry. The sustainability of Europe’s position depends on designing and building high-end
products that are leaders in their field.

The specialisation of the industries, high technology, the complex products, (the most advanced vessels and
technologies) the innovative manufacturing processes and globalised market and supply chain will require
for more and more highly skilled technical people and sellers and fewer less qualified people. Shipbuilders
have basic vocational degrees (welding, fitting, plumbing, electrician, pipefitters, etc.) or university degrees,
but the skills and trainings that stood us in good stead for more than 30 years will now only be useful for 5
years.

Also new digital tools are needed in industry and employees’ skills need to be increased by introducing
digital learning and assistance systems. For this individualized training and coaching programs need to be
developed. Different generations of workers have different needs for training when younger generations
can use digital technology naturally, but older generation might not find digital approach so familiar. Older
generation have different qualifications and skills that will be needed in the future. Important is that the
digital technology needs to be so user-friendly and easy to use.

Future demands

Forecasting the future skills demands for maritime technology industry is essential. There can be an
expansion demand and a replacement demand. In the future there will be a diverse range of career
opportunities. There will be requirements for technicians and general operators, as well as highly skilled
technical staff and professionals. Complex building projects demand greater interdisciplinary knowledge
and experience of working in multidisciplinary work environments.

The gap between the haves (titles, certifies) and the have-nots is increasing and more difficult to bridge.
For lesser skilled workers the chance of work is coming under pressure. They are being squeezed out of the
labour market by cheaper workers from low income countries and by technology that is taking over many
routine tasks.

The number of subcontractors on European shipyards is increasing. This means that the need to manage
the employment skills and development by increasing cooperation between employees and employers’
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organizations, education and institutions & more proactively use of anticipation of change instruments. This
brings special challenges also for orientation processes. Capturing knowledge and experiences from these
workers is difficult, and so many of the learnings that were earned are lost to the shipyard.

While generic orientation tools and videos can provide information and guidance on safety regulations and
work standards, these are not project specific. Developing project-specific digital orientation would enable
the mass-education of workers in a timely basis, being able to deliver modules to workers that inform them
on what to expect for the different types of projects and vessels. Such tool could be equipped with
educational tasks that the new employee would have to do in order to finish their orientation period.

Human Factor

Human factor will become important issues with digitalisation, automation and cybercrime. Human factors
and training will be essential to reduce incidents at sea and to manage the application of new technologies,
particularly the interaction between man and machine.

Changes in human behaviour is needed to interact with autonomous ships. In the autonomous shipping
systems, ships can be improved by retrofitting them with new technologies to make them “smarter” and
able to communicate with other devices in the system. This development of autonomous vessels will set
new standards and influence regulatory work of marine traffic and human competence and training.

The maritime human-machine interface and the associated human factor will therefore be critical,
particularly in high-risk and complicated operations.

Human capital most impacted by the Cyber Physical systems:

e Newroles

e New skills

e New mindset and new behaviours

e New training needs: Upskilling the digital skills
e Working conditions

The contribution of increasing life-expectancy and ageing population and low birth rate will make it more
difficult to find enough well-trained specialist in shipbuilding. In a knowledge economy, the demand for
labour will change. The average level of education of the workforce will rise due to the increase in skilled
work carried out. How should we prepare students for this rapidly changing labour market and what must
they learn and how?

In the future the core technical and transversal skills will be required. 215 century skills will be:

e Digital skills, thinking skills, intrapersonal skills, interpersonal skills.

e Social skills, creativity, ideation, broad-based pattern recognition and complex
communication.

o “Competent rebels” — “Survival skills”.

e 21t century skills and creative skills plus flexible spaces (targeted way with sector-specific
knowledge and skills)

e  Multi-professionalism in all levels will be needed in order to shift from different production
to another

e Need of basic knowledge of maritime logistics, shipping industry as well as the shipbuilding
industry. Understanding the whole value-chain and life cycle of the vessel.
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Demand for Master and Bachelor degree level employees will increase when product and
service variety develops and large number of employees are retiring in 5-7 years
Competence driven attitude instead of technology driven

Upskilling and continuing studies become more and more essential.

