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Foreword

Throughout history it is technology that has unlocked the 
potential of the ocean. For the Chinese, Phoenicians and 
Vikings, it was their shipbuilding prowess that turned the 
ocean from a barrier to a trading superhighway. Much 
later, the steam engine transformed how goods were 
manufactured and then powered their speedy transport- 
ation between continents. Steam gave way to oil-fuelled 
propulsion a century ago, which is now giving way to 
natural gas and low-carbon alternatives. 

The coming era for the Blue Economy will be shaped by 
humanity’s pressing need for sustainable energy and 
food. The solutions required to meet these challenges 
demand scale, and that is already reflected by a wave of 
technological innovation and the pipeline of projects 
planned for our coastlines. Wind turbines will make the 
ocean a key space for the energy transition. The increased 
demand for marine protein will be met partly by offshore 
fish farms that owe a ‘technological debt’ to the oil and 
gas industry. 

DNV has been working with ocean industries for 157 
years and is already extensively involved in the new era 
for the ocean. We have identified the need for a compre-
hensive overview of how the Blue Economy will develop 
in the coming years.  Scale brings complexity, which 
brings risk. It is vital for all stakeholders to understand  
the direction of travel for the Blue Economy, and I am 
therefore delighted to present to you Ocean’s Future  
to 2050.

This report highlights how the Blue Economy is entering  
a period of sectoral and regional diversification. 
Currently, the regions which benefit most from the ocean 
in economic terms are those with access to oil and gas 
fields off their coastlines. But as the world decarbonizes 
and the need for renewable energy grows, countries 
unable to be part of the fossil fuel era can be part of the 
age of wind. This is perhaps best exemplified by Greater 
China, which is building a substantial offshore wind 
infrastructure.

The importance of the ocean goes beyond sustainable 
food and energy. 80% of goods are transported via the 
sea, and coastal and marine tourism is the lifeblood of 
many communities. The production of freshwater 
through desalination is also an expanding market. All this 
will make the ocean an arena for a race for space as never 
seen before. Demand for space is set to increase nine-
fold by the middle of the century, and offshore wind will 
account for 82% of this. Shallower near-shore waters will 
generally face more spatial competition. Although there 
are opportunities for increased cross-sector collaboration 
as well as moving infrastructure further offshore, future 
space requirements will need to be carefully managed to 
reduce the burden on surrounding ecosystems.

Humankind must re-evaluate its relationship with the 
ocean. The ocean absorbs 30% of human-made carbon 
dioxide and produces half the planet’s oxygen; yet, 
despite its fundamental importance in our collective 
quest to limit climate change, ocean health continues to 
suffer because of anthropogenic pressure. As humans 
encroach further into ocean space, the UN Sustainable 
Development Goal 14: Life Below Water has to gain 
significantly more attention.

I hope our Ocean's Future to 2050 forecast proves useful 
to those building out the Blue Economy and that it 
encourages holistic thinking and action. As always, we 
very much look forward to your feedback.

FOREWORD

Remi Eriksen

Group president and CEO

DNV
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Shifts in the Blue Economy

Investment in the Blue Economy will grow more slowly 
than global GDP through to 2050. This is mainly due to a 
sharp decrease in investment from the oil and gas sector, 
that will not be offset by exponential growth in offshore 
wind, and steady growth in aquaculture and desalination. 

We also see a geographic shift with Asia becoming a 
dominant force in the Blue Economy. Greater China, for 
example, will account for 26% of Blue Economy capital 
expenditure (capex) in 2050. 

Industry transitions

DNV forecasts that by the middle of the century, non- 
fossil energy will account for half of global energy 
production. The energy transition includes a fifty-fold 
scaling of offshore wind capacity from present levels.

With the world population exceeding 9 billion by 2050, 
our food system must transition towards secure sources 
of food that underpin healthy diets and can be sourced 
sustainably. We forecast that by 2050, marine aquacul-
ture output will approach that of reported wild catch.  
Due to the effects of overfishing and climate change, 
diminishing fish stocks worldwide will see overall capture 
fisheries decreasing by mid-century.

World freshwater resources are under stress and signifi-
cantly impacted by climate change. We forecast that 
world desalination capacity will triple by mid-century to 
meet increasing demand. At the same time desalination, 
which is energy-intensive, will also undergo an energy 
transition from fossil to renewable power.

Shipping is the mode of transport for about 80% of global 
trade tonnage; special vessels support all ocean-based 
activities; and ports connect seaborne trade with 

land-based logistics. The transition of our energy and 
food systems will have a significant impact on the types  
of cargo transported and vessels and propulsion fuels 
employed in the coming three decades.

Race for space

Spatial competition between and within ocean industries 
will intensify towards 2050. We forecast increased 
pressure and congestion, particularly along the coastlines, 
which must be carefully managed. Future ocean space 
requirements will trigger new forms of collaboration such 
as sector-coupling to achieve spatial efficiency, circularity, 
and shared costs and resources. 

Key trends 

Our forecast identifies key trends shaping the development of the  
Blue Economy, many of which will cut across sectors.

Marine ecosystems  
in jeopardy
The human quest for ocean resources and space 
represents a significant threat to the very same eco- 
system upon which it depends. In addition to climate 
change, marine ecosystems are experiencing multiple 
human-driven direct and indirect pressures including 
overfishing, eutrophication, invasive alien species, 
habitat destruction and marine littering. These pressures, 
acting alone or in synergy, contribute to marine biodi-
versity loss and challenge the delicate balance required 
for a healthy and productive ocean. We emphasise the 
need for integrated ocean management, combining 
value creation and ocean health.

OCEAN'S FUTURE TO 2050
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Highlights 

Offshore wind will overtake the oil and gas sector to receive the largest investments in the Blue Economy 

 — Offshore wind will grow from a small base to account for 50% of ocean capex in 2050. Over the same timeframe,  
the oil and gas industry will shrink from 80% of total ocean capex to just 25%. 

 — By 2050, offshore wind will provide about as much energy as offshore oil, the production of which will shrink 51% 
compared with 2019 levels.

 — Capex in the Blue Economy will reduce from USD 517 billion in 2018 to USD 461 billion in 2050. Operational  
expenditure will grow more slowly than global GDP. 

Asia will dominate the Blue Economy

 — Greater China will establish itself as the global powerhouse of the Blue Economy and its leading investor by 2050.
 — Europe will maintain a strong position, growing from 11% to 14% of ocean capex in the next three decades. 

There will be a nine-fold increase in demand for ocean space for aquaculture and energy production  

 — Offshore wind will require 82% of the total area of ocean occupied by 2050.
 — Growth in demand for ocean area from aquaculture and energy production in the Indian Subcontinent is set to 

increase fifty-fold. In North America, and the Middle East and North Africa spatial requirements will grow thirty-fold.

The energy transition and increasing purchasing power of Asia will alter the outlook for shipping

 — After years of faster-than-GDP growth, seaborne trade will only grow 35% to 2050, while global GDP almost doubles. 
This is due to increased consumption in Asia combined with the decline of coal and oil transport. 

 — The merchant fleet sees bulk remaining the largest segment in tonnage, even as the coal trade declines, while tankers 
are overtaken by container vessels as the second largest segment. Gas carriers will outpace oil product tankers. 

 — New special vessel segments will emerge to serve the offshore wind industry. Special vessels will grow 31% by 
tonnage and 53% in value to 2050.

 — COVID-19 will have no long-term impact on the cruise industry, and berth capacity will triple by 2050. 

Aquaculture production will approach capture fisheries by 2050

 — Aquaculture production will more than double by the middle of the century, approaching the level of wild catch.  
But seafood (inland and marine) accounts for only 9% of global protein demand in 2050. 

 — We forecast total annual catch to be 95 million tonnes by mid-century, exceeding the maximum sustainable yield of 
marine capture fisheries and stressing the need for optimal fisheries management.
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1 THE BLUE ECONOMY

Throughout history, people have turned to the ocean for food, energy, 
and transport. To meet such needs, the Blue Economy has grown across 
many fronts including capture fisheries, aquaculture, trade, and energy 
production. Our Ocean's Future to 2050 forecast foresees this economy 
making a marked transition towards sustainable activities consistent with 
improved human and planetary welfare. Investors and governments act 
on the transition, switching on to the new opportunities reflected in  
our forecast.

OCEAN'S FUTURE TO 2050
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The Organisation for Economic Co-operation and 
Development (OECD) defines the Blue Economy, or 
ocean economy, as ‘the sum of the economic activities of 
ocean-based industries, together with the assets, goods 
and services provided by marine ecosystems’ (OECD, 
2016), and stresses that ‘these two pillars are inter- 
dependent’. The Blue Economy is a significant part of  
the global economy, and particularly important in some 
places such as coastal areas and small island  
developing states. 

The ocean is crucial for human and planetary health, for 
climate, energy, food security, local jobs and the global 
economy. It holds many urgently needed transformational 
solutions for creating more sustainable food and energy 
systems, but only if we safeguard the ocean’s health and 
carefully manage its assets. The interconnectedness of 
ocean industries also means that destructive practices 
and narrow or short-term visions in one sector are risks to 
others (Jouffray et al., 2020). We therefore see increased 
focus on collaborative efforts for win-win solutions.  
One example is sector-coupling seeking sustainable 
‘ocean multi-use’ concepts that foster synergies among 
ocean sectors (Stuchtey et al., 2020). Such solutions can 
achieve spatial efficiency, circularity, and shared costs 
and resources. 

Blue Economy opportunities are attracting the attention 
of finance looking to rebalance investment and loan 
portfolios towards more sustainable businesses. A 2020 
survey found investor interest in sustainable Blue Economy 
investments to be high, but expertise low (Credit Suisse, 
2020). Currently, 100 multinational companies control 
60% of Blue Economy revenue, with oil and gas companies 
still dominant (Virdin et al., 2021). With growing demand 
for food, materials, transportation and renewable energy, 
a 'blue acceleration' into fresh territory is evident (Jouffray, 
et al., 2020). Other researchers estimate that investing 
across offshore wind, sustainable ocean-based food 
production, decarbonizing international shipping, and 
conserving and restoring mangroves would generate 
benefits more than five times the costs by 2050 (Konar & 
Ding, 2020). 

Sustainable industry trajectories in the Blue Economy will 
rely on robust scientific knowledge, reliable data, and on 
greater understanding of the ocean system and potential 
impacts of ocean-related activities. This is central to the 
UN Decade of Ocean Science for Sustainable Develop-
ment vision to ‘harness, stimulate and coordinate inter-
disciplinary research efforts at all levels, in order to 
generate and use knowledge for the transformational 
action needed to achieve a healthy, safe, and resilient 
ocean for sustainable development by 2030 and beyond’.1 

To assist businesses, investors, and governments in 
decision making, DNV has developed a model aiming to 
answer the question: ‘What will the Blue Economy look 
like towards 2050?’ As this chapter later describes, our 
forecasting approach takes a systemic and balanced view 
of key ocean-based industries between now and 
mid-century. Our Ocean's Future to 2050 forecast 
analyses the development of existing ocean industries 
like seafood, energy production, the maritime sector and 
tourism. It also includes fast-growing industries such as 
offshore wind and desalination. Our forecasting model’s 
results indicate marked shifts between Blue Economy 
sectors by 2050, as presented in the next few pages.

1 www.oceandecade.org

The ocean is crucial for human and planetary 

health, for climate, energy, food security, 

local jobs and the global economy. It holds 

many urgently needed transformational 

solutions for creating more sustainable food 

and energy systems.
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We measure the development in the Blue Economy 

with capital and operating expenditure (capex and opex) 

and employment for the ocean industries. 

1. Capex in the Blue Economy will be reduced from USD 
517 billion in 2018 to USD 461 billion in 2050. The 
cumulative capex in the period will be close to USD 
20 trillion with major shifts in what sectors capex will 
be directed to as offshore oil and gas declines (Figure 
1.1). Currently, 80% of ocean capex comes from the oil 
and gas industry, with a negligible amount spent by 
offshore wind. By 2050 the picture is radically different 
with offshore wind accounting for 50% of capex, and 
oil and gas will have shrunk to 25%. In the same 
period, aquaculture will increase its share by half to 
3.4%, and desalination will triple to 2.7% of total 
capex in 2050. 

2. A geographical shift in global capex will take place in 
the coming decades (Figure 1.2). Greater China will 
experience steady growth from the current level of 
10% of global capex to 26% in 2050 and take a 

dominant position in the Blue Economy. Europe will 
maintain a strong position growing from 11% to 14% 
in the same period. Yearly capex declines in the 
Middle East and North Africa, in line with reduced 
fossil-fuel demand.

3. Opex will increase from USD 668 billion in 2018 to USD 
793 billion in 2050 with similar shifts between sectors 
as seen for capex (Figure 1.3). Offshore wind currently 
represents less than 1% of global opex, but reaches 
almost 10% in 2050, compared to a 50% share of total 
capex, while offshore oil and gas declines from 48% to 
36% by 2050. Aquaculture will more than triple in the 
same period to 10.5%. Opex in the Middle East and 
North Africa declines significantly due to the effects of 
the energy transition and a declining offshore oil and 
gas market. The increased activity in aquaculture and 
offshore wind will generate new employment and see 
strong growth. Starting from a low level of employment 
in 2018, 250 times as many people will work in offshore 
wind in 2050. Marine aquaculture will employ 58% 
more people by then compared to now.

OCEAN'S FUTURE TO 2050
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Capex and opex in the Blue Economy 1990–2050
FIGURE 1.1

Global capex by sector 1990–2050

Units: Percent

FIGURE 1.3

Global opex by sector 1990–2050

Units: Percent

FIGURE 1.2

Regional share in total capex 1990, 2018, and 2050

Units: Percent
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Historical data source: World Bank (2018), Gapminder (2018), Wittgenstein Centre for Demography and Global Human Capital (2018)

Index of global opex and global GDP 1990–2050          
 

FIGURE 1.4 
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Opex in the sectors covered in this forecast have 

historically grown in line with GDP. This trend will now 

decouple because of:

 — the energy transition with growth in renewable energy 
generation being less costly to operate than offshore 
oil and gas production

 — changes in seaborne trade patterns, improved 
efficiency in the shipping sector, and the energy 
transition, reducing the transportation of fuels

 — 25% growth in marine seafood production is far  
less than the doubling of GDP in the same period

Ocean industries, historically dominated by offshore oil 
and gas activity, have transformed from being capital 
intensive during the first two decades from 1990 to 
steadily require more opex. This is due to the decrease 
in offshore oil and gas exploration and development 
activities, which have affected capex, while production 
levels and corresponding operating expenses in the 
sector have continued to increase. The annual total opex 
in the Blue Economy described in this report passed the 
equivalent level of capex in 2012, and has remained 
higher (Figure 1.5). The shift to renewable energy is 
reflected by growing capex in offshore wind, but the 
level will not surpass the current offshore oil and gas 
capex during our forecast period. The high capex 
observed from 2022 to 2030 is caused by offshore oil 
and gas development, especially in North East Eurasia, 
happening in parallel with strong development in other 

ocean sectors such as offshore wind and aquaculture. 
The sectors with increasing opex between now and 
2050 are offshore wind, marine aquaculture, shipping, 
and desalination.

The shift to renewable energy is reflected by 

growing capex in offshore wind, but the level 

will not surpass the current offshore oil and 

gas capex during our forecast period. 

OCEAN'S FUTURE TO 2050
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Total global capex and opex 1990–2050          
 

FIGURE 1.5
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*Historical capex smoothed with 5 years average
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Our approach
What will the Blue Economy look like towards 2050?  
How can the Blue Economy contribute to serving a world 
population beyond 9 billion in 2050? What are the key 
interlinkages between ocean-based industries, and the 
barriers to productivity arising from global ocean health 
challenges? What are the spatial requirements of the Blue 
Economy in 2050? To try to answer these questions, we 
have developed this forecast providing a systemic and 
balanced view of ocean-based industries between now 
and mid-century.

To support strategy and decision making, this report 
offers insight into these industries’ futures. In contrast to 
scenario-based outlooks, we present a single ‘best 
estimate’ forecast. The work is part of DNV’s broader 
commitment to provide insight and transparency into the 
Blue Economy through foresight activities considering 
sector interlinkages and barriers to productivity, as 
described above. A deep dive into marine aquaculture 
using the same modelling was published in 2021.

Model description

We develop a system dynamics simulation model that 
mirrors key supply-demand relationships and interactions 
between ocean industries. The illustration on page 16–17 
shows the model’s most important feedback loops. 
Global trends like population growth and improving living 
standards drive the forecast of demand for the goods and 

services provided by the ocean economy. For most 
industries, the model considers feedback between 
demand, production, and infrastructure capacity, also 
moderated by interrelations between ocean industries 
and by barriers to growth, like climate change. For 
energy-intensive sectors of the Blue Economy, we look to 
the DNV Energy Transition Outlook (DNV, 2021b) for input 
data, with examples being ocean energy production and 
the maritime sector. 

The model includes existing and emerging sectors of the 
ocean economy, including capture fisheries, marine 
aquaculture, offshore oil and gas production, fixed and 
floating offshore wind, the maritime sector, tourism, and 
desalination. Both industrial and artisanal activity is 
included in the forecast. The forecast is limited to human 
activity carried out at sea and in the coastal zone, but not 
counting the value chain further inland. For coastal 
tourism, tightly integrated within the onshore economy, 
only the cruise sector is accounted for in our analysis. 
When reporting results for economics, we use real 2018 
USD. We consider full-time equivalents when discussing 
employment, (except for seafood, where part time and 
seasonal employees are also counted).

The model is populated with data from databases 
providing historical time series for supply and demand; 
industry reports; scientific articles; and the judgement of 
domain experts. A full reference list and the key data 
sources are included in the back of our report.

Our best estimate, not the future 

we want

A single forecast, not scenarios Long-term dynamics, not 

short-term imbalances

Continued development of proven 

technology, not uncertain breakthroughs

Main policy trends included; 

caution on untested commitments.

Model consumer behaviour based

on changes in costs and sustainability
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 North America (NAM)

 Latin America (LAM)

 Europe (EUR)

 Sub-Saharan Africa (SSA)

 Middle East and North Africa (MEA)

 North East Eurasia (NEE)

 Greater China (CHN)

 Indian Subcontinent (IND) 

 South East Asia (SEA)

	 OECD	Pacific	(OPA)

Key socio-economic drivers for our analysis are derived 
for the 10 regions shown in the map. For ocean seafood 
the regions are further divided by different ocean basins: 
Arctic, Atlantic, Indian, Pacific, and the Southern Ocean. 
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2 SPATIAL COMPETITION

Spatial competition between and within ocean industries will increase 
towards 2050, especially for those that depend on infrastructure fixed to the 
seafloor, or on specific water conditions. We forecast the spatial requirements 
for different ocean-based industries and the resulting pressure on available 
space. This varies by region as natural characteristics make some marine 
areas a better fit than others for certain uses.

