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Welcome Letter
Dear delegates,

Welcome to the United Nations Ocean Conference (UN Ocean Conference) of Beijing 
International Model United Nations 2021 (BIMUN 2021). It is a privilege for our Directors 
to extend our sincere greetings to all of you.

The world has constantly been exploring the mysteries of the ocean, exploiting 
its abundant resources to feed human beings and build a better future. The seaweed 
industry has entered people’s vision. Researches have proved that seaweed is capable 
of addressing starvation, helping biological medicine engineering and chemistry, and 
most significantly, dealing with climate change. People are elated about its magnificent 
potential, but at the same time, they are perplexed by the further exploitation and 
application of the value of seaweed. 

The seaweed industry is only a branch of ocean farming. A mature ocean farming 
system may include aquaculture and plantation, easing the strain on land resources 
and coping with marine environmental problems. Ocean farming influences the dynamic 
ecosystem. Therefore, countries must establish a framework of the seaweed industry and 
ocean farming to utilize marine resources and protect our mother earth sustainably.

UN Ocean Conference is always dedicated to facilitating Sustainable Development 
Goal 14: Life Below Water and leveraging ocean science to develop marine resources 
for human benefit. The uniqueness of this committee is that with the start of The United 
Nations Decade of Ocean Science for Sustainable Development (2021-2030, Ocean 
Decade), we will have more accessible technology and scientific guidance to fulfill its 
missions. 

In the process of drafting the history of the ocean, you will definitely feel the 
commitment and responsibility every youngster shall undertake someday. Although 
progress can be hardly achieved, dealing with every thorny issue is the responsibility 
of every generation. Just embrace the challenges because, at the same time, you are 
approaching a promising future.

The Background Guide offers the basic knowledge of the two topics, putting forth 
suggestions for your independent research. Should you have any questions concerning 
the topics or Rules of Procedure, feel free to contact us. 

We look forward to seeing you in the beautiful May in Beijing!

Directors, 
UN Ocean Conference 

BIMUN 2021
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Introduction to the Conference
The UN Ocean Conference supports the implementation of Sustainable Development 

Goals and repairs the damage to ocean health for the benefit of humanity by proposing 
recommendations and engaging voluntary stakeholders: Governments, Research 
institutes, civil society, enterprises of different types, and ordinary citizens.1

The First World Ocean Assessment found that large parts of the ocean are now 
severely degraded.2 A continued failure to handle these problems is likely to construct 
a destructive cycle of degradation that will ultimately deprive the globe of many of the 
benefits currently derived from the ocean, not to mention that up to a million marine 
species could still be unknown to science.3

The theme of the UN Ocean Conference 2020 (unfortunately, it was postponed) is 
"Scaling up ocean action based on science and innovation for the implementation of 
Goal 14: stocktaking, partnerships and solutions."4 UN Ocean Conference has been trying 
to protect marine and coastal ecosystems and ensure the resources through the UN 
Convention on the Law of the Sea by utilizing scientific knowledge, research capacity, and 
transfer of marine technology. Even though all the commitments are voluntarily made, 
around 200 countries have promised to send their heads of State and Government, civil 
society representatives, business people, actors, academics and scientists, and ocean 
and marine life advocates.5

Reverse the decline of ocean health and sustainable utilization of marine resources 
are the fundamental goals of the UN Ocean Conference, and it has already discovered new 
ways to fulfill its missions. 

Since there is no internationally-agreed methodology for estimating the economic 
value of services the ocean provides to humankind and for evaluating the damage to the 
marine environment, and in response to the call of the Intergovernmental Oceanographic 
Commission (IOC), the UN Ocean Conference makes 2021-2030 the International 
Decade of Ocean Science for Sustainable Development, providing Member States with a 
framework for coordinating and consolidating the observations and research needed to 
achieve SDG14.6 

The conference expects participants to establish new sustainable oceanic industries 
and improve the environment through leveraging ocean science.

1      UNESCO, "United Nations Ocean Conference," Jan. 28, 2021 Accessed, https://en.unesco.org/
united-nations-ocean-conference.

2      IOC, "The Ocean We Need for the Future We Want- Proposal for an International Decade of Ocean 
Science for Sustainable Development,"3, Jan. 28, 2021 Accessed, https://en.unesco.org/sites/default/files/
ioc_gatefold_10years_singlepanels_web.pdf.