Level 5

This study concentrates on EQVET Level 5. The EQVET Level 5 professions in shipbuilding require
advanced competence in many tasks. Experts on this level have more comprehensive, specialised, factual
and theoretical knowledge within a field of work or study, and an awareness of the boundaries of that
knowledge. A comprehensive range of cognitive and practical skills required to develop creative solutions
to abstract problems. Exercise management and supervision in contexts of work or study activities where
there is unpredictable change. Review and develop performance of self and others. The qualifications for
level 5 is may have achieved in different ways. Additional studies, diplomas, certificates or by recognition
of learning outcomes at workplaces etc. (see ESCO Portal https://ec.europa.eu/esco/)

Employees must achieve the qualification have acquired general shipbuilding skills and knowledge and
even advanced level in EQVET 5. The shipyard workers are able to read working drawings used in
shipbuilding, and they are familiar with materials and command cutting, joining and fastening
techniques. They know how to use tools, machinery and equipment in an appropriate manner and are
capable of working in compliance with the quality systems. They have demonstrated welding skills
through qualification tests. They are familiar with the operating methods of their working environment
and issues relating to occupational health and safety and environmental protection.

In addition to technical skills and competences, several other skills will be needed in the future. e.g.,
environment skills and environment awareness in production processes and in life cycle management
will increase. Some leadership skills are likely to be required for shipbuilding professions especially in
EQVET Level 5 when working together in networks and large variety of supply chain companies.

Some examples of management skills are System Thinking approach and Lean management. System
Thinking is a holistic approach to analysis that focuses on the way that system's parts interrelate and how
systems work overtime and within the context of larger systems. This needs the work force to understand
and to integrate oneself into the bigger system of the company. It is the way that keeps reducing
inconsistencies between the actual flows of the system and understanding of the system and its flows.

Lean management can impact the production technology and also employee’s skills demand in the
future. Lean management techniques can help any business motivated to produce products and deliver
services using as few resources as possible, while eliminating as much waste as possible. Lean follows
several principles: understand value from the customer perspective, understand the value stream, make
the value stream flow, create pull and continuously improvement.

8.3 Future Skills. Transferable skills

According to the European Science Foundation (2010): “Transferable skills are skills learned in one context
(e.g. research) that are useful in another (e.g. future employment whether that is in research, business
etc.). They enable subject and research-related skills to be applied and developed effectively. Transferable
skills may be acquired through training or through work experience.”
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In the broader context of transferable skills, a 2018 report by the European Commission emphasised the
needs for transferable skills in order to avoid education obsolescence and foster innovation. It notes that
“By 2030, it is expected that nearly half of today’s jobs will be automated or outsourced, 65% of today’s
schoolchildren will be employed in jobs that currently do not exist, and more than a third of what are now
considered ‘core skills’ will be different”. This vision clearly requires a forward-looking approach in ensuring
that the education provided is relevant not just for today’s needs, but those of tomorrow as well. (European
Commission Directorate-General for Research and Innovation 2018 in Vincx et al.)

New graduates often believe their most important competence is the core knowledge they have acquired
within their specific discipline or profession. It may remain unnoticed for many that they have gained
valuable transferable skills, such as critical thinking, problem solving, project management, teamwork, and
communication abilities that are essential for all professions and that employers tend to value these more
than the educators do (Ryssevik et al. 2011; Vincx et al.).
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European Commission recommends that there should be clear promotion of the importance of transferable
skills among all stakeholders, to increase support for their acquisition and valuation. In order to achieve
these goals common certification and / or recognition of transferable skills and a common taxonomy and
description of these skills need to be developed further. (European Commission, Directorate-General for
Research and Innovation 2018.)

Human-robot collaboration can reduce physiological and psychological stress. At the same time employee's
skills need to be increased by systematically introducing digital learning and assistance systems. For this,
individualised training and coaching programs need to be developed.