Regional differences in economic development and 
significance in trade are reflected in the diversity of ways 
in which ocean space is used. Fisheries occupy most of 
the space for commercial use in some regions, while 
shipping dominates elsewhere. Marine aquaculture is 
focused in areas with a suitable inflow of nutrients, 
relatively calm weather, and sufficient ocean circulation. 
Offshore wind installations favour completely different 
environmental conditions. The interplay of industries and 
ocean-related activities simultaneously using the same 
space also varies through the year, with fisheries being 
one example of a highly seasonal industry. 

As industries explore ocean opportunities, competition 
over productive waters can be resolved through win-win 
solutions that ensure responsible use and sustainable 
development. Multi-purpose platform concepts for 
co-existence between wind farms and aquaculture are 
among the solutions being explored (Stuchtey et al., 
2020). Such solutions can potentially reduce costs by 
allowing shared use of infrastructure and space. Offshore 
structures can also serve as artificial reefs or host nature-
based solutions.

Marine Spatial Planning (MSP), an integrated planning 
framework for ocean policy development and legislation, 
calls for a holistic view of ocean management (UNESCO/
IOC, 2021). We seek to contribute to this process through 
a focus on ocean industry interactions in a holistic, 
temporal, and spatial context. This is important to better 

understand and manage multiple uses of marine space 
and to safeguard the ocean's biodiversity and its role as a 
provider of ecosystem services.

Future ocean space requirements

We forecast future spatial requirements for different 
ocean-based industries to investigate regional trends 
with focus on intensified competition for marine space. 
Even with 360 million square kilometres (km²) of ocean 
space available worldwide, and around 140 million km² 
within Exclusive Economic Zones (EEZ), only a fraction of 
the area is of interest and possible use for the ocean 
industries that we discuss in this report. Areas that are 
both close to shore and with a limited water depth will 
generally face more spatial competition. Our forecast 
considers spatial competition by attributing depth and in 
some cases proximity to shore criteria to the different 
industry sectors. This limits the total area available for 
industrial development in the ocean space. 

In 2050, we forecast that 368,000 km² of ocean surface 
will be occupied by infrastructure for the production of 
energy and food, compared to about 40,000 km² in 2018 
(Figure 2.1). This represents a more than nine-fold 
increase in demand for ocean space, and hints at the 
tremendous challenge for Marine Spatial Planning in 
some parts of the world. The great majority of the 
forecasted area occupied will be required for offshore 
wind production, while marine aquaculture will represent 
a much smaller footprint.

Spatial competition 2
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The above estimate of area does not cover mobile 
activities like cruise, shipping, and capture fisheries. 
Note that some of these industries may still claim an 
exclusive right to operate within specific areas. For 
instance, shipping relies on a set of traffic separation 
schemes with International Maritime Organization (IMO) 
or national governance. We estimate that the area used 
for sea routes within 50 km from the coast add up to 1.9 
million km2 globally. Hence, the area demanded by 
shipping is much greater than the area taken up by 
stationary infrastructure. However, we do not forecast 
the area for transportation to grow much.

This area estimate also excludes space reserved for 
future exploitation by particular industries, for instance 
areas taken up by offshore oil and gas exploration 
licences (concessions). This is covered on page 22. 
Concessions do not make space unavailable for all other 
uses, but provide oil and gas producers with a priority 
within a specific geographical area.

Regional variation in space required

The regional breakdown (Figure 2.2) shows a high 
growth in the Indian Subcontinent, where the spatial 
requirement increases fifty-fold, followed by North 
America and the Middle East and North Africa regions, 
where more than 30 times more space is demanded 
than currently. A common denominator for these 
regions is the low current marine aquaculture produc-
tion combined with a fast-growing offshore wind sector. 
In all other regions, the demand for marine space grows 
between five- and eight-fold. Even with the fast growth in 
the Indian Subcontinent, Greater China will remain the 
region using the most marine area for human activity. 
Greater China is followed by North America, which 
occupies 27% less area than Greater China, but still 
about double the area of the third largest region. 
Knowing that the space availability of the regions varies, 
we introduce an index later on in this chapter, in order to 
measure the level of competition. 

With shallow water providing opportunities for fixed 
offshore wind installations and simpler mooring arrange-
ments for fish farms, we expect that there will be most 
competition for areas with water up to 50 m deep. We 
assume that all bottom-fixed offshore wind will be 

installed at depths up to 50 m, with floating offshore 
wind being the preferred technology in water deeper 
than this. Fishing grounds are also often found in areas 
with higher primary production, often in shallow areas of 
the ocean. With proximity to shore allowing simpler 
aquaculture logistics and less costly grid connection for 
offshore wind, spatial conflicts will likely become a 
problem in some places. For instance, wind farms may be 
considered visually unappealing for tourists, and hence 
have a negative effect on those dependent on tourism. 
Conflict with shipping may also happen close to shore, 
where port facilities and anchorages are localized and 
where traffic separation schemes dictate the movement 
of vessels through congested fairways. 

FIGURE 2.1

Spatial requirement for installations 1990–2050

Units: Thousand square kilometres

Algaculture

OCEAN'S FUTURE TO 2050
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FIGURE 2.2

Regional share in total demand for marine area 1990, 2018, and 2050

Units: Percent

The regional breakdown shows a high 

growth in the Indian Subcontinent, where 

the spatial requirement increases fifty-fold, 

followed by North America and the Middle 

East and North Africa regions, where more 

than 30 times more space is demanded 

than currently.

Spatial competition 2
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FIGURE 2.3

Spatial requirement for offshore oil and gas installations 
and concessions 1990–2050

Units: Thousand square kilometres 

Ocean space for energy
Offshore oil and gas installations occupy 7,000 km² of 
ocean space today (Figure 2.3), and concessions cover 
almost 50 times as much (BOEM, 2021; NPD, 2021; Rystad 
Energy, 2021). Their trajectories are similar, with a peak in 
the early 2030s. Area usage for offshore oil and gas 
returns to 1990 levels by 2050. As regulating an area for 
exploration does not involve adding fixed installations, 
other industries can potentially operate where there are 
existing concessions. Maritime transportation and 
capture fisheries are operations without any stationary 
installations, and concession space may still be available 
for these activities. Space attributed to oil and gas 
concessions is likely to be incompatible with uses like 
marine aquaculture. There have already been examples 
where location applications for offshore fish farms have 
not been granted due to infringement on areas reserved 
for oil and gas exploration.

OCEAN'S FUTURE TO 2050

22



FIGURE 2.4

Spatial requirement for offshore wind 1990–2050

Units: Thousand square kilometres

The oil and gas sector currently occupies 

the greatest area of the ocean compared to 

other types of ocean energy production, but 

this will change in the coming decades.

The oil and gas sector currently occupies the greatest 
area of the ocean compared to other types of ocean 
energy production, but this will change in the coming 
decades. Particularly offshore wind energy production, 
mainly from fixed installations, will put pressure on ocean 
area availability. We forecast a significant increase in 
installed offshore wind capacity by 2050 (see Chapter 4). 
This will require more than 300,000 km² of ocean space, 
similar to the total land area of Italy. Fixed offshore wind 
will take up 85% of this area while floating wind farms will 
take up an area of around 45,000 km2 in 2050 (Figure 2.4). 
In mid-century, offshore wind farms will require an area 
30% larger than the area taken up by concessions for 
offshore oil and gas globally. The area used for offshore 
wind will be six times larger than what is needed for 
marine aquaculture.

Aerial view of oil and gas industry by sea.
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Ocean space for food
The area footprint of ocean food is primarily related to 
permanent installations for marine aquaculture. The area 
usage for capture fisheries is much more seasonal, with 
no fixed installations, and hence we do not present area 
occupied by this sector. Even so, other uses can come 
into conflict with the capture fisheries, such as offshore 
wind farms that have been planned on key fishing grounds. 

We forecast that the total area required to support marine 
aquaculture in 2050 will reach 56,000 km², growing  
close to 40% (Figure 2.5). Of this, the area occupied by 
production of marine animals like finfish and molluscs will 
constitute 41,000 km² in 2050, up from 23,000 km². 
Marine aquaculture’s current ocean space requirements 
are focused on sheltered waters. However, towards 2050, 
some aquaculture production will move to more exposed 
and offshore waters supported by more technologically 
advanced marine structures that produce at a higher per 
km² yield — for example, in Europe, Greater China, Latin 
America, and OECD Pacific (DNV, 2021a). 

For seaweed production (algaculture), there has also 
been a steep growth in the past decade in terms of area 
occupied. With technological advances over the coming 
years, we expect a yield per km2 increase and a move into 
deeper waters for seaweed production. With this gain in 
area efficiency, the area occupied rises by only 22%, while 
production increases 70%. We expect the marine plants 
sector to cover almost 15,000 km² in 2050 (Figure 2.5), 
with 50% of it in Greater China.

[...] towards 2050, some aquaculture 

production will move to exposed and 

offshore waters supported by more 

technologically advanced marine structures 

that produce at a higher per km² yield.

FIGURE 2.5

Spatial requirement for marine aquaculture 1990–2050

Units: Thousand square kilometres
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Mapping spatial  
competition
To quantify spatial competition, we have applied a spatial 
overlay analysis to assess zonal and regional impacts for 
industries. Impact is calculated as the sum of individual 
‘pressures’ from all industries combined. To determine 
pressure, the analysis takes each industry’s relative use of 
area (occupied space), as described by our forecast, and 
compares this with the total available area (zonal space) 
for a particular use and need.

Given a set of predefined criteria, we define a zone as 
the total available area within a region suitable for a 
specific use. The near-shore zone, for instance, requires 
maximum 50 m water depth and 2 km to shore. In this 
zone, artisanal ocean uses like mollusc and seaweed 
production can come into conflict with more technically 
advanced infrastructure, like offshore wind turbines. In 
this report, we divide regional ocean space into eight 
different zones.

We have used our forecasted results for area occupied 
by different ocean industries and developed a Spatial 
Competition Index to indicate potential density and 
resulting pressure on ocean space use in specific 
regions. This index is currently distributed evenly across 
zones and regions. A more refined approach would 
require higher spatial resolution. The maps on the next 
pages show this for selected areas within the regions of 
Greater China and the Indian Subcontinent in 1990, 
2018, and 2050, for all industries combined. Greater 
China is selected for this, as it is the region where the 
greatest share of marine space is occupied. The Indian 
Subcontinent is chosen as it is the region with the fastest 
growth in areas occupied. The colour gradient blue 
(low) to red (high) indicates level of pressure. A factor of 
0.1 (low pressure) implies 10% of the available area is 
utilized. A factor of above 1 (high pressure) implies 
competition for the same space. 

The Spatial Competition Index indicates what areas are 
most at risk from competition, and hence require Marine 
Spatial Planning that balances conflicting needs. Addi-
tionally, this index provides insights into where there are 

strong incentives to develop concepts for multi-purpose 
platforms or coupling of production systems that benefit 
from each other. If industries share the same space for 
mutual benefit (co-existence) — neither inflicting burdens 
on each other, nor harming the environment — then such 
arrangements can prove viable. We will explore potential 
interactions, attributions, environmental sensitivity, 
mutual benefits, and potential synergies in future studies.

Marine Protected Areas

Marine Protected Areas (MPAs) are areas with a level of 
protection ranging from strict 'no-take' to more 
permissive 'sustainable extraction' of resources. 
According to the UN World Database on Protected 
Areas, around 8% of the ocean is covered by MPAs. 
This is less than the ambition set out in Sustainable 
Development Goal (SDG) 14 to conserve at least 10% 
of coastal and marine areas, consistent with national 
and international law, by 2020. There can be multiple 
reasons for conservation, such as protecting economic 
resources, biodiversity, and species (IUCN, 2021). 
Some of the areas are well-established and enforced, 
while others are poorly managed. If properly sized, 
sited, and delineated, they can generate multiple 
benefits. The strongly protected ‘no-take’ zones, for 
instance, have been shown to restore fish stocks by a 
factor of up to six times within the area. Other benefits 
have included: supporting ecosystem complexity, 
health, and associated ecosystem services; helping 
with climate resilience; reducing carbon released from 
the seabed floor; increasing ecosystem resilience; and 
providing pristine ocean areas important to many 
cultures around the world (Stuchtey et al., 2020). Our 
spatial overlay analysis takes MPAs into account by 
marking them as green areas, and they are excluded in 
the assessment of available space in the further 
analysis.

Spatial competition 2
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Ocean space forecast, Greater China

Large ports

Marine Protected 
Areas (IUCN)

 0.87–1.26
 0.42–0.86
 0.39–0.41
 0.23–0.38
 0.20–0.22

1990 2018 2050

Greater China 2050

Depth (m) Industry Spatial Competition Index

< 50
Sheltered aquaculture, fixed offshore 
wind Oil and gas 

installations

Oil and gas 
concessions

Sealanes

1.22–1.26 (< 2 km proximity to shore)
0.13–0.54 (> 2 km proximity to shore)

50–200
Offshore aquaculture, floating 
offshore wind

0.00–1.23

200–400 Offshore aquaculture 0.03–0.43

> 400 0.00–0.42

We forecast high pres-
sure on the near-coast 
zone in China, predomi-
nantly in areas suited for 
marine aquaculture such 
as seaweed and mollusc 
farming, and fixed 
offshore wind. Contribut-
ing to the congestion, 
short-sea shipping within 
the region already 
accounts for a third of the 
available space, much of 
this close to shore in 
shallow water. As both 
marine aquaculture and 
offshore wind will grow 
significantly between 
now and 2050, they will 
occupy significant parts 
of the region’s coastline. 
This near-shore zone is 
subject to the highest 
cumulative ocean impact 
in the region, and at high 
risk of ecological degra-
dation from both land-
based and ocean-based 
activities.

Ocean space Spatial Competition Index

 0.16–0.19
 0.04–0.15
 0.01–0.03
 < 0.01
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Ocean space forecast, Indian Subcontinent

Large ports

Marine Protected 
Areas (IUCN)

 0.87–1.26
 0.42–0.86
 0.39–0.41
 0.23–0.38
 0.20–0.22

1990 2018 2050

Spatial Competition Index

 0.16–0.19
 0.04–0.15
 0.01–0.03
 < 0.01

We forecast an increase in 
pressure on the near-
coast, shallow water zone 
in the Indian Subconti-
nent, albeit from a low 
level. In this region, the 
pressure on coastal areas 
comes mainly from an 
extensive growth in fixed 
offshore wind installa-
tions, which will likely 
locate on the Western 
coast of the continent, 
due to its shallower water. 
A rapid growth in floating 
offshore wind will 
alleviate some of the 
pressure in areas shallower 
than 50 metres. Shipping 
lanes within 50 km of the 
coast constitute about 
10% of the available area 
within the boundary of 50 
km distance to shore. 

Indian Subcontinent 2050

Depth (m) Industry Spatial Competition Index

< 50
Sheltered aquaculture, fixed offshore 
wind Oil and gas 

installations

Oil and gas 
concessions

Sealanes

0.20–0.23 (< 2 km proximity to shore)
0.07–0.19 (> 2 km proximity to shore)

50–200
Offshore aquaculture, floating 
offshore wind

0.02–0.22

200–400 Offshore aquaculture 0.02–0.14

> 400 0.00–0.13
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3 FOOD FROM THE OCEAN

The ocean plays a significant role in global food supply through the 
harvesting of nutritious seafood from aquaculture and fisheries. Seafood 
has a smaller environmental footprint than many land-based alternatives 
and contributes to the livelihood of millions of people. Our forecast 
shows, however, that as a result of overfishing and climate change global 
fisheries will continue to decline. This will further increase the demand for 
aquaculture products to 2050.

OCEAN'S FUTURE TO 2050
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Blue food
The term ‘blue food’ refers to food derived from aquatic 
animals, plants, or algae caught or cultivated in inland 
and marine environments. These are nutritious food 
rich in essential vitamins, minerals, and long-chain 
omega-3 fatty acids not easily found in other sources. 

In 2018, approximately 179 million metric tonnes (Mt) of 
fish2 were harvested; 36% (63.3 Mt) from inland and 64% 
(115 Mt) from marine waters (Figure 3.2). Focusing on the 
marine part, fisheries contribute nearly 73% (84.4 Mt), and 
marine aquaculture 27% (30.8 Mt). About 88% (157 Mt) of 
total production was used for direct human consumption 
while 22 Mt was used for non-food products, mainly for 
fishmeal and fish oil production (FAO, 2020b). Approxi-
mately 3 billion people in the world rely on blue food as a 
primary source of protein, up to 50% of total protein per 
capita consumption in some countries (FAO, 2020b). 150 
grams of finfish can provide 50% to 60% of an adult’s daily 
protein requirement (Costello et al., 2020).

Food from the ocean 3

Continued supply of food from the ocean is entirely 
dependent on the health of the marine ecosystem.  
Climate change, overexploitation, habitat destruction 
and pollution represent significant threats to the 
sustainability of blue food systems. Other challenges 
include the imbalance between where fish are caught 
and where they are consumed. 

In this report, we assess trends in seafood consumption 
and production since 1990, and forecast consumption 
and production to 2050. GDP per capita, consumer 
preference for sustainably produced food, and cost are 
the main drivers in our forecast of consumption and 
production patterns. The scope of this report is limited 
to finfish, molluscs, and crustaceans harvested by 
capture fisheries from marine waters, and aquaculture 
production from marine waters and coastal areas.¹ We 
collectively refer to this as marine food (see Figure 3.1)

FIGURE 3.2

Total fish production from marine and inland  
waters in 2018

FIGURE 3.1

Definition of marine fish, marine food, and marine 
proteins in this chapter

Marine fish
 
Finfish, crustaceans, and molluscs farmed (marine 
aquaculture) or wild capture (marine fisheries)

Marine food
 
Marine fish used for human consumption

Marine proteins
 
Protein uptake from finfish, crustaceans, and molluscs 

1 The farming of seaweed is covered in more detail in our Marine Aquaculture Forecast to 2050 
(DNV, 2021a).

2 FAO’s definition of fish — fish, crustaceans, molluscs and other aquatic animals, excluding mammals, 
reptiles, as well as seaweeds and other aquatic plants. 

