


Figure 6.8 Climate change impacts of food products with protein content: fish & seafood, dairy & eggs, meat and vegetal.

Source: Own elaboration based on Sala and others (2019)517

Figure 6.9 Distribution of climate change impacts (kg CO2 eq./kg) of fish and seafood products per life cycle stage.

Source: Own elaboration based on Sala and others (2019)518

Figure 6.10 Life cycle stages of fish fillet from marine fish either from wild caught or from open net pen aquaculture.

Source: Own elaboration from Buchspies and others (2011)519

517	 Sala S., Benini L., Beylot A., Castellani V., Cerutti A., Corrado S., Crenna E., Diaconu E., Sanyé Mengual E, Secchi M., Sinkko T., Pant R. (2019) Consumption and Consumer 
Footprint: methodology and results. Indicators and Assessment of the environmental impact of EU consumption. Luxembourg: Publications Office of the European Union, 
ISBN 978-92-79-97255-3, doi 10.2760/15899.

518	 Sala S., Benini L., Beylot A., Castellani V., Cerutti A., Corrado S., Crenna E., Diaconu E., Sanyé Mengual E, Secchi M., Sinkko T., Pant R. (2019) Consumption and Consumer 
Footprint: methodology and results. Indicators and Assessment of the environmental impact of EU consumption. Luxembourg: Publications Office of the European Union, 
ISBN 978-92-79-97255-3, doi 10.2760/15899.

519	 Buchspies B.; Tölle S.J., Jungbluth N. (2011) Life Cycle Assessment of High-Sea Fish and Salmon Aquaculture. ESU-Services, Uster. Available from http://esu-services.ch/
fileadmin/download/buchspies-2011-LCA-fish.pdf (Accessed April 2021).
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The climate change impact of fish and seafood products was 
compared to other sources of protein in the EU diet (Figure 6.8). 
Fish and seafood showed a lower climate change impact com-
pared to meat, although poultry meat had a similar impact per 
mass of product to shrimp and salmon. Compared to dairy and 
eggs, fish products showed a lower climate change impact than 
butter and cheese, although only cod was less impacting than 
eggs. Vegetal alternatives for protein source, such as pulses and 
tofu, and milk had a lower impact than fish and seafood, with tofu 
having a similar impact to cod.

Considering the 16 environmental impact categories, the com-
parison of the different food products in terms of single weighted 
score confirmed the observed relations. However, an analysis at 
the impact category level revealed potential trade-offs regarding 
freshwater and marine eutrophication, and photochemical ozone 
formation when substituting other food products by fish and sea-
food products in the diet.

The Product Environmental Footprint (PEF) of marine 
fish (wild caught and aquaculture)

The Product Environmental Footprint (PEF) and Organization 
Environmental Footprint (OEF) are the LCA-based methods rec-
ommended by the European Commission to calculate the life cycle 
environmental performance of products and organisations520. PEF 
and OEF are multi-criteria methods and consider 16 environmen-
tal impact categories521. After the first publication of the PEF and 
OEF in 2013, a 5-year pilot phase (2013-2018) and a subsequent 
a transition phase (since 2019 until now) have been established to 
allow testing the method on a multiplicity of products and sectors. 
According to what was foreseen in the 2020 Circular Economy 
Action Plan, a policy initiative aiming at substantiating green 
claims522 based on PEF and OEF is under discussion523. 

To enable the comparison of products and organisations perfor-
mance, Product Environmental Footprint Category Rules (PEFCRs) 
and Organisation Environmental Footprint Sector Rules (OEFSRs) 
are developed by a Technical Secretariat, composed by companies 
representing at least the 51% of the EU market for the specific 
product group or organisation type. During the pilot phase, 19 
PEFCRs were developed including on food, drink and related prod-
ucts (beer, dairy, feed for food producing animals, packed water, 

520	 European Commission (EC) (2013) Commission Recommendation of 9 April 2013 on the use of common methods to measure and communicate the life cycle 
environmental performance of products and organisations, 2013/179/EU.

521	 Climate change, ozone depletion, human toxicity – cancer, human toxicity – non-cancer, particulate matter, ionizing radiation – human health, photochemical ozone 
formation – human health, acidification, eutrophication – terrestrial, eutrophication – freshwater, eutrophication – marine, ecotoxicity – freshwater, land use, water use, 
resource use – minerals and metals, resource use – fossils. 

522	 https://ec.europa.eu/environment/eussd/smgp/initiative_on_green_claims.htm
523	 European Commission (EC) (2020b) A new Circular Economy Action Plan For a cleaner and more competitive Europe. COM (2020) 98.
524	 Finnveden G., Hauschild MZ., Ekvall T., Guinée J., Heijungs R., Hellweg S., Koehler A., Pennington D., Suh S. (2009) Recent developments in Life Cycle Assessment. Journal of 

Environmental Management 91, 1–21. https://doi.org/10.1016/j.jenvman.2009.06.018. 
Crenna E., Sozzo S., Sala S. (2018) Natural biotic resources in LCA: Towards an impact assessment model for sustainable supply chain management. Journal of Cleaner 
Production 172, 3669–3684. https://doi.org/10.1016/j.jclepro.2017.07.208.

525	 Sala S., Benini L., Castellani V., Vidal Legaz B., De Laurentiis V., Pant R. (2019) Suggestions for the update of the Environmental Footprint Life Cycle Impact Assessment. 
Impacts due to resource use, water use, land use, and particulate matter. EUR 28636 EN, Publications Office of the European Union, Luxembourg, ISBN 978-92-79-69335-
9, https://doi.org/10.2760/78072.

526	 Tittensor DP, et al. (2014) A mid-term analysis of progress towards international biodiversity targets. Science 346, 241–244. https://doi.org/10.1126/science.1257484. 
IPBES (2019) Summary for policymakers of the global assessment report on biodiversity and ecosystem services of the Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services. IPBES secretariat, Bonn, Germany.

527	 Beylot A., Ardente F., Penedo De Sousa Marques A., Mathieux F., Pant R., Sala S. and Zampori L. (2020) Abiotic and biotic resources impact categories in LCA: development of 
new approaches, EUR 30126 EN, Publications Office of the European Union, Luxembourg, ISBN 978-92-76-17227-7, doi: 10.2760/232839.

528	 The framework did not include soils. Although they are potentially subject to regenerate over time, they should not be considered a NOBR, since soils are considered non-
renewable resources (soil formation processes take very long to occur, and therefore soils are not recoverable within a human lifespan) (EC, 2006).

529	 Beylot A., Ardente F., Penedo De Sousa Marques A., Mathieux F., Pant R., Sala S. and Zampori L. (2020) Abiotic and biotic resources impact categories in LCA: development of 
new approaches, EUR 30126 EN, Publications Office of the European Union, Luxembourg, ISBN 978-92-76-17227-7, doi: 10.2760/232839.

pasta, pet food and wine). In the transition phase, a PEFCR for 
Marine Fish is being developed, coordinated by the Norwegian 
Seafood Federation (NSF). The PEFCR Marine Fish is expected to 
be published by end 2022. The PEFCR considers both wild caught 
marine fish and marine fish from marine open net pen aquacul-
ture. The wild caught and the open net pen aquaculture (Figure 
6.10) entail different fishing processes thus impacting the envi-
ronment differently. For example, an important aspect to consider 
in the wild caught, which is not so critical in the marine open net 
pen aquaculture, is the potential overexploitation of natural fish 
populations.

Addressing fish overexploitation in life cycle 
assessment studies 

Although LCA already covers a significant number of impact cat-
egories, overexploitation of natural occurring biotic resources are 
still poorly covered in available Life Cycle Impact Assessment 
methods524. The need for improvements and further research 
for biotic resource proper assessment has emerged525. With the 
growing degradation of ecosystems, including due to resources 
overexploitation526, addressing the impacts of the exploitation of 
biotic resources when assessing environmental sustainability is 
thus essential. 

To address this issue, the JRC developed a comprehensive four-
steps approach to characterise the impacts due to the overex-
ploitation of naturally occurring biotic resources (NOBR) in LCA by 
considering (i) the renewability rate of the resource, (ii) the vul-
nerability of the species, and (iii) the current exploitation level527. 
These three elements are those hampering a steady provision 
of biotic resource from the wild. The impact assessment frame-
work allows determining the impacts of exploitation of natural 
occurring biotic resources in terms of number of years necessary 
to have the same amount of resource available in nature once 
again528. 

An operationalisation of the impact assessment framework, 
for naturally occurring biotic resources (NOBRs), was presented 
focused on fish species, since this the NOBR for which systematic 
information regarding the status of exploitation was available 
(information on exploitation status and vulnerability for 42 fish 
species was compiled)529.
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Source: Own elaboration from Beylot and others (2020)530

Results show that the consumption of different species has very 
different impacts in terms of exploitation of NOBR (Figure 6.11). 
Using the geometric mean to aggregate species level, results 
show that while tuna (multispecies group considering skipjack, 
yellowfin, albacore, bigeye, bluefin and miscellaneous) .is the spe-
cies most consumed per capita in the EU, the consumption of cod 
is the one with the highest impact. Nevertheless, the authors point 
out that aggregating characterisation factors (CFs) (i.e., the impact 
factor for each individual species) per species groups greatly influ-
ence the results. If data would be available, performing the same 
analysis at the species level (for tuna) would probably yield dif-
ferent results. Hence, the recommendation is to apply the CFs at 
species level when assessing NOBR.

530	 Beylot A., Ardente F., Penedo De Sousa Marques A., Mathieux F., Pant R., Sala S. and Zampori L. (2020) Abiotic and biotic resources impact categories in LCA: development of 
new approaches, EUR 30126 EN, Publications Office of the European Union, Luxembourg, ISBN 978-92-76-17227-7, doi: 10.2760/232839.

531	 Barbier E.B., Hacker S.D., Kennedy C., Koch E.W., Stier A.C., Silliman B.R. (2011) The value of estuarine and coastal ecosystem services. Ecological Monographs 81, 169–193. 
https://doi.org/10.1890/10-1510.1

532	 Roebeling P.C., Costa L., Magalhães-Filho L., Tekken V. (2013) Ecosystem service value losses from coastal erosion in Europe: historical trends and future projections. Journal 
of Coastal Conservation 17, 389--395. https://doi.org/10.1007/s11852-013-0235-6

533	 Paprotny D., Terefenko P., Giza A., Czapliński P., Vousdoukas M.I. (2021) Projecting losses of ecosystem services due to coastal erosion in Europe with remote sensing data. 
Science of the Total Environment, 760, 144310. https://doi.org/10.1016/j.scitotenv.2020.144310

6.5. QUANTIFICATION 
OF ECONOMIC LOSS OF 
COASTAL ECOSYSTEM 
SERVICES FROM  
SEA LEVEL RISE
The coastal zone provides valuable ecosystem services531 to the 
European citizens, related to waste treatment, climate and water 
regulation, food production, and recreation, among others532. The 
main source of coastal ecosystem services are currently agricul-
tural areas (34% of total) followed by wetlands (29%) and for-
ests (20%). Within a 10 km coastal zone of the EU-27 countries, 
almost €400 billion worth of services was generated in 2018533. 

However, rising seas due to climate change are expected to reduce 
the area and ecosystem services of Europe’s coasts. Based on 
existing projections, 4-5% of coastal ecosystem services in Europe 
could be lost by 2100 (corresponding to more than €15 billion 
annually), with very large diversity of impacts at national and 
regional level. Many regions located especially along the North 
Sea and eastern Mediterranean Sea would suffer from heavy 
decline in ecosystem services. 

Despite the ongoing natural trend of coastal erosion, human 
interventions (e.g. land reclamations, and expansion of ports and 
harbours) resulted in a small expansion of Europe’s coastal zone. 
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Figure 6.11 Relation between consumption per capita of wild fish species groups (kg from wild)  
and the resulting impact of exploitation (years). 
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However, several part of the coast eroded which combined with 
negative trends in land-use change, resulted in an overall decline 
of annual coastal ecosystem services by almost €140 million. 
The majority of the decline was caused in recent years by con-
traction of wetlands and intense agriculture, lost particularly to 
urban areas, which was partially compensated by the expansion 
of forests.

6.5.1. IMPACTS AT EU LEVEL

Sea level rise is expected to accelerate coastal erosion during the 
21st century534. Already by 2050, approximately 2000–2300 km2 
of the coastal zone could erode, depending on the emission sce-
nario (moderate or high emissions). By 2100, erosion is projected 
to reach 3 800–5 000 km2 and is expected to disproportionately 
affect more valuable habitats. In effect, the loss of 1-1.3% of 
land and inland waters would result in a 4.3-5.4% decline in the 
value ecosystem services, i.e. from €360 to 341–344 billion per 
year535. About 75% of the losses are projected to originate from 
the decline in services of wetlands (11–14% of 2018 services), 
particularly salt marshes. Other land cover types strongly affected 
are beaches, sands, and dunes (29-35% of 2018 services, many 
of which related to coastal tourism), as well as coniferous forests, 
salines, estuaries, inland marshes, and natural grasslands. On the 
other hand, impacts on agricultural lands would be limited, as 
despite their large area, they are rarely located very close to the 
shoreline .

534	 Vousdoukas M.I., Ranasinghe R., Mentaschi L., Plomaritis T.A., Athanasiou P., Luijendijk A., Feyen L. (2020) Sandy coastlines under threat of erosion. Nature Climate Change 
10, 260–263. https://doi.org/10.1038/s41558-020-0697-0

535	 Paprotny D., Terefenko P., Giza A., Czapliński P., Vousdoukas M.I. (2021) Projecting losses of ecosystem services due to coastal erosion in Europe with remote sensing data. 
Science of the Total Environment, 760, 144310. https://doi.org/10.1016/j.scitotenv.2020.144310

536	 Costanza R., de Groot R., Sutton P., van der Ploeg S., Anderson S.J., Kubiszewski I., Farber S., and Turner R.K. (2014) Changes in the global value of ecosystem services. Global 
Environmental Change 26, 152–158. https://doi.org/10.1016/j.gloenvcha.2014.04.002

537	 De Groot R., Brander L., van der Ploeg S., Costanza R., Bernard F., Braat L., Christie M., Crossman N., Ghermandi A., Hein L., Hussain S., Kumar P., McVittie A., Portela R., 
Rodriguez L.C., ten Brink P., van Beukering P. (2012) Global estimates of the value of ecosystems and their services in monetary units. Ecosystem Services 1, 50–61. https://
doi.org/10.1016/j.ecoser.2012.07.005

538	 Paprotny D., Terefenko P., Giza A., Czapliński P., Vousdoukas M.I. (2021) Projecting losses of ecosystem services due to coastal erosion in Europe with remote sensing data. 
Science of the Total Environment, 760, 144310. https://doi.org/10.1016/j.scitotenv.2020.144310

Different functions of coastal ecosystems would be unevenly 
affected. The most valuable ecosystem services to be impacted 
are regulating services, which include waste treatment, climate 
and water regulation, disturbance moderation, erosion control, 
soil formation, pollination and others. Regulating services would 
also be amongst the most affected, declining by 7–9% by 2100. 
Smaller impacts are projected for habitat services such as nursery 
and genetic diversity (4–5% loss), cultural services such as rec-
reation (around 2% loss), with provisioning services (e.g. supply 
of food, water and raw materials) losing only about 1% of their 
current level.