In the Internet of Things, smart networked objects can communicate with each other and with people. This
development of digital transformation will give a significant push in automation. This change can be felt
partly as a threat, but it has positive affect given Europe's demographic situation. Younger and older
generations of workers have different needs for training; new generation of workers uses digital technology

7Vincx et al. 2018
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quite naturally. Older generation might not find digital approach so familiar, but they have valuable
qualifications and skills that will be needed in the future as well. One solution might be mixed-age teams.
Still most important is that the digital technology needs to be so user-friendly and easy to use that, people
of all ages and dependent of cultural background or level of qualification can handle it quite readily.

(Fraunhofer-Gesellschaft 2016, 20.)

Case: Welder and Robotisation in Welding

The welder is able to weld blocks and components used in shipbuilding and repairing industry in accordance with
measure-, form- and material-specific quality requirements. He/she is capable of working in construction,
structural assembly, and outfitting related tasks in shipyards and companies specialised in shipbuilding and
repairing. The welder is able to take into account and evaluate aspects, which may affect welding work, tools
and environment.

Welder is independently able to connect welding power supply equipment to the mains properly, checking
polarity if direct current is used and ensuring firm securing of the ground connection. Is capable of selecting the
correct pistol according to the technique used and check the functions of the thrust and drag of the wire feed
unit for proper operation.

The welder is capable of setting parameters according to the materials to be welded and the technique to be
used and can monitor equipment and facilities by checking and evaluating operation parameters. Welder is able
to prepare, set parameters, position rulers, and sensor ways for joints on automated welding equipment and can
perform visual inspections of finished welds.

The welder is capable of reading case-specific instructions, choosing applicable technigues and methods based
on the instructions, and completing welding according to pre-set standards autonomously.

The welder is capable of independently choosing an appropriate joint type and weld based on issues such as
strength requirements, heat settings and capability to withstand stress. Welder is able to plan and organise
his/her work in such a way that matters such as weld shrinkages are taken into account before welding has
started.

The welder knows how to avoid unfavourable working conditions. He/she is independently able to adjust and
organise his/her work according changes in working conditions.

The welder is capable of assessing the different qualities and properties of metals. Based on this information
he/she is able to predict possible outcomes when making welding process-related decisions. He/she is able to
prepare and organise the work according to the challenges posed by issues such as material thickness and
reaction to changes is temperatures. The welder knows the different requirements of plate/structural and pipe
welding.

The welder is able to compare the different filler materials and, based on his/her knowledge of the welding
processes is capable of choosing the right material for each joint.

Welding is the most critical and time-consuming procedure among the whole shipbuilding manufacturing
process. Welding automation and intelligence play an important role in the modern shipbuilding industry.
Welding robot can be ideal for the shipbuilding to increase productive efficiency and improve the working
conditions.

Robot welding is the use of mechanized programmable tools, robots that more or less automate welding process
by both performing the welding and handling the parts and can be guided by e.g. machine vision.



https://en.wikipedia.org/wiki/Welding
https://en.wikipedia.org/wiki/Machine_vision
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Role of human operator is sometimes to prepare the materials to be welded. Robot welding is commonly used in
high production applications and e.g. plate welding in shipbuilding industry. Robot welding growth can be limited
by high equipment costs, and the resulting restriction to high-production applications. Shipbuilding is being
modernised through automation and other technologies. The labour gap is intensifying on shipyards because
industries like oil and gas, construction are attracting and keeping highly skilled employees. Digitalisation, new
technologies in shipbuilding can also attract new professional in technology industry profession. Digitalisation,
new technologies in shipbuilding can also attract new professional in technology industry profession. Turning to
e.g. automation in shipbuilding will not also increase production capacity and levels but also improves working
conditions.

8.4 Training

European maritime technology industry needs to have a large supply of highly educated knowledge workers
to be able to compete in the future. The design and maintenance of robotics is expected to generate
employment. The main reason why it is not yet possible to accurately predict the effect of technological
developments on the labour market is that it will require completely new skills that do not exist yet. That
makes it very difficult to plan for the future by designing targeted vocational education and training.