3      Ibid.
4      UN Ocean Conference, "program," Jan. 28, 2021 Accessed, https://www.un.org/en/conferences/

ocean2020/programme
5      UN Ocean Conference, "participate," Jan. 28, 2021 Accessed, https://www.un.org/en/conferences/

ocean2020/participate.
6      IOC, "The Ocean We Need for the Future We Want," 3.
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Introduction to the Topics
The seaweed industry thrived over the last seven decades, mainly in Asian-Pacific 

regions, where seaweed consumption has been common and traditional, depending on 
taste and price.7 With a strong consumer preference towards organic, sustainable, and 
fair-trade products, American and European markets have developed their nutritional 
values as medicine, additive, and chemical chemicals.8 

Over the last decade, global demand for seaweeds has been growing together with 
increases in usage beyond former traditional applications. People have discovered that 
it can offer multiple ecosystem services in cultivating nutritional food, mitigating climate 
change, and pollutions, and providing renewable energy.9 

The expansion and upgrading of the seaweed industry are in prospect. Nevertheless, 
technology and resource constraints stalled its development at an early stage. The 
conference expects an in-depth discussion in establishing and upgrading the industry. 
The following issues are of particular concern.

Firstly, the cultivation of wide ranges of seaweed species with different 
characteristics and growth needs has diverse environmental and technical requirements. 
Participants may discuss how to cultivate seaweed sustainably in large areas. Secondly, 
given the current global resource constraints and environmental issues, countries shall 
strategically manage the industrial development to exploit seaweeds with emphasis. 
Furthermore, there is often a mismatch between resources and capacity in many 
countries, and co-development is one way to learn from experience.

The seaweed industry is an important branch of ocean farming, the improvement 
of which will contribute to the development of global husbandry. The development 
of ocean farming is an essential means of improving the ecological environment and 
alleviating poverty. However, the current development of it is not optimistic. For one, the 
marine environment is complex, and husbandry needs to take into account environmental 
sustainability as well as polytrope. Secondly, there are wide disparities between countries 
in the regulation of the businesses associated with it, and commercial transactions 
may have different standards, among other issues. Thirdly, the technology involved in 
marine agriculture is complex. Based on the discussion of the industrial upgrading and 
development of seaweed, countries may learn from the cultivation model and framework 
of seaweed industry to explore aquaculture technologies and methods that can be 
widely promoted, so as to utilize marine resources more comprehensively, eventually 
establishing sustainable ocean farms.

7      Alejandro H. Buschmann, Carolina Camus, and Others, "Seaweed production overview of the 
global state of exploitation farming and emerging research activity," European Journal of Phycology 52, 
no.4:  392.

8      FAO FISHERIES TECHNICAL PAPER, "A guide to the seaweed industry," 1.
9      Richard Langton, Simona Augyte, and Others, "An Ecosystem Approach to the Culture of 

Seaweed," National Oceanic and Atmospheric Administration, July, 2019, Jan. 21, 2021 Accessed, https://
spo.nmfs.noaa.gov/sites/default/files/TMSPO195.pdf.
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Topic A.  Sustainable Development of 
Seaweed Industries

Background Information
Current Situation

The current seaweed industry has a wide range of manufacturing scope, including 
food productions, biofuels, medics, and fertilizers, the annual gross value of production 
of which is around US $5.5-6 billion.10 The raw material of the seaweed industry primarily 
comes from the leading seaweed farming countries like China and Indonesia (see Figure 1), 
the aggregated production of which is over 23 million tons.11 To enhance global seaweed 
productivity, cultivation techniques tailored for different seaweed species are developed, 
such as breeding and vegetative reproduction. Imaging spectroscopy and thermal-
infrared-, fluorescence-, 3D- and tomographic imaging are being applied to seaweed 
production as well.12 The seaweed industry is booming.

Figure 1: Total algae production (sum over the period 2006-2015) of the top ten 
producers at the global level13

10      FAO, "A guide to the Seaweed Industry," 2003, Jan. 22, 2021 Accessed. http://www.fao.org/3/
y4765e/y4765e00.htm.

11      Alejandro H. Buschmann, Carolina Camus, and Others, "Seaweed production: overview of the 
global state of exploitation, farming and emerging research activity," European Journal of Phycology 52, 
no.4(2017):395.