Impacts at Member State and Regional level

The coastal ecosystem services, computed based on valuations 
of different services provided by scientific literature536 537, are 
equivalent to 2.8% of the EU-27 GDP in 2018538. In relative eco-
nomic terms, coastal ecosystems are most valuable to Greece, 
Cyprus and Denmark, as they account for more than 12% of their 
respective 2018 GDP. On the other side of the spectrum, in coun-
tries with shorter coastlines like Belgium and Slovenia, as well as 
Poland and Germany, coastal ecosystem services correspond to 
less than 1% of the national GDP.

The most affected country is expected to be Denmark, which 
would lose 9–12% of its coastal ecosystem services by 2100, 
equivalent to 1.2-1.6% of the national GDP in 2018. This would 
be the consequence of an extensive erosion, projected to be the 
strongest among EU-27 countries, under high emission scenarios. 

Figure 6.12 Loss of coastal ecosystem services until 2018 as % of regional GDP by NUTS 3 regions, under moderate emissions.

Source: Own elaboration
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Similar impacts relative to the current level of ecosystem services 
are projected for Germany, while the losses relative to the size of 
the economy would exceed 1% GDP also in Greece. Other most 
impacted EU countries would be the Netherlands, Estonia, Finland 
and France. 

Regional impacts are even more unevenly distributed. By 2100, 
282 NUTS 3 regions (out of 328) are projected to be affected 
under high emission scenarios. The exact number of regions 
affected and their ranking varies among scenarios, as the uncer-
tainty of the coastal erosion projections is large in many areas. 
For instance, in the best-case scenario, representing the lower 
bound of the uncertainty of the moderate emission scenario, only 
18 regions would lose more than 10% of their coastal ecosystem 
services by 2100. However, in the worst case, representing the 
upper bound of the uncertainty of the high emission scenario, 63 
regions would be severely impacted. Between 6 and 29 regions 
would lose services equal to more than 5% of their regional GDP. 

Worst-affected regions are concentrated particularly along the 
south-eastern coast of the North Sea, Bay of Biscay, and east-
ern Mediterranean Sea. The Danish region of North Jutland 
(Nordjylland DK050) and the German district of Nordfriesland 
(DEF07) could lose about €2 billion of coastal ecosystem services. 
The latter region could incur the highest relative loss in economic 
terms (40% of GDP in the most extreme case). Losses relative 
to 2018 would be particularly large in several districts of Lower 
Saxony in Germany, especially Friesland (DE94A), where they will 
be in the range of 59–65% by 2100. Many regions in various 
parts of France would also be among those with the highest rela-
tive impacts, together with some Dutch and Greek regions. In the 
latter country, Imathia (EL521) could suffer the highest losses 
among European regions, of up to 65% (under the worst-case 
scenario). Conversely, the majority of the coasts of the western 
Mediterranean Sea would be only lightly affected, similar to most 
parts of the Adriatic Sea, Tyrrhenian Sea, southern Baltic Sea, 
and Black Sea, as those are relatively sheltered basins with lower 
storm intensity than the Atlantic Ocean coasts. For a description 
of the methodology used to produce this section, please refer to 
Annex 3, section 6.5.3.

6.5.2. CONCLUSIONS

Historical data for 2000—2018 already indicate a decline in 
coastal ecosystem services. Predicting shoreline change comes 
with high uncertainty, but the downward trend in the value of 
ecosystem services is clearly visible in all emission scenarios. It 
is also worth to note that the process will continue to accelerate 

539	 Paprotny D., Terefenko P., Giza A., Czapliński P., Vousdoukas M.I. (2021) Projecting losses of ecosystem services due to coastal erosion in Europe with remote sensing data. 
Science of the Total Environment, 760, 144310, https://doi.org/10.1016/j.scitotenv.2020.144310

540	 Börger T., Beaumont, N.J., Pendleton L., Boyle K.J., Cooper P., Fletcher S., Haab T., Hanemann M., Hooper T.L., Hussain, S.S., Portela R., Stithou M., Stockill J., Taylor T., Austen 
M.C. (2014) Incorporating ecosystem services in marine planning: the role of valuation. Marine Policy 46, 161--170. https://doi.org/10.1016/j.marpol.2014.01.019

541	 Vousdoukas M.I., Mentaschi L., Voukouvalas E., Verlaan M., Jevrejeva S., Jackson L.P., Feyen L. (2018) Global probabilistic projections of extreme sea levels show 
intensification of coastal flood hazard. Nature Communications 9, 2360. https://doi.org/10.1038/s41467-018-04692-w

542	 Hegde A.V. (2010) Coastal erosion and mitigation methods – Global state of art. Indian Journal of Geo-Marine Sciences 39(4), 521-530.
543	 Vuik V., Jonkman S.N., Borsje B.W., Suzuki T. (2016) Nature-based flood protection: The efficiency of vegetated foreshores for reducing wave loads on coastal dikes. Coastal 

Engineering 116, 42–56. https://doi.org/10.1016/j.coastaleng.2016.06.001
544	 Bigongiari N., Cipriani L.E., Pranzini E., Renzi M., Vitale G. (2015) Assessing shelf aggregate environmental compatibility and suitability for beach nourishment: A case study 

for Tuscany (Italy). Marine Pollution Bulletin 93(1-2), 183-193. https://doi.org/10.1016/j.marpolbul.2015.01.021
545	 Bričre C., Janssen S.K.H., Oost A.P., Taal M., Tonnon P.K. (2018) Usability of the climate-resilient nature-based sand motor pilot, The Netherlands. Journal of Coastal 

Conservation 22, 491–502. https://doi.org/10.1007/s11852-017-0527-3
546	 Bugajny N., Furmańczyk K. (2017) Comparison of short-term changes caused by storms along natural and protected sections of the Dziwnów Spit, southern Baltic coast. 

Journal of Coastal Research 33, 775–785. https://doi.org/10.2112/jcoastres-d-16-00055.1

and ecosystem services equivalent to billions of euros will be lost, 
unless mitigation measures will be taken. The spatial variability 
of both existing services and their future losses is high, but some 
regions and countries are projected to face considerable losses 
compared to the size of their local economies539. 

Appropriate management and particularly Coastal Areas Spatial 
Planning, closely linked to balanced development of littoral areas, 
is becoming a major challenge for the research community, which 
is involved in knowledge-based shaping of environmental poli-
cies540. Although the processes that generate coastal erosion are 
beyond human control, ecosystem services can be preserved with 
adequate mitigation measures. However, such actions come with 
many challenges. Protecting vulnerable coastal areas from all 
possible adverse events can be economically impractical. Another 
challenge is that sea level rise exacerbates coastal flooding risk541, 
demanding the establishment of flood risk reduction strategies, as 
was highlighted in the Blue Economy Report 2020. 

For years, coastal protection measures mainly consisted of “hard” 
solutions such as seawalls, breakwaters, groins and dikes. Those 
conventional methods, though effective, come with certain lim-
itations542. Apart from their high maintenance and construction 
costs, they tend to result in further erosion and thus downgrade 
coastal ecosystem services. Nature based solutions can be an 
alternative protection pathway543. These involve a variety of “soft” 
site-specific human interventions, such as beach nourishment544, 
which is particularly gaining popularity, since it has proved to pre-
vent shoreline retreat without altering the coastal environment, 
as much as conventional methods do545. But under rising seas, 
some kind of hard protective barrier will probably be necessary, 
so nature based solutions tend to extend to also hybrid solu-
tions, e.g. artificial reefs or constructed dunes, which combine 
hard infrastructure and natural approaches. They can harness 
the strengths and minimise the weaknesses of both approaches. 
Yet, despite their potential, hybrid protection solutions are still 
rarely implemented. The reason is the lack of guidelines for when 
a soft, hybrid or hard coastal defence approach is most appropri-
ate, as well detailed assessments of lifespans and construction/
maintenance costs. This is an ongoing process, which involves 
implementing more pilot projects and monitoring them closely546 
in order to understand which coastal landscapes could benefit 
from wider implementation of hybrid or nature-based solutions, 
as well as the related costs.
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6.6. IMPACTS OF  
COVID-19 PANDEMIC IN 
BLUE NATURE AREAS
Nearly 2.4 billion people (around 40% of the world’s population) 
live within 100 km of the coast. While coastal areas include zones 
for different activities, blue nature areas are those that have an 
explicit human-nature connection. Ecosystem services provided by 
blue nature areas offer an alternative to traditional 'grey' infra-
structure, offering a wide range of goods and services, including 
health-related, aesthetic, cultural and recreational benefits for 
citizens as well as habitat for biodiversity.

Since the first quarter of 2020, the COVID-19 pandemic has 
increasingly impacted global health with significant social and 
economic consequences on people who live in these areas. 
Vulnerable coastal communities and informal workers in Europe 
have been hit hard by lockdown measures, border closures, and 
non-essential travel restrictions adopted in response to the health 
crisis, which affected all Blue Economy sectors, particularly marine 
and coastal tourism, shipping, port activities, and fisheries547.

At the UN General Assembly that in December 2020 debated two 
resolutions on Oceans and Law of the Seas and on Sustainable 
Fisheries, the EU recognised the important role seafarers and fish-
ers play in providing the global community with goods, including 
the medicines and equipment used to fight the COVID-19 pan-
demic, as well as food. In this regard, the EU welcomed the con-
sensual adoption by the UN General Assembly of a Resolution on 
“International cooperation to address challenges faced by sea-
farers as a result of the COVID-19 pandemic to support global 
supply chains”548. 

547	 Northrop, E., et al. 2020. ‘‘A Sustainable and Equitable Blue Recovery to the COVID-19 Crisis.’’ Report. Washington, DC: World Resources Institute. Available online at http://
www.oceanpanel.org/Bluerecovery 

548	 United Nations General Assembly resolution no. A/75/L.37 of 24 November 2020.
549	 https://ec.europa.eu/fisheries/press/eu-stresses-need-blue-post-covid-19-recovery-strategies-un-general-assembly_en

Furthermore, the EU stressed that in addressing the socio-eco-
nomic impacts of the COVID-19 pandemic, recovery strategies 
should aim at keeping oceans healthy and productive, fighting 
climate change, halting biodiversity loss, as well as tackling ocean 
inequality. “These should not be seen as 'either or' options, as 
ensuring resilience of the society, economies as well as the envi-
ronment to future shocks can only be achieved by tackling these 
challenges”549.

For the EU, in line with the principles of its EGD, the best way 
forward to recover from this pandemic is by rebuilding greener 
and bluer, which requires decision-making on the basis of the 
best available science. To contribute to increased knowledge and 
also helping the scientific community, policy makers, and maritime 
industries to better understand the COVID-19 impacts on human 
wellbeing and interactions with coastal nature, ICES Working 
Group on Resilience and Marine Ecosystem Services (WGRMES) is 
conducting a global survey to better understand the impacts of 
the COVID-19 pandemic on blue nature areas. 

Below, are the preliminary results of the survey. Respondents 
in our sample of 206 people were mostly female and univer-
sity educated. The most frequent ages of the respondents were 
included in the age groups between 35 and 49 years, even if all 
age groups above 25 years were widely represented. Respondents 
represented 35 countries from six continents with the majority 
living in the UK (37%), USA (22%) and Spain (6%).

Personal connection with nature was strong among respondents, 
with almost all describing themselves as being wholly, very, or 
moderately connected with nature (Figure 6.13).

This is likely related to the fact that respondents typically lived in 
accommodation with a garden or rural setting (73%; Figure 6.13), 

Figure 6.13 Perception about connection of respondents with nature (left),  
and characteristics of the surroundings of their home (right).

Source: Own elaboration
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personal connection with nature in general?
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Figure 6.14 Frequency of visits to different types of green (top), and coastal blue areas (bottom).

Source: Own elaboration.

Figure 6.15 Perceptions about benefits of coastal blue areas for physical and mental health.

Source: Own elaboration.
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health?
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How do your interactions with your favourite coastal blue area tend to affect your health?

and frequently visited green areas (namely recreational parks, 
woodlands/forests, and hills/mountains), or coastal blue areas 
(especially sea/ocean, and beaches; Figure 6.14).

When asked about coastal blue areas, nearly all said that inter-
acting with their favourite coastal blue area positively affected 
their mental and/or physical health, and had a positive effect on 
moods, levels of stress and/or social interactions (Figure 6.15). A 
range of emotions were described when visiting these favourite 

areas such as feelings of appreciation (94%), happiness (90%), 
hope (56%), satisfaction (53%), concentration (35%), sadness 
(23%), peace or calm (8%) and fear (6%).

As a result of government efforts to control the COVID-19 pan-
demic in their country, most respondents were affected by severe 
or strict restrictions on their usual activities immediately prior to 
or while completing the survey (85%; Figure 6.16). This meant 
they spent less time than usual in coastal blue areas (67%) or 
could not visit any coastal blue areas away from home (37%; 
Figure 6.16). 

136

TH
E 

EU
 B

LU
E 

EC
O

N
O

M
Y 

RE
PO

RT



0
10
20
30
40
50
60
70
80
90

100

fresh ingredients frozen ingredients canned ingredients take away/fast food store-bought ready
meals

home cooked meals home baked foods (e.g.
bread, cakes)

%

How did your dietary habits change while your activities were restricted during the COVID-19 
pandemic in your country (or during the last 4 weeks)? 

decreased a lot decreased a little no change increased a little increased a lot I don't  usually eat this not stated

0

10

20

30

40

50

60

70

80

90

100

have you been
able to

concentrate on
what you were

doing?

have you felt
that you were

playing a useful
part in things?

have you felt
capable of

making decisions
about things?

have you felt
able to enjoy

your normal day-
to-day activities?

have you been
able to face up to
your problems?

have you been
reasonably

happy, all things
considered?

have you lost
much sleep over

worry?

have you felt
constantly under

strain?

have you felt  you
could not

overcome your
difficulties?

have you been
feeling unhappy
and depressed?

have you been
losing confidence

in yourself?

have you been
thinking of

yourself as a
worthless
person?

%

Now thinking about the period when your activities have been restricted, please tell us about your mental health in 
general by selecting the answers which you think most nearly apply to you. If no restrictions were in place, please 

tell us about the last 

more than usual usual seldom not at all not stated

Figure 6.16 Recent restrictions (top-left), and visits to coastal blue areas (top-right) imposed on activities due to COVID-19.

 

Note: The perceived impacts on eating habits (medium), and on the mental state of the respondents (bottom) are also shown. 
Source: Own elaboration
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Restrictions on activities negatively affected respondents’ mental 
health in various ways including reduced ability to concentrate 
(40%), feeling useful (47%), or ability to enjoy normal activities 
(49%; Figure 6.15). Restrictions also changed some respondents’ 
dietary habits, including decreased consumption of takeaway/fast 
food (39%) or store-bought ready meals (20%), and increased 
consumption of home cooked meals (55%) and home baked foods 
(51%). Such changes likely contributed to increased consump-
tion of fresh (28%), frozen (22%) and canned (24%) ingredients 
(Figure 6.15).