In Higher Education Institutes the maritime related training courses and conversion training are needed to
be developed and expanded. Vocational education and training should be developed. The training could
provide vocational qualification, which would not provide postgraduate studies, but which will enable the
gualification to be acquired later. This would enable you to achieve faster employment and increase the
attractiveness of education.

In the future teachers are required to be agile and attuned to their students’ living environment with new
methodologies and innovative learner-centred teaching and learning methodologies. There is a need of
developing and testing digital training, e-learning, modular lifelong learning/continuing traning and open
online courses (MOQCs).

8.5 Careers

Jobs will be disappearing in the middle segment. This phenomenon is also called “job polarisation”. Under

the influence of automation and digitalisation there is a greater demand for highly skilled workers and

employees that perform non-routine work involving a great deal of interaction with people. The type of
work which involves a great deal of interpersonal contact is not easy to automate, so employees are
difficult to replace.

e There is still uncertainty about whether technological developments will mainly affect in the middle
segment. Besides repetitive work, machines will also take over the work of highly skilled workers and
non-routine work. The development will therefore affect the highly skilled and the low-skilled worker.

e New jobs will often be created at different stages in a production chain, so they will often be in different
physical location to the old jobs, which means that people losing their jobs will often not experience
the creation of new jobs.

e We are currently going through a transition from job security to work security. By 2030 the
flexibilization of the labour market will have increased even more. The share of self-employment
workers and employees with a flexible contract is growing.
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e More and more people are “job hopping”, working in a variety of jobs during their careers. The number
of years in a job will no longer be a determining factor for a pay rise, and the main focus will be on the
skills that employees possesses or want to develop.

e The requirements for jobs seem to be becoming stricter and the role of work in the lives of the future
workforce will change. Rather than being just a necessary means of earning a living, a job will
increasingly become a way of developing yourself, of building relationships with interesting people and
of being occupied in a meaningful way.

e The risk associated with flexible labour contracts will end up being borne by people who are already in
a weak position in the labour market. Employers usually do not invest in such groups, so the people will
miss out on training opportunities and their jobs prospects will not improve. Companies prefer foreign
employees. To an increasing extent, this will make the division of labour an international issue. Partly
for this reason, the influence of the trade unions will diminish. Whereas the have-nots (titles, awards)
will experience all the disadvantages of flexibilization, the haves will enjoy the benefits.

e Flexi-workers: They will need certain safety nets and guarantees, such as collective health insurance.

e Employees must therefore be permanent flexible as far as their career expectations are concerned and
must respond quickly to changes: Lifelong learning will no longer be just an aspiration. It will have
become a reality.

8.6 Conclusions

The European shipbuilding and maritime technology industry is a global leader in the design,
construction and repair of the most sophisticated ships, technologies and structures for maritime and
marine activities. The sector is delivering smart, clean, safe ships but also offshore platforms and
offshore renewable energy devices. The industry is engaged with the 4.0 revolution and adapting
company and workers to the new design and production processes.

Digitalisation steps are taken, but the pace of digitalization in different shipyards, regions and countries
may vary a lot. Large and most successful companies are now investing in renewing their machines and
technology, reorganizing work and investing in the skills and competences of their employees. These
changes require huge investments of companies and it is not always possible or easy (mainly when
looking at SMEs).

The technological change requires a new set of skills and will lead to the creation of new jobs and
occupations. For certain, it creates demand for re-skilling and training of the current workforce.

Identifying which are the concrete skills gaps and future needs is not easy. A lot of work is being done
at company level, multiplicating the efforts all over Europe. This is why industry and workers
representatives decided to undertake this project and support the stakeholders in the identification of
skills gaps and needs.
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9 Summary of the Field Research Report

In summer 2020 SEA Europe carried out a Field Research survey on Need for Industry 4.0 and new
technologies in order to find out the most relevant skills for Industry 4.0. The survey was sent to European
maritime technology companies, national associations and trade unions.