12      Ibid.
13      PEGASUS, "Phycomorph European Guidelines for a Sustainable Aquaculture of Seaweeds," May.9, 

2019, Feb.24, 2021 Accessed, https://doi.org/10.21411/2c3w-yc73.
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Nevertheless, the development of the seaweed industry has hit a bottleneck. Due 
to technological obstacles and environmental degradation, the quality and quantity of 
seaweed production are confined to a small production scale, restricting the expansion 
and synergy of the industry. As an emerging industry, its ecological and economic values 
have not been fully exploited, losing a lot of business opportunities and potential to 
remediate the environment. The lack of industry assessment standards and workforces 
constrain the scale of seaweed production, leading to the stagnation of reaching food 
security. Last but not least, inadequate regulations on seaweed farming areas contribute 
to the disruption of transboundary ecosystem stability. Therefore, the international 
community must take urgent actions. 

Key Terms
Ecosystem approach: An approach that recognizes the complexity of ecosystems 

and the interconnections among component parts.14

Ocean Farming: Currently, there is no official definition of Ocean Farming. In this 
conference, ocean farming refers to the farming of fauna and flora in ocean waters by an 
ecosystem approach. Typical products include seaweed, shellfish, and finfish, which can 
be specifically identified as eucheuma seaweeds, grass carp, cupped oysters and white-
leg shrimp cultivated in ocean or quasi-ocean environment.15 Commercial cultivation 
of Kappaphycus alvarzii, Gracilaria dura (both are seaweed species) and cobia, Indian 
pompano, grouper, seabass and lobsters (all are fishes) are in trend.16

Aquaculture: It is the farming of aquatic organisms in inland and coastal areas, 
involving intervention in the rearing process to enhance production and the individual or 
corporate ownership of the stock being cultivated.17

Exclusive Economic Zone (EEZ): It is an area beyond and adjacent to the territorial 
sea, subject to the specific legal regime established in this Part, under which the relevant 
provisions of this Convention govern the rights and jurisdiction of the coastal States and 
the rights and freedoms of other States.18

Transboundary Natural Resource Management (TBNRM): It refers to any cooperation 
process across boundaries that facilitates or improves natural resources management (to 
the benefit of all parties in the area concerned).19

Biofuel: The U.S. Energy Information Administration defines "Biofuel" as 
"transportation fuels such as ethanol that are made from biomass materials.20 These 
fuels are usually blended with petroleum fuels (gasoline and distillate/diesel fuel and 
heating oil), but they can also be used on their own." 21

14      European Commission, "Opportunities and challenges for aquaculture in developing countries," 
April. 2017, Jan. 26, 2021 Accessed, https://agrinatura-eu.eu/news/opportunities-and-challenges-for-
aquaculture-in-developing-countries/.

15      Sukhdhane Kapil S., Kripa V. and Others, "Integrated multi-trophic aquaculture systems: A 
solution for sustainability," Aquaculture 22, no.4 (2018): 26.

16      Ibid.
17      European Commission, "Opportunities and challenges for aquaculture in developing countries."
18      International Union for Conservation of Nature, United Nations Convention on the Law of the 

Sea,  Part V, Dec. 10, 1982, Feb. 2, 2021  Accessed, https://www.un.org/depts/los/convention_agreements/
convention_overview_convention.htm. 

19     Theodore Okonkwo, "Management of transboundary natural resources," Journal of Law and 
Conflict Resolution, Vol. 9, (2017): 42-52.

20     U.S. Energy Information Administration, "Biofuels explained," Jan. 30, 2021 Accessed, https://
www.eia.gov/energyexplained/biofuels/.

21 Ibid.
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Spinosum: It is the shortened form of Eucheuma spinosum, a species of seaweed 
originally cultivated in the Philippines.22

Small Island Developing States (SIDS): Small Island Developing States refer to a 
distinct group of developing countries scattered among three regions: the Pacific, the 
Caribbean, and the Atlantic, Indian Ocean, Mediterranean, and South China Sea (AIMS).23 
SIDS share common economic, social, and environmental vulnerabilities like small 
populations, limited natural resources, weak resilience against natural hazards, and heavy 
dependence on transnational trade. These vulnerabilities curtail their comprehensive 
strength and development compared to states within continents. The Alliance of Small 
Island States (AOSIS), including 38 UN Member States and other island entities, is a 
specially-established negotiating body recognized by the United Nations.24