Given that social-ecological crises, such as COVID-19, can increase 
vulnerabilities and risk of inequality for coastal zones, generating 
scientific evidence and disseminating it publicly - to policy-mak-
ers, industry, and wider society - increases the awareness of the 
wide range of impacts of the pandemic on different segments of 
the coastal population (e.g. younger and older people, genders, 
etc.). The results of these studies will provide insights on possible 
adaptation measures that coastal regions could develop to deal 
with new social-ecological crises in the future.
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6.7. CARBON SEQUESTRATION 
IN EUROPEAN SEAS
The absorption of atmospheric carbon by marine phytoplankton 
is a precious ecosystem service. Although it is not possible to 
know the exact amount of carbon sequestered in EU waters550, 
the amount of carbon sequestered can be approximated by esti-
mating the primary production rates (PPR), i.e. the production of 
marine phytoplankton that captures atmospheric carbon when it 
grows. There are different approaches to estimate PPR, and there-
fore carbon sequestration, based on diverse methodologies (e.g. 
water incubation, remote sensing and numerical models). They all 
present a number of weaknesses and strengths.

Carbon sequestration varies substantially between the European 
Seas. Marine models551 were applied to estimate the annual 
amount of carbon uptaken by phytoplankton in the Greater North 
Sea as well as in the Mediterranean Sea. Both seas differ substan-
tially with respect to the amount of carbon captured per square 
metre, with the North Sea ones being substantially higher due to 
the stronger growth of phytoplankton552.

Source: own elaboration from Macias and others (2020)553

550	 Seagrass meadows are considered important natural carbon sinks due to their capacity to store organic carbon in sediments. Rough estimates consider that globally, 
seagrass sequesters approximately 10% of the carbon buried in ocean sediment annually. However, the spatial heterogeneity of carbon storage in seagrass sediments 
needs to be better understood to improve accuracy of Blue Carbon assessments. https://www.thebluecarboninitiative.org/about-blue-carbon. 
Ricart, A. M., York, P. H., Bryant, C. V., Rasheed, M. A., Ierodiaconou, D., & Macreadie, P. I. 2020. High variability of Blue Carbon storage in seagrass meadows at the estuary 
scale. Scientific reports, 10(1), 1-12.

551	 Macias, D., Friedland, R., Stips, A., Miladinova, S., Parn, O., Garcia-Gorriz, E. and Melin, F. Applying the Marine Modelling Framework to estimate primary production in EU 
marine waters, EUR 30546 EN, Publications Office of the European Union, Luxembourg, 2020, ISBN 978-92-76-27860-3, doi:10.2760/19851.

552	 Macias, D., Friedland, R., Stips, A., Miladinova, S., Parn, O., Garcia-Gorriz, E. and Melin, F. Applying the Marine Modelling Framework to estimate primary production in EU 
marine waters, EUR 30546 EN, Publications Office of the European Union, Luxembourg, 2020, ISBN 978-92-76-27860-3, doi:10.2760/19851.

553	 Macias, D., Friedland, R., Stips, A., Miladinova, S., Parn, O., Garcia-Gorriz, E. and Melin, F. Applying the Marine Modelling Framework to estimate primary production in EU 
marine waters, EUR 30546 EN, Publications Office of the European Union, Luxembourg, 2020, ISBN 978-92-76-27860-3, doi:10.2760/19851.

554	 The OECD proposed 30 €/tonne as the benchmark value of the low-end estimate of carbon costs today. OECD (2018), Effective Carbon Rates 2018: Pricing Carbon 
Emissions Through Taxes and Emissions Trading, OECD Publishing, Paris, https://doi.org/10.1787/9789264305304-en. See the 2020 EU Blue Economy Report for details.

Also within the regional seas, different gradient exist. For 
example, carbon sequestrations is stronger in the German and 
Danish waters compared to other parts of the North Sea. In the 
Mediterranean Sea, a West to East gradient occurs with highest 
primary production values in French and Spanish waters. 

On the basis of carbon sequestration rates analysed in EU waters, 
the extrapolated total quantity carbon absorbed in each exclu-
sive economic zone (EEZ) in the Greater North Sea and jurisdic-
tional water in the Mediterranean Sea (i.e. about 2.1 million km2) 
amounts to 172.7 Mt/year, with 38.2 Mt/year (22.1%) coming 
from Italian waters. Assuming estimated carbon costs of €30 per 
tonne554, this ecosystem service would correspond to €5.18 billion 
per year (2.11 billion in the Greater North Sea and 3.07 billion in 
the Mediterranean Sea). 

A wider extrapolation to the almost 6.1 million km2 of EU waters 
suggests that EU-27 waters could be sequestering nearly 500 
Mt per year, worth almost €15 billion per year. Considering that 
carbon sequestration varies significantly by sea and gradient, as 
previously mentioned, further work is required to obtain more 
accurate estimates.

Figure 6.17 Estimated Net primary production per m2 (left) and upscaled to total amount of Carbon uptaken  
in the different EU-27 jurisdictional waters or EEZs of the Mediterranean Sea and the Greater North Sea
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C h a p ter    7
REGIONAL AND 

INTERNAT IONAL 
ANALYSES



This chapter is split into two main sections. The first section pro-
vides an overview of the impact of the Blue Economy in the EU at 
a sea basin level. The section presents results for employment and 
GVA at the sea basin level resulting from the seven Blue Economy 
established sectors. Moreover, this chapter will take a closer look 
at the Atlantic and the Black Sea and will as delineate efforts on 
a regional level to counter the COVID-crisis. Lastly, this chapter 
attempts a comparison between the EU's Blue Economy and that 
of China. The previous edition provided a similar exercise vis-à-vis 
the US, for which this chapter also presents an update by briefly 
describing the US Sea Satellite Account. 

7.1. THE BLUE ECONOMY IN 
THE EU SEA BASINS
Background

It is useful to explore the economic impact not only from the 
national perspective but to analyse sea basins at large to be able 
to ascertain the effects of the Blue Economy at a sea basin (or 
regional level). The various European sea basins are distinct from 
one another, based on geography, prevailing biodiversity and gov-
ernance. These distinct features bear potentials for further Blue 
Economy developments but may also present certain weaknesses. 
Consequently, there is relevance to analyse the socioeconomic 
specificities in the regional context.

The regional analysis can be done at various levels such as 
coastal community, NUTS2, NUTS3 and the respective sea basins 
as a whole. Data on each geographical level bears more specific 
insights that are helpful in furthering evidence-based policymak-
ing. In this Chapter, a closer look is taken at Blue Economy devel-
opments in the EU sea basins. A detailed methodology can be 
found in Annex 3.

To assess the size of the Blue Economy, this section presents 
estimations of employment and GVA – the regional data corre-
spond to the geographical areas participating in the following EU 
strategies: 

Macro-regional strategies:

•	 Adriatic and Ionian Seas: EU Strategy for the Adriatic and 
Ionian Region – EUSAIR

•	 Baltic Sea: EU Strategy for the Baltic Sea Region – EUSBSR

Sea basin strategies – Macro-regional strategies:

•	 Atlantic: Atlantic Strategy
•	 Western Mediterranean: Initiative for the sustainable devel-

opment of the Blue Economy in the Western Mediterranean 
– WestMED

•	 Black Sea: Common Maritime Agenda for the Black Sea

This section provides a more in-depth review of the Atlantic 
Strategy, the Black Sea region and assesses implications of the 
COVID-19 crisis on the various sea basins. 

Context

The term sea basin strategy refers to an integrated framework 
to address common marine and maritime challenges faced by 
Member States in a sea basin or in one or more sub-sea basins. 
Sea basin strategies also promote cooperation and coordination 
in order to achieve economic, social and territorial cohesion. The 
Commission develops these strategies in cooperation with the 
Member States concerned, their regions and other stakeholders as 
appropriate (e.g. third countries). The strategies encompass exist-
ing inter-governmental initiatives and regional bodies and move 
from political declarations to integrated projects and investments. 
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It is important to note that Member States may participate in 
multiple strategies: some strategies may cover more than one 
sea basin and/or may overlap with other strategies/sea basins. 

Beyond that, this report features basins that are not incorpo-
rated into any regional strategy, to provide grounds for compar-
ison. Hence, the North Sea, the Mediterranean and the Eastern 
Mediterranean are also presented in this section. 555

7.1.1. THE BLUE ECONOMY IN THE SEA 
BASINS: FACTS AND FIGURES
In this edition, the EU Blue Economy Report provides estimates 
on the size and distribution of the established sectors in terms 
of GVA and employment across sea basins. The goal is to give an 
indication of the relative size of each sea basin and its speciali-
sation in terms of activities. Figures should thus not be taken as 
precise values but as an indication of their magnitude.

555	 Some of the Sea basins may include third states, which are not indicated in the table (e.g. the UK).
556	 Additional breakdowns of the data are available at the Blue Economy Indicators webpage (https://blueindicators.ec.europa.eu/). 

The national values of the Blue Economy and their sectors have 
been assigned to the corresponding sea basin and subsequently 
aggregated. For Member States with access to more than one sea 
basin, the proportion of their coastal NUTS3 regions belonging to 
a given sea basin were used to estimate the size of the national 
Blue Economy corresponding to that sea basin. NUTS3 proportions 
for GDP and employment were used for the estimation of Blue 
Economy GVA and employment. Further details on the methodol-
ogy are explained in Annex 3.2.

In 2018, the largest sea basin in terms of GVA was the 
Mediterranean (€65.5 billion or 37% of the EU Blue Economy 
GVA), followed by the West Mediterranean (€54.4 billion, 31%) 
and the North Sea (€44.2 billion, 25%). Similarly in terms of 
employment: 46% of the Blue Economy employment is located 
in the Mediterranean (2.06 million employees), 33% in the West 
Mediterranean (1.47 million employees) and 23% in the Adriatic-
Ionian Sea (1.02 million employees)556. 

Source: Commission Services.

Table 7.1 Member States participating in the different sea basins554

Northern Waters Mediterranean

Black Sea
Atlantic North 

Sea
Baltic 
Sea Mediterranean West MED East MED Adriatic-Ionian 

Strategy Sea basin Strategy Sea basin Strategy Sea (sub)-basin Strategy Sea basin
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Figure 7.1 The EU Blue Economy by sea basin, 2018

Source: Own elaboration from Eurostat (SBS) and DCF data.
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Figure 7.2 The Atlantic Ocean Strategy Blue Economy by sector, 2018

Source: Own elaboration from Eurostat (SBS) and DCF data.

Table 7.2 The EU Blue Economy by sea basin, GVA, € billion

  Total Blue Economy 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

  European Union  155.7  158.5  154.4  142.4  146.4  146.4  154.1  152.8  166.5  178.1 
N

ot
he

rn
 

w
at

er
s Atlantic Ocean 17.2% 17.6% 19.2% 18.4% 18.8% 18.9% 18.4% 18.9% 18.9% 19.6%

North Sea 24.6% 24.9% 25.4% 27.5% 27.1% 26.8% 27.2% 25.6% 25.9% 24.8%

Baltic Sea 19.0% 20.7% 21.7% 22.5% 22.6% 22.4% 22.5% 20.4% 20.6% 19.5%

M
ed

it
er

ra
ne

an Mediterranean 39.8% 38.3% 35.7% 33.3% 33.2% 33.8% 33.8% 36.0% 35.8% 36.8%

West Mediterranean 28.5% 28.0% 27.6% 26.9% 27.0% 27.2% 27.5% 29.2% 28.9% 30.5%

Adriatic-Ionian Sea 17.6% 16.3% 13.7% 12.0% 11.9% 12.5% 12.4% 13.3% 13.6% 13.6%

East Mediterranean 9.1% 7.0% 5.4% 4.0% 4.3% 4.7% 4.3% 4.8% 5.2% 5.1%

  Black Sea 1.6% 1.3% 1.4% 1.0% 1.0% 0.9% 1.0% 1.2% 1.0% 1.1%

Source: Own elaboration from Eurostat (SBS) and DCF data.

Table 7.3 The EU Blue Economy by sea basin, employment, person thousand

  Total Blue Economy 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

  European Union  4,454  4,184  3,838  3,486  3,560  3,617  3,576  3,797  3,991  4,477 

N
ot

he
rn

 
w

at
er

s Atlantic Ocean 17.6% 18.0% 18.6% 20.0% 20.3% 19.8% 19.8% 19.4% 19.8% 19.9%

North Sea 13.1% 14.2% 15.0% 16.0% 16.0% 16.2% 16.7% 16.2% 15.9% 15.6%

Baltic Sea 14.6% 16.0% 16.6% 18.2% 18.5% 18.1% 18.6% 17.8% 17.7% 16.1%

M
ed

it
er

ra
ne

an Mediterranean 47.8% 46.9% 44.2% 42.9% 42.7% 43.7% 42.5% 43.7% 44.5% 45.9%

West Mediterranean 31.4% 30.7% 30.6% 32.1% 31.9% 30.9% 31.6% 31.6% 31.9% 32.7%

Adriatic-Ionian Sea 24.4% 24.0% 21.0% 18.9% 19.0% 20.9% 19.3% 20.3% 21.3% 22.8%

East Mediterranean 13.8% 12.3% 10.3% 8.2% 9.3% 11.3% 10.0% 11.4% 12.0% 13.7%

  Black Sea 8.4% 6.6% 7.3% 4.4% 4.2% 3.7% 3.8% 4.2% 3.4% 3.7%

Source: Own elaboration from Eurostat (SBS) and DCF data.
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The size of the Blue Economy in the East Mediterranean and the 
Black Sea is much smaller relative to the overall EU Blue Economy 
(Table 7.2 and Table 7.3).

In terms of evolution, the economy (for both GVA and employ-
ment) has been taking off in the Mediterranean Sea basins over 
the last four years of the time-series, particularly in the East 
Mediterranean and Adriatic-Ionian Sea, driven by the expansion 
of Coastal tourism after the recovery of the 2008-9 crisis. On the 
other hand, the expansion in the Northern waters is more con-
tained, particularly in terms of GVA; mainly due to the contraction 
of the Marine non-living resources (see Section 4.2).

Northern waters

Given the size of the ports of Rotterdam, Antwerp and Hamburg 
and the importance of the extraction of crude oil by Denmark 
and the Netherlands, there is a certain degree of concentration in 
these sectors, in particular in terms of GVA, although Coastal tour-
ism remains the main sector. Having said this, some particularities 
are observed in each sea basin of the Northern waters.

The Blue Economy in the Atlantic Ocean generated €34.9 billion 
of GVA and employed 0.89 million people in 2018. The GVA is gen-
erated mainly by Coastal tourism (€22 billion), followed by Living 
resources (€5 billion) and Port activities (€4 billion). In terms of 

employment, Coastal tourism (0.65 million people) employs more 
than all the other sectors combined. Living resources (0.13 million 
people) and Port activities (0.05 million people) are also sectors 
offering significant employment opportunities (Figure 7.2).