45 respondents from 12 countries (DK, ES, Fl, FR, DE, GR, IT, NL, NW, PL, PT, RO) answered the survey. The
companies varied from very large shipyards and Ship Maintenance & Repair Yards to SMEs and Supply chain
companies providing in total more than 100 000 direct jobs. The trade unions responded also actively.

Trade Union
14%

Component
/ Equipment

Repair, Supplier

Maintenance 26%
and Conversion
Shipyard
14%
Consulting
Office, Naval
Architecture
Newbuilding 14%
Shipyard Industry
29% Association
3%

Figure 22 Respondents of the survey

The educational profile of technical workers of the respondents showed the 65 % of the workers have
high technical education background, either VET or high education level training.

Education background of technical personel

SMRC

Overall | —

Newbuilding yards

L I .
Consulting/Design Offices | ——
I

Component/Equipment Suppliers
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

W University/Higher Education/ Engineering M Technical Vocational Education and Training

B Mid-level technical training Non-formal learning

Figure 23 Educational profile of technical workers
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Figure 24 Age distribution in shipyards Figure 25 Age distribution of technical personnel

Some findings

The survey also revealed some recruiting difficulties that the maritime industry faces. Over 60 % of the
newbuilding shipyards reported problems with recruiting and the main challenges are the difficulty to find
people with the right skills and the shortage of applicants for certain positions. The main challenge of
equipment manufacturers and other supply chain companies is with recruitment is the difficulty to find
people with adequate skills. (In the case of equipment makers and other companies of the supply chain,
54% of the respondents’ face difficulties with their recruitment).

The other reasons are the difficulty to find people to relocate, lack of training offer, lack of sectoral
qualifications/skills and the industry is not seen attractive for young people. The lack of formal
certificates/qualifications seems not to be a main issue for the companies.

The Digitalisation and 4.0 Technologies

The more demanding technical responsibilities will likely increase. This leads to new technical skills and
demand of upskilling and reskilling training.

The respondents analysed how the new digitalisation 4.0 technologies is impacted the industry now and
how it will impact the industry in the future.

The newbuilding shipyards answered that impacts of these technologies will slightly or considerably
increase:

- Additive Manufacturing/3D Printing

- Advanced energy generation, storage and distribution
- Advanced manufacturing

- Smart materials

- Artificial intelligence and machine learning
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- Augmented/virtual reality and human machine interfaces
- BigData

- Communication technologies

- Cyber technologies

- Embedded sensors and connectivity (eg Internet of Things)

A growing use of robotics, additive manufacturing and smart materials, Al, VR/AR, sensors and loT and
cyber technologies is foreseen important. Whereas nanotechnologies and quantum technologies that are
apparently not so relevant for newbuilding yards.

Contrary to the responses from newbuilding yards, SMRC yards are responding to be less impacted by 4.0
technologies. SMRC yards are more labour-intensive but some future technologies like additive
manufacturing, 3D printing and smart materials and Al, AR/VR technics and robotics, big data and
communication technologies may be important to some SMRY yards.

The maritime industry supply chain is composed of thousands of companies specialised in very different
businesses. The technology impacts vary much depending on the products and/or services the supply
chain is providing so it is almost impossible to draw conclusions on the impact of the different
technologies in general.

Vocational education and training

The lack of specific education and training for the industry is ranked as the main issue to attract talent to
the sector and recruit people with the right skills. This contributes to the fact that young people are not
aware of the career opportunities offered by the shipbuilding industry.

93 % of respondents argued that dedicated shipbuilding and maritime education and training modules
would be beneficial to improve more specific and adequate skills to future workers.

It can be difficult to find sectoral E&T programmes in many regions. Therefore, the companies need to
provide their own training. In those regions with very large companies, there is in general an increasing
cooperation between industry and education providers.

However, it is really worrying that more than 60 % of the respondents don’t find adequate training in their
areas. Only 28 % of the companies have a close relation with VET centres and cooperates to ensure that
training and education modules provide the skills that the company needs and 22 % of the companies do
not have cooperation with any VET centre.