Capture 
73%

Aquaculture 
27%

Inland

36% 

Marine

64% 

Mt
179

Source: FAO (2021a)
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Demand 
We forecast protein demand towards 2050 by taking into 
account population growth and changes in living stand-
ards. We also consider growing concerns about health 
and sustainability, which will impact food preferences.  
To measure sustainability, we consider the findings of the 
EAT-Lancet Commission (Willett et al., 2019) with regard 
to what constitutes a healthy diet from a sustainable food 
system. Based on reported environmental effects per 
serving of food produced, we establish a simple sustaina-
bility index for alternative protein sources, including 
seafood (aquaculture and fisheries) as well as terrestrial 
plants and meats. The index accounts for greenhouse 
gas (GHG) emissions, land use, energy use, acidification 
and eutrophication (DNV, 2021a).

In 2018, our baseline year, the global per capita 
consumption of total protein was 83 g per day (Figure 
3.3). This means around 229 Mt protein was consumed by 
a global population of 7.6 billion people. Fish proteins 
(finfish, crustaceans and molluscs) from both inland and 

marine waters accounted for 7% of all proteins consumed 
(FAO, 2020b). Total protein consumption will increase to 
94 g per capita per day, that is a 13% increase while the 
global population grows 24%. The demand for fish 
proteins (marine and inland) will account for 9% of the 
total protein demand by mid-century (Figure 3.3).

Marine fish proteins are the basis for our forecast on 
capture fisheries and marine aquaculture. That is approxi-
mately 4% of global protein demand. Current per capita 
consumption of marine proteins ranges from 1 g per 
capita/day in Indian Subcontinent to 13 g per capita in 
OECD Pacific. Growth in population and living standards 
during the forecast period will shift the regional demand 
for marine proteins.  South East Asia, Greater China and 
Sub-Saharan Africa together will account for 60% of the 
demand in 2050 (Figure 3.4). Both population and GDP 
per capita in Sub-Saharan Africa nearly double from 2018 
to 2050 resulting in an increase in demand for marine 
proteins. Demand in high-income regions like Europe 
and North America will only account for 9% and 4% 
respectively of all marine protein demand in 2050.

OCEAN'S FUTURE TO 2050
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Global per capita total protein consumption and share of 
protein sources 1990–2050          
 
Units: g per capita/day

FIGURE 3.3 
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Marine fish proteins

Inland fish proteins

Plant proteins (land)  

Animal proteins (land)  

Historical data source: FAO (2020a)
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18%

73%
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FIGURE 3.4

Regional share in total demand for marine proteins 1990, 2018, and 2050

Units: Percent
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Finfish provides the most protein and edible food per 
unit of live weight — on this measure, 65% of finfish is 
edible, but only 38% of crustaceans and 17% of molluscs.  

Currently 92% of the finfish-based protein consumption is 
from wild finfish while about 66% of the mollusc-based 
consumption is from aquaculture (Edwards et al., 2019). 

Edible share and protein content of fish

More than a third (35%) of the global fisheries and 
aquaculture harvest is lost or wasted every year (FAO, 
2020b). North America has the highest wastage; about 
half the fish caught there is wasted at the consumption 
stage. In Sub-Saharan Africa and Latin America, losses 
are mainly due to inadequate preservation infrastructure 
and expertise (FAO, 2020b). 

Annual discards from global marine fisheries between 
2010 and 2014 averaged 9.1 Mt, 10.8% of the catch (FAO, 
2021b). Undersized or low-value fish with no market 
demand is discarded. Quota restrictions and lack of 
storage on board vessels also contribute to the numbers. 
Supply chain disruption, such as during COVID-19, can 
cause food loss.

Food loss and waste
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Finfish Crustaceans Molluscs

Species group

Edible share of  
live weight

Protein content of  
edible weight

Share of protein 
consumption,  
wild versus farmed
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Seafood trade
Seafood is among the most traded food commodities 
and almost 40% of all blue food caught or farmed was 
traded internationally in 2018 (FAO, 2020b). The conver-
sion of seafood from regional demand to the regional 
production is determined by global seafood trade 
patterns. Hence, we consider import and export patterns 
at both intraregional and interregional levels in our 
production forecast. 

Figure 3.5 illustrates the trade pattern for the top six 
exporting regions for finfish. These six regions together 
account for 83% of total export volume. Europe is the 
largest exporter of marine finfish and 66% of the export is 
interregional. For the purpose of this forecast, we use the 
regional shares of total global exports from 2018. 

Food from the ocean 3

Share of interregional and intraregional export of finfish 2018          
 
Units: Percentage

FIGURE 3.5 

 
Export to other regions  

Export within the region

EUR (Export: 8 Mt) 

LAM (Export: 2 Mt) 

NEE (Export: 2 Mt) 

SSA (Export: 2 Mt) 

SEA (Export: 3 Mt) 

CHN (Export: 2 Mt) 

Historical data source: Chatham House (2021)
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Harvesting of marine food
We forecast that global marine aquaculture production 
approaches capture fisheries by mid-century (Figure 3.6). 
Capture fisheries is already at or beyond the limits of what 
can be sustainably harvested, depending on the species 
considered. This puts the total output of the marine 
seafood industry at around 168 Mt/year if unreported 
fisheries catch is included.

Capture fisheries
Overfishing and climate change (see box below)  
influence biomass levels and catch potential worldwide. 
We forecast a decrease in overall capture fisheries 
between 2018 and 2050 despite a forecasted increase in 
demand for marine proteins. Catch estimations include 
both reported catch (FAO, 2021a) and unreported catch 
from artisanal and industrial fisheries (Pauly, et al., 2020).

We forecast total annual catch to be 95 Mt by mid-century; 
77 Mt reported and 18 Mt unreported (Figure 3.6). Total 
annual catch declines from an estimated 102 Mt in 2018. 
The share of unreported catch in total catch will reduce 
from 22% in 2018 to 19% in 2050. Our forecasted catch 
exceeds the maximum sustainable yield of marine 
capture fisheries estimated at 89 Mt in 2050 (Costello et 
al., 2020). This stresses the need for optimal fisheries 
management as highlighted by the SDG 14 target to 
‘effectively regulate harvesting and end overfishing,  
IUU and destructive fishing practices’. Our forecasted 
trajectory shows that global efforts are falling short of 
meeting this goal.

At a global level, 80% of unreported industrial catch and 
50% of unreported artisanal catch enters illicit trade in 
international markets (Sumaila et al., 2020). We take into 
account the impact of ongoing international efforts to 
reduce illicit trade and forecast a reduction from 9 Mt of 
catch entering illicit trade in 2018 to 7 Mt in 2050.

The impact of climate 
change on fish stocks
Based on the FAO report ‘Impacts of climate change 
on fisheries and aquaculture’ (FAO, 2018), we apply the 
average expected change in climate for RCP 4.53 on a 
regional level to our growth, reproduction, and death 
rates for both juvenile and adult marine animal stocks. 
This causes our fish stocks to decrease in important  
fishing regions slightly more than from fishing alone. 
Stocks in the temperate and tropical areas are most  
affected by these changes. While fishing is fluid and 
likely to shift to areas where stocks are more plentiful 
and less impacted by climate change, such as Arctic and 
Antarctic waters, this first version of our forecast does 
not quantify how fishing may shift regionally.

We forecast that global marine aquaculture 

production approaches capture fisheries 

by mid-century. Capture fisheries is already 

at or beyond the limits of what can be 

sustainably harvested.

3 RCP 4.5 — A Representative Concentration Pathway (RCP) where radiative forcing is stabilized at 
approximately 4.5 watts per square metre after 2100. This is consistent with a future with relatively 
ambitious emission reductions.
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Food from the ocean 3

Units: Million tonnes

FIGURE 3.6

Global marine harvest from fisheries and aquaculture

Production of fish from marine capture and 
aquaculture 1950–2019        
 Units: Million tonnes per year

FIGURE 3.7 
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Marine fisheries Marine aquaculture

Historical data source: FAO (2021a)

Historical marine  
production
The use of marine fish resources has increased over time; 
providing food, feed, and livelihoods globally. Figure 3.7 
shows the historical trend in marine food production 
from 1950 to 2019. Total marine capture grew steadily to 
an all-time annual high of 86 Mt in 1996, since when it has 
remained more or less stable between 76 Mt and 84 Mt 
because of declining fish stocks. Marine aquaculture 
production on the other hand grew six-fold from 5 Mt in 
1990 to over 30 Mt in 2018, accounting for the increasing 
demand for ocean food for human consumption. 
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Marine fisheries by regions

We group the countries catching marine fish under 
‘landing regions’, and the areas where the fish is caught 
under ‘regions of catch’. Countries fishing outside their 
own exclusive economic zones (EEZs) and on the high 
seas is prevalent in fisheries. Figure 3.8 shows catch 
volumes by both landing region and regions of catch, and 
the contrasts between regions. For example, 99% of the 
catch in Europe’s EEZ is caught by European fisheries 
while 30% of catch in Sub-Saharan Africa’s waters is by 
other regions. The latter situation is a threat to local 
populations dependent on ocean food for subsistence. 
We assume that fishing continues in the same regions in 
the future, and with the same shares as in 2018, our last 
year of historical data.

Figure 3.9 shows the historical and forecasted catch 
volumes by region of fishing. South East Asia, Greater 
China, and Latin America together accounted for about 
half of the marine capture. Future catch declines except in 
Sub-Saharan Africa and Middle East and North Africa. 
South East Asia remains the largest fishing region in 
mid-century. 

Continued overcapacity

Scientific and technological progress following the 
Second World War resulted in fishing sector industriali- 
zation and rapid expansion of the fishing fleet, with 
excessive harvesting capacity. Overfishing due to 
intensified harvesting techniques and onboard storage 
facilities culminated in the collapse of several fish stocks 
in the late 1980s, and the beginning of international, 
regional, and national efforts to control unsustainable 
fishing (FAO, 2020b). 

Overcapacity of the fishing fleet remains a serious 
problem, driving unsustainable and illegal fishing. 
Current capacity of the worldwide fleet is estimated to be 
as much as 200% higher than what is required to fish at 
sustainable levels (Finley, 2016). We estimate a 23.4% 
reduction in capacity of vessels by 2050. It is estimated 
that nearly 79% of current catch is from biologically 
sustainable stocks, and the rest from unsustainable 
stocks (FAO, 2020b). The proportion of stocks fished at 
biologically unsustainable levels more than tripled from 
10% in 1974 to 34.2% in 2017 (FAO,2020b). The continued 
overcapacity threatens not just sustainability of stocks but 
also employment, livelihoods, and food security (IISD, 
2021).

99% of the catch in Europe’s EEZ is caught 

by European fisheries while 30% of catch 

in Sub-Saharan Africa’s waters is by other 

regions. The latter situation is a threat to 

local populations dependent on ocean 

food for subsistence. 
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FIGURE 3.9

Marine fisheries by regions of catch 1990-2050

Units: Million tonnes

FIGURE 3.8

Landing regions of catch at Sub-Saharan Africa and Europe in 2018
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Historical data source: FAO (2021a) and Pauly et al. (2020)
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Illegal, unreported and  
unregulated fishing
Illegal, unreported and unregulated fishing (IUU) poses 
economic and social risks to societies by:

 — contributing to fish stock depletion

 — destroying habitats

 — threatening species extinction

 — disrupting marine food webs

 — decreasing the value of many fisheries

 — increasing food security risks

It is important to note that not all unreported catch is 
illegal, as this category also includes recreational, subsist-
ence, and artisanal fishing, which are often poorly 
accounted for in official catch records. Illicit operations are 
carried out by moving the catch from one vessel to another 
at sea (transhipments); using flags of convenience or 
non-compliance; using ports of convenience which offer 
little inspection; deactivating vessel monitoring or 

automatic identification and tracking systems; using a 
complex network of ownership; carrying fraudulent ship’s 
documents; and maintaining poor conditions for crew 
(Widjaja et al., 2019). IUU fisheries operate mainly offshore 
but have also infiltrated small artisanal fisheries. An 
estimated 8 Mt to 14 Mt unreported catch per year may be 
diverted to illegal trade globally (Sumaila et al., 2020). 

The three main drivers of IUU fishing are economic 
incentives that make such fishing a low-risk, high-profit 
activity; weak governance that fails to enact or live up to 
fisheries management regulations; and barriers to 
enforcement of fishing regulations, caused by lack of 
political will, lack of enforcement capacity, and sometimes 
corruption. Methods that are indispensable to eradicate 
IUU include global transparency in fisheries management 
through technological advances in methods to track both 
movement of fishing vessels and fish catch through the 
value chain; enacting better port control measures by 
ratifying and implementing the FAO’s Port State Measures 
Agreement; and enhanced international collaboration 
(Widjaja et al., 2019). 
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Marine aquaculture
As with capture fisheries, our forecast looks at the 
production of three main groups of farmed marine 
animals: finfish, crustaceans, and molluscs. We also 
consider three types of production technologies for 
finfish: traditional sheltered aquaculture, onshore 
aquaculture, and offshore aquaculture. We forecast the 
adoption of more advanced production systems for 
high-value species of finfish between now and 2050  
with production moving both offshore and onshore.  
A more detailed description can be found in our Marine 
Aquaculture Forecast to 2050 (DNV, 2021a). 

Marine aquaculture will increasingly close the supply- 
demand gap for seafood created by stagnant fisheries.  
Annual worldwide marine aquaculture production 
(excluding seaweed) will more than double from 32 Mt in 
2018 to 73 Mt by 2050 ( Figure 3.6). Seaweed production 
will reach 50 Mt in 2050 from 30 Mt in 2018 (DNV, 2021a). 

Marine aquaculture production by region is summarized 
in Figure 3.10.

 — Greater China will continue to be the largest producer 
in 2050 and by gross weight, molluscs will remain the 
most farmed fish group in the region. 

 — Marine aquaculture production is still dominated in 
mid-century by molluscs, which will experience a near 
doubling in production from 20 Mt to 35 Mt. 

 — Both finfish and crustacean aquaculture will grow 
three-fold worldwide; finfish from 8 Mt in 2018 to 25 Mt 
in 2050, and crustacean from 4 Mt to 13 Mt.

Improvements in production efficiency and economies of 
scale will cause marine aquaculture to further consolidate 
around high-value species currently farmed. This is 
supported by FAO data showing that leading species 
have become more dominant in production figures since 
the 1990s (FAO, 2021a), and is illustrated in Figure 3.11. 
Diversification of production may be necessary, however, 
in regions of the world where high-value groups like 
salmon and shrimp are too expensive.

FIGURE 3.10

Marine aquaculture production by region 1990-2050

Units: Million tonnes
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Feed for marine aquaculture

Aquaculture can be classified as unfed and fed. Production 
of primary producers such as seaweed, and of filter- 
feeders like molluscs, does not require an external supply 
of feed, hence the description ‘unfed’. Fed aquaculture, 
finfish and crustacean farming, is dependent on an 
external supply of feed. When commercial feed production 
was in its early phase, it was largely dependent on small 
pelagic fish species for fish meal and fish oil (FM/FO) 
production. When capture production reached its 
sustainable limits in the 1990s, the amount of wild fish 
used for non-food purposes including FM/FO production 
decreased by 44% between 1994 (33 Mt) and 2017 (18 Mt) 
(FAO, 2021a). The supply of FM/FO is relatively constant, 
at 5 Mt of fish meal and 1 Mt of fish oil per year, due to the 
increased use of trimmings, which is currently estimated 
to comprise 25% to 35% of the total production (FAO, 
2020b). 70% to 80% of the total FM/FO supply is used by 
aquaculture industry.

The improvements in feed efficiency4 and nutrient-based 
formulation of fish feed facilitated the rapid growth of 
aquaculture when the fisheries sector became stagnant. 
The nutrient-based formulation enabled the industry to 
reduce its dependence on limited marine catch supply by 
including more plant-based and land animal-based 
ingredients. Even though some regions still rely on 
low-grade fish from non-targeted capture fisheries 
instead of commercial feed, this share is declining. 

We estimate annual demand for commercial feed for 
marine aquaculture fish to be 60 Mt in 2050 (DNV, 2021a), 
which will necessitate further rationalization of the use of 
FM/FO as capped resources. Circular approaches 
together with the use of novel ingredients like insect meal 
and algal oils will further reduce the dependence on wild 
capture by 2050. 

Historical data source: FAO (2021a)
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FIGURE 3.11

Species with production more than 0.5 Mt for main marine aquaculture producers in 2018

CHN EUR IND LAM SEA

4 Feed efficiency includes feed conversion ratio (FCR) and retention of nutrients by the fish.
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4 For a description of cost learning curves, see the DNV Marine Aquaculture Forecast to 2050 (DNV, 2021a).

Seafood economics
The economics of seafood production plays an important 
role in the Blue Economy and is a driver of demand for 
marine protein, determining the attractiveness of 
seafood in the competition with other types of food. 
Subsidies also play a role in this competitive landscape, 
by propping up some fisheries that otherwise would be 
unprofitable (Sumaila, et al., 2019). Similarly, preferential 
treatment of new technologies for fish farming explains 
part of the growth in fish farming at offshore localities, for 
instance in Norway (DNV, 2021a). 

Our results show that global capital expenditure for 
marine aquaculture and capture fisheries will reach USD 
15 billion and USD 34 billion in 2050 respectively, both 
up by almost 25% from 2018 (see Figure 3.12). During 
this period, harvest growth in the capture fisheries is 
negligible, while marine aquaculture production more 
than doubles.

We have only considered capex for marine infrastructure, 
like fish farms and fishing vessels. For marine aquaculture, 
cost learning contributes to reductions in capex per unit 
of production capacity. Based on data from salmon 
production, we estimate between 15% and 20% cost 
reduction each time cumulative capacity doubles.4

In terms of operating expenditure, the capture fisheries 
and marine aquaculture face very different drivers. Fuel 
and labour costs are major cost components for fishing 
vessels (Sumaila, et al., 2019), while feed costs represent 
the largest single cost component for (fed) marine 
aquaculture (Iversen et al., 2020). Figure 3.12 shows that 
opex grows 300% for marine aquaculture, from USD 21 
billion to USD 84 billion, while declining 8% for the 
capture fisheries in correspondence with the slight 
decrease in predicted catch. Feed cost is the main cause 
of the steep opex growth in marine aquaculture. 