In the North Sea, the importance of large ports make Maritime 
transport and Port activities the main sectors in terms of GVA 
(€12 billion and €11 billion, respectively) and the second and 
third ones in terms of employment (0.15 and 0.12 million people, 
respectively) behind Coastal tourism (0.28 million people). Coastal 
tourism is also relatively important in terms of GVA (€10 billion).

In the Baltic Sea, while Coastal tourism is (€11 billion GVA and 
0.35 million jobs) also the main Blue Economy sector, a somewhat 
even distribution of activities can be observed. The relative impor-
tance of Maritime transport in terms of GVA (€10 billion) should 
also be highlighted.

Mediterranean waters

In the Mediterranean, the Blue Economy generated €66 billion 
GVA in 20187 and 2.06 million jobs. The key sector is clearly 
Coastal tourism (€39 billion GVA and 1.52 million jobs) followed 
by Maritime transport, Living resources and Port activities (with €7 
billion of GVA each). With small variations, this general structure 
is also observed across the different sub-basins.

Figure 7.3 The North Sea basin Blue Economy by sector, 2018

Source: Own elaboration from Eurostat (SBS) and DCF data.

Figure 7.4 The Baltic Sea Strategy Blue Economy by sector, 2018

Source: Own elaboration from Eurostat (SBS) and DCF data.
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In the West Mediterranean, the Blue Economy generated €49 
billion GVA in 2018 and 1.22 million jobs, most of which in the 
Coastal tourism sector.

In the Adriatic and Ionian Region, the Blue Economy generated 
€24 billion GVA in 2018 and 1.02 million jobs, mainly in the 
Coastal tourism sector, followed by Maritime transport and Living 
resources.

In the East Mediterranean basin, the Blue Economy generated €9 
billion GVA in 2018 and 0.61 million jobs, mainly in the Coastal 
tourism sector, followed by Maritime transport, Living resources 
and Port activities.

In the Black Sea basin, the Blue Economy generated €2 billion 
GVA in 2018 and 0.16 million jobs, mainly in the Coastal tourism 
sector, followed by Shipbuilding and repair and Port activities.

557	 https://ec.europa.eu/maritimeaffairs/press/atlantic-action-plan-20-revamped-maritime-strategy-foster-sustainable-blue-economy-and-eu_en

7.1.2. SEA BASIN INSIGHTS:  
THE ATLANTIC STRATEGY 
In July 2020, the Commission adopted the Atlantic action plan 2.0, 
which aims to contribute to the economic recovery by fostering 
sustainable, resilient and competitive Blue Economy developments 
in the EU Atlantic area. The main goals are the reduction of green-
house gas emissions, the development of renewable energy, coun-
tering marine pollution, creating new jobs and facilitating climate 
adaptation providing a solid international dimension in the Atlantic 
Ocean Research Alliance including the USA, Canada, Brazil and 
South Africa557. The main dimensions of the revamped Atlantic 
strategy refer to the following four pillars, setting out designated 
goals:

Pillar I: Ports as gateways and hubs  
for the Blue Economy

The first pillar of the Atlantic Strategy sets out to develop ports 
as gateways for trade. This includes the following actions: develop 
the TEN-T Motorways of the Sea in the Atlantic, better integrate 
Ireland by fostering short-sea shipping links, set up a network of 
green ports by 2025, launch a strategy on liquefied natural gas 
and develop eco-incentive schemes as well as waste handling 

Figure 7.5 The Mediterranean Sea basin Blue Economy by sector, 2018

Source: Own elaboration from Eurostat (SBS) and DCF data.

Figure 7.6 The West Mediterranean Strategy Blue Economy by sector, 2018

 Source: Own elaboration from Eurostat (SBS) and DCF data.
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plans for ports. In order to promote ports as catalysts for busi-
nesses, the strategy sets out to develop a blue accelerator scheme 
to scale up innovative businesses, enable knowledge sharing and 
extend data collection beyond traditional data and to increase 
availability of data on economic potential of ports (see BOX 4.2).

Pillar II: Blue Skills of the future and ocean literacy

The second pillar of the strategy sets out to identify blue skill 
gaps, harmonise data collection, to create a business intelligence 
scheme and to take advantage of existing information platforms 
to foster employment in the EU Atlantic area. Moreover, it aims to 
increase ocean literacy by launching a curriculum, creating Atlantic 
blue schools, as well as engaging citizens in ocean-related actions 
and events. This feeds into the overall work of the EU regarding 
education (see section 5.6.2).

Pillar III: Marine renewable energy

As set out in the EGD, marine renewable energy plays a vital 
role in the sustainable transition. Hence, the Atlantic strategy pro-
motes carbon neutrality by incentivising and setting deployment 
objectives for marine renewable energy installations as well as 

558	 COM(2020) 329 final.

raising awareness, strengthening cooperation among actors in the 
European Ocean energy sector and developing an ocean energy 
framework, specifically for the EU islands in the Atlantic.

Pillar IV: Healthy Ocean and resilient coasts

The European Commission sets out to foster coastal resilience by 
demonstrating an alert / observation system for increased floods 
and storms rooted in climate change and development of ocean 
observatories and test spaces. Additionally, communication and 
education campaigns regarding climate change and marine pol-
lution will be designed to raise awareness among the general 
public and increase cooperation in the EU Atlantic area regard-
ing the application of MSP. Moreover, the Commission envisages 
actions regarding deliberate and accidental pollution as well as 
underwater noise. 

The governance and implementation of the action plan is sup-
ported by the Atlantic assistance mechanism, which involves 
national teams in each of the EU Atlantic Member States558.

Figure 7.7 The Adriatic-Ionian Sea Strategy Blue Economy by sector, 2018

Source: Own elaboration from Eurostat (SBS) and DCF data.

Figure 7.8 The East Mediterranean sea basin Blue Economy by sector, 2018

 Source: Own elaboration from Eurostat (SBS) and DCF data.
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7.1.3. SEA BASIN INSIGHTS:  
THE BLACK SEA
In December 2020, the seven Black Sea Countries (Bulgaria, 
Romania, Georgia, Moldova, Turkey, the Russian Federation 
and Ukraine) met for the first time since the adoption of the 
Common Maritime Agenda559 (CMA) in 2019. This agenda aims 
at strengthening regional cooperation for Blue Economy develop-
ment and, in turn, to foster recovery after the COVID-19 crisis560. 
The regional organisations/bodies active in the Black Sea region 
closely cooperate with the Permanent International Secretariat of 
the Organisation of the Black Sea Economic Cooperation (BSEC 
PERMIS), as well as the Permanent Secretariat of the Commission 
on the Protection of the Black Sea against Pollution. In 2019, the 
associated parties confirmed their commitment to implement the 
CMA, and the Strategic Research and Innovation Agenda for the 
Black Sea (SRIA)561. The three main objectives of the CMA are the 
following:

•	 Healthy marine and coastal ecosystems
•	 A competitive, innovative and sustainable Blue Economy
•	 Fostering investment

As indicated in the second CMA steering group meeting in June 
2020, the CMA could play a vital role in the Black Sea’s recovery 
from the COVID-19 crisis, where the most heavily affected sec-
tors are fisheries and aquaculture, coastal tourism and maritime 
transport. In the best scenario, Coastal tourism in the Sea Basin 
is projected to face a 58% decline compared to pre-crisis levels 
whereas the worst-case scenario is projected to present a 78% 
decline. Maritime transport was heavily impacted by the standstill 
of economic activities in the Black Sea throughout the beginning 
of the crisis. Overall, cargo transport has decreased between 
30-40% and passenger ships calls have decreased by almost 
70%. Particularly hard hit was the fisheries and aquaculture 

559	 https://blackseablueeconomy.eu
560	 https://ec.europa.eu/maritimeaffairs/press/black-sea-countries-regional-cooperation-blue-economy-will-help-%E2%80%9Cbuild-back-better%E2%80%9D-after_en
561	 https://ec.europa.eu/newsroom/mare/document.cfm?doc_id=59035
562	 http://connect2blacksea.org/about-the-initiative/
563	 http://connect2blacksea.org/about-the-initiative/
564	 https://www.thegef.org/project/blueing-black-sea-bbsea
565	 Towards a Sustainable Blue Economy in the Mediterranean region (2021 Edition).
566	 The UfM is an intergovernmental institution involving 42 countries: https://ufmsecretariat.org/

sector witnessing an 80% decrease of vessels’ operations as well 
as a 75% decrease in aquaculture production562. Between March/
April 2020, the Black Sea registered a 20 to 70% decrease in 
prices, which in turn also had tremendous consequences for the 
overall value chain.

To facilitate recovery, knowledge sharing (data & expertise) and 
sectoral exchange are encouraged with the aim of prioritising 
actions and projects that contribute to remedy the economic fall-
out caused by the crisis. Moreover, sustainability, regional cooper-
ation and funds alignment are central to this effort. 

Other actions in the Black Sea are The Black Sea Blue Growth 
Initiative (Connect to Black Sea) which aims to promote a shared 
vision for sustainable Blue Economy development in the basin 
by 2030 by supporting policy development and joint innovation 
and industry actions linking stakeholders, funding bodies and 
institutions563.

Moreover, the World Bank launched the project “Blueing in the 
Black Sea”, effective as of the end of March 2021. The project 
provides funding worth €5.44 million to improve national and 
regional frameworks for pollution prevention and reduction as 
well as strengthening public private partnership and innovative 
financing564.

7.1.4. COVID-19 CRISIS RESPONSE 
ACROSS SEA BASINS 
Due to the heavy reliance on Coastal tourism, countries bordering 
the Mediterranean basin have suffered greatly from the impact 
of the COVID-19 crisis witnessing a decline of 60-80% in inter-
national arrivals565. However, other Blue Economy sectors were 
also affected. The Union for the Mediterranean (UfM)566 facilitates 

Figure 7.9 The Black Sea basin Blue Economy by sector, 2018

Source: Own elaboration from Eurostat (SBS) and DCF data.
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the recovery by specifically targeting women and youth employ-
ability with their flagship cross-sector initiative Med4Jobs567. It is 
important to note that the UfM does not exclusively address the 
Blue Economy sectors per se, but rather aims to promote stability, 
human development and integration across the region.

Moreover, the German Corporation for International Cooperation 
(GIZ) supports these efforts by co-financing a grant scheme for 
employment promotion568. The priorities of this particular grant 
scheme include:

•	 Improving economic resilience of citizens (especially more 
vulnerable groups through employment-related capacity 
development)

•	 Promoting new channels of training and skills attainment 
to foster employability and economic activity

•	 Supporting entrepreneurial activities and building the 
capacities of Micro, Small & Medium Enterprises (MSMEs) to 
enable income and job generation

Beyond that, the EU Strategy for the Adriatic and Ionian Region 
(EUSAIR) adopted the updated Action Plan in April 2020 to posi-
tively contribute to the recovery by569:

•	 Fostering Blue Growth (Blue technologies, fisheries and 
aquaculture, maritime and marine governance)

•	 Connecting the region (Maritime transport, intermodal con-
nections to the hinterland & energy networks)

•	 Ensuring environmental quality (marine environment & 
biodiversity) 

•	 Sustainable tourism (diversify offer, foster sustainable tour-
ism practices) 

As per the EUSAIR, the EU Strategy for the Baltic Sea Region 
(EUSBSR) adopted an updated Action Plan with the aim of facil-
itating a green and digital transition and to inform investments 
under the 2021-2027 programming period of the Cohesion policy. 
Moreover, a Sea Strategy Point was established with the aim to 
facilitate capacity building and knowledge exchange570. 

To conclude, the various sea basins tackle the fallout from the 
crisis slightly differently based on the challenges that are faced 
by the respective key sectors. 

567	 https://ufmsecretariat.org/project/mediterranean-initiative-for-jobs-med4jobs/
568	 https://ufmsecretariat.org/wp-content/uploads/2020/07/UfM-brochure-grant.pdf
569	 SWD(2020) 57 final.
570	 https://ec.europa.eu/regional_policy/en/newsroom/news/2021/02/17-02-2021-new-action-plan-of-the-eusbsr-macro-regional-strategy-for-boosting-resilience-and-

recovery-in-the-baltic-sea-region
571	 The main source for this section is a 2018 publication is To, Wai-Ming; Lee, Peter K.C. 2018. "China’s Maritime Economic Development: A Review, the Future Trend, and 

Sustainability Implications" Sustainability 10, no. 12: 4844. https://doi.org/10.3390/su10124844.
572	 To, Wai-Ming; Lee, Peter K.C. 2018. "China’s Maritime Economic Development: A Review, the Future Trend, and Sustainability Implications" Sustainability 10, no. 12: 4844. 

https://doi.org/10.3390/su10124844.

7.2. BLUE ECONOMY: THE 
INTERNATIONAL DIMENSION
The previous edition of this report sought to present the US Blue 
economy in contrast with that of the EU. This year, a similar 
attempt is made vis-a-vis the Chinese Blue Economy. Although the 
goal of the EU Blue Economy Report is to provide information on 
the state of the EU Blue Economy, assessing what is being done at 
the international level is key, to fully comprehend the bigger pic-
ture. It is for this reason that this section was initially introduced.

7.2.1. THE BLUE ECONOMY IN CHINA571

China, with its 32 000 km coastline, has extensive access to 
marine resources and, like the US, is one of the EU's main counter-
parts when it comes to the Blue Economy. China's maritime econ-
omy has rapidly grown over the last decade. The Standardisation 
Administration of China defines the maritime economy as the 
exploitation, use and protection of oceanic resources and asso-
ciated activities572. 

Since 1953, China follows detailed economic development 
guidelines in the form of five-year Plans for National and Social 
Development. The 12th five-year plan (2011-15) included for 
the first time actions for developing the maritime economy. 
“Strengthening the marine economy” was confirmed in the 13th 
5-year plan (2016-2020). As a result, a need for data for the Blue 
economy sectors has grown significantly. China refers to the Blue 
Economy mostly as the "maritime" economy or at times "ocean 
economy". These terms are used interchangeably. 

Scope and classification

China has a long list of maritime activities, most of which have 
an EU equivalent and tend to include roughly similar sub-sectors 
and activities. China's most important maritime sectors are mainly 
those that the EU Blue Economy report categorises as established 
sectors. In addition, other sectors offer significant contributions. 
Table 7.5 shows the key Chinese maritime sectors, and their EU 
equivalent. The EU emerging sectors also have an equivalent in 
China; however, for practical purposes they have not been included 
here (unless considered as main sectors of China's Blue Economy) 
since this section focuses mainly on the established sectors for 
which there is abundant and more accurate data, making the 
EU-China comparison more feasible.
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Table 7.5 China vs EU Blue Economy sector equivalents573.