Past Actions
International Progress

Seaweed has been used as human food in Asian countries since ancient times, 
yet it was not until the 1950s did other countries around the world recognize seaweed’s 
values and start cultivating it on a larger scale.25 In response to the Decade of Action’s 
call and better deliver on the 17 Sustainable Development Goals, the UN Global Compact 
and Lloyd’s Register Foundation jointly released the Seaweed Manifesto (The Manifesto) 
in 2020, which recognizes the comprehensive potential of seaweed industry, including 
its contribution to food security, climate change mitigation and support for the marine 
ecosystem.26 

The Manifesto proposed to overcome several related barriers. For example, the 
seaweed industry outside of Asia is scattered and regionalized, and different initiatives 
are disconnected, limiting the development scale of the global seaweed industry.27 
The Manifesto, therefore, appeals for collaborative seaweed researches and outcome-
sharing worldwide.28 Another major barrier is the insufficient standards and monitoring 
of seaweed producers, and The Manifesto recommends improvement of safety-tests 
standards for seaweed products and development of risk assessment systems for 
seaweed producers as a possible solution.29

22    FAO, "A guide to the Seaweed Industry," 2003, Jan.23, 2021 Accessed, http://www.fao.org/3/
y4765e/y4765e00.htm.

23     SIDS Global Business Network, "About SIDS," Feb. 4, 2021 Accessed, https://sidsgbn.org/about-
sids/. 

24     Ibid. 
25     FAO, "Prospects for Seaweed Production in Developing Countries," 2002, Jan. 31, 2021 Accessed, 

http://www.fao.org/3/Y3550E/Y3550E00.htm. 
Note: Two instructional documents, Manual on Seaweed Farming and A Guide to Seaweed Industry, 

was published by FAO in 1988 and 2003 respectively, focusing on basic cultivation techniques of seaweed 
and its uses as food and biomedical materials.

26     FAO, "Prospects for Seaweed Production in Developing Countries."
27     Ibid.
28     Ibid. 
29     United Nations Global Compact, "Seaweed Revolution: A Manifesto for a Sustainable Future," 

Jan. 1, 2020, Jan. 22, 2021 Accessed, https://ungc-communications-assets.s3.amazonaws.com/docs/
publications/The-Seaweed-Manifesto.pdf. 
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Regional Attempts
Asia and Europe are the two largest producers and markets for seaweeds. Despite 

the EU’s superiority in the Exclusive Economic Zone (EEZ) and technology, its seaweed 
production only contributes to the world’s total by less than 1% in 2016, far lagging behind 
Asian countries.30 To boost the European seaweed economy, European Cooperation in 
Science and Technology (COST) published the technical document Phycomorph European 
Guidelines for a Sustainable Aquaculture of Seaweeds (PEGASUS) in 2019, pinpointing 
two chief challenges that limit seaweed production.31 First, harmonized regulation on 
seaweed quality is scanty, constraining collaborative cultivation and smooth trading 
across Europe, appealing the formulation of testing and regulation standards.32 Second, 
due to the short history of consuming seaweed as food and customers’ unfamiliarity 
with seaweed products, propagation and advertising campaigns are crucial to boost the 
demand and expand the seaweed industry.33 34 

Although this guideline is Eurocentric, it shows parallelisms with the seaweed 
industry in the US and some other regions like regulations, current production, and market 
demand.35

Asia contributes greatly to the world’s seaweed production, and the China-ASEAN 
Marine Aquaculture Industry Development Forum (the Forum) is playing a significant 
role in regional cooperation. The Forum was first held in Fuzhou, China in 2018, on which 
the current priorities were identified as knowledge-sharing and outcome-sharing by 
establishing a technology network for cooperative research, mature technology transfer, 
and demonstration base construction.36 In 2019, the Forum and the Seaweed Cooperation 
Workshop launched the Declaration on Seaweed Cooperation, enhancing the sharing of 
achievement and experience of successful seaweed industry between China and ASEAN 
countries.37

30　 European Cooperation in Science and Technology (COST), "PEGASUS - Phycomorph European 
Guidelines for a Sustainable Aquaculture of Seaweeds," May 9, 2019, Jan. 22, 2021 Accessed, https://www.
phycomorph.org/pegasus-phycomorph-european-guidelines-for-a-sustainable-aquaculture-of-seaweeds. 