In our forecast, subsidies partially explain the continued 
overcapacity in the fishing fleet and the growing capex, 
leading to declining productivity in the fisheries. Estimates 
put 2018 capacity-enhancing subsidies for the fisheries at 
more than USD 20 billion (Sumaila, et al., 2019), providing 
capex-related incentives for fleet renewal, and opex- 
related incentives for fuel. Fuel subsidies alone account 
for more than 20% of global fisheries subsidies, reducing 
the costs of high-seas fisheries and fishing in foreign 
waters (Sumaila, et al., 2019). 

Employment

Fisheries will see a decrease in workforce while aquacul-
ture will see an increase between 2018 and 2050 (Figure 
3.13). We forecast that the overall marine aquaculture 
workforce will rise by more than 50% between 2018 and 
2050 to reach 11 million employees. That said, efficiency 
improvements from wider automation and technology 
shifts will slowly reduce employment per farming opera-
tion. Stagnation in wild catch coupled with efficiency 
gains in commercial fishing will result in the number of 
fishers globally being nearly halved from almost 20 
million in 2018 to 13 million in 2050.

OCEAN'S FUTURE TO 2050
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FIGURE 3.12

Capital and operating expenditure for aquaculture and fisheries, 1990, 2018, and 2050

FIGURE 3.13

Aquaculture and fisheries employment by region 1990, 2018, and 2050

Units: Million people

Years 1990 2018 2050

Regions (groups) Aquaculture Fisheries Aquaculture Fisheries Aquaculture Fisheries
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Historical data source: FAO (2020c)

Historical data source: FAO (2021a), Iversen et al. (2020), Lam et al. (2011), Sala et al. (2018)
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4 ENERGY FROM THE OCEAN

Ocean resources have provided energy for almost 100 years since offshore 
drilling began in the US, and much oil and gas have been extracted from 
beneath the seabed. A shift is underway as renewables join fossil fuels in 
the mix of energies originating from below, in, and above the ocean. We 
forecast how much and what type of energy ocean resources will supply 
between now and 2050.

OCEAN'S FUTURE TO 2050
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The DNV Energy Transition Outlook provides the global 
energy demand and supply forecast that sets the context 
for our ocean-related energy forecast (DNV, 2021b). 
Global energy demand has always grown in lockstep with 
rising population and standards-of-living (measured as 
GDP per capita), partly mitigated by energy-efficiency 
improvements. Efficiency gains, mainly through electrifi-
cation, will decouple energy demand growth from GDP 
and population rises, with global energy demand 
plateauing in about 2035 at some 470 exajoules (EJ), just 
8% higher than in 2019. Electricity’s share in the final 
energy mix will double from 19% in 2019 to 38% in 2050. 
Rising electricity demand will be driven by cheaper 
renewable power, decarbonization policies, and new 
applications for electricity. As electrification advances, 
fossil fuels’ share of the global energy mix will gradually 
decline from 80% now to 50% in 2050.

Sectoral energy demand shifts

The energy transition will vary by end-use sector. Final 
energy demand for buildings and manufacturing will 
keep growing to mid-century. Transport will by then 
consume 12% less energy than now, due mainly to 
electric vehicles replacing fossil fuel powered ones. 

There will be little scope for fossil-based power plants as 
renewables’ share in total electricity demand more than 
triples from 26% in 2019 to 82% in 2050. More than half 
the electricity from renewables in 2019 was provided by 
hydropower plants, whereas solar photovoltaic (PV) will 
provide the most (36%) electricity overall in mid-century. 
Wind energy is forecasted to account for 33% by 2050. 

Oil-fired power generation capacity will almost halve to 
about 180 gigawatts (GW) between 2019 and 2050. 
Gas-fired power is more competitive due to lower 
emissions and more stable prices long term. Hence, 
gas-fired power generation capacity declines by only a 
quarter to 1,500 GW in mid-century. Fossil fuel-based 
electricity will remain important in some global regions 
– for example Middle East and North Africa, and North 
East Eurasia – through significant technological and 
political inertia and lack of incentives required to further 
boost renewables build-out.

Energy from the ocean 

These global trends will be reflected in how much and 
what type of energy we derive from ocean resources 
(Figure 4.1). Offshore energy will grow slowly towards 
2030, then slowly decline to match 2019 levels in 2050. 

FIGURE 4.1

Global offshore energy production

Units: Exajoules

Fixed wind 1%

Floating wind 4%
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While offshore gas production grows before declining 
to around current levels, offshore oil production 
declines significantly both as global production reduces 
with decreasing use in transport and as production 
moves increasingly to cheaper onshore fields. Offshore 
wind production grows strongly from the 2030s, 
supported by it powering rising hydrogen production. 
By 2050, offshore wind will provide about as much 
energy as offshore oil, but 31% less than offshore gas. 
Offshore wind will supply 13% of electricity by then, 
indicating 14% average annual growth between 2019 
and 2050. The installed capacity of fixed offshore wind 
(1,800 GW) will be slightly higher than that of gas-fired 
power generation in mid-century, while at the same time 
producing 25% more electricity.

Oil and gas
Offshore oil and gas production declines but retains an 
important role to 2050. Combined offshore oil and gas 
supply will remain at current levels until 2035 and then 
reduce 33% by 2050. The picture changes dramatically 
when viewing oil and gas separately (Figure 4.1). Offshore 
oil production follows the global trend of oil demand 
declining significantly towards mid-century, after very 
likely peaking in 2019.

For offshore oil and gas, the Middle East and North Africa 
will remain the largest producer region throughout the 
forecast period; in contrast, Europe reduces production 
significantly; and output in Sub-Saharan Africa grows 
towards 2050.

OCEAN'S FUTURE TO 2050
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Offshore oil production halves by 2050

Lower costs explain why conventional onshore oil will see 
its share of oil production grow, at the expense of both 
offshore and unconventional onshore production. 
Consequently, offshore oil will halve production by 2050, 
though some offshore assets will compete on costs with 
conventional onshore oil production.

Offshore gas production holds up

As the least carbon-intensive fossil fuel, natural gas will 
become the world`s largest energy source in the 2030s. 
This development is further supported by the fact that 
natural gas retains a role as fuel in power stations, to 
balance variable renewables, and because manufacturing 
is more difficult to decarbonize than oil-related sectors 
such as road transport. Global natural gas production 

will remain unchanged in the coming decade at around 
4,500 billion cubic metres (Gm3) before decreasing to 
about 4,000 Gm3 in 2050. More than half of this production 
will be in the Middle East and North Africa, and North 
East Eurasia, both of which will increase their total output 
and their shares of global output. Regions such as North 
America, Europe, and OECD Pacific will see dramatic 
reductions in natural gas production as their production 
of offshore and unconventional gas is costlier.

Offshore gas production is also more resilient than 
offshore oil production. All types of natural gas produc-
tion will remain competitive, with offshore in particular 
retaining its current share of about a fifth of global natural 
gas production. Total output of offshore natural gas 
reduces only 11% by 2050, due also to its price advan-
tages for regional supply compared with shipping in, say, 
liquefied natural gas. With its main centres of production 
being Middle East and North Africa, Sub-Saharan Africa, 
North East Eurasia, and Europe, offshore gas is more 
globally distributed than other types of natural gas 
production.

Competing for ocean space

Even though we will see a reduction in overall oil and gas 
production from the ocean, large offshore areas are still 
likely to see further exploration and development. In 
Europe alone, currently awarded new concessions cover 
more than 300 square kilometres (km2). This area will 
reduce by 20% between now and 2050 but will neverthe-
less cause increasing spatial competition with growing 
ocean industries such as offshore wind and exposed 
aquaculture. Parts of the offshore energy industry are 
already exploiting the spatial proximity between oil 
platforms and sites with good wind conditions, in the 
effort to electrify oil and gas production while scaling up 
floating offshore wind.  

Energy from the ocean 4

Combined offshore oil and gas supply will 

remain at current levels until 2035 then  

reduce 33% by 2050.
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Offshore power generation
Countries with limited land for onshore wind, and where 
public sentiment hinders its further expansion, will 
proceed further and faster on offshore wind. They will 
also be encouraged by its declining cost.

A wind of change is blowing through renewable energy, 
with the appeal of offshore sites for power generation as 
the driving force. The electricity demand met by wind 
power will expand from 1,270 terawatt hours per year 
(TWh) in 2018 to 17,840 TWh in 2050 as offshore wind 
production increases from about 70 TWh in 2018 to 7,400 
TWh in 2050. To produce this volume of electricity, the 
world will require around 1,800 GW of offshore wind 
production capacity, accounting for wind conditions and 
turbine design improvements (DNV, 2021b). This means 
that offshore wind power will increase its market share to 
40% of total wind power produced. This growth comes 
with marked and distinct regional trends (Figures 4.2  
and 4.3).

Today, offshore wind provides only 6% of wind power. 
Wind power is the  source of 5% of global electricity 
output. However, countries facing constraints on 
onshore wind will boost development of offshore wind 
for reasons outlined above, and by 2050, Europe and 
OECD Pacific will have more offshore than onshore wind 
power generation. Initially, preferential treatment, and 
very soon cost learning, will enable the rise of offshore 
wind (DNV, 2021b). Bottom-fixed designs dominate 
today; but in the 2020s, floating offshore wind will 
progress towards full-scale implementation, and 15% of 
offshore wind will come from such installations in 2050. 
Large areas are required to provide this offshore wind 
capacity. Near-shore, fixed installations are particularly 
likely to raise issues of spatial competition, as discussed 
more fully in Chapter 2. Floating wind may alleviate 
some of the stress on more shallow water, but may still 
come into conflict with capture fisheries and shipping. 
Concepts that combine offshore wind with marine 
aquaculture may turn the problem of spatial competition 
into an advantage (Stuchtey et al., 2020).

FIGURE 4.3

Offshore power generation from floating wind  
1990–2050

Units: Terawatt hours

FIGURE 4.2

Offshore power generation from fixed wind 1990–2050

Units: Terawatt hours
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Though wind very much dominates current offshore 
power generation, technologies based on other ocean 
resources are at various stages along their pathways 
from concept to market entry and scale-up. They include 
devices for capturing wave and tidal energy, and 
offshore floating solar PV (photovoltaic) power (see text 
box). Many have received significant R&D funding but 
still lack full market entrance due to relatively high costs 
compared with bottom-fixed offshore wind, and because 
of technological challenges for large-scale deployment. 
We do not, however, see costs coming down to make 
them competitive globally, and consequently it is unlikely 
that offshore floating solar PV, wave energy, or tidal 
energy will reach significant output by 2050. 

Note that within our approach, we model both grid- 
connected and off-grid offshore power generation. 
Grid-connected includes capacity used solely to feed in 
to an electricity grid. Off-grid offshore power genera-
tion supplies dedicated hydrogen production without 
grid involvement; for example, for ‘energy islands’ (DEA, 
2021). We see off-grid installations reaching a significant 
15% share of offshore power generation capacity by 2050.

Where will the offshore wind of change blow?

In 2018, 80% of global offshore wind capacity was 
found in Europe, and 19% in Greater China. But by 
2030, Europe's global share decreases to 43%, even 
though its capacity quadruples; Greater China (26%) 
almost retains its share while North America (11%) and 
OECD Pacific (8%) are quickly catching up. However, 
regions such as North East Eurasia, and Middle East 
and North Africa, will see few if any offshore wind 
installations by 2030. In the 2040s, offshore wind gathers 
momentum and floating offshore wind increases its 
share of offshore wind for which the dominant regional 
shares (Figure 4.3) in 2050 are: Greater China (40%); 
Europe (26%); North America (11%); OECD Pacific (9%); 
and South East Asia (6%). By 2040, floating offshore 
wind’s share of total offshore wind in Europe is 15%, 
followed by Greater China (13%). By 2050, offshore wind 
is a pillar of the energy transition in all regions, feeding 
in renewable electricity to grids, and to dedicated 
hydrogen production facilities with Greater China, 
Europe, and North America leading this development 
(see Figures 4.2 and 4.3). 

Energy from the ocean 4

This refers to power production from photovoltaic 
modules on structures floating on water. Starting 15 years 
ago, capacity reached about 2 GW in 2020, solely at 
freshwater sites, overwhelmingly in South East Asia and 
Greater China, with Europe following. Its full commercial 
scale-up is seen as more likely than that of wave and tidal 
energy in the coming three decades. Apart from the 
floating device, floats, mooring lines and anchors, most 
components are similar to those for land-based PV 
installations. Offshore floating PV needs better protection 
against corrosion and water ingress, however. Offshore 
floating PV would open access to a huge area but expose 
the system to higher waves and harsher conditions. It is in 
early R&D phase in small-scale pilots. Higher costs for 
offshore systems, and system reliability, are the main 
barriers to the technology advancing similarly to those in 
freshwater locations. The industry is likely to further 
develop in freshwater locations and close to shore before 
moving further offshore. Synergies with offshore wind 
and offshore aquaculture developments might accelerate 
this process. As we do not most likely foresee saltwater 
floating PV representing a significant power source by 
2050, it is not forecasted, but we are following it closely 
and may include it later.

Technology insight:  
floating PV

49



Energy expenditures and 
employment
The transition towards renewable ocean-based energy 
production is reflected in the expenditures in the sector 
(Figure 4.4). When forecasting capex, we include the 
upstream capacity additions (installations) for offshore oil 
and gas, not considering distribution infrastructure like 
pipelines. For offshore wind installations, the costs of the 
power generation unit, foundation and grid connection 
are included, while the grid and onshore distribution is 
not. For oil and gas, the capex per barrel of oil or per m³ 
gas is expected to be stable or even to increase for many 
regions, while the capex per KWh for offshore wind is on 
a clear decreasing trend towards 2050.

The total capex for ocean energy is reduced from USD 
427 billion in 2018 to USD 344 billion in 2050. Even more 
interesting is the mix, as oil capex has a share of 48% in 
2018 but only 4% in 2050, while offshore wind’s share 
increases from 3% in 2018 to 66% in 2050. For gas, the 
share reduces from 49% to 30% in the same period. 

Offshore oil and gas production will reduce by one third 
between 2018 and 2050; hence, the decrease in opex is 
less than for capex. Offshore wind and other renewable 
energy sources require high capex but are not as 
demanding on opex. Total ocean energy opex will be on 
the same level in 2050 as in 2018 at around USD 1 trillion, 
with 10% coming from offshore wind.

As offshore wind capacity is building up, the workforce 
will increase in the sector. Our forecast shows that new 
direct employment in offshore wind operations and 
maintenance will offset the reduction in direct employ-
ment in upstream oil and gas operations and a total 
workforce in the ocean-based energy sector of 559,000 
in 2018 will increase to 774,000 in 2050.

Offshore wind and other renewable energy 

sources require high capex but are not as 

demanding on opex. 

Units: Billion USD
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Units: Thousand people
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FIGURE 4.5
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5 TRANSPORTATION AND SHIP SERVICES

The maritime sector plays a major role in the Blue Economy. Shipping is the 
mode of transport for about 80% of global trade. Special vessels support all 
ocean-based activities, and ports connect seaborne trade with land-based 
logistics. We forecast a shift in the types of cargo transported and vessels 
employed between 2018 and 2050. The total trade volume and the 
merchant fleet will see a smaller growth compared to historical trends.

52

OCEAN'S FUTURE TO 2050



FIGURE 5.1

World seaborne trade 1990–2050

Units: Billion tonne-miles

Although serving a growing and more prosperous 
population, future trade will also be impacted by the 
move towards more circular economies reflecting a more 
climate-conscious and sustainability-focused society. 
The energy transition’s ongoing decline in coal and oil 
consumption, and a much later reduction in natural gas 
use, will significantly impact future fleets. The resulting 
changes in seaborne trade will also affect infrastructure 
like shipyards and ports. 

The energy transition will also impact special vessels 
serving offshore energy production, as oil and gas 
production declines and wind grows. The growth in 
offshore wind will require investments in support vessels 
both for the construction and operating phases. Special 
vessels are discussed separately from the rest of the 
merchant fleet, as these are not driven primarily by 
transportation demand. 

Energy transition will  
not kill transport of  
fossil fuels 
In line with DNV’s view of the most likely energy 
future (2021b), this forecast sees oil and coal use 
already having peaked, with gas set to peak in 2042 at 
10% more than at present before subsiding to today's 
levels once again. This energy future is one where 
carbon emissions in 2050 are just over half of those 
currently. Neither bulkers nor crude or oil products 
carriers will disappear, but their use will reduce. 
Though newbuilding will decline strongly, shipyards 
will still be launching oil tankers in 2050, but at almost 
one third of today’s delivery rate. Gas carriers will be 
needed increasingly, and the number of such vessels 
will rise exponentially for the next two decades 
before slowing. Having grown thirteen-fold for the 
last 30 years, their tonnage will increase less aggres-
sively, but still rises three-fold to 2050. 

Figure 5.1 shows the forecasted development in  
world seaborne trade, as measured by the tonne-mile 
transportation work carried out (DNV, 2021b). Between 
2018 and 2050, seaborne trade grows 35% (Figure 5.1), 
as transportation demand outweighs efficiency 
improvements in almost all shipping segments. Most  
of the increase in shipping will occur in the coming 
decades, as seaborne trade rises 29% by 2035. After  
the mid-2030s, there will be limited growth in most 
segments, with seaborne trade plateauing at 80,000 
billion tonne-miles in 2050. 

Between 2018 and 2050, seaborne trade 

grows 35%, as transportation demand 

outweighs efficiency improvements.
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Maritime trade and the 
world merchant fleet
The driver behind our forecast of seaborne trade is the 
differential between regional demand and supply for dry 
bulks (coal, grain, iron ore and minor bulk), petroleum 
products (crude oil, oil products, and gas), and manufac-
tured goods. Measured in tonne-miles, current seaborne 
trade is driven largely by transportation of fossil fuels 
which takes more than a  40% share of shipping. The 
energy transition will affect the volume of future 
seaborne trade, as the world reduces its coal and oil 
consumption. 

Container and gas trades continue a strong growth 
towards 2050. Container shipping will increase 90% 
between 2018 and 2050, driven by economic growth 
primarily outside the OECD and the continued container-
ization of manufactured goods. For instance, the Indian 
Subcontinent and Sub-Saharan Africa will see more than 
a three-fold increase in their exports and imports of 
manufactured goods. The gas trade will more than triple 
to 2050, benefitting from the increased demand in the 
net importing regions. 