China Marine Economy Sectors EU Blue Economy Sectors
Marine Fishery Marine living resources

Offshore oil & gas

Marine non-living resourcesOcean mining

Marine salt

Shipbuilding Shipbuilding and repair

Coastal tourism Coastal tourism

Marine engineering, architecture and construction Port, warehousing and water projects

Marine electric power Marine renewable energy

Marine communications and transportation Maritime transport

Marine biomedicine Blue bioeconomy and biotechnology

Seawater utilisation Desalination

Marine chemical No direct equivalent

Note: Under the EU Blue Economy report the equivalent to China's Marine biomedicine and Seawater utilisation fall under emerging sectors and hence have not been included 
in the figures for the established sectors analysis and comparison.
Source: EU sectors as featured in this report, Commission Services, Sectors as featured in Xiaohui (2016) "The Ocean Economic Statistical System of China and Understanding 
of the Blue Economy"

573	 For a full list of sectors, codes and categories please refer to the following: for China Wang, Xiaohui (2016) "The Ocean Economic Statistical System of China and 
Understanding of the Blue Economy," Journal of Ocean and Coastal Economics: Vol. 2: Iss. 2, Article 10. 
DOI: https://doi.org/10.15351/2373-8456.1055, for the EU https://blueindicators.ec.europa.eu/published-reports_en, Methodology: https://blueindicators.ec.europa.eu/sites/
default/files/annex_ii_methodological_framework.pdf

Table 7.4 Marine Economy Framework - Classification.

Source: W. Song, National Marine Data and Information Service (NMDIS), Ministry of Natural Resources, China.

Marine industry
Marine scientific 

research and 
education

Marine public governance 
and service

Marine backward 
industry Marine forward industry

1. Marine Fishery
1. Marine scientific 

research
1. Marine governance

1. Marine-related 
equipment 
manufactural

1. Marine-related product 
processing

2. Coastal tidal and planting 2. Marine education
2. Marine team  

and international 
organization

2. Marine-related 
material manufactural

2. Marine product 
wholesale and retail

3. Marine aquatic products 
processing

3. Marine tech service
3. Marine-related 

operating and service

4. Marine oil and natural gas 4. Marine information service

5. Marine mineral
5. Marine bio-environment 

protection and recovering

6. Marine salt
6. Marine geographic 

prospecting

7. Marine ship building

8. Marine engineering 
equipment manufactural

9. Marine chemical

10. Marine medicine and 
biological products

11. Marine engineering 
construction

12. Marine electricity

13. Marine desalination and 
comprehensive utilization

14. Marine transportation

15. Marine tourism
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The ocean economy, as defined by China’s State Oceanic 
Administration’s Industrial Classification for Ocean industries and 
their related activities, is the summation of both of ocean indus-
tries (e.g. marine shipbuilding, marine transportation) and ocean 
related industries (e.g. wholesale and retail, marine equipment 
production)574. In other words, all industrial activities that explore, 
use and protect the ocean, and the activities related to them, are 
included in the Chinese definition of ocean or marine economy.

The national industry classification has been revised in 2017. As a 
result of two marine industry surveys, in 2014 and 2019, the new 
ocean-related inventory according to the industry classification is 
illustrated in Table 7.4.

From a sectoral perspective, the main, established industries 
in China comprise marine fishery, offshore oil and gas, ocean 
mining, marine salt, shipbuilding, the marine chemical industry, 
marine biomedicine, marine engineering, marine electric power, 
the seawater utilisation industry, marine communications and 
transportation and coastal tourism575. These are often split into 
three main sectors: primary, secondary, and tertiary. The primary 
sector includes marine living-resources (fisheries, aquaculture 
and processing). The secondary sector includes the salt industry, 
offshore oil and gas, non-living resources, shipbuilding, and blue 
biomedicine. The tertiary sector includes maritime transport and 
coastal tourism576.

Economic performance577

China's Blue Economy has been growing fast throughout the last 
year's only suffering greatly in 2009 with the economic crises, 
much like the EU and the rest of the world. The crisis mainly had 
an impact on the maritime transport and the marine non-living 
resources (especially offshore oil and gas578) sectors. In spite of 
this, the Chinese Blue Economy recovered, and has mostly seen 
an upward trend since.

According to available data, the total production value of China’s 
maritime economy increased from €429 billion in 2010 to €1 018 
billion in 2017, thus contributing to about 10% of China’s total 
GDP and is expected to reach 15% by 2030579. However, when 
considering only the six established sectors with an EU equivalent, 
this amount is €394.2 billion. In contrast, the Blue Economy in the 
EU represented 1.3% of the overall economy with €179.7 billion 
for the same period580. 

574	 Zhao, Rui & Hynes, Stephen & Shun He, Guang, 2014. "Defining and quantifying China's ocean economy," Marine Policy, Elsevier, vol. 43(C), pages 164-173. doi:10.1016/j.
marpol.2013.05.008.

575	 Wang, Xiaohui (2016) "The Ocean Economic Statistical System of China and Understanding of the Blue Economy," Journal of Ocean and Coastal Economics: Vol. 2: Iss. 2, 
Article 10. DOI: https://doi.org/10.15351/2373-8456.1055.

576	 To, Wai-Ming; Lee, Peter K.C. 2018. "China’s Maritime Economic Development: A Review, the Future Trend, and Sustainability Implications" Sustainability 10, no. 12: 4844. 
https://doi.org/10.3390/su10124844.

577	 Note that all figures for China were provided in local currency and have been converted into Euro using the ECB average exchange rate for the year to which the data refer.
578	 Note: In the Chinese Industry Classification System, chemical extraction/processing is considered a secondary industry. As such, “marine chemical” could either (or partly) be 

considered as part of “marine non-living resources” (insofar as it refers to NACE code B8.9.1 - Mining of chemical and fertiliser minerals) or (partly) be included in the blue 
biotechnology (insofar as it refers to NACE code M72.1.1 - Research and experimental development on biotechnology).

579	 Choi, Y. R. (2017) ‘The Blue Economy as governmentality and the making of new spatial rationalities’, Dialogues in Human Geography, 7(1), pp. 37–41. doi: 
10.1177/2043820617691649.

580	 European Commission (2019). The EU Blue Economy Report. 2019. Publications Office of the European Union. Luxembourg.
581	 To, Wai-Ming; Lee, Peter K.C. 2018. "China’s Maritime Economic Development: A Review, the Future Trend, and Sustainability Implications" Sustainability 10, no. 12: 4844. 

https://doi.org/10.3390/su10124844.
582	 The comparison is between GDP and GVA because China uses GDP at market prices as an indicator where the BER uses GVA (i.e. at factor costs). This difference can be 

seen as minor and do not jeopardise the comparison of the general magnitude and figures.
583	 Zhao, Rui & Hynes, Stephen & Shun He, Guang, 2014. "Defining and quantifying China's ocean economy," Marine Policy, Elsevier, vol. 43(C), pages 164-173. doi:10.1016/j.

marpol.2013.05.008.
584	 European Commission (2019). The EU Blue Economy Report. 2019. Publications Office of the European Union. Luxembourg.
585	 Zhao, Rui & Hynes, Stephen & Shun He, Guang, 2014. "Defining and quantifying China's ocean economy," Marine Policy, Elsevier, vol. 43(C), pages 164-173. doi:10.1016/j.

Table 1581 presents details of China’s maritime economy for 
the period of 2010 to 2017. The primary sector increased from  
€23 billion in 2010 to €47 billion in 2017. The secondary sector 
from €202 billion in 2010 to €395 billion in 2017 while the ter-
tiary sector increased from €204 billion in 2010 to €576 billion 
in 2017. In terms of percentage of total maritime economy, in 
2017, the primary sector represented 4.6%, the secondary 38.8% 
and the tertiary 56.6%, meaning maritime transport and costal 
tourism together contributed to over half of the total Chinese 
Blue Economy. 

If broken down into main sectors. In 2017, Coastal tourism is by 
far the largest Chinese Blue Economy sector, worth €192 billion 
in 2017, followed by maritime transport, which contributed €82.8 
billion to China’s GDP582. When confronted with EU data for the 
same year, it can be seen that although the figures are very dif-
ferent and the Chinese Blue Economy is much larger, the contri-
bution of most sectors coincides. Coastal tourism and Maritime 
transport were also the two largest contributors in terms of GVA 
in the EU (€76.2 and €35.6 billion, respectively).

The third largest sector in terms of GDP was marine fisheries, 
aquaculture, and their associated services industries (i.e. marine 
living resources) amounting to €61.3 billion. In contrast, the third 
most important sector in 2017 in the EU was Port Activities with a 
GVA of €35.2 billion. The living resources sector came fourth rep-
resenting roughly a third of that of China (€21.1 billion). The other 
four include marine engineering architecture, marine shipbuilding, 
offshore oil and gas, and marine chemical industries contributing 
between €13.6 billion and €24.1 billion to China’s GDP (Table 7.5). 
In 2017, the sectors, which contributed the least to the EU and 
Chinese economy, were the non-living resources and shipbuilding. 
For the latter, the overall contribution was €19.1 billion in China 
and €17.1 in the EU.

China's major ocean industries employed approximately 9.25 mil-
lion people in 2010583, whereas the EU Blue Economy employed 
around 3.64 million individuals584. The marine living-resources 
sector is a major sector, employing around 14 million people in 
2017 a substantial increase from 2010, when it was slightly over 
5.5 million585. In 2017, employment in the Marine living resources 
sector in the EU was at 570 000.

In terms of how much each sector represented in the Blue 
Economy as whole, Coastal tourism was the most significant 
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in both regions, representing 48.7% (€192 billion) in China 
and 37.2% (€76.2 billion) in the EU. While generally most Blue 
Economy sectors in China represent a larger proportion of their 
Blue Economy than their EU counterparts, there are some excep-
tions. Shipbuilding represented 8.4% (€17.1 billion) of the EU's 
total Blue Economy, while in China the sectors represented 4.8% 
(€19.1 billion) instead.

Table 7.6 GDP and GVA comparison586 between the EU  
and the China per established sector, 2017587

Sector
GDP (€ billion) GVA (€ billion)

CN EU

Living-resources 61.3 21.1

Shipbuilding 19.1 17.1

Coastal tourism 192 76.2

Maritime Transport 82.8 35.6

Non-living resources 14.8 19.4

EU Port Activities n/a 35.2

CN Marine constructions 24.2 n/a

TOTAL 394.2 204.6

Note: For China, the non-living resources sector only includes extraction of oil and gas 
Note: the comparison is between GDP and GVA because China uses GDP at market 
prices as an indicator where the BER uses GVA (i.e. at factor costs). This difference 
can be seen as minor and do not jeopardise the comparison of the general magni-
tude and figures.
Source: BE report 2020 and China’s Maritime Economic Development: A Review, the 
Future Trend, and Sustainability Implications – 2018 (original source SOA). 

Emerging sectors

The emerging sectors of the Blue Economy were not within the 
scope of this section. This is mainly because for the EU, the data 
available is not normally comparable (i.e. different sectors have 
data for only some indicators or only some years). Two of the 
EU's emerging sectors Blue Bio economy / Biotechnology and 
Desalination have a Chinese equivalent (marine biomedicine 
and seawater utilisation respectively). China places these sec-
tors under main (established) sectors as they have significant 
impact on its maritime economy; this is not the case for the EU. 
Nevertheless, it is worth highlighting some of the latest develop-
ments regarding these sectors. 

marpol.2013.05.008.
586	 It should be noted that the comparison is between GDP and GVA because China uses GDP at market prices as an indicator where the BER uses GVA (i.e. at factor costs). 

This difference can be seen as minor and do not jeopardise the comparison of the general magnitude and figures.
587	 Chinese figures have been converted into Euro using the average currency exchange rate for the year of analysis (0.117, for 2010, 0.1312 for 2017 and 0.1293 for 2019), 

as provided by European Central Bank (ECB): https://www.ecb.europa.eu/stats/policy_and_exchange_rates/euro_reference_exchange_rates/html/eurofxref-graph-cny.en.html 
588	 Wang, Xiaohui (2016) "The Ocean Economic Statistical System of China and Understanding of the Blue Economy," Journal of Ocean and Coastal Economics: Vol. 2: Iss. 2, 

Article 10. DOI: https://doi.org/10.15351/2373-8456.1055.
589	 European Commission (2019). The EU Blue Economy Report. 2019. Publications Office of the European Union. Luxembourg.

China's 12th five-Year Plan specifically addressed and sought to 
promote the development of seawater desalination and Marine 
biomedicine. Specifically, the 12th Five-Year Plan for Bio-industrial 
Development highlighted the importance of developing the Marine 
biomedicine sector. The Seawater Desalination Plan sets a target 
for 2015, to reach more than 2.2 million m3/day588 for Europe the 
figure for 2017/2018 was around 9 million m3/day589.

It is should also be noted that contrary to the EU, China does not 
include Maritime defence (i.e. Navy) in its Blue Economy statistics, 
although it may include some elements of surveillance and safety 
under some of the more minor sectors.

Conclusions

Comparing the Chinese and EU Blue Economy is a complex task, 
not only because the respective classifications include different 
sectors, whose size and impact vary greatly, but also because 
accessing data sets, which are accurate and comparable across 
time and sectors remains a challenge. Nevertheless, this section 
has attempted to provide a broad overview of the Chinese Blue 
Economy, its main sectors, how these compare to the EU, and 
what their contribution to the economy is.

As regards the Blue Economy's contribution to the overall national 
economy, that of China is significantly greater, as are the figures 
produced by the individual established sectors. However, similari-
ties can be observed in terms of sectors with the most impact, i.e., 
Coastal tourism and Maritime transport for both the EU and China. 
Overall, China's established sectors contribute to its economy at 
a larger scale, however, the EU's shipbuilding sector represents 
a higher proportion of its overall Blue Economy than its Chinese 
equivalent.

Key differences in sectors exist, with the Desalination (Seawater 
utilisation) sector and Biomedicine (Blue biotechnology) being con-
sidered major sectors for China, whereas small in the EU. Finally, 
the non-living resources statistic for China tend to only include 
extraction of oil and gas, differing from its EU counterpart.
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7.2.2. THE US SEA SATELLITE ACCOUNT

The previous edition of this report (2020) included a comparison 
between the EU and US Blue Economy. This edition briefly pre-
sents the US satellite account system. A system that has also 
been developed by other countries, such as Portugal and Ireland. 
An illustration of what these accounts are, what they entail and 
how they function using the US as an example follows. It should 
be noted that the Commission services are currently assess-
ing whether setting up a similar EU system is indeed feasible. 
Thereafter, a brief update with the latest US figures in contrast 
with those of the EU.

Background, scope and process

Together with the National Oceanic and Atmospheric 
Administration (NOAA), the Bureau of Economic Analysis (BEA) has 
developed prototype statistics to measure the ocean’s contribution 
to the U.S. economy. Ocean Economic activities exists within BEA’s 
national accounts, but are not always evident within the standard 
national accounts structure. A satellite account is a framework 
that corresponds to national accounts where detailed parts of it 
have been extracted and reorganised to provide an overview of a 
concrete area of the economy. 

The ocean economy prototype statistics that BEA has developed 
do not include the real estimates, price measures, and other in
formation that a full BEA satellite account contains; however, they 
were constructed following the same techniques used to construct 
BEA’s other satellite accounts590.