31　 European Commission, "PEGASUS - Phycomorph European Guidelines for a Sustainable 
Aquaculture of Seaweeds," Oct. 2, 2019, Jan. 24, 2021 Accessed, https://knowledge4policy.ec.europa.eu/
publication/pegasus-phycomorph-european-guidelines-sustainable-aquaculture-seaweeds_en. 

32　 European Commission, "Concluding Recommendations of PEGASUS - Phycomorph European 
Guidelines for a Sustainable Aquaculture of Seaweeds," Oct. 2, 2019, Jan. 31, 2021 Accessed, http://www.
phycomorph.org/doc/PEGASUS_CONCLUDING_RECOMMENDATIONS.pdf. 

33　 Ibid. 
34　 Ibid. 
35　 Monterey Bay Seaweeds, "Challenges for Sustainable Seaweed Aquaculture Development in 

Europe," May 29, 2019, Jan. 25, 2021 Accessed, http://www.montereybayseaweeds.com/the-seaweed-
source/2019/5/29/challenges-for-sustainable-seaweed-aquaculture-development-in-europe. 

36　 Panay News, "China-ASEAN-SEAFDEC/AQD collab in aquaculture looms," Jul. 8, 2018, Jan. 25, 
2021 Accessed, https://www.panaynews.net/china-asean-seafdec-aqd-collab-in-aquaculture-looms/. 

37　 Ocean University of China, "Marine Aquaculture and Seaweed Cooperation of China—ASEAN," 
May 22, 2019, Jan. 22, 2021 Accessed, https://www.businesswire.com/news/home/20190521006018/en/
Marine-Aquaculture-Seaweed-Cooperation-China%E2%80%94ASEAN. 



Beijing International Model United Nations 2021
2021 北京国际模拟联合国大会 

United Nations Ocean Conference• 
Backgound Guide

10

Domestic Actions
Support and Investment in Cutting-edge Technology

Technology constrains almost every link of the industrial chain from cultivation to utilization. 
Therefore, different initiatives were implemented at the domestic level to meet technical 
challenges. The following are two examples.

First, the Integrated Marine Observing System (IMOS) is a national collaborative research 
infrastructure project supported by the Australian government and led by the University of 
Tasmania.38 This national framework deploys facilities including satellite sensing receiving station 
to monitor the marine environment and integrate the data into interdisciplinary database which is 
freely open to multiple partners.39 IMOS improved seaweed cultivation and aquaculture production 
efficiency and greatly contributed to monitoring and avoiding environmental problems.40 

USA Macroalgae Research Inspiring Novel Energy Resources (MARINER) Program was 
released in 2017 by the Advanced Research Projects Agency-Energy (ARPA-E) to use seaweed 
as new energy.41 The US is estimated to have sufficient conditions to yield liquid fuel from 
macroalgae, roughly 10% of the nation’s annual transportation energy demand.42 MARINER focuses 
on developing technologies like integrated cultivation and harvesting systems to achieve the scale, 
efficiency and production cost sufficient to support a seaweed-to-fuels industry.43 Up to now, it 
has successfully held macroalgae workshops and established partnerships with organizations 
like National Renewable Energy Laboratory and Aakash Green (Dubai), for joint researches and 
targeted investments in biofuel production.44 

Platform for Academic Research and Interchange

Founded in 1952, the Japanese Society of Phycology (The Society) is a non-governmental 
organization promoting researches and information exchanges of algae and phycology.45 Up to 
2021, 44 annual conferences, discussion groups and lectures have been held, series of lectures 
about seaweed cultivation and its survival in extreme conditions were delivered in 2020.46 Its 
publication, The Japanese Journal of Phycology, was first issued in 1953, propagating seaweed 
knowledge and understanding to the public.47

38      Integrated Marine Observing System, "What is the Integrated Marine Observing System? & How does IMOS 
work?" Jan. 25, 2021 Accessed, https://imos.org.au/about. 

39      Australian Institute of Marine Science, "Queensland’s Integrated Marine Observing System," Jan. 22, 
2021 Accessed, https://www.aims.gov.au/docs/research/research-highlights/imos#:~:text=Integrated%20Marine%20
Observing%20System%20%28IMOS%29%20Australia%27s%20collaborative%2C%20nationwide,controlling%20
the%20functioning%20and%20health%20of%20coastal%20ecosystems. 

40      United Nations Global Compact, "Seaweed Revolution: A Manifesto