Combining the forecasted global seaborne trade in 
tonne-miles (DNV, 2021b) shown in Figure 5.1 with 
shipping productivity estimates, we find that the world 
merchant fleet (excluding non-cargo vessels), will grow 
from 1,800 million deadweight tonnes (Mdwt) in 2018 to 
slightly more than 2,500 Mdwt in 2050 (Figure 5.2). If we 
include non-cargo vessels, the world fleet reaches 2,900 
Mdwt by mid-century. Bulkers maintain their position as 
the largest fleet segment in terms of deadweight. The 
container fleet will overtake oil carriers. Gas carriers will 
also experience a rapid growth. The growing merchant 
fleet will see new fuels and ship technologies in response 
to the increasing pressure to reduce the carbon footprint 
of shipping. Strategies for shipping decarbonization are 
discussed in detail in the DNV Maritime Forecast to 2050 
(DNV, 2021c). 

(2021)

FIGURE 5.2

World merchant fleet 1990–2050

Units: Million deadweight tonnes
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Historical data source: Clarksons Research (2021)

Bulk retaining its share of shipping

Dry bulk shipping will remain the single largest segment 
(Figure 5.1) and will see 31% growth in seaborne trade to 
2046. After the mid-2040s, the bulk trade will contract 
slightly, reaching 37,000 billion tonne-miles in 2050, 
maintaining its share of seaborne trade. While the energy 
transition reduces the global demand for coal, growth in 
iron ore and minor bulk continues towards 2040, offsetting 
the decline of the coal trade. The bulk fleet will continue 
growing another 36% until 2050 (Figure 5.2), reaching its 
peak around 2040. 

The energy transition is likely to hit wet bulk a lot harder. 
The crude oil and product carrier fleets will continue to 
grow until 2030, after the expected peak in global crude 
oil demand  This temporary growth can be explained by 
the change in trade patterns, as oil production falls at 
different rates around the world depending on produc-
tion costs (see Chapter 4). After 2030, the tanker fleets 
retract, almost to present size in 2050.  
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The value of the global merchant fleet was close to USD 
0.8 trillion in 2020 (Figure 5.3), with Greece, Japan, 
China, the US and Norway as the leading ship owning 
nations in that order (UNCTAD, 2020). While Greece, 
Japan, and China mainly operate merchant vessels, 
large fractions of the values of the American and 
Norwegian fleets are tied to special ship segments like 
cruise ships, offshore vessels, and so on. Specialized 
vessels are more complex technically and operationally, 
and hence more difficult and costly to build on a per 
deadweight tonne basis. We forecast that the value of 
the merchant fleet will rise by close to 50% to USD 1.2 

trillion in 2050, which is more than the 36% growth in 
fleet size. Growth in some costly segments such as gas 
carriers is countered by average overall fleet age 
increasing, so that the fraction of ‘older vessels’ 
increases from 27% in 2018 to 40% in 2050 (see Figure 
5.4). The average age of a ship will increase by 20% by 
2050, mainly because major segments will see less 
newbuilding as markets dwindle with less fossil fuel use 
and trade. Productivity improvements will offset the 
increasing share of costly specialized vessels in the 
world fleet.

Valuing the world merchant fleet

1 Our valuation of the world fleet is built on estimates of absolute vessel segment costs per dwt using data from Clarksons Research's Shipping Intelligence Network.

2.5

FIGURE 5.4

World merchant fleet size and share of old (> 15 years) 
and new vessels

Units: Billion deadweight tonnes
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Special vessels
Special vessels are commonly defined as “ships that go to 
sea to do something” (Andrews, 2018), implicitly referring 
to tasks other than transportation. Unlike merchant 
vessels that use the ocean mainly as a medium to carry 
freight, special vessels perform many functions in 
support of ocean industries at large. For instance, cruise 
ships provide leisure; offshore vessels serve offshore oil 
and gas or renewables (wind), and installation of commu-
nication cables and pipeline infrastructure; and dredgers 
provide coastal infrastructure services to maintain 
shipping fairways in shallow water. The USD value of the 
special vessels segment will grow 53% by 2050, more 
strongly than that of the merchant fleet, while its size in 
deadweight tonnes will increase 31%. 

Our forecast reflects 10 special vessel types serving the 
transportation, tourism, seafood and energy industries, 
as summarized in Table 1. The vessel types included in 
the table are characterized by their close connection to 

ocean activities described elsewhere in the report, such 
as fisheries, aquaculture, tourism, and energy production. 
In addition, port support vessels, whose use is described 
in the present chapter, are also included. 

There are many other non-cargo vessel categories not 
discussed in this section, notably naval vessels, whose 
value probably exceeds that of all other special vessel 
types combined. We have also omitted mobile offshore 
drilling and production units.

The USD value of the special vessels segment 

will grow 53% by 2050, more strongly  

than for the merchant fleet, while its size in 

deadweight tonnes will increase 31%. 
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For special ship segments servicing the offshore and port 
sectors we derive fleet size by estimating the relationship 
between the activity that the fleet supports (i.e. energy 
production, and port throughput) and the needed fleet. 
For the future, we also extrapolate (diminishing) improve-
ments in efficiency from economies of scale and technol-
ogy improvements. For the cruise ships, we use tourism 
demand for berth capacities, while for industrial fishing 
and aquaculture vessels we apply fish hold capacities to 
derive fleet size. We assume that vessels are inflexible, 
and cannot be converted into other uses. The only 

exception to that are construction vessels that serve 
installation activities for both offshore oil and gas,  
and wind. Our analysis thus contains more stranded  
(in economic terms) oil and gas vessels, and more wind 
support vessel newbuilds, than the world will probably 
experience. With the decline in offshore vessel activity 
following the 2014 oil price fall, oil and gas support 
vessels have been converted into wind and aquaculture 
support vessels. Figure 5.5 shows historic and forecasted 
fleets of special ships.

2 Limited to > 100 gross tonnage vessel and not including mobile offshore drilling units and floating production units. 

TABLE 1

Special vessel categories in our forecast2

Offshore (oil and gas) 

support vessels
support offshore oil and gas operations (includes platform supply vessels and anchor handlers)

Construction or installation 

vessels

support offshore field development and decommissioning (includes subsea construction vessels, 

large heavy lift vessels, and wind turbine installation vessels)

(Offshore wind) service 

operation vessels
support offshore wind production, particularly maintenance operations

Survey vessels for ocean research and exploration, including mapping of resources

Dredging vessels support of coastal infrastructure and ports

Tugs tow merchant ships at ports

Industrial fishing vessels for fishing – constitute a part of the global fishing fleet

Aquaculture support vessels  support marine aquaculture operations

Cruise vessels supply leisure and recreational activities

Ferries  include other passenger transport
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Offshore vessels

The fleet of construction vessels servicing oil and gas will 
decrease towards 2050 following reduced activity in that 
sector. Instead, we see construction vessels take a much 
greater role in offshore wind. In 2050, around 90% of 
construction vessel capacity will provide services to 
offshore wind projects. 

Wind turbine installation vessels (WTIVs) are a new type 
of ship forming part of this fleet, using legs on the seafloor 
to provide sufficient stability for the installation of 
bottom-fixed wind turbines. Floating wind farms will 
require different installation methods, driving the design 
of new types of WTIVs. Specialized construction support 
vessels will also provide services like cable-laying 
operations to ensure grid connection, and rock dumping 
operations aiming to protect wind turbine foundations 
and cables from being damaged by currents. 

Offshore support vessels (OSVs) enter a downwards 
trajectory just after 2030 due to reduced oil and gas 
exploration and production. Additionally, service  
operation vessels (SOVs) refer to an emerging ship type 

that specifically supports operation and maintenance 
work in offshore wind production. Some SOVs are called 
CSOVs and are mainly intended as support during the 
commissioning phase of new fields or planned mainte-
nance campaigns of existing fields. Offshore wind is a 
fast-growing market, and a relatively large share of the 
vessels operating as SOVs today are in fact converted 
OSVs. A conversion from OSV to SOV typically implies 
changes to vessel configuration, like adding heave- 
compensated gangways that allow technicians safe and 
direct access from vessel to wind turbine. The complexity 
of conversion projects depends on many choices made 
during initial ship design, hence conversions vary greatly 
in cost and timeliness (Rehn, et al., 2019). As a result of the 
increasing size and complexity of offshore wind turbines 
moving further away from shore, SOVs are quickly 
becoming a new type of vessels altogether. 

In 2050, around 90% of vessel capacity will 

provide services to offshore wind projects. 
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FIGURE 5.5

World fleet of special ships 1990–2050 

Units: Million deadweight  tonnes
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Fishing and aquaculture support vessels

Unlike other special ships, the global fishing fleet consists 
of a huge number of vessels, with the FAO (2020b) 
estimating more than 4.5 million fishing vessels world-
wide. Many fishing vessels are non-industrial and even 
unpowered (Rousseau et al., 2019), meaning that much of 
the fleet is far below 100 gross tonnage (GT), and no 
complete statistical database exists. Only vessels greater 
than 100 GT are reflected in our forecast. The fleet of 
large industrial fishing vessels is forecasted to decline 
from 85,000 vessels currently to less than 60,000 in 2050. 
The decrease is due mainly to increased catch capacity 
per vessel, and reduction in catch (see discussion in 
Chapter 3). Even considering an increased tonnage per 
vessel, this reduction corresponds to reaching a fleet of 
8.6 Mdwt in mid-century (Figure 5.5).

Aquaculture support vessels refer to wellboats and larger 
service vessels that support marine aquaculture including 
the transportation of live fish. With the forecasted growth 
in offshore aquaculture, these ships will see a doubling of 
tonnage, reaching 0.5 Mdwt in 2050. 

Cruise ships and ferries

Chapter 6 on coastal and cruise tourism explains how the 
cruise industry will evolve to 2050. Assuming that the per 
passenger space requirement remains as now, the cruise 
fleet will more than triple to 1.5 million berths in 2050, 
representing a fleet of 4.6 Mdwt. Here, we note that other 
passenger ships, referred to as ferries for simplicity, will 
remain a larger fleet than that of cruise, peaking at 7.2 
Mdwt in 2042, but still being 57% larger than the bespoke 
cruise fleet in 2050 (Figure 5.5).  

Tugs and dredgers

The fleet of tugs reflects the development in port activity 
but will also see an effect of automation and benefits of 
economies of scale. Figure 5.5 shows the required tugs 
tonnage decline 11% below today’s level by 2050, with 
relatively little change in this market in the intermediate 
decades. Dredgers see the same main driver, growing 
slightly towards 2030, but stabilizing and reaching 
today’s level once again by 2050 (Figure 5.5). The main 
functions of dredgers is to pump sand, ensuring sufficient 
water depth in harbours and fairways for ships. However, 
dredgers also support the onshore construction industry 

by supplying sand, as an important input in concrete 
production. A possible additional driver for dredging 
demand is that climate change leads to more rainfall in 
parts of the world, and consequently more debris being 
carried by rivers. 

Survey vessels

Ocean exploration activities will increase with global living 
standards. At the same time, use of new technologies 
such as drones and autonomous underwater vehicles will 
reduce the average size and number of survey vessels. 
Consequently, while GDP per capita will increase 60% by 
2050, total deadweight tonnage of survey vessels will 
only grow by 37% (Figure 5.5).

The fleet of large industrial fishing vessels 

is forecasted to decline from 85,000 vessels 

currently to less than 60,000 in 2050.
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Shipbuilding
Shipbuilding in this section covers the merchant ships and 
special ships categories discussed earlier in the report. In 
addition, it includes other non-cargo ships such as naval 
vessels and Floating Production Storage and Offloading 
vessels (FPSOs) that are in excess of 100 GT.

Shipbuilding has increasingly become concentrated in 
China and South Korea, while South East Asia’s attempts 
to develop this industry have so far been less successful. 
European shipbuilding focuses on the special vessel 
segments, including passenger and cruise. In North 
America, regional shipbuilding is protected by legislation 
dictating that domestic shipping between US ports is 
carried out by vessels built in the US. 

Figure 5.6 shows shipyard new ship deliveries by region 
measured in Mdwt per year. We see little sign of competi-
tive capacity being built up in new regions, and market 
dominance will continue where there is already significant 
existing infrastructure for building ships. As seen, China 

Shipbuilding output 1990–2050          
 

Units: Million deadweight tonnes per year
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and OECD Pacific (specifically Korea and Japan) will 
respectively account for about 40% and 50% of total 
deliveries to 2050. A regional capex metric would have 
shown a different picture, as Europe, for example, 
specializes in more expensive vessels such as cruise ships 
and OSVs. 

Shipbuilding capacity saw strong growth between 2005 
and 2010 but has since levelled off, dropping 40% 
between 2010 and 2020 (Clarksons Research, 2021). As 
mentioned, fleets are now quite new; and with limited fleet 
growth, there is less need for fleet additions. Currently 
operating ships will dominate, making the fleet even older 
towards 2050. This will also impact deliveries, which will 
stay at current levels of 75 to 110 Mdwt per year to 2050,  
as reflected in Figure 5.6. In this period, shipbuilding’s 
cycles are mainly a bulk vessel phenomenon; in 2013, half 
of all newbuilds were in that category.  
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Indian Subcontinent continues to dominate 

decommissioning

The Indian Subcontinent (Afghanistan, Bangladesh, 
India, and Pakistan) dominates decommissioning with 
almost 80% of global activity. Just as China, South 
Korea, and Japan will hold onto their market dominance 
in newbuilding, so India and its neighbours will see 
little competition rising in decommissioning. The 
subcontinent’s market share will only be slightly 
reduced by 2050 (Figure 5.7). Growing concern over 
environmental impacts and worker health and safety in 
ship decommissioning yards has generated some 
regulatory action from the EU and others, with some 
capacity shifting to middle-income countries in the 
Middle East and Greater China (UNCTAD, 2020). The 
yearly decommissioning rate will double to 2050, 
reaching 89 Mdwt/yr. Growth is caused by the growing 
fleet also ageing as shown in Figure 5.4.

Ship decommissioning by region 1990–2050          
 

Units: Million deadweight tonnes
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Ports
Ports adapt to global trade, increased urbanization 
and related city planning, and to how the energy 
transition impacts their function and services. Expand-
ing ports find themselves particularly in redeveloped 
industrial spaces, reflecting that ports are better 
integrated in urban areas. Forecasted renewable 
energy production and shipping decarbonization will 
increasingly see ports as energy hubs, and future 
ports will also perform additional functions (DNV, 
2020),as Table 2 shows.

TABLE 2

Extended set of port functions (DNV, 2020)

Port operations
core port activities, including cargo handling, operating port service vessels, buildings,  

and cold ironing

Fuelling ships storage and replenishment of oil, and increasingly fuelling capabilities for alternative fuels

Electricity generation
port operations reducing reliance on fossil fuels; becoming hubs for electricity production; 

connecting offshore wind to public grid

Industrial cluster
integrating the port with industrial activities requiring logistics and electricity; interacting with 

port city amenities

Hydrogen production* producing hydrogen (blue or green) as energy carriers

* Blue hydrogen is produced by reformation of natural gas with carbon capture and storage; green hydrogen is produced by using
  renewable energy for the electrolysis of water.

Manufacturing growth drives port throughput 

The infographic on the next page shows port 
throughput for bulk, petroleum products, and 
manufactured goods. Manufactured goods grow 
most, from 4.3 million tonnes in 2019 to 7 Mt in 
2050. This will result in 90% growth in container 
throughput from around 800 million twenty-foot 
equivalent units (TEU) in 2020 to 1.5 billion TEU 
mid-century. Both bulk and petroleum products 
grow until the early 2030s before declining towards 
2050 to their respective levels in 2010 and 2015. 
Port throughput in 2050 will be at about today’s 
levels globally, though shares of trades will change. 
The global picture will unfold unequally across 
regions. Petroleum products throughput will move 
east and south. Bulk trade levels off in Europe and 
North America, while significantly decreasing in 
Greater China and North East Eurasia due to much 
lower coal trade there. The infographic on the next 
page shows a more detailed overview of regional 
trends in commodity throughput.

Expanding ports find themselves 

particularly in redeveloped industrial 

spaces, reflecting that ports are better 

integrated in urban areas.
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Ports energy consumption declines from the mid-2030s

Throughput changes are reflected in ports’ energy use. 
Energy consumption in ports will decline to almost 20% 
less than the 2018 level by 2050. Port throughput peaks in 
2030 and reduces after that (Figure 5.8), even though 
overall seaborne trade continues to increase. Energy 
efficiency improvements in the port sector include the 
ongoing electrification and technological progress in 
other areas. Figure 5.8 shows the energy intensity index, 
equal to 1 in 2018, decline by 18% to 2050, hence explain-
ing most of the reduction in port energy consumption.  
Cold ironing — providing electric power to ships — will 
grow further in the next decades, helping to significantly 
reduce vessel emissions while in ports. This is further 
accompanied by an ever more renewables-based 
electricity supply in all regions. Further automation, 

FIGURE 5.8

Global port throughput and energy intensity 
improvement 1990–2050 

Unit: Million tonnes

Unit: Energy intensity index

supported by more use of electricity-based appliances 
and machines, will also increase electricity use. Commer-
cial buildings in ports are major energy users and will 
increasingly receive electricity-based heating through 
heat pumps; thus, implied climate emissions from these 
buildings will decline. 

Cold ironing — providing electric power  

to ships — will grow further in the next  

decades, helping to significantly reduce 

vessel emissions while in ports.
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Expenditure and  
employment
Expenditure and employment for vessels include those 
related to merchant ships and special ships. However,  
in addition to the non-cargo special ships delineated 
above, and other non-cargo ships such as naval vessels 
and FPSOs, all that exceed 100 GT are reflected in the 
discussion here.

Capital expenditure holds up 

We forecast only global capital expenditure (capex) and 
only for ships (not for ports). Capex reflects a simplified 
metric based on a newbuilding cost per dwt for each 
vessel type and depending where newbuilding takes 
place. For special ships, a single common newbuilding 
cost rate is used. On average, we assume such rates to 
remain stable. For gas carriers, the conversion to dwt is 

based on newbuilding cost per cubic metre of gas, and 
on the LNG density. For containerships, the conversion 
is based on TEU per dwt. 