In order to set the system up, NOAA developed a conceptual defi-
nition of ocean economy, identifying the concrete goods/ services 
relevant to it (within BEA’s supply-use framework) and BEA then 
identified and defined the activities associated with the Blue 
Economy. Following this, BEA and NOAA estimated the maritime 
ocean-related proportion of the various activities/services. Finally, 
BEA identified the industries producing or providing the goods and 
services, and measured the output, value added, compensation, 
and employment linked with it.

590	 The Bureau of Economic Analysis (BEA) "Defining and Measuring the U.S. Ocean Economy” (June 2020) and cite the source  
(https://www.bea.gov/system/files/2020-06/defining-and-measuring-the-united-states-ocean-economy.pdf).

591	 The Bureau of Economic Analysis (BEA) "Defining and Measuring the U.S. Ocean Economy” (June 2020) and cite the source 
(https://www.bea.gov/system/files/2020-06/defining-and-measuring-the-united-states-ocean-economy.pdf).

592	 US dollar figures have been converted into Euros using the average currency exchange rate (0.8476) for the year of analysis (2018), as provided by European Central Bank 
(ECB): https://www.ecb.europa.eu/stats/policy_and_exchange_rates/euro_reference_exchange_rates/html/eurofxref-graph-usd.en.html

593	 The Bureau of Economic Analysis (BEA) "Defining and Measuring the U.S. Ocean Economy” (June 2020) and cite the source 
(https://www.bea.gov/system/files/2020-06/defining-and-measuring-the-united-states-ocean-economy.pdf)

594	 For a list of sectors, codes and categories please refer to the following: for the US https://www.bea.gov/data/special-topics/ocean-economy, for the EU  
https://blueindicators.ec.europa.eu/published-reports_en, Methodology: https://blueindicators.ec.europa.eu/sites/default/files/annex_ii_methodological_framework.pdf

Sectors and key figures

Under the national satellite accounts system, the US identified 
10 ocean economy sectors, as illustrated in Table 7.7. This list 
includes additional sectors to those included by the NOAA report, 
analysed in the previous edition of the Blue Economy Report. 
Some of the sectors correspond to the main EU established sec-
tors, some are still categorised as emerging for the EU and for 
some there is no direct equivalent.

The BEA provides a new set of figures for the US Blue Economy 
for 2018 in their report "Defining and Measuring the US Ocean 
Economy"591. Below is a brief overview of the main GVA, employ-
ment and salary figures as well as a short description of the 
most important sectors, in terms of their contribution to the Blue 
Economy. According to the prototype statistics of Ocean Economy 
Satellite Accounts (OESA), the US Ocean economy amounted to 
€315592 billion value added, representing 1.8% of national GDP in 
2018. The largest contributors were Coastal tourism which repre-
sented 38.3% of the total Blue Economy (€121 billion), followed 
by Maritime defence (€105 billion), Non-living resources (€41 
billion) and Maritime transport (€21 billion). Additionally, the US 
ocean economy provided 2.3 million jobs in 2018593.

Table 7.7 US-EU Blue Economy main sector comparison594

US BE sectors EU BE sector 
equivalent Type

Marine living resources
Marine living 
resources

Established

Coastal and marine 
construction

Port activities Established

Offshore minerals Non-living resources Established

Maritime transport and 
warehousing

Maritime transport Established

Coastal and offshore 
Tourism and recreation

Coastal Tourism Established

Ship and boat building, 
non-recreational

Shipbuilding and 
repair

Established

National Defense and 
public administration

Defence Emerging

Research and education
Research and 
education

Emerging

Coastal utilities (electric 
power generation)

Marine renewable 
Energy

Established / 
Emerging

Coastal/marine professional 
and technical services

n/a n/a

Source: US BEA report (2020) and BER2020 – Commission Service
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BOX 7.1 COVID-19 impact in shipping between the EU, the US and China595,596 

This box provides an analysis of the shipping traffic trends between the EU and the US and China in 2019 and 2020, picturing an 
overall image of the COVID-19 impact in shipping between Europe and its biggest trade partners. 

EU - China
The port call activity worldwide has been growing. Every year port calls have been increasing since 2008 in Europe and in the world, 
reason why beginning of 2020 is still higher in number of port calls compared with 2019. Additionally, 2021 will be the first year 
since 2008 where the rising tendency in number of port calls will not apply. The pandemic hit Europe around March 2020 meaning 
it was not affecting European trade in early 2020. Therefore, one must start looking at the variations from March 2019 onwards, 
only. The imports from China to EU are slightly lower in March and April 2020 but the real impact of Covid-19 for these imports is 
only realised from May onwards with only 36% of the usual volume of port calls coming into the EU from China. Until May 2020, 
the values are very much in line with the values of 2019. As for the exports from Europe to China, a first major decline happened 
in March with the number of port calls originated in the EU destined to China representing only 58% of the volume of these port 
calls in the homologous month in 2019. However, the most significant drop was also realised in May where the number of port 
calls from China to Europe dropped to the very lowest of 28% of the number of these port calls in the homologous month in 2019. 
This is the lower peak observed in the year 2020. 

EU - US
The US represents the most important destination of goods exported by the EU597. The number of port calls by ships trading 
between the EU and the US are much lower compared to the equivalent calls for the EU and China, but not necessarily the traded 
volumes and especially the value of the goods.

The impact of Covid-19 in the imports from US to EU started in April 2020 with a first decline of 48% of these port calls when 
compared with the homologous month of 2019. Again, a more severe drop occurred in May with only 22% of the port calls from 
the US to the EU when compared with the homologous month in 2019. This was the lowest level observed throughout the year 
and only seen again in December 2020. As for the exports from Europe to US the situation is very similar with a first significant 
decline of the number of port calls from Europe to US in April of 66% compared to April 2019 and a more accentuated decline of 
34% in May 2020 compared with May 2019. 

The trends between China and Europe are dictated by the trends in the Containership segment which is by far the most frequent 
ship type sailing between China and Europe. At the same time for the US, the global trend is much more influenced by Vehicle 
carriers than it was for China and therefore the changes there are a combination of the trend behaviour of Containerships and 
Vehicle carriers. It is also clear that in the summer months between June and September there was some recovery of the traffic in 
term of number of port calls for some ship types in particular for Bulk carriers and Vehicle carriers (for the trade with China) and 
Containerships and Vehicle carriers (for trade with the US). 

595	 EMSA - COVID-19 – impact on shipping, 12 February 2021.
596	 The analysis is based on ship calls in Europe by ships which had previously called at any Chinese port approximately one month before (a reasonable travel time for a 

ship journey from China to Europe). The same was calculated for the opposite direction (i.e. from European ports to Chinese ports). To assess the type of trade that was 
most affected, these calls were segmented by ship type. Container ships are by far the most frequent ship type sailing between China and Europe, making them the most 
interesting to assess during the outbreak. For a cargo ship, the voyage duration between China and Europe depends on the route, ship type and speed of the ship. The 
average time is between 30 and 33 days but for this analysis a voyage duration of 33 days was used. EMSA applied the same methodology to assess port calls by ships 
engaged in trade between Europe and the United States of America. In this case the expected voyage duration was set to 10 days.

597	 http://www.europarl.europa.eu/factsheets/en/sheet/160/a-uniao-europeia-e-os-seus-parceiros-comerciais

Figure 7.10 Number of port calls China/US to EU

Source: EMSA - COVID-19 – impact on shipping, 12 February 2021

Figure 7.11 Number of port calls EU to China/US

Source: EMSA - COVID-19 – impact on shipping, 12 February 2021
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C h a p ter    8
C ASE STUDIES



As with prior editions, this report includes case studies that 
explore and help illustrate additional elements of the Blue 
Economy. The case studies focus on a number of specific or niche 
areas, on Member State best practices and/or initiatives and on 
efforts undertaken by the sectors involved to invest and develop 
a more sustainable Blue Economy. The case studies in this specific 
edition of the report focus mainly on the decarbonisation strategy 
and the green transition. They depict various technological devel-
opments, initiatives and projects undertaken by Member States 
and stakeholders in an effort to achieve the goals set out in the 
European Green Deal. 

The first case study illustrates the work undertaken by Denmark 
towards decarbonisation of the transportation sector by highlight-
ing a number of ongoing projects on zero-emission shipping and 
alternative fuels. A second case study looks at marine renewable 
energy, particularly at the future of floating offshore wind, delving 
into some of the challenges that manufacturers might face but 
also the benefits. A final case study presents the various initi-
atives undertaken by Portugal, particularly regarding innovation 
and R&D, in order to promote and develop a sustainable Blue 
Economy.

598	 https://www.cedelft.eu/en/publications/2488/fourth-imo-greenhouse-gas-study 
599	 https://www.imo.org/en/MediaCentre/HotTopics/Pages/Reducing-greenhouse-gas-emissions-from-ships.aspx 

8.1. DENMARK'S GREEN 
TRANSITION AND 
DECARBONISATION 
STRATEGY: RESEARCH, 
DEVELOPMENT AND 
INNOVATION
Transportation constitutes one of the world’s largest sources of 
greenhouse gas emissions, and one of the most complex sectors 
to transform due to its pivotal role in the global economy. Indeed, 
shipping is the backbone of international trade. Without intercon-
tinental trade of affordable food, commodities and manufactured 
goods would not be possible. 

Although shipping is more climate efficient than other modes of 
transport (on a per ton basis), it is still responsible for 2-3% of 
global GHG emissions today, and emissions are set to grow by 
more than 50% over the next 30 years in a business-as-usual 
scenario according to the International Maritime Organisation 
(IMO)598. This is because the demand for shipping is expected to 
continue to grow in line with global economic growth.

To align itself with the climate targets in the Paris Agreement, 
the shipping industry has adopted its own climate strategy in the 
IMO, which entails 50% reduction of GHG emissions from ships by 
2050 and a commitment to phasing them out as soon as possi-
ble599. Shipping is a hard-to-abate sector due to the international 
nature of maritime transport, where ships can easily change flags, 
routes and port calls. As such, national or regional regulation will 
not suffice, and international collaboration is needed in order to 
enable a zero-emission global fleet.

Research and development centre for zero carbon 
shipping

In November 2020, the Mærsk Mc-Kinney Møller Centre for Zero 
Carbon Shipping was established by seven Founding Partners 
(American Bureau of Shipping, A.P. Moller Maersk, Cargill, MAN 
Energy Solutions, Mitsubishi Heavy Industries, NYK Line and 
Siemens Energy) and made possible by a 400m DKK donation 
from the A. P. Møller Foundation. It is an independent, not-for-
profit research and development Centre. In 2021, Alfa Laval, 
Haldor Topsøe and Total also joined. The purpose of the centre is 
to facilitate the development of new energy technologies; build 
confidence in new concepts and their supply chains; and acceler-
ate the transition by defining and maturing viable strategic path-
ways to the required systemic change. The centre will support 
companies’ strategic planning by creating overview and clarity on 
the direction in which zero-emission shipping is headed. Research 
and development will be done in collaboration with the Partners, 
relevant organisations, NGOs and consortia across different sec-
tors. Research results, knowledge and experience not restricted 
by intellectual property rights (IPR) will be widely shared for the 
purpose of reducing emissions from international shipping. 
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It is vital to build a common understanding and consensus as to 
the preferred transition pathways, to understand the associated 
challenges, and to avoid inertia—not only in the shipping industry, 
but across the energy supply chain as well. The shipping industry 
could find itself at an impasse, where they cannot use alternative 
zero-emission fuels before there is enough supply, while produc-
ers of zero-emission fuels will not produce at large-scale unless 
they know there will be sufficient demand. Incentives, collective 
action, and/or the sharing of risks can often help overcome these 
issues. Public-private partnerships are essential, while research 
and demonstration projects will show the possible pathways 
towards zero-emission shipping.

While there is common agreement on potential fuel pathways, 
further work is required to meet technological challenges and to 
restructure financial and regulatory incentives. This could include 
more efficient production at industrial scale to reduce costs and 
make them more competitive vis-a-vis fossil fuels. Power-to-X 
(PtX) technology is an area under rapid development in Denmark 
as well as other EU countries, e.g. the Netherlands and Germany. 
PtX has shown that it is possible to create growth, value and jobs 
in Europe by transitioning away from fossil fuels. In doing so, the 
industry not only reduces its impact on the global climate, but also 
on human health, as many ports are located in densely populated 
areas. Whilst a global Sulphur cap is now in place, ships still emit 
fine particles, small amounts of SOx and NOx. A recent publication 
shows that fine particles continue to cause the most substantial 
health impacts600. By eliminating these particles, the benefits of 
PtX extend beyond economic and climate benefits. 

According to the Hydrogen Industry601, Denmark can create over 
50 000 jobs and an energy export up to DKK 84 billion annually 
if focusing on Hydrogen and PtX. However, investments in PtX 
and Hydrogen will have to increase over the coming years to ful-
fil this potential. In June 2020, the Danish Parliament, by a large 
majority, adopted a climate agreement on the green transforma-
tion of industry and the energy sectors, which includes a tender to 
support the establishment of large-scale PtX plants with a total 
capacity of 100 MW. This is more than five times the capacity of 
the largest plants found in the world today.602

Decarbonising the shipping industry requires not only new fuel 
types, but also new technologies. To accelerate the develop-
ment of viable technologies, a coordinated effort within applied 
research is needed across the entire supply chain. Furthermore, 
engagement from a broad set of key stakeholders including gov-
ernments and governmental organisations, public research insti-
tutions and academia as well as international organisations and 
private sector actors is key. A research and development centre, 
like the Mærsk McKinney Møller Centre for Zero Carbon Shipping, 
can help create an overview of the possible pathways towards 
zero-emission shipping and set in motion the needed demonstra-
tion projects, which in turn can help create confidence among 
investors and regulators and help drive the shipping sector’s 
transformation. 

600	 https://www.eea.europa.eu/themes/air/health-impacts-of-air-pollution
601	 https://brintbranchen.dk/wp-content/uploads/2020/06/membership-e1589908155669.jpg 
602	 https://kefm.dk/Media/C/B/faktaark-klimaaftale%20(English%20august%2014).pdf 
603	 https://orsted.com/en/media/newsroom/news/2020/05/485023045545315
604	 https://videnskab.dk/teknologi-innovation/forskere-efter-overraskende-gode-forsoegsresultater-danske-faerger-boer-sejle

Large-scale hydrogen and e-fuel production facility

Transforming the transport sector is a momentous task and criti-
cal to fulfilling the Paris Agreement and the European Green Deal.

Six Danish companies have announced that they plan to build a 
hydrogen and e-fuel production facility near Copenhagen in 2023. 
The power-to-X production facility will be able to use renewable 
energy and transform it into various types of fuel, such as e.g. 
methanol, hydrogen, and e-kerosene via electrolysis. When fully 
scaled in 2030, the 1.3-gigawatt electrolyser facility will produce 
250 000 metric tonnes (mt) of carbon-neutral fuel for buses, lor-
ries, aviation and shipping per year, reducing carbon emissions 
by 850 000 mt per year. From 2027, the production facility will 
include production of hydrogen from offshore wind being used as 
a feedstock for methanol for ships603.