The most useful VET modules for upskilling and reskilling the workforce would be 1) modules for specific
technologies (Advanced manufacturing, Al etc.) applied to maritime technology industry and 2)
modules/courses for sectoral occupations on high demand ( welders, pipe fitters, naval design technicians,
etc).

Additional information can be found on the Report —Results of USWE’s Survey on Skills, Education and 4.0
technologies in Shipbuilding.
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10 Forecasting Challenges

10.1 Introduction

First, we must state that predicting is a challenge in itself, so you never know the degree of success
you can achieve in the prediction. Though focusing on the trends that we have described in the
previous pages, we can perceive that to improve or maintain the competitiveness in the current
global environment with a lack of global playing field will be a major challenge for the sustainability
of the sector.

There will be some other major challenges due to the global warming and the climate change. In
here, we have pulled out a number of challenges that are emerging as a result of the
transformations and trends that we have pointed out previously.

10.2 Economic perspective

The maritime industry as a whole is a question of a very global business where a significant part of
growth is done in international planning and in network-based operations. Competitiveness is
based on strong knowhow and increasingly on R & D based products and services. The maritime
technology industry is a high-tech sector where diverse knowhow is needed, manufacturing
technology, energy technology, information technology (e.g. design, equipment development and
project management).

One of the challenges of forecasting is how to stay competitive in order to secure future orders.
This means keeping control on costs but also investing in further developing facilities,
competences and ways of working to ensure maximal efficiency and a high degree of innovation.
The challenge is how to ensure that the industry can invest in new technologies, processes and
skills and at the same time reduce costs and waste?

Understanding global businesses is challenging. Investing in the development of knowhow
requires experts to be trained in very different fields of technology and the current situation
requires not only quick and effective short-term actions, but also a shift in the longer term systemic
approach, particularly to higher education and VET.

We must understand the geopolitical situation. Massive state aid and sectoral protective
measures from competing actors and the trade barriers imposed to European equipment and
products mainly in China, South Korea and others. In order to remain competitive, Europe must
keep the technological lead in research and innovation, high quality products, new designs and
concepts and the best skilled workforce.
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10.3. Social developments

The population is aging. The maritime industry is also facing increasing challenges from an aging
workforce, lack of stability in the contracted workload and a challenge convincing youngsters of
the interesting jobs and career opportunities that the maritime technology industry provides.
Moreover, it can be difficult to retain knowhow in the sector. There will be an increasing need for
a skilled workforce even now and especially when large number of employees are retiring. In fact,
the USWE project’s survey shows that 40% of the current workforce will be retired in the next 10
years. At the same time the sector is not been successful in attracting enough young people. The
real challenge is getting and keeping trained workers and it can be even more difficult in the future.

The challenges rise also because of increasing number of subcontractors on European shipyards
and vast amount of subcontractor professionals. In the future, there is a need to manage the
employment development by increasing cooperation between social partners, employees and
employers’ organizations, education and institutions & more proactively use anticipation of
change instruments.

Cooperation between industry, competent authorities, and educational providers is challenging
but also an opportunity and the way forward to discuss skills gaps and needs, new profiles and
career paths and increasing attractiveness of the maritime industry sector amongst young people.

10.4 Technology progress

There are at the same time growing needs for improved operational efficiency and highlyskilled
competent workforce, increased sales performance, increased productivity and reduced costs.
Digitalisation and technology progress in manufacturing have a significant impact on the fostering
of innovation and new ideas for manufacturing businesses. Improved technology allows the
environment of change and modernization. Technology connects users in different levels, allowing
collaboration, sharing information, reducing meetups and conversations and accelerating novel
development and innovations.