As described earlier (see Figure 5.3), the asset value of 
the world merchant fleet will rise from the current level 
of almost USD 0.8 trillion in 2018 to USD 1.2 trillion in 
2050 due to the increase in total tonnage and only 
marginal changes in where shipbuilding takes place. 
Fleet composition will change, but average capex per 
tonne will not, because changes within and between 
ship segments cancel out. Annual capex for the entire 
fleet, including special vessels, increased steeply 
between 2003 and 2010 (Clarksons Research, 2021), 
fuelled notably by bulk carrier additions, though strong 
containerization also played a role. We forecast that 
shipbuilding capex will lie in the range USD 45–60 
billion per year until the 2040s, reaching just below  
USD 55 billion in 2050 (Figure 5.9). 
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Operating expenditure increases

From 1990 to 2018, global operating expenditure (opex) 
for the fleet rose eight-fold from USD 14 billion to USD 
107 billion. Our approach uses an annual unit opex per 
dwt, and the cost for different ship types is converted 
accordingly. ‘Per dwt opex’ has risen in all shipping 
segments, though increased manning is not the cause. 
More advanced ships typically require more intensive 
maintenance and crews with higher skills. Research on 
automation and unmanned shipping is underway, but 
significant regulatory and organizational obstacles must 
be overcome; therefore full-scale implementation is not 
expected during our forecast period. Reductions in unit 
crew numbers are reflected. We estimate that total 
annual opex will grow 40% to USD 150 billion between 
2018 and 2050 (Figure 5.9). 

Employment heads down

Even with an increase in opex for the fleet, employment 
will see a slight decrease between 2018 and 2050 (Figure 
5.10) to reach 1.3 million people at that time. Employment 
at ports will see a 10% increase in 15 years, declining by 
almost 20% thereafter to end below 9 million in 2050.  
As shown above, port throughput will rise but increased 
productivity will enable efficiency gains. Regional 
employment in ports reflects regional activity (port 
throughput in this case), but here our research has shown 
more modest productivity differences — differences that 
are related to a central productivity metric, GDP per 
capita. Typically, productivity increases by almost half 
between 2018 and 2050, while regional differences are 
such that the most productive docker handles about 
three times the throughput of a colleague in less  
productive regions.
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FIGURE 5.9

Capital and operating expenditure for world fleet*

*Capex includes only shipbuilding expenditure. Historical data source: Clarksons Research (2021), Drewry Maritime Research (2020)
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6 COASTAL AND CRUISE TOURISM

The ocean is undoubtedly a great recreational resource for many people, 
and coastal and marine tourism is vital to the economic prosperity of island 
and coastal communities. If managed responsibly, tourism can go hand in 
hand with the preservation of the natural environment and culture. However, 
it may also place excessive environmental, administrative, financial, and 
societal strains on destinations that become most popular, particularly 
when this happens rapidly and/or in an unplanned way.
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Coastal and cruise tourism 6

In this forecast we define ‘coastal and cruise tourism’ as 
those tourism activities that use the ocean for leisure. 
Some examples include beach tourism, swimming, 
snorkelling, diving, whale watching and taking cruises 
(Gaines et al., 2020). The definition remains slightly fuzzy 
as tourists often combine leisure pursuits in the ocean 
with other activities at their destination. Moreover, most 
large cities are close to the coast, meaning that the 
separation between city and coastal tourism becomes 
blurred. Based on previous research (Eugenio-Martin & 
Cazorla-Artiles, 2020; Ghermandi & Nunes, 2013), we 
assume as a baseline that coastal and cruise tourism 
constitutes 10% to 40% of total tourism, depending on 
the region. 

Gauging the  
COVID-19 effect 
The COVID-19 pandemic has hit tourism hard with 
travel restrictions almost leading to a total collapse in 
international tourism during 2020. Coastal and 
particularly cruise tourism have been severely 
impacted, and to capture the short-term effects, we 
model a COVID-related decline in both sectors, based 
on UN World Tourism Organization (UNWTO) data. 
For coastal tourism, UNWTO estimates a 97% decline 
in international tourist arrivals in March 2020 
compared to the same period the previous year, with 
levels recovering ever since and looking set to match 
pre-pandemic levels by 2022 (UNWTO, 2021). We 
account for both domestic and international coastal 
tourism. Hence, we use a slightly lower figure than 97% 
because domestic coastal tourism, though limited, 
was still possible to varying degrees in different 
countries during the pandemic. For cruise tourism, we 
reflect the complete halt in demand for cruise ships 
during 2020, rising to ‘normal’ levels from 2022.
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Coastal tourism
Demand for tourism rises as both personal income and 
leisure time increase. Figure 6.1 shows correlations 
between international tourism departures, as a proxy for 
tourism demand, and GDP per capita. That said, some 
caution is advised in making comparisons as the under- 
lying data varies due to regional differences in the 
proportion of tourism that is ‘international’. For example, 
North America will have less international tourism and 
more domestic tourism compared with Europe, due to 
there being more countries in the latter region. As GDP 
per capita grows to very high levels, there is little additional 
increase in travel. This is because the demand for inter- 
national travel saturates and total tourism comes close to 
matching total available leisure time. 

Based on GDP per capita as seen in Figure 6.1, we find 
that coastal tourism as measured by visitor time will 
double from around 4 billion tourist-days in 2018 to more 

than 8 billion in 2050 (Figure 6.2). Europe will remain the 
largest single market for coastal tourism, with an estab-
lished industry supported by the region’s well-developed 
infrastructure and political stability, though it declines 
from hosting around 45% of tourists globally in 2018 to 
receiving 40% in 2050. However, the European market 
will rise by 74% by 2050, from 1.91 billion to 3.24 billion 
tourist-days. This is consistent with Europe’s relatively 
modest local economic growth and the strong pressure 
on existing amenities, including from tourism and 
industrial uses of marine space (see Chapter 2).

FIGURE 6.1

Number of tourist departures versus GDP per capita 

FIGURE 6.2

Coastal tourism in destination region

Coastal tourism as measured by visitor time 

will double from around 4 billion tourist-days 

in 2018 to more than 8 billion in 2050.

Units: GDP per capita in USD Units: Billion tourist-days
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Tracking coastal tourism 
spending 
Expenditure on coastal tourism reflects the fact that 
affluent tourists spend more money at destinations. 
Hence, improving living standards boost coastal tourist 
expenditure by more than the underlying growth in the 
number of coastal tourist-days. We assume a linear 
relationship between GDP per capita and increasing per 
capita expenditure. In Figure 6.3, we forecast that 
spending will more than triple from 2018 to USD 1.52 
trillion in 2050. Europe and North America each accounts 
for around 25% (more than USD 350 billion each) of world 
expenditure in coastal tourism in mid-century. While 
Europe’s current share of 33% of tourism spending 
declines throughout the forecasting period, North 
America maintains its share. These regions are trailed by 
Middle East and North Africa, and OECD Pacific, each at 
more than USD 150 billion in 2050, exhibiting relatively 
stable market shares over the forecast period.

Coastal and cruise tourism 6

FIGURE 6.3

Coastal tourism spending in destination region

Units: Billion USD

73



demanded in North America and Europe, but growing 
shares for China and South East Asia as GDP per capita 
rises faster outside OECD nations throughout the 
forecast period. Behind our forecast of an increase in 
demand for cruises lies a rapidly diversifying set of 
market segments. These roughly subdivide into a mass 
market, a luxury market, and an expedition market  
(Rautaheimo et al., 2018). The luxury level of a ship is 
typically determined by the gross tonnage-passenger 
and passenger-crew ratios, the latter providing operators 
with flexibility to move ships between the mass and 
premium segments.

Cruise capacity

Cruise capacity is expanding while still struggling to 
match demand growth. We forecast that some 1.53 
million berths will be available by 2050 compared with 
557,000 today (Figure 6.6). However, we also forecast that 
there will be enough demand for 1.96 million berths in 
2050, showing that there is still a significant gap between 
supply and indicated demand, and that indicated 
demand for cruises is increasing faster than can be met 
by building new ships.

The cruise industry
Our analysis of the cruise industry factors in fundamental 
drivers such as the overall leisure market, and consumers’ 
willingness to spend on leisure as living standards increase. 

As living standards rise, consumers are more willing to go 
on cruises, and also favour sustainable alternatives when 
choosing ships. All regions will see inhabitants increase 
their propensity to use their vacation time aboard ships.  
Figure 6.4 shows that the fraction of tourist-days spent on 
board cruise ships will increase from 6% of global coastal 
tourism in 2019 to 9% in 2050.

We see the demand for cruising more than doubling to 
716 million tourist-days per year (Figure 6.4), up from 279 
million in 2018. This corresponds to around 102 million 
passengers per year in 2050, as they spend a week on 
board on average, compared with some 40 million in 2018. 
In comparison, the coastal tourism market only doubles 
over this period. Regionally, as we see in Figure 6.5, there 
will be a decrease in the share of cruise tourist-days 

,

FIGURE 6.5  
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Cruise fleet expenditure 
and value
With a growing fleet of ships, annual capex almost 
doubles between 2018 and 2050 to USD 9.1 billion while 
annual opex follows a similar growth curve to USD 101 
billion/year in 2050. We project that  the global cruise 
fleet will be worth USD 221 billion in mid-century  
(Figure 6.7). 

FIGURE 6.6    

Cruise capacity

FIGURE 6.7    

Cruise fleet value, capex, and opex
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2050

2018

1990

2050

1.53

0.56

2018

0.09

1990

Units: Million berths Units: Billion USD

The lengths of bars are relative to each other for each category, and cannot be compared visually  
across categories.

221 9 101

99 9 35

5 2 7

Coastal and cruise tourism 6

75



7 DESALINATION AND NEW OCEAN RESOURCES

Beyond food, energy, transport and recreation, the ocean is also a source of 
freshwater as well as materials in the form of seabed minerals and marine 
genetic resources. Desalination uses seawater for producing freshwater 
globally, a well-established and rapidly expanding market driven by growing 
and more prosperous coastal populations, and by rising water stress, much 
of which is linked to climate change. 

Hadera Desalination Plant, Israel
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This chapter examines and quantifies developments in 
desalination and forecasts close to a tripling of this 
market to 2050. In comparison, seabed minerals and 
marine genetic resources are much smaller and less 
mature markets. Nevertheless, we offer qualitative 
commentary on these smaller sectors because the 
exploitation of metal deposits on the seabed is gaining 
interest for use in technology and clean energy applica-
tions, while marine genetic resources show considerable 
potential as a source of valuable antibiotics, anti-cancer 
drugs and nutritional supplements.

Desalination

According to the latest Intergovernmental Panel on 
Climate Change (IPCC) report, continued global warming 
is projected to further intensify the global water cycle, 
including its variability, global monsoon precipitation, 
and the severity of wet and dry events (IPCC, 2021). 
Together with increasing freshwater demand from 
growing populations and improving living standards, 
freshwater resources are and will continue to be under 
significant stress. In many regions, freshwater resources 
are scarce or overexploited, and countries and sub- 
national authorities invest in desalination to overcome 
water shortages for big coastal cities, islands, and 
offshore industrial plants. Note that while only 10% of 
global freshwater is linked to domestic uses (WWC, 
2020), current desalination costs make this technology 
viable only for domestic purposes and for 15% of industrial 
use. Domestic and industrial use together account for 
13% of freshwater use globally.

The relationship between domestic water consumption 
per person and standard of living, as measured in GDP 
per capita, is established by Flörke et al. (2013), who find 
an S-shaped relationship between these variables. 
Reporting of water consumption on a national level is 
infrequent, and so we assume a logarithmic curve holds 
for the relationship between GDP per capita and overall 
freshwater demand for domestic and industrial use. 

We estimate the demand for seawater desalination, 
knowing that historically, a very small share of the 
demand has been supplied by desalination of seawater. 
In addition to the relationship between water 
consumption and living standards, we account for: 

1. Declining per capita renewable freshwater 
resources due to population growth and climate 
change, which differ widely among regions, with 
only a fraction becoming available for human use. 

2. The adaptability of regions against dwindling water 
supplies. This is assumed to be causally driven by 
living standards, so that wealthy regions have a 
higher propensity to respond to freshwater scarcity 
by developing desalination infrastructure. 
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Production

Growing from 58 million m3/day in 2018 to 143 million m3/
day in 2050, desalination capacity will almost triple by 
2050, as shown in Figure 7.1. The Middle East and North 
Africa has the smallest natural freshwater resources and 
remains the dominant region, producing more than 90 
million m3 of freshwater per day, and will account for 
almost two thirds of global capacity in 2050. The second 
and third largest producers in 2050 will be North America 
and Greater China, with both forecast to produce around 
10 million m3/day. In Sub-Saharan Africa, a large growth in 
population and, to an extent, urbanization puts significant 
pressure on water availability, forcing local governments 
to make investments in water production infrastructure. 
We forecast that Sub-Saharan Africa reaches the same 
consumption of desalinated freshwater as Europe in 2050, 
both regions producing a 5% share. 

A focus on sustainability will cause increased scrutiny on 
desalination energy use and discharge of salt (Jones et 
al., 2019). Brine is seen as a challenge that we foresee will 
be reduced by increasingly using floating production 
units. Production will be split between coastal plants 
located by the sea and floating desalination barges, with 
utilities in the Middle East already making investments in 

floating desalination. Such barges can be redeployed 
between locations, thereby introducing flexibility in the 
water supply, or they can be strategically placed in areas 
where the added tonnes of salt discharge will pose less 
environmental damage. Floating structures that combine 
renewable energy production (wind and wave) with 
desalination have already been proposed.

Energy use

Energy use will be a focal point. The two main groups of 
desalination technologies, reverse osmosis and thermal 
desalination, vary immensely in energy intensity 
(Al-Karaghouli & Kazmerski, 2013). We assume all 
desalination units, except in the Middle East and North 
Africa, will be using reverse osmosis or derivative tech-
nologies. The energy efficiency of reverse osmosis will 
improve by a third from today’s average of 5 kilowatt 
hours (KWh) per m3 freshwater (Al-Karaghouli & Kazmer-
ski, 2013) from new units. This improvement reflects a 
15% cost-learning rate (cost reduction per doubling of 
capacity). In the main desalination region, the Middle 
East and North Africa, thermal desalination using mostly 
natural gas to generate heat is much less efficient at 20 to 
30 KWh/m3 (Al-Karaghouli & Kazmerski, 2013). This will 
almost be phased out over the next 30 years, giving way 

Desalination capacity           
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to reverse osmosis technology. Renewable electricity will 
dominate power supply for reverse osmosis, including 
offshore wind.  

Figure 7.2 shows the total energy consumption from 
desalination plants worldwide and, separately, that of the 
Middle East and North Africa. The one third decline by 
2050 in energy use per litre of water from desalination will 
somewhat mitigate the increase in energy consumption 
that could have been expected from increased desalina-
tion in all parts of the world. Energy consumption from 
desalination across the world is 230 MWh/year in 2050, 
lower than now, peaking at 290 MWh/year in 2040. 
Exempting the Middle East and North Africa, the rest of 
the world consumes only 60 MWh/year in 2050.

The Middle Eastern shift from thermal (largely dependent 
on fossil fuels) to reverse osmosis (powered by electricity) 
has a much larger effect on global desalination energy 
demand (Figure 7.2). Like production, the energy used for 
desalination in this region overshadows consumption in 
the rest of the world. With a consumption of more than 
220 TWh/year of energy at its peak around 2040, the 
Middle East and North Africa uses 65% of the global 
energy used for desalination in 2050, while producing 
60% of all desalinated freshwater. By 2050, Middle 
Eastern energy consumption for desalination declines by 
around 20%, as reverse osmosis becomes the dominant 
technology. 

FIGURE 7.2

Desalination energy consumption 1990–2050

Units: Terawatt hours
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Expenditure

Annual capex for desalination reflects the capacity 
build-up. We do not expect cost learning leading to lower 
capex, but to better and more energy-efficient technol-
ogy and to reduced energy consumption. Lifecycle 
capital costs are typically only 15% of total costs, while 
operating (mostly energy) costs account for 85%. Again, 
with two thirds of global desalination capacity growth 
occurring in MEA, two thirds of the total global capex also 
takes place there. Spending will grow and global annual 
expenditure will exceed USD 12 billion in 2050 (Figure 7.3).

Desalination opex consists mostly of energy costs. As 
energy use per litre of freshwater will decline by a third, so 
will energy unit costs, as electricity and long-run fossil-fuel 
prices will remain within a rather narrow band (DNV, 
2021b). Reflecting the decline in energy use, annual opex 
is forecast to increase by only 17% to 2050, much less 
than annual capex, which almost triples in that time.

Units: Billion USD
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Deep-sea minerals and 
the energy transition
There are large quantities of metals in the deep sea, and 
the amounts of valuable metals they contain have made 
them a target for future mining activities “to support 
growing populations, urbanization, high-technology 
applications and the development of a green-energy 
economy” (Hein et al., 2020). This is happening as the ore 
quality of many land-based deposits declines, requiring 
more water and energy for extraction, thus imposing 
higher environmental and social impacts (Church et al., 
2018; Norgate, 2009). However, extraction of deep-sea 
minerals is also controversial, particularly with regard to 
its potential environmental impact, and has so far seen 
limited progress beyond the exploration stage.

Deep-sea minerals are defined as minerals occurring on 
the seabed and ocean floor and the subsoil thereof, in 
waters deeper than 200 metres, both in national and 
international waters. This definition thereby excludes 
seabed extraction of materials ranging from sand to 
diamonds in shallow waters. There are three major types 
of deep-sea mineral resources: 

 — Polymetallic nodules occur throughout the ocean and 
are found lying on the seafloor in the abyssal plains, 
often partially buried in fine grain sediment. 

 — Seafloor massive sulphides are found at tectonic plate 
boundaries along the mid-ocean ridges, back-arc 
ridges, and active volcanic arcs.

 — Cobalt-rich crusts are found on the flanks and tops of 
seamounts. 

The energy transition represents a main driver for 
deep-sea mineral demand, as electrification and the 
need for more battery supply is fuelling consumption of 
metals like cobalt, copper, lithium, and nickel. Scarcity of, 
for example, cobalt is already a challenge to the uptake of 
electric vehicles (DNV 2021b, 2021d), resulting in the 
cobalt intensity of new battery chemistries declining and 
even disappearing. DNV's Energy Transition Outlook 
forecasts global storage in vehicles batteries will grow 

from 0.25 gigawatt hours (GWh) in 2019 to 174 GWh in 
2050. In a net-zero future, global vehicle-battery storage 
of power will be almost 30% higher than that. Though 
solid state and other battery technologies imply a 
reduction in rare metals intensity for batteries, increased 
demand for such metals might drive deep-sea mining 
from exploration towards commercially viable mining 
operations within the next decades. 

The energy transition represents a main  

driver for deep-sea mineral demand, as 

electrification and the need for more battery 

supply is fuelling consumption of metals.