Ellen, the Electric Ferry

Ferries perform critical tasks in many EU countries and connect 
islands together with the EU mainland. However, most ferries 
consume bunkers oil, whose emissions contribute significantly to 
global warming. Battery technology is an example of a known and 
available technology that can eliminate these emissions. 

Beyond eliminating CO2, battery-powered ferries do not emit 
harmful particles into urban environments and provide signifi-
cant economic benefits to the owners of the vessel. Whilst electric 
ferries are more expensive to build, they have reduced operating 
costs. The Danish electric car ferry Ellen operates between the 
Danish islands of Als and Ærø. Ellen was 40% more expensive 
than a conventional bunkers-powered ferry, but operating costs 
are 75% lower. Ellen will save the release of 2 500 metric 
tonnes (mt) of CO2 per year as well as 14.3 mt of NOx, 1.5 mt 
of SO2, 1.8 mt of CO as well as 0.5 mt of harmful particles. It is 
estimated that the extra costs associated with Ellen will be paid 
off in 4-8 years, making it a very compelling business case604.
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8.2. ENVISIONING 
FLOATING OFFSHORE 
WIND: A MANUFACTURERS 
PERSPECTIVE
Offshore wind is a key element in the fight against the climate 
crisis. The wind conditions at sea enable the production of clean 
and cost-effective energy and an almost continuous power output 
throughout the year, rendering offshore wind base load capable. 
In combination with hydrogen production, offshore wind has the 
potential to contribute to the decarbonisation of shipping and 
aviation as well as other industries. These economic and environ-
mental advantages lead to a rapidly increasing demand for the 
next generation of offshore wind technology as well as the market 
entry of new players worldwide.

A new pathway for harvesting ocean wind energy is floating off-
shore wind. Several European wind-turbine manufacturers and the 
supplier industry have taken on the task and are currently working 
on options to extend the reach of wind power into deeper waters. 
While several pilot plants are being built and some are already 
operational in the EU, it is evident that the largest share of tech-
nical potential for offshore wind is located in deep-sea areas with 
water depths beyond 60 m.

Table 8.1 shows the technical potential for floating offshore wind 
in different regions in the world contrasted by what is already 
installed today and what is expected to be installed by 2030. The 
numbers show that Europe will likely continue to play a leading 
role in floating offshore wind markets with several projects in 
the pipeline.

Challenges

Attracting investment for technology development specific to the 
sector and bringing down costs are amongst the main challenges 
in this market. The construction of conventional offshore wind tur-
bines is more time-consuming than wind turbines on land. Floating 
offshore wind construction presents even greater difficulties, both 
logistically and in terms of the time required for its construction. 
The main engineering challenges are the development of suitable 
anchoring and cable systems and keeping the floating turbines 
stable and static in the wind. To solve these challenges, different 
concepts for floating foundations have been developed in recent 
years. While the tension leg platform (TLP) is tightly connected to 
the seabed, the other three concepts – barge, semi-submersible 
and spar buoy – are only loosely moored. Moreover, the tension 
leg platform requires special purpose vessels for transport and 
installation and, so far, represents the most expensive option605.

605	 IRENA (2016), Floating Foundations: A Game Changer For Offshore Wind Power, International Renewable Energy Agency, 2016, Abu Dhabi.
606	 IRENA (2016), Floating Foundations: A Game Changer For Offshore Wind Power, International Renewable Energy Agency, 2016, Abu Dhabi.
607	 WindEurope (2017), Floating offshore wind - vision statement. Technical report, WindEurope, 2017, Brussels, Belgium.
608	 WindEurope (2017), Floating offshore wind - vision statement. Technical report, WindEurope, 2017, Brussels, Belgium.
609	 DNV GL (2020), Floating Wind: The Power to Commercialize, DNV GL, 2020, Høvik, Norway.
610	 DNV GL (2020), Floating Wind: The Power to Commercialize, DNV GL, 2020, Høvik, Norway.

The semi-submersible and spar buoy platforms are currently the 
most frequently used options for floating offshore wind projects. 
Spar buoy platforms are ballasted cylinders that keep the cen-
tre of gravity below the required level for stability. This rather 
simple design offers little surface to waves, minimising wave-in-
duced motions, but requires substantial water depths beyond 
100 metres and heavy-lift vessels for offshore operations. Semi-
submersible platforms are buoyant cylinders, which are hydrostat-
ically stabilised through interlinkage. The resulting draught below 
10 metres allows for construction and installation of the entire 
wind turbine at the harbour. The fully equipped platforms can 
then be tugged to the site. On the other hand, semi-submersible 
structures are more complex, use more material and offer more 
surface to pick up wave motions at sea606. Barge platforms are 
floating pontoon-like structures usually made of concrete. As for 
semi-submersible platforms, they can be fully equipped at the 
port and tugged to the site.

While – from an engineering perspective – the technical chal-
lenges will be overcome eventually, the challenge of economic 
viability remains. The required investments and the political 
commitment for further development of pre-commercial float-
ing offshore wind projects represent the main barriers for the 
technology607.

Potential

Floating offshore wind turbines are not a completely new tech-
nology but rather a novel combination of offshore platforms and 
wind turbines. The main task offshore wind manufacturers face 
is the adaptation of existing technologies and equipment to new 
circumstances. The potential advantages of floating offshore wind 
include utilising wind energy potential in deep-sea areas, whether 
in coastal or offshore waters. Some coastal areas, for instance, 
have rapidly descending water depths – making the installation of 
conventional offshore wind turbines impossible. Another advan-
tage pertains to the considerably reduced maintenance costs due 
to the floating nature of their foundations. A new market is about 
to emerge in the control and regulation technology of floating 
wind turbines – addressing the challenges of disruptive vibra-
tions and of independently turning the rotors into the wind. Digital 
solutions are also required for the operation and maintenance of 
floating offshore plants, ensuring that downtimes are avoided by 
anticipating any damage remotely.

Due to the novelty of floating offshore wind technology and the 
only few pilot projects already in place today, information on costs 
is scarce. However, industry experts expect the median "levelised 
cost of electricity" (LCOE) of floating offshore wind to decrease 
by 38%608 to 70%609 by 2050, from approximately 145 €/MWh 
in 2020610.
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Figure 8.1 European Outlook for Offshore Wind Total Installed Power Capacity (GW) to 2050611

Source: DNV GL (2020), Energy Transition Outlook 2020, DNV GL, 2020, Høvik, Norway

611	 DNV GL (2020), Energy Transition Outlook 2020, DNV GL, 2020, Høvik, Norway

Table 8.1 Floating offshore wind potential 

Country / 
Region

Share of offshore wind 
resource in +60m depth 

(i)

Potential for floating 
offshore wind power 

capacity (ii)  

Currently installed 
floating offshore wind 

power capacity

Market outlook to 
2030 – expected new 

installations of floating 
wind power capacity (iii)

Europe 80% 4,000,000 MW 62 MW (in 2020) [4]  +4,117 MW 

USA 60% 2,450,000 MW -  +162 MW 

Japan  80% 500,000 MW 19 MW (in 2019) [5]  +1,017 MW 

Source: (i) Carbon Trust (2015), Floating Offshore Wind: Market and Technology Review, Carbon Trust, 2015, London, UK, (ii) Floating Offshore Wind: Market and Technology 
Review, Carbon Trust, 2015, London, UK and (iii) GWEC (2020), Global Offshore Wind Report 2020, Global Wind Energy Council, 2020, Brussels, Belgium

Table 8.2 Levelised Cost of Energy (LCOE) of floating offshore wind compared with other energy sources

Technology Levelised Cost of Energy Before Subsidy, 
2020

Expected Levelised Cost of Energy Before 
Subsidy, 2050

Floating Offshore Wind  ~145 €/MWh ~40 €/MWh

Fixed Offshore Wind  ~85 €/MWh ~34 €/MWh

Onshore Wind  ~53 €/MWh ~38 €/MWh

Source: Data from DNV GL (2020), Energy Transition Outlook 2020, DNV GL, 2020, Høvik, Norway.
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The expected cost decline (Table 8.2) highlights the cost-reduction 
potential of floating offshore wind while suggesting that it will 
still likely remain more expensive than other wind energy sources 
in the long run. Floating offshore wind could potentially take a 
share of 14% of the total offshore wind market in Europe and 
approximately 3% of Europe’s total power supply by 2050 with 
an installed capacity of around 40 GW612.

Floating offshore wind will thus play an important role in terms 
of potential for the EU Blue Economy. At this early stage in float-
ing offshore wind development, it is difficult to provide economic 
figures specifically for floating wind. However, in 2020, total 
European offshore wind projects have attracted record invest-
ments of €26.3 billion – up from €6 billion in 2019613.

Recent employment figures in the fixed offshore wind manufac-
turing industry are merely indicative: one example of job crea-
tion by this industry include 1,000 direct and indirect jobs in Hull, 
United Kingdom by Siemens Gamesa and ABP in turbine assembly 
and blade manufacturing; another is an expansion at the MHI 
Vestas Offshore Wind blade manufacturing facility on the Isle of 
Wight that led to the creation of a total of 380 direct jobs and an 
additional 720 indirect and induced jobs614. 

A Growing Opportunity: Value Creation in Remote 
Coastal Areas

Placing offshore wind turbine manufacturing sites in close proxim-
ity to the sea is a common approach, thereby avoiding time-con-
suming and expensive road transport. By doing so, the offshore 
wind industry has become an important added value creator and 
employer in remote coastal areas – and will continue to do so, 
especially if the vast potential of floating offshore wind is to be 
harnessed. For instance, according to Siemens Gamesa, in 2017 
the wind turbine manufacturer invested around €200 million in 
the construction of a plant in Cuxhaven, Germany, creating about 
1 000 jobs in the plant. Around 700 of these are in direct employ-
ment at Siemens Gamesa615.

Serial production has been running since 2018 and every year 
approximately 250 nacelles – the machine cabin on top of the 
wind turbine tower – leave the site towards the North Sea. With 
the current eight MW turbine in production, the yearly output of 
Cuxhaven enables a clean power supply for more than two million 
households and a reduction in greenhouse gas emissions of more 
than seven million tonnes of CO2-equivalents annually616. In the 
plant, the three main components; the hub, the generator and the 
back end are built in three production lines and then assembled. 
Large value-added effects arise for the suppliers of the com-
ponents. A full-time job at Siemens Gamesa is estimated to be 

612	 DNV GL (2020), Energy Transition Outlook 2020, DNV GL, 2020, Høvik, Norway.
613	 WindEurope (2021), Offshore Wind in Europe - Key trends and statistics 2020, WindEurope, 2021, Brussels, Belgium.
614	 IRENA (2020), Fostering a blue economy: Offshore renewable energy, International Renewable Energy Agency, 2020, Abu Dhabi.
615	 Siemens Gamesa (2018), Press Release: “Siemens Gamesa celebrates inauguration of production facility for offshore nacelles in Cuxhaven”, Germany, 

Siemens Gamesa Renewable Energy Gmbh & Co. KG, 2018, Hamburg, Germany. Accessed on 24th February 2021 from: https://www.siemensgamesa.com/
newsroom/2018/06/180605_pi_cux_inauguration_en_v12.

616	 Siemens Gamesa (2021), Environmental Product Declaration SG 8.0-167 DD: A clean energy solution – from cradle to grave, Germany, Siemens Gamesa Renewable 
Energy Gmbh & Co. KG, 2021, Hamburg, Germany. Accessed on 24th February 2021 from: https://www.siemensgamesa.com/en-int/-/media/siemensgamesa/downloads/en/
products-and-services/offshore/brochures/siemens-gamesa-environmental-product-declaration-epd-sg-8-0-167.pdf.

617	 AfW Cuxhaven (2020), Regionalökonomische Effekte der Ansiedlung von Siemens Gamesa Renewable Energy in Cuxhaven, Agentur für Wirtschaftsförderung Cuxhaven, 
2020, Cuxhaven, Germany.

618	 AfW Cuxhaven (2020), Regionalökonomische Effekte der Ansiedlung von Siemens Gamesa Renewable Energy in Cuxhaven, Agentur für Wirtschaftsförderung Cuxhaven, 
2020, Cuxhaven, Germany.

619	 DNV GL (2020), Energy Transition Outlook 2020, DNV GL, 2020, Høvik, Norway.

creating 0.6-0.8 full-time positions at suppliers. Comparable cases 
in regional economic studies have also shown indirect employ-
ment effects from 1 to 2 full-time positions617.

An example of the development of local value creation is the 
production/impact of the hub. With offshore wind industry tech-
nology constantly improving, the formation of industrial clusters 
is promoted. This in turn reduces constraints such as transporting 
large turbine components. The hub manufacturing in Cuxhaven, 
Germany, involves two companies on the supply side: That is 
Nordmark for the production and Muelhan AG for the hub’s cor-
rosion protection coating. After its final assembly at Siemens 
Gamesa, the nacelles are loaded onto special ships by the local 
port operator and transported to the installation port in Esbjerg, 
Denmark.

The Municipality in Cuxhaven estimates that, in addition to all the 
effects triggered by the plant settlement, the purchasing power of 
the administrative district of Cuxhaven will increase by 20 to 36 
million euros per year from 2020618. The plant also raises the skill 
level of the workforce and expands local apprenticeship capacity, 
while its employees revitalise the city's real estate market and 
retail.

In 2020, Siemens Gamesa announced that it had purchased space 
for an extension area of 200 000 square metres. The Cuxhaven 
site will thus continue to benefit from the projected growth of the 
offshore industry in Europe.

Conclusions

The future potential for floating and fixed offshore wind in terms 
of expected installed capacity looks very promising in Europe and 
worldwide. Strong policy support from the European Commission 
and national governments, and a growing need for renewable 
energy will continuously increase the demand for clean bulk 
energy from offshore wind. Floating offshore wind – now in 
its pre-commercial phase – will see considerable growth after 
2030619. This is good news for European wind turbine manu-
facturers. Despite some technical challenges, the wind industry 
expects floating offshore wind to operate at competitive costs 
once technical maturity is reached, and regulations are consoli-
dated. As global technology leaders in wind turbine construction 
and its associated supplier industry, the European wind industry 
will strongly benefit from these developments.

Offshore wind also entails major opportunities for the European 
blue economy. The previous examples illustrate the positive 
impact offshore wind industry can have on local value creation 
in remote coastal areas and how it creates perspectives for local 
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businesses, suppliers and local people. Although the competition 
for space, in relation to other sectors, notably fisheries, might cre-
ate some conflicting priorities, the introduction of a new industry 
in these areas brings new direct and indirect jobs to the local blue 
economy. Furthermore, the establishment of new offshore energy 
infrastructures and even energy islands for the production and 
distribution of power, and prospectively hydrogen, will become a 
major economical factor in the years to come. The energy transi-
tion is, slowly but surely, becoming a major driver of the European 
blue economy.