Digitalisation offers a number of advantages, including the ability to solve the challenges that are
inherent in traditional manufacturing. Benefits are e.g. customer satisfaction, efficiency and
accuracy in production, quality of product and flexibility. The manufacturing becomes safer, with
lower risks and reduced costs and this leads to a competitive advantage and increased
competitiveness and growing business. Also, the environmental values - less waste, less energy —
are major benefits. Digital tools used to test products allow for a more efficient production
process, as well as a platform for sharing and developing knowledge. There are some obvious
challenges in digitalisation, like costs, new technology infrastructure, business risks, cybersecurity
risks and demand for competent workforce in all levels.
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10.5 New Energies

We have analysed the new energies, alternative fuels, and environmental regulation in previous
chapters. The stricter regulations demand the shipping industry and maritime technology industry
to find new, clean and energy efficient solutions to meet the emission requirements. The industry
needs to take a comprehensive holistic energy saving approach and reduce fuel consumption.
Energy supply is still a problem. There is a need for alternative fuels the as fossil fuels are running
out and stricter regulations encourage the shipping industry and maritime transport to find new,
clean and energy efficient solutions to meet the emission requirements. This means introducing
sustainable technologies and exploit the full potential of green technologies.

The challenge of the alternative fuels and new fuels mentioned in the previous chapter is that their
production costs are higher compared to fossil fuels. The price and availability of new fuels is still
unknown. When energy prices have increased rapidly, one focus area is energy efficiency and fuel
technology is a major opportunity as the environmental regulations by IMO are becoming stricter
and place a demand for new fuel types and machine technology solutions (IMO 2008). The sulphur
oxide (SOx) and nitrogen oxide (NOx) regulations are getting more exact which means for example
that in the long-term new fuel types need to be found to replace heavy fuel oil.

LNG and other fossil-derived fuels have to meet the emission reduction targets. Therefore,
shipping will need new alternative, fossil-free fuels derived from sustainable sources to meet the
set climate goals.

Future ships will be designed and built with more and more complex equipment which requires
workers capable of coping with new equipment and the interaction with the ship equipment and
its operation. The energy policies of different countries have not yet been properly coordinated
and harmonized while the distribution networks are already connected to each other.

Fortunately, there is huge potential to introduce sustainable fuels in shipping, but it will require
strong efforts from public authorities and policy level when defining the regulations.

The challenges involved, let alone the time and costs required before worldwide availability of a
new fuel has been achieved, should not be underestimated — the ongoing expansion of the LNG
infrastructure is a good reference, which still requires significant investments to become readily
available worldwide.

10.6 Sustainability

Sustainability means that the industry must minimise its environmental impact, particularly with

regards to pollutants and greenhouse gas emissions and meet environmental regulations: Energy
efficiency, safety and security and human factors. The industry is involved in the digital and green
transformation of its design and production processes to become more sustainable and efficient.
In order to achieve the “Shipyard 4.0” concept companies have the challenge of transforming their
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processes but also of upskilling and reskilling their employees with the necessary digital and green
skills to make this a reality.

The European Green Deal (https://ec.europa.eu/info/strategy/priorities-2019-2024/european-
green-deal/actions-being-taken-eu en) will support the ongoing efforts of Europe’s shipyards to
build and retrofit iinnovative climate-neutral ships as well as Europe’s maritime equipment
companies to manufacture and supply climate-neutral maritime technologies and maritime
applications of clean fuels. The industry must have a strong sense of environmental responsibility
and a recognition that the industry will have social and environmental impacts.

The challenge in coming decades will therefore be to bring sustainably produced products to a
competitive level with non-sustainable produced variant in terms of price. We need to eliminate
harmful emissions and lower the impact on the environment and deliver a more eco-friendly,
smarter and safer maritime industry. In the end, the maritime technology industry needs to find
the new, sustainable business models.

10.7 Human Capital

Skills

A specific challenge for Europe relates to skills and the lack of a sectoral skilled workforce. The
maritime technology industry is exceptionally complex in the range of different skills and
professions and requires a well- trained workforce with specific sectoral knowledge. Maintaining,
strengthening, and expanding expertise is a key challenge for the maritime technology industry
and maritime businesses in the future. The strength of the European maritime technology
industry's expertise lies in its versatility, technological knowhow, structurally and technically
demanding ships very often operating in critical conditions. The specialisation of the industries in
high technology, the complex products, (the most advanced vessels and technologies) the
innovative manufacturing processes and globalised market and supply chain will require for more
and more highly skilled technical people but also qualified people to work in different profiles, for
instance legal, financing, management, and others .