DNV's Pathways to Net Zero Emissions report (2021d) and 
IEA (2021) find that meeting energy demand in net-zero 
pathways requires strong growth in investment to bring 
forward new mineral supply sources over the next 
decade. Deep-sea mining has the potential to reduce the 
shortage of critical mineral resources needed to build a 
green energy future (Lapteva et al., 2020). This requires 
the emergence of completely new value chains — reliant 
on significant technology development upstream and 
downstream — within mineral extraction, marine technol-
ogy, and mineral processing. Lack of knowledge about 
the deep-sea environment necessitates a careful 
approach. Many have concerns related to commercial 
deep-sea mining until the potential effects have been 
researched sufficiently and the risks are understood 
(UNGC, 2019). One key concern is the potential for 
irreversible damage to unique ecosystems, with associ-
ated ripple effects. In this complex picture, strong 
governance is required.

Regulatory issues

Regulatory issues on several levels remain before  
extraction of seabed minerals is viable at an industrial 
scale. In international waters (also called the Area), the 
International Seabed Authority (ISA) is responsible for 
licensing, formalized through the UN Convention on the 
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Law of the Sea (UNCLOS). So far, only exploration 
licences have been handed out, with durations of 15 
years. Among the leading licence holders are China 
and Russia, trailed by several European countries and 
Japan. The US is notably lacking, as it has not signed 
the UNCLOS. However, American companies are 
stakeholders in UK and Singapore licences. ISA is 
currently working with regulations on exploitation of 
mineral resources in the Area. The regulations have 
been delayed several times; one reason is that they 
need consensus from all parties to the UNCLOS. 

Inside national waters, only a few countries have put in 
efforts to develop legislation, with the Cook Islands set 
to grant exploration licences in 2021, for mining of 
manganese nodules. Norway plans to open a first 
licensing round in 2023, with numerous companies 
already positioning themselves to operate in the deep-
sea mining industry. Globally, however, the develop-
ment of national regulations proceeds slowly, and 
consequently the development of concepts for 
large-scale commercial operations within EEZs is not 
going very fast. 

Unlocking the opportunity 
of marine genetic resources
The ocean hosts hundreds of thousands of animal and 
plant species, and two million-plus microbial species 
(Ferrer et al., 2019). These marine genetic resources 
(MGRs) are an immense potential source of biologically 
active compounds for developing new therapies, 
industrial catalysts, and natural compounds for uses  
such as nutrition.

Though small, the number of marine-derived pharma-
ceuticals approved for clinical use is growing. Marine- 
derived drugs currently focus on anti-cancer applications 
(Ghareeb et al., 2020; Saeed et al., 2021), with novel 
antibiotics also being researched amid rising microbial 
resistance to widely used existing antibiotics (Fleury, 
2021). MGRs could lead to new and better enzymes for 
catalysing industrial processes (Ferrer et al., 2019) and 
remediating environments (AAM, 2020).

Greater collaboration to access MGRs and to research, 
develop, and commercialize beneficial compounds is  
key to unlocking opportunities to 2050. For example, 
companies eventually involved in deep-seabed mineral 
exploration could also deliver scientific samples from 
depths and parts of the ocean hitherto inaccessible on a 
consistent basis to researchers.

Further international collaboration can also boost 
industrial enzyme development from MGRs. The path 
forward has been shown by the EU-supported INMARE 
(Industrial Applications of Marine Enzymes; 2015–2019).  
It led to nearly 1,000 useful enzymes being cloned,  
15 ready-to-use biocatalysts for small-scale process 
operations being developed and tested, four patent 
applications, and one start-up company.

Unlocking the full potential of MGRs to benefit people, 
economies, and the environment will also require 
resolving longstanding international disagreement over 
intellectual property rights surrounding their exploitation 
(Cremers et al., 2020).
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8 OCEAN HEALTH

The ocean is our planet’s largest ecosystem and an essential component of 
our global life-support system. The marine environment provides us with 
ecosystem services such as coastal protection, water purification, and 
carbon sequestration, and is a source of food, energy, and other products 
that can be derived from its resource base. As our forecast shows, the 
human activities making up the Blue Economy will continue to accelerate 
towards 2050, providing economic value and jobs. However, this human 
quest for ocean resources and space also represents a significant threat to 
the very same ecosystem upon which it depends.
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The ocean has become one of the elements most exposed 
to anthropogenic climate change, and ocean ecosystems 
are under significant threat from climate-related impacts 
such as rising seawater temperatures and acidification. 
This will impact marine biodiversity, which is key to healthy 
ocean ecosystems and also fundamental to the ocean’s 
ability to adapt to climate change, to withstand and 
recover from disturbances, and to play its role as a global 
ecological and climate regulator. In addition to climate 
change, marine ecosystems are experiencing multiple 
human-driven direct and indirect pressures including 
overfishing, eutrophication, invasive alien species, habitat 
destruction and marine littering (Buonocore et al., 2021). 
These pressures, acting alone or in synergy, contribute to 
marine biodiversity loss and challenge the delicate 
balance required for a healthy and productive ocean.

In this chapter, we look at these challenges through the 
lens of the industries covered in our forecast. For each 
industry, we seek to describe the main concerns for ocean 
health and, where possible, link it to the results of our 
forecast to 2050. How we manage these challenges will 
determine much of our success towards delivering on the 
UN Sustainable Development Goals (the 'Goals') by 2030 
(UNGC, 2019); in particular, SDG 14 (Life Below Water), but 
also the many other interacting Goals during the next 
decade and beyond. No single country, industry, or entity 
can succeed alone in doing this, but we see an increasing 
number of collaborative efforts, governance initiatives, 
and technology innovation by different stakeholders 
towards the protection of ocean health. 

No single country, industry, or entity can 

succeed alone in doing this, but we see an 

increasing number of collaborative efforts, 

governance initiatives, and technology 

innovation by different stakeholders towards 

the protection of ocean health.
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Ocean food
Sustainable ocean food production requires the 

sustainable harvesting of wild-caught seafood;  

that is, to avoid overexploitation of stocks, high 

bycatch, and habitat destruction. Sustainable marine 

aquaculture must not compromise on water quality in 

farmed areas, should prevent habitat destruction, 

and ensure that farmed species do not escape and 

expose wild populations to increased infection 

pressure or genetic interference.  

To safeguard ocean health, the following main challenges 
in ocean food production must be managed through 
regulatory, operational, and technology-related measures.

Marine aquaculture
Fish escapes from marine fish farms are considered a 
major concern as interbreeding of farmed and wild 
stocks could contribute to ecological and genetic 
impacts on wild populations. Escapees may also invade 
areas as non-indigenous species, potentially impacting 
biodiversity and genetic diversity. Open cages used in 
most marine fish farms can attract wild fish, raising the 
risk of infectious diseases and parasites spreading to the 
surrounding wildlife. For production of high-value 
species, the influence on wildlife is an important driver for 
development of closed containment systems in sheltered 
water, offshore aquaculture, and recirculating aquaculture 
systems onshore (DNV, 2021a). Our Marine Aquaculture 
Forecast to 2050 (DNV, 2021a) projects that these new 
production technologies for finfish will reach a combined 
25% market share by mid-century.

Intensive use of pharmaceuticals, including antibiotics, 
remains common in many countries’ fish farm operations 
due to the high density of potential disease hosts, and 
high infection rates (Lulijwa et al., 2019). Continued use of 
therapeutics accelerates antimicrobial resistance in 
surrounding pathogens (e.g. bacteria and parasites) as 
residue from oral administration through fish feed or 
immersion treatments often ends up in the environment. 

This will further alter the composition of the normal 
bacterial flora of both farmed and wild animals,  
endangering local biodiversity. However, we believe a 
continued focus on developing vaccines against 
common diseases in aquaculture will reduce discharges 
of medicinal residue, including antibiotics, and the use of 
chemical treatments.

Organic waste and chemical discharges from open 
aquaculture facilities could affect the seabed habitat and 
kill algae and animals responsible for its ecological 
functions. Some 70% of fish feed used in marine aqua- 
culture is discharged as dissolved nutrients, feed waste, 
or faeces (Torrissen et al., 2016). We estimate annual 
demand for commercial feed for marine aquaculture fish 
to be close to 60 Mt in 2050 (see Chapter 3), and for high- 
value species, fish feed accounts for 40% to 60% of fish 
farm production costs (Tveterås et al., 2020). Hence, with 
the industry facing rising feed costs, we believe that it will 
improve its feeding systems and practices, which will in 
turn reduce discharges of waste feed. 

Copper is used as an anti-fouling coating on nets in fish 
farms, but some 85% of it is lost to the surroundings 
(Bioforsk, 2009). Coastal fish farms in Norway release an 
average of 1,700 kg of copper annually (IMR, 2021). The 
copper released usually attaches to particles of organic 
matter, clay, soil or sand, so that sediments below some 
fish farms have high concentrations of copper. Elevated 
levels of copper are toxic in aquatic environments and 
may adversely affect fish, invertebrates, plants and 
amphibians. Acute toxic effects include mortality of 
organisms; chronic toxicity can result in reductions in 
survival, reproduction, and growth.

Mangrove deforestation is threatening many essential 
ecosystem services (Thomas et al., 2017). A mangrove 
forest is a habitat of unique biodiversity, prevents coastal 
erosion, is important for carbon sequestration, and helps 
mitigate the impacts of climate change. Even though 
habitat conversion has decelerated after the turn of the 
century (Herbeck et al., 2020), nearly a third of the loss of 
mangroves in South East Asia between 2000 and 2012 is 
traced to aquaculture (Richards & Friess, 2016). 
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Crustacean farming is a major cause for mangrove 
deforestation and we forecast that annual production  of 
crustaceans will increase more than 250% by mid-century, 
and this will put particular pressure on coastal space in 
key production areas of Greater China and South East 
Asia (DNV, 2021a). 

Marine littering from marine aquaculture primarily 
arises from the loss of ropes, damage to sea cages, and 
the securing of waste during transportation (Johnsen et 
al., 2019). In addition, smaller equipment such as buoys, 
pieces of ropes, pipes, and so on, may disappear from 
marine facilities due to accidents, weather conditions, 
improper storage, or poor handling (Huntington, 2019). 
Constant exposure to wind and waves gradually 
degrades plastic equipment into microplastics spread by 
currents. Pipes dispersing feed pellets into aquaculture 
cages using air pressure generates microplastics, an 
estimated 10 to 100 tonnes per year in Norwegian salmon 
farming alone (Johnsen et al., 2019). Continuous removal 
of biofouling organisms from aquaculture facilities 
releases net and rope fibres into the environment. 
Plastics degradation will continue in aquatic environ-
ments, and the microplastics challenge is predicted to 
increase in future years (Lusher et al., 2017).

Regulatory measures for sustainable aquaculture

Global and national regulation and policies to deal with 
the sustainability challenges in marine aquaculture are 
becoming more common and are strong drivers of 
continuous innovation and technology development. 
Some examples worldwide include the following :

 — China’s aquaculture industry is regulated for 
pollution control, pharmaceutical use, food safety, 
and transportation of fish with respect to spreading 
of invasive species.

 — Chile's authorization system regulated by the 
Fisheries and Aquaculture Law aims to protect 
coastal areas, the water column, and the seabed.

 — Japan’s authorization system for marine aquaculture 
requires an environmental impact assessment (EIA) 
and regulates medicine use, wastewater, and fish 
transportation.

 — Scotland also requires EIAs for all marine fish farm 
developments except shellfish farming, and applies 
regulations on disease control, fish transportation, 
pharmaceutical use, and so on. Under the Crown 
Estate Act, marine fish farmers in Scotland have to 
apply for a lease of seabed.

 — Norway is proposing an environmental technology 
permit scheme including requirements to prevent 
fish escapes; to ensure zero discharge of fish eggs 
and free-swimming stages of sea lice; and to collect 
at least 60% of organic waste from fish farms (NFD, 
2021).

 — Canada and Chile are among the few salmon-grow-
ing locations that regulate in situ net cleaning (Floerl 
et al., 2016). Canada restricts cleaning at sea to ‘lightly 
fouled’ nets; ‘heavily fouled’ nets must be cleaned in 
land-based facilities. Chile prohibits the cleaning of 
copper-coated nets at sea; it must be in land-based 
facilities where effluents can be treated. 

These worldwide examples, and future regulations, 
might lead to technology developments such as closed 
facilities, which will help to tackle environmental issues 
related to fish escapes, the spread of infectious 
diseases, and organic and chemical discharges.
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Certification schemes 
driving sustainability and 
innovation
Future regulatory frameworks must be robust and 
underpinned by scientific knowledge to safeguard 
ocean health, and simultaneously be flexible to avoid 
hampering innovation and further developments. 
Meanwhile, we see the industry using a number of 
private governance mechanisms — including standards, 
best practices, and certification schemes — across 
several sustainability areas. Such voluntary schemes, 
although fragmented across geographies, jurisdictions, 
and market sectors, strongly complement public 
governance regimes. They have an important role in 
filling governance gaps where current regulations are 
absent, weak, or poorly enforced, and often go beyond 
compliance to promote new norms of best practice 
(Pretlove & Blasiak, 2018). Consumer awareness and 
focus on sustainable seafood will be a strong driver for 
the industry to reduce its ocean health impacts. Certifi-
cation schemes, such as Global G.A.P. and the Aquaculture 
Stewardship Council (ASC), seek to ensure safe and 
traceable seafood for consumers, and responsible 
production in relation to animal welfare, the environment, 
employees, and society.  Such schemes open new 
markets and support sustainable growth of the industry. 

Growing ‘sea forests’ to 
capture carbon
Seaweed can be a scalable nature-based solution, 
offering possibilities for decarbonizing the economy and 
sequestering carbon from the surface of the ocean 
(UNGC, 2021). It grows in sunlight in the ‘photic zone’ of 
the ocean, and fixes carbon through photosynthesis, just 
like trees and plants do on land. Seaweeds are excellent 
biomass producers, have very rapid growth rates, and 
can grow 10 times faster than terrestrial plants. This rapid 
biomass production and carbon fixation rate can be 
harnessed to (1) produce food, feed, or other low-carbon 
products that can help decarbonize the economy while 
supporting efforts to rapidly reduce atmospheric levels 
of carbon dioxide, or (2) sequester carbon long term in 
ocean sediments or in products such as biochar for soil 
improvement. This nature-based climate solution has 
enormous potential to contribute to a restored ocean 
teeming with life. The natural habitats surrounding the 
kelp forests provide shelter and serve as spawning and 
nursing grounds for different animals, thus contributing 
to preserving and promoting a high level of biodiversity 
and life. 

Consumer awareness and focus on 

sustainable seafood will be a strong  

driver for the industry to reduce its  

ocean health impacts. 
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Capture fisheries
Poorly enforced and insufficient stock management  
in some areas, and illegal, unreported and unregulated 
(IUU) fishing, have been among the most important 
anthropogenic impacts on ecosystem equilibrium for  
50 years (IPBES, 2019).  While quotas govern limits on 
reported catch, IUU undermines national and inter- 
national governance and management, thus contributing 
to overexploitation and endangerment and depletion of 
stocks (Widjaja et al., 2020). Despite growing worldwide 
demand for marine protein, we forecast overall capture 
fisheries remaining at around their present level during 
our forecast period due to declining stocks (see Chapter 
3).  Though some of this decline in biodiversity is due to 
climate change effects — higher ocean temperature, 
acidification, and reduced oxygen levels — overexploi- 
tation remains the greater threat. 

Ocean conditions will continue to deteriorate up to 
mid-century as a result of climate change, triggering stock 
migration to new areas – from warmer to colder regions.  
In our forecast, we apply the average expected change in 
climate for RCP 4.5 (see Chapter 3).  This will cause a 
decrease in stocks in important tropical and temperate 

fishing regions.  A resulting geographical shift of biomass 
will alter the marine food web and increase fishing 
pressure in new areas, causing biodiversity disturbance 
and geopolitical issues due to economic interests. In the 
Arctic, temperatures are rising much faster than else-
where in the world (IPCC, 2021).  This has an impact on 
Arctic fish species in two ways, their habitats change 
because the sea is getting warmer, and they experience 
competition from new species that have migrated from 
warmer waters.

Overfishing of deep-sea fish species has been a 
problem for decades. Studies show that deep-sea 
fisheries using bottom trawling are likely to have 
captured 42% more fish than what was reported to FAO 
(Victorero et al., 2018). As well as threatening non-target 
species, deep-sea fisheries are shown to disturb and 
even destroy seabed habitats like benthic fauna (Clark 
et al., 2015). As benthic organisms are an important food 
source for many marine species, these disruptions will 
have important consequences for ocean biodiversity. 
Though some species and parts of these ecosystems 
can recover, studies have demonstrated that some 
benthic communities have failed to regenerate even  
15 years after trawling (Clark et al., 2019). 
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Marine littering caused by Abandoned, Lost and 
Discarded Fishing Gear (ALDFG) poses a serious threat to 
marine species. Even though it constitutes a small 
percentage of total marine littering, the very nature of 
‘ghost gear’ such as nets and traps is a danger to marine 
and coastal animals as they can become entangled it or 
even consume it. Fishing gear can be abandoned, lost, or 
discarded following environmental, operational, behav-
ioural or management pressures (Richardson et al., 2021). 
Debris from some types of fishing gear can withstand 
disintegration for long periods of time and poses a 
long-term risk to surrounding species (Gilman et al., 2021). 

ALDFG is mainly made of plastic, and sunlight and 
agitation will over time break it down to microplastic 
particles that are eaten by lower trophic species and 
eventually work their way up the food chain.   
In connection with capture fisheries industrializing, we 
believe the investments in fishing gear and new gear 
tagging solutions will increase motivation for improving 
management practices and thus contribute towards 
reducing the amount of ALDFG. International policies 
and binding measures are also in place to mitigate 
ALDFG, but compliance and enforcement still remains  
a challenge. 
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Technology adoption  
for better fisheries  
management
Technological advances in capture fisheries can reduce 
its environmental footprint and lower the amount of 
bycatch. Examples of such promising technologies 
include, among others, sonar technology enabling more 
precise targeting of desired species groups and better 
mapping of the seabed, and lighter trawling solutions 
reducing coral reef damage and bycatch of non-target 
species. These trends will also accelerate because of 
various certification schemes challenging trade in 
bycatch and endangered species.