620	 https://blueindicators.ec.europa.eu/published-reports_en
621	 https://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_destaques&DESTAQUESdest_boui=459804030&DESTAQUEStema=5414331&DESTAQUESmodo=2
622	 https://96594c97-1436-40ba-b257-d6d0d780b25f.filesusr.com/ugd/eb00d2_ef4823a6a40b4828a2ff244d16df84e3.pdf
623	 https://96594c97-1436-40ba-b257-d6d0d780b25f.filesusr.com/ugd/eb00d2_a0d094c9f79541688a3345c0addd9683.pdf
624	 https://www.ine.pt/xportal/xmain?xpid=INE&xpgid=ine_destaques&DESTAQUESdest_boui=459804030&DESTAQUEStema=5414331&DESTAQUESmodo=2
625	 Authors’ free translation.
626	 More information about those and other projects promoted by an entity, or with a partner, from Portugal can be obtained on the website of the Directorate-General for 

Maritime Polity, Ministry of the Sea (https://www.dgpm.mm/gov.pt), and in the EC Maritime Hub Database (https://maritime.easme-web.eu/)

8.3. INNOVATION  
IN PORTUGAL TO BOOST  
A SUSTAINABLE  
BLUE ECONOMY
In the EU, Portugal’s ocean economy occupies a central place 
within the broader domestic economy.620. According to the Satellite 
Account for the Sea621, in Portugal, the direct and indirect impact 
of the ocean economy on the national economy was about 5.1% 
of the Gross Domestic Product (GDP) in 2018. 

The Portuguese ocean economy has shown resilience in past peri-
ods of economic crisis and it is now expected to play an important 
role in the post-pandemic recovery period. On the one hand, there 
will be a need to boost growth and jobs, while on the other, it will 
be crucial to make strong commitments to long-term sustaina-
bility, which includes developing an agenda for the climate goals 
and a more circular and digital economy. This cannot be achieved 
without research and innovation, namely with regards to technol-
ogy, and it must engage traditional and emerging sectors. With 
the support of European Funds under shared management (CF, 
ERDF, EMFF and ESF), Portugal invested about €244 million in 
ocean economy-related research and innovation, during the cur-
rent programming period622. 

In addition, Portugal runs the Blue Fund, a national fund dedi-
cated to ocean economy-related objectives, as well as the Blue 
Growth EEA Grants Programme. Statistics in R&D show that R&D 
expenditures In Blue Economy grew about 47% between 2014 
and 2018, an annual growth rate of about 10%, higher than the 
annual 6% growth rate of total R&D expenditures in Portugal. 
During this period, R&D expenditures in the ocean economy rep-
resented around 3.6% of total R&D expenditures. The two most 
representative areas in terms of expenditures in Blue Economy 
R&D were “Marine Food Resources” and “natural systems and 
renewable energy resources”, together representing more than 
half of the total (33% and 23%, respectively)623. Regarding mac-
roeconomic data624, investment in R&D represented 24% of the 
total investment (gross fixed capital formation) in the ocean econ-
omy for the 2016-2017 period. 

These figures reflect the growing importance of R&D in the 
Portuguese ocean economy as a relevant asset regarding the 
Vision presented in the new version of the Portuguese National 
Ocean Strategy 2021-2030: "promoting a healthy ocean to 
enhance sustainable blue development, the well-being of the 
Portuguese and affirming Portugal as a leader in ocean govern-
ance, supported by scientific knowledge"625. Some relevant exam-
ples of the innovative technological solutions supported/made 
possible by this financing are presented below.626.
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COMPACT

The COMPACT Project will develop an innovative lightweight pres-
sure casing (cylinder) for a pre-tension system of a wave energy 
converter (WEC) to improve energy efficiency and lower the costs 
of energy production. The development includes manufacturing 
a set of prototype cylinders, which will undergo thorough testing. 
The result of the project is a full-scale certified pressure casing 
ready to be installed on an operational WEC and demonstrated 
in the ocean afterwards. ​COMPACT is a project developed by 
CorPower Ocean Portugal, in partnership with OPS Composite 
Solutions (from Norway), representing a total investment of 
€688 714, with 70% support from the EEA Grants’ Blue Growth 
Programme. The project is part of the overall wave energy tech-
nology being developed by CorPower Ocean Portugal.

The project's main objectives are: 1) To improve performance and 
reduce the price of wave energy technology, thus contributing to 
its quicker commercialisation; and 2) To actively contribute to the 
Portuguese Industrial Strategy for Ocean Renewable Energies, 
promoting jobs and socio-economic growth in the region. It is 
expected that CorPower Ocean Portugal will create around 85 jobs 
by 2030, most highly qualified positions (mainly engineering and 
component design) due to the concrete knowledge and technology 
involved in the activity. 

ENDURE - Enabling Long-Term Deployments of 
Underwater Robotic Platforms in Remote Oceanic 
Locations

The ENDURE Project aimed at planning, constructing, and test-
ing a cost-effective solution that allows for autonomous under-
water vehicles (AUV) to wirelessly recharge their batteries near 
an underwater charging station, for use in remote oceanic 
areas including for deep-sea deployments. By avoiding complex 
mechanical docking, the proposed solution requires minimal main-
tenance, making it cost-effective and enabling long-term opera-
tion in remote oceanic locations. The proposed solution consists 
of an underwater charging station moored to the seabed and 
connected to a surface platform that generates energy through 
renewable energy sources. This technology was developed by the 
Portuguese institute INESC TEC, in partnership with IPMA (PT) and 
MARLO (NO), representing a total investment of €241 947, with 
85% support from the EEA Grants 2009-2014. One of the goals 
of ENDURE was to create around 29 jobs during the development 
stage627.

627	 Some of these were permanent others temporary

I.nano.WEC - Innovative nanotechnology for Wave 
Energy Conversion

The i.nano.WEC Project aims to develop the first marine buoy 
prototype that integrates highly efficient energy capture sys-
tems based on triboelectric nanogenerators (TENGs). The dis-
ruptive technology to be developed and optimised can be an 
alternative to solar panels, overcoming their current limitations in 
terms of energy supply, size, efficiency and price. Achieving this 
goal will promote continuous monitoring of environmental and 
human activities in remote locations, enabling the implementa-
tion of robust, modular, and energetically autonomous systems 
for diverse markets such as aquaculture, signalling equipment 
or long-term data monitoring markets. The i.nano.WEC project is 
promoted by the Portuguese start-up inanoEnergy, in partnership 
with the University of Porto and the INEGI institute. With a 90% 
contribution from the Portugal’s Blue Fund, the project’s expected 
cost is €199 799.
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8.4. RECREATIONAL 
MARITIME FISHING  
IN CATALONIA628

Introduction629

Recreational fishing is defined as “a non-commercial fishing activ-
ity exploiting marine living resources for recreation, tourism or 
sport”630. In other words, it is a non-professional activity practiced 
for sport and leisure with no commercial purpose. This activity 
includes three main modalities: shore fishing, boat fishing, and 
spearfishing. The popularity of this practice in coastal popula-
tions all year round in Catalonia reflects its social and cultural 
relevance. There has been a significant increase in this practice 
in recent decades mostly due to a rise in citizen interest in expe-
riencing outdoor activities, but also likely due to the expansion 
of tourism.

Professional and recreational maritime fishing often impact the 
same fishing resources. However, their combined effect on natural 
resources is yet unknown. This fact has now drawn the attention 
of decision makers and the scientific community, convinced that 
management should incorporate knowledge about the impact of 
recreational maritime fishing.

The Directorate General for Fisheries and Maritime Affairs, 
through the Catalan Research Institute for the Governance of the 
Sea (ICATMAR), developed, in the framework of the 2030 Maritime 

628	 This case study was based on the Diagnosis of Marine Recreational Fishing in Catalonia done by the Catalan Research Institute for the Governance of the Sea in 2019. 
A complete analysis can be consulted on the following address: http://agricultura.gencat.cat/web/.content/08-pesca/politica-maritima/enllacos-documents/fitxers-binaris/
diagnosis-marine-recreational-fishing-catalonia-2019-ICATMAT-20-04_ENG.pdf 

629	 Note: The information presented must be taken with caution, given that many of the data used are subject to important sources of bias (avidity, seasonality, perception and 
memory biases); but particularly due to the fact that voluntary respondents tend to engage the activity more actively and hence tend to be in the upper side of the avidity 
spectrum. Additionally, both surveys were undertaken during the warmer months, for which cold season activity is underrepresented

630	 Council Regulation (EC) No 1224/2009 and FAO, 2018.

Strategy of Catalonia, a monitoring program, which takes into 
account recreational maritime fishing. During 2019, this program 
included a pilot study for which data from online and onsite sur-
veys were collected. Results of the pilot study show preliminary 
figures regarding the economic, social and environmental impacts 
of recreational fishing in Catalonia.

Methodology. Data was collected from the practitioners of the 
activity via voluntary field and online surveys. Both included ques-
tions regarding the modality used, the socio-economic profile, the 
fishing effort, the fishing performance, the target species, and the 
daily and annual expenses for the practice of the activity. The area 

The Catalan Research Institute for the 
Governance of the Sea was created 
as a result of the collaboration between 
the Directorate General for Fisheries and 
Maritime Affairs of the Government of 
Catalonia and the Institute of Marine Sciences 
(ICM-CSIC). It is an autonomous organisation that responds 
to the need for generating scientific advice for management 
purposes in the Blue Economy. During 2019, ICATMAR car-
ried out the first qualitative and quantitative assessment of 
recreational maritime fishing along the Catalan coast. The 
results and experience gathered throughout 2019, in addi-
tion to offering a preliminary overview, have made it possible 
to design a continuous data collection program, which was 
launched in 2020.

Figure 8.2 Division of the Catalan coast into 21 zones.  
Zones 1-8 correspond to the North region, zones 9-13 to the Centre region, and zones 14-21 to the South region.

161

20
21

http://agricultura.gencat.cat/web/.content/08-pesca/politica-maritima/enllacos-documents/fitxers-binaris/diagnosis-marine-recreational-fishing-catalonia-2019-ICATMAT-20-04_ENG.pdf
http://agricultura.gencat.cat/web/.content/08-pesca/politica-maritima/enllacos-documents/fitxers-binaris/diagnosis-marine-recreational-fishing-catalonia-2019-ICATMAT-20-04_ENG.pdf


of the study divides the Catalan coast into 3 large regions (North, 
Centre and South), which are subdivided into a total of 21 areas 
based on geomorphic characteristics (Figure 8.2). 

For the field survey, eleven sampling points from the central and 
northern area of ​​Catalonia representative of the general charac-
teristics of the Catalan coast were selected. During a five-month 
period, thirty fieldwork days were carried out in different ports, 
beaches, and other parts of the coast, surveying fishermen and 
obtaining information about their catches. The surveys were done 
during different days of the week, during various times of the 
day, with the intention of and for each of the three fishing modal-
ities of interest. Data was obtained from a total of 423 individual 
interviews (from May to September 2019).

The online survey was designed with specialised software. 
It was sent through an official email to all the practitioners 
that obtained the license between 2014 and 2018. It was 
also spread through an official campaign via social media 
and transmitted directly to representative organisations from 
the recreational fishing sector. Access to the survey was 
open for three months, and a total of 9 000 responses were 
obtained. 	

Results of the survey

Social impact. There are close to 50 000 marine recreational 
fishers in Catalonia (approximately seven recreational fishers 
out of 1 000 inhabitants) of which 60% are mostly dedicated to 
shore fishing, 34% practice mainly boat fishing, and 6% are spear 
fishers. In general, it is a predominantly male activity (95% male 
participants), with an average age between 40 and 50, depending 
on the fishing modality (Figure 8.3).

Seasonality. Recreational fishing is a largely seasonal activity 
for all three fishing modalities. All of them present activity peaks 
during the summer season and a strong decrease during winter 
(Figure 8.4). Shore fishing is comparatively more seasonal than 
the other two modalities, with a declared participation during 
the summer months almost tripling that of the winter months. 
Conversely, spearfishing is least dissimilar during the warmer and 
cooler seasons; the activity also decreases considerably, but in 
this case, it is only halved.

Catch composition. Catch observations generally showed a ten-
dency towards small individuals of abundant species. Fishers gen-
erally did not practice catch and release and those who released 
catches mostly did so because the minimum landing size was not 
met (Figures 8.5, 8.6 and 8.7).

Total annual catch. Total annual catches were calculated individ-
ually for each respondent using their Catch per Unit Effort (CPUE) 
and effort values. The most harvest intensive activity was boat 
fishing (760 tonnes/year), followed by shore fishing (508 tonnes/
year) and spearfishing (98 tonnes/year) (Table 8.3). Altogether 
they result in 1 366 tonnes/year, which represents 5.3% of the 
total commercial catch in Catalonia in 2019. 

Table 8.3 Average total annual catch by recreational fisher (RF) for 
each modality and total annual catch by modality.

  Average annual catch 
per RF (kg/year)

Total annual 
catch (t/year)

Coast fishing 16 508

Boat fishing 42 760

Spearfishing 28 98

Total   1,366

Note: Estimates were obtained from the online surveys.
Source: ICATMAR 2019

Uneven distribution of the total catch. Recreational fishers are 
notoriously heterogeneous in their fishing avidity and productivity. 
This causes the total individual catch per fisher values to have 
very wide ranges. While a relatively small proportion of partic-
ipants have very high annual catches, the majority of fishers’ 
annual harvest is one order of magnitude smaller: The top 10% 
of practitioners gather 50% of the overall catch, while the bottom 
50% of practitioners gather only 10% of the overall catch.

Economic impact per fishing modality. The economic impact of 
marine recreational fishing in Catalonia has been estimated at 
approximately €90 million, out of which roughly one third corre-
sponds to direct impacts on fishing gear shops and distributors 
(Table 8.4).

Table 8.4 Total annual expenditure in fishing gear and total annual 
expenditure including expenses indirectly related to fishing activity.

  Expenses in  
fishing gear Total activity

Shore fishing  16.178.446 € 30.256.536 €

Boat fishing  11.984.832 € 53.422.600 €

Spearfishing 993.80 € 5.422.256 €

Total 29.157.080 € 89.101.392 €

Source: ICATMAR 2019

While absolute values resulting from this pilot study are prelim-
inary and should therefore be taken with caution, this study has 
been very successful in providing a first approximation of the 
social, environmental and economic impact of the recreational 
fishing sector in Catalonia. Moreover, the study has laid essential 
groundwork for developing a strategy for the continuous and per-
manent monitoring of the activity in order to provide the neces-
sary information for its proper management. 

The recreational fishing sector is one of the sectors to be included 
in the recently developed official statistics of the Blue Economy 
in Catalonia in the framework of the implementation of the 2030 
Maritime Strategy of Catalonia.
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Figure 8.3 Age frequency obtained by the online survey.

Source: ICATMAR 2019

Figure 8.4 Percentage of participants practicing each modality by season

Source: ICATMAR 2019
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Figure 8.6 Boat fishing species (or taxa) catch composition 
observed in the onsite surveys.

Source: ICATMAR 2019

Figure 8.7 Spearfishing species (or taxa) catch composition observed in the onsite surveys.

Source: ICATMAR 2019

Figure 8.5 Shore fishing species (or taxa) catch composition 
observed in the onsite surveys.

Source: ICATMAR 2019
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