Therefore, the maritime technology industry and the training providers need investments in
educational programs in the future. The training investment should include more digitalisation,
automation and robotisation as well as innovations and strengthening of international networks
to counteract a potential downturn in the industry and remain internationally competitive. In
addition, policy makers should support the industry in retaining retraining experienced workforce,
in order to avoid lay-offs at the highest extent possible. Wherever laid-off labour was inevitable
policy makers should also support the retraining of those workers and facilitate their re-
employability opportunities.

The skills of the employees is one of the key strengths of the sector on whose utilisation depends
the long term future of the sector: 35% of the employees of the maritime technology industry are
highly skilled workers with VET, doing tasks such as welding, painting, electricity, boiler and pipe-
making. The share of workers with a VET background is 45% in newbuilding shipyards. The industry


https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/actions-being-taken-eu_en
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/actions-being-taken-eu_en
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must adapt the skills profile of their workers to the new technological advances in order to
compete successfully.

As seen on the USWE Project results the need for digital skills is enormous. Digital technologies are
increasingly being implemented in the maritime industry today putting pressure on employees’
digital skills and competencies. E.g. technologies such as Augmented Reality and Virtual Reality are
increasingly being developed for training of personnel as well as preparation for maintenance
tasks.

As pointed out in several cases it is essential to attract the next generations of professionals to the
maritime technology industry. Shipyards and equipment providers are becoming more
technologically advanced and innovative and professionals —in newbuilding sector and ship repair
and conversion and retrofits - must be able to perform new types of skills and new competencies
decision making tasks in large, complex projects.

Training

Based on the survey made in USWE project there are mismatches between educational curricula
and business needs. Education is lagging behind. As VET schools do not produce ready to work
employees for shipyards, there is a need for competences in different areas: e.g. welding,
electricity, boiler making, pipefitting, electronics, etc. Strengthening the cooperation with industry
and VET institution is essential for innovation and regional development. This scarcity of VET
training in several regions leads to the need for companies to develop their own training
programmes. In this context developing and updating external training programmes should be a
priority for the sector.

In the next 5 and 10 years the most demanded occupations will be engineers, naval architects,
designers, project managers, welders, fitters, electrical engineers, and 3D design experts.
Cybersecurity is key for protecting the knowhow of European shipyards and equipment makers in
the digital era, but it also has a huge potential to affect the safety of the crew, vessel and cargo.
Understanding all the cybersecurity risks requires not only technical tools and risk management
knowledge but also wide training actions and new skills.

We need to support the development of new teaching methods and new curricula for maritime
VET education and in this regard there is a need to upskill and retrain teachers as well. Different
strategies and plans need to be developed in a continuous learning perspective for staff and
teachers with a particular emphasis on STEM competencies. Also promoting the maritime
technology industry sector to school leavers and graduates is a challenge.

While building new strategies for retraining and upskilling of teachers and staff, a closer
cooperation will be establish between VET education and schools, thus emphasizing work-based
learning and using real industrial cases for teaching.
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Innovative teaching plans and learning platform must be developed so that graduates can tackle
societal and technological challenges. A particular focus will be put into curricula and education
plans as well as innovative and entrepreneurial skills.

Automation can replace some human tasks but at the same time requires new skills and thus
upskilling and training. Technical skills e.g. automation, digital skills require a set of non-technical
skills, interpersonal skills, self-management skills and ability to cope with unstructured tasks are
about to become the main factor that differentiates between the low performing and the high
performing workers.

While implementing these innovations may get costly, a digital strategy also allows manufacturing
corporations to lower costs through digitizing their actions, allowing digital planning and
information to be shared throughout the workforce. When processes are automated and made
clearer throughout an organization, collaboration and manufacturing can happen quicker, allowing
products to move from the floor to the market in a more efficient way.
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