Regulation is key to maximizing benefits of new technolo-
gies in managing capture fisheries. For example, utiliza-
tion of the technologies described above will apply only 
to industry players operating under national and interna-
tional law, as IUU operators may instead use new technol-
ogy in a negative way to further increase their yields. 
Following the FAO’s launch in 1995 of the Code of 
Conduct for Responsible Fishing, many new frameworks 
and regulations have shaped operational procedures in 
national waters and on the high seas. Examples of 
goal-oriented regulatory incentives include the EU IUU 
Act of 2010, the US Seafood Import Monitoring Program 
(SIMP) of 2018, and the Japanese Domestic Trade of 
Specific Marine Animals and Plants Act of 2020, all of 
which aim to combat IUU. As we move forward, we 
believe such voluntary frameworks and mandated acts 
will be important drivers for sustainable fishing, 
supported by increased international collaboration on 
how to manage common areas of interest.

Consumer awareness can 
protect ocean health
As consumer awareness increases, transparency and 
traceability throughout the entire value chain will become 
important drivers for mitigating environmental and social 
impacts from fisheries. Transparency and traceability 
together drive accountability, oversight, and ultimately 
trust in the sustainability performance of the industry. 
The business case for full-chain traceability is strength- 
ening, particularly in industrialized nations (UNGC, 2020). 
Progress is being driven by consumer expectations, 
focusing especially on counterfeiting, food safety 
concerns, and improved environmental considerations, 
including a focus on human rights. Consumers and other 
stakeholders will need reassuring that progress is being 
made and will demand access to information in order to 
trust their seafood suppliers.

As consumer awareness increases,  

transparency and traceability throughout 

the entire value chain will become important 

drivers for mitigating environmental and 

social impacts from fisheries.
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Ocean energy
Offshore oil and gas activities — from project  

development and construction to operation and 

decommissioning — can impact ocean health from 

accidental spills of crude oil and chemicals. There are 

also a number of indirect challenges to ocean health 

from these activities as a result of carbon dioxide 

emissions from the burning of fossil fuels and its 

impact on climate change. This is covered in more 

detail in DNV's Energy Transition Outlook (DNV, 

2021b). Offshore wind, as a fast-growing ocean 

renewable, will help combat the challenges of fossil 

fuels, but may also put pressure on ocean health.

In producing energy from ocean resources, the following 
key benefits must be maximized, and the challenges 
managed through regulatory, operational, and technology- 
related measures. 

Offshore wind energy can indirectly improve ocean 

health by reducing GHG emissions. It causes little 
pollution to air, sediments, or water during operation 
(compared with other carbon-based energy sources),  
and produces a surplus of energy over its life cycle. Both 
bottom-fixed and floating offshore wind will be key to 
reaching climate goals cost effectively (DNV, 2021b). 
Properly planned and designed projects can also have a 
direct positive effect on nature conservation and restora-
tion by acting as artificial reefs and excluding fisheries 
from the same marine space. It is important when 
discussing how offshore developments impact ocean 
health to remember that climate, ocean health, and 
biodiversity are closely interlinked. Conserving bio- 
diversity will mitigate climate change. Limiting the loss of 
biodiversity can also improve the resilience of ocean 
health (Pörtner et al., 2021).

Poorly sited and/or badly designed offshore wind 

can damage biodiversity and ocean health (Bennun et 
al., 2021). Developments must do only minimal harm to 
the environment and ideally contribute to nature conser-
vation (IPBES, 2019; EC, 2020). All offshore project phases 
can potentially have direct, indirect, and cumulative  
impacts on biodiversity. The impacts differ by installation 
type (fixed or floating) and on the natural environment 

where the activity is based. These effects may include 
bird and bat mortality from colliding with turbine blades; 
displacement of species due to disturbance including 
underwater noise from pile driving during installation; 
barrier effects from offshore wind installations hindering 
species’ regular movements; and hydrodynamic changes 
by disturbing downwind wind fields. Wind wake effects 
can impact natural downwelling and upwelling, which 
again could impact stratification and primary production 
(Broström et al., 2019). Another potential indirect ocean 
health impact occurs when the displacement of fishing 
activities and marine traffic in the wind farm area leads to 
increased impact on sensitive areas elsewhere.

Different phases exert different pressures in a sea 

basin over different periods of time, where construction 
and decommissioning are considered the most impactful 
phases. This will become a noticeable global challenge 
as we predict a fifty-fold increase in offshore wind farms 
from around 73 in 2018 (Rystad Energy, 2021) to 3,830 in 
2050, with all global regions seeing an uptake of wind-
farms between now and mid-century. Nevertheless, with 
a turbine lifespan of approximately 25 years, we will also 
see emerging challenges related to decommissioning of 
turbines. Less is known about the operational phase.  
One example is underwater noise, which has lower acute 
impact during the operational phase than the construction 
phase but is a continuous disturbance over a long period 
of time. We foresee this challenge increasing as 
projected global offshore wind generating capacity 
accelerates in rising from 24 gigawatts (GW) in 2018 to 
1,800 GW in 2050. The anchoring of floating offshore 
wind can be an additional source of underwater noise in 
the coming decades. Beyond impacts from installations 
themselves, there will be effects related to cabling and 
related infrastructure.

The risk of oil spills is probably the greatest environ-

mental concern associated with offshore oil and gas 
operations. Oil spills can result from human errors, 
equipment failure, natural disasters, terrorism and civil 
unrest. Spill probability varies by region. So does the 
impact of major spills, which can be particularly damaging 
for some of the poorest countries in the world, which are 
often marine biodiversity and fisheries hotspots. Usually, 
the oil in spills rapidly degrades, but substantial incidents 
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Protecting ocean health in offshore wind 

developments

Key publications providing a framework to include 
biodiversity and impact mitigation in offshore wind 
developments are the European Commission’s 
‘Guidance document on wind energy developments 
and EU nature legislation’ (EC 2020) and the IUCN 
global report ‘Mitigating biodiversity impacts associ-
ated with solar and wind energy development’ 
(Bennun, et al., 2021). The European document 
provides guidance on how to ensure that wind energy 
developments are compatible with the Birds and 
Habitat Directives. It has examples of good practice in 
case studies providing a framework/inspiration for 
developing solutions case-by-case. The IUCN guideline 
provides practical support for risk management and 
minimizing unwanted biodiversity effects. It explains 
the mitigation hierarchy in detail and examines 
potential impacts and mitigation approaches for 
different renewable energy technologies. Both 
guidance documents highlight the need for Marine 
Spatial Planning tools to ensure that the total industrial 
impact in an area is taken into account. Such tools will 
also be important for efficient stakeholder management 
and to envision cumulative effects of developments. 
This will be important to ensure ocean health towards 
2050 and is discussed in more detail in Chapter 2. 

like the Macondo spill in the Gulf of Mexico could affect 
marine life and ecosystems more seriously long term 
(Beyer, et al., 2016). According to our forecast, offshore oil 
production is reduced by around 50% towards 2050 and 
the likelihood of oil spills can be expected to decrease.

Different phases of an oil and gas project have 

different impacts. Exploration involves seismic investi-
gations and drilling that can have acoustic effects on 
marine ecosystems. Seismic surveying also prevents 
fishing in the area while it is conducted. The construction 
phase directly impacts the environment associated with 

the seafloor. The production phase involves continuous 
discharges to the marine environment. Formation water 
(produced water) brought up with the hydrocarbons and 
drill cuttings is the major contaminant entering the sea 
from regular operations. Drill cuttings — drilled rock and 
adherent drilling fluids (drill mud) — end up as cutting 
piles on the seabed. Regulations strictly limit contaminant 
levels; produced water and drill cuttings are cleaned 
before discharges, and technological developments 
have led to a gradual decline in the amount of produced 
water discharged. The effects of produced water on 
individual organisms within important species, and the 
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effects of drilling waste on benthic communities, are local 
and generally confined to a few kilometres from a water 
outlet and on the seabed (Bakke, et al., 2013). Potential 
cumulative effects cannot be ruled out but seem unlikely. 

Abandoned wells interact with the seafloor, water 

column, and the sea surface in the marine environment 
(DNV, 2016). The forecasted decline in offshore oil and 
gas production to 2050 will require the plugging and 
abandonment of wells. Wells that are not properly 
plugged can remain a possible hazard. Oil leakages from 
plugged wells and natural seepages both have low 
discharge rates that are a source of chronic exposure for 
biota. Natural oil seeps have been leaking continuously at 
very low rates for thousands of years in many parts of the 
ocean and are considered a natural part of the ocean 
ecosystem.

Oil and gas structures support large biological 

communities on and around the installations that are an 
important part of artificial marine habitats. In the coming 
decades, oil and gas structures globally will approach 
their end of life. Although many structures have already 
been decommissioned, there is a lack of research 
evidence on the environmental impacts of different 
decommissioning options – complete removal, topping, 
horizontally reefing on site, reefing elsewhere, alternative 
options (Sommer et al., 2019).

National and regional policies on decommissioning 
range from complete removal of structures in the North 
Sea, to ‘rigs to reefs’  and alternative use options in the US 
and South East Asia. There is increasing interest in 
repurposing oil and gas structures — which, with the 
exception of reefing, will extend their economic life — for 
uses such as tourism, recreation, mariculture, alternative 
energy generation (wind and wave), carbon capture and 
storage, and research facilities.

Greater deployment of unmanned subsea installa-

tions will have cost and environmental benefits. A 
potential oil leak from such installations is less likely to 
reach the surface. Extensive use of monitoring technolo-
gies including advanced sensors will detect leaks early, 
and large spills can be avoided. Environmental regulation 
and public opinion are likely to lead to even tighter limits 

and less acceptance of environmental impacts from the 
oil and gas industry, driving further improvements in 
environmental performance.

The maritime sector
Maritime transport has intensified on a global scale 

across an ocean that enables safe and carbon- 

efficient transport of people and goods. Although 

international conventions regulate discharges of 

pollutants and waste from ships, ocean health 

challenges still remain as a result of the transfer of 

invasive species, chemical spills, and marine littering. 

Decarbonization and the need to reduce GHG emis-

sions from shipping are discussed separately in our 

Maritime Forecast to 2050 (DNV, 2021c).

The following key ocean health challenges arising from 
maritime transport must be managed through regulatory, 
operational, and technology-related measures.

Unintended transfer of organisms to foreign areas 

through ship ballast water and sediments, and from 

biofouling on the hull, constitutes an imminent threat as 
it might have detrimental ecological and economic 
impacts (Pimentel et al., 2005). Invasive species are often 
non-native and lack predators that control their popula-
tion. Concerns arise when a non-native species becomes 
invasive, posing a great threat to ocean biodiversity. 
Invasive species may be able to establish and spread in 
suitable new geographic areas, challenging native plants 
and animals, and permanently altering habitats directly 
and indirectly. We forecast port throughput to peak in 
around 2035, before declining slightly approaching 
mid-century (see Chapter 5). Greater China (dominated 
by China itself) will remain number one for international 
trade, facing a 20% increase, followed by the Middle East 
and North Africa (5% increase) and Europe, which will 
decline by a sixth (17%) by 2050. Another region of interest 
is the Indian Subcontinent, where port throughput 
increases by 132%, surpassing half of the other regions. 
These numbers do not include interregional trade, but give 
a good indication of the increased pressure from inter- 
national trade. This trend will aggravate the challenge of 
invasive species, especially in the aforementioned regions. 
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Oil spills will continue to significantly impact marine 

ecosystems. Oil can cause surface contamination and 
smother marine biota. Its chemical components can 
cause acute toxic effects and long-term accumulative 
impacts. A spill’s environmental impact depends on 
several factors: spill size, spread of the slick, toxicity and 
persistence of oil, and the sensitivity of the affected 
environmental region. Oil spills range from operational 
waste and fuel transfer accidents, to major spill events 
caused by ship collisions, foundering, grounding, or fire. 
Historically, major oil spills were a huge problem for 
maritime transportation and receiving a lot of public 
attention. Although regulations put into place greatly 
reduced the number of major oil spills (see text box on 
the next page), numerous small-scale incidents still occur. 
Our forecast shows that the fleet of crude carriers 
declines after its peak in 2030, while the global fleet 
continues slightly increasing towards 2050. As crude 
transport peaks and the merchant fleet transitions to 
alternative fuels (DNV, 2021c), the environmental risk 
posed by maritime oil spills can be expected to decline 
even further.

Residual levels of antifouling paints used on ships are 
another important form of chemical contamination in 
ocean environments. The paints target marine organisms 
that settle on solid surfaces after a period of mobility in 
the ocean. There are many variations of antifouling paints 
— for example, organotin, copper, and zinc-based — where 
the ecotoxicological impacts and their degradation 
products are thoroughly documented.

Regulatory responses

Challenges related to ballast water have largely 
been resolved by the International Convention for 
the Control and Management of Ships’ Ballast 
Water and Sediments, from 2004. The IMO 
brought this into force for international shipping in 
2017. Ships sailing in US waters must also use a 
type-approved ballast water management system 
compliant with US regulations. Accumulated 
microorganisms in biofouling still constitute a big 
challenge yet to be solved, however. With limited 
uptake of an existing IMO guideline on biofouling 
from 2011, a revision is under development. With 
no international regulatory framework to prevent 
the transfer of invasive species through biofouling, 
some governments are developing regulations. 
Australia, New Zealand, and the US State of 
California already have more stringent biofouling 
regulations within their jurisdictions.

Accumulated microorganisms in  

biofouling still constitute a big challenge  

yet to be solved.
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Regulating oil and  
chemical spills from ships
The International Convention for the Prevention of 
Pollution from Ships (MARPOL) regulates oil and chemical 
spills from ships. MARPOL Annex 1 is the most important 
regulation concerning all oil-containing fluids that can be 
discharged overboard at sea. Since 1993, tankers have 
had to have double hulls, reducing the risk of being 
holed. Major oil spills from ships have declined since the 
introduction of double hulls, but maritime transport must 
still improve to reduce the discharge of operational water 
contaminated with chemicals or oils; for example, from 
washing cargo holds.

Regulating maritime  
noise pollution
Noise, a major threat to marine habitats, is closely linked 
to areas of heavy maritime traffic (propeller and machinery 
noise) and to sound generated by air guns widely used 
for geophysical exploration in the oil and gas industry. 
Sound travels five times faster in water than in air, and the 
density of water transmits acoustic energy very efficiently 
over much greater distances than air. Hence, the effects 
of underwater noise may extend throughout very large 
volumes of water, and noise may be considered a serious 
hazard for individual animals and entire populations. 

As a general rule, governments should expressly classify 
underwater noise as a pollutant (where it is not already so 
defined) and manage it accordingly. In 2014, the IMO 
approved non-mandatory technical guidelines on 
reducing underwater noise from commercial shipping. 
These focus on primary sources, namely propellers, hull 
form, onboard machinery, and various operational and 
maintenance recommendations. Underwater noise and 
its effects on marine life are also taken into account 
through IMO-adopted Particularly Sensitive Sea Areas 
(PSSAs). These are considered to deserve special protec-
tion due to their recognized ecological, socio-economic 
or scientific significance and may be vulnerable to 
damage by ships. To protect marine life, ship routing 
measures can be proposed for adoption in connection 
with a PSSA. The IMO has also adopted a series of routing 
measures to protect whales and other marine mammals 
from ship strikes during the breeding season, by keeping 
ships away from specified areas.

As a general rule, governments should  

expressly classify underwater noise as a 

pollutant (where it is not already so defined) 

and manage it accordingly.
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The extent, location, and use of shipping lanes have 

implications for iconic and important ocean species. 

Shipping routes are analogous to terrestrial road systems 
because they concentrate ship traffic into confined 
spaces and may particularly affect large, highly mobile, 
surface-active marine megafauna such as sharks and 
great whales. Between now and 2050, shipping routes in 
some regions will see increased traffic as global trade 
patterns shift (see Chapter 5). Ship routing measures or 
reduced ship speeds can alleviate the pressure on marine 
megafauna as traffic intensity rises. 

Our forecast provides a stark warning of the need to 

avoid increasing coastal pollution from ship recycling. 
Due to solid investments in the current fleet, we foresee 
a significant proportion of vessels reaching the end of 
their design lives before 2050 (see Chapter 5). Conse-
quently, we predict almost a doubling of yearly decom-
missioning of vessels for the next 30 years. Foreseeing 
little change in the regional distribution of ship recycling, 
this doubling will mostly burden coastal environments in 
the Indian Subcontinent. The handling of waste from ship 
recycling is often inadequate, with little control of 
hazardous waste, debris, and slag. Insufficient solid 
waste management, lack of infrastructure, lack of 
adequate legal and policy frameworks, and poor 
enforcement increase the pollution risks. Hundreds of 
large ships are dismantled in poor environmental and 
social conditions each year, often on tidal beaches and 
without proper waste management. If regulatory 
incentives to mitigate these challenges fail, countries like 
India and Bangladesh will see a large increase in coastal 
pollution through ship wrecking. The IMO’s Hong Kong 
International Convention for the Safe and Environmen-
tally Sound Recycling of Ships has not yet entered into 
force, and it is questionable if it will happen any time 
soon. The lack of an international regulatory framework 
in force addressing safe and environmentally sound ship 
recycling has driven the EU to act and develop its own 
ship recycling regulations. A globally binding regulation 
is required to ensure safer, more sustainable ship 
recycling practices. The key to driving improvements is 
through national authorities, which must prioritize and 
enforce implementation of regulations for these to be 
effective.

Where is the ‘missing’ waste from ships?

Besides poor waste management in decommissioning, 
there is a discrepancy between ship-generated waste 
and waste delivered to waste reception facilities: 2.5% 
for oily waste, 10% for sewage waste, and 7% to 35% 
for refuse waste (EMSA/EEA, 2021). This may be 
because of illegitimate disposal to sea, constituting a 
major risk of marine littering: that is, lost fishing gear, 
cargo residues, garbage (e.g. food waste, plastic, 
domestic waste), oily waste, and sewage. Marine litter 
is a complex and multi-dimensional challenge which 
needs to be addressed on a national and international 
level. For example, international regulations such as 
MARPOL Annex V are in place to reduce garbage 
entering the oceans. Of course, the effectiveness of 
ship compliance with MARPOL Annex V depends 
largely on the availability of adequate port reception 
facilities.

Other initiatives to reduce litter entering the sea 
include, for example, the GloLitter project launched in 
2019, which aims to help shipping and fisheries move 
to a low-plastics future. GloLitter will assist developing 
countries identify opportunities to prevent and reduce 
marine litter, including plastic litter, from within the 
maritime transport and fisheries sectors, and to 
decrease the use of plastics in these industries, 
including identifying opportunities to re-use and 
recycle plastics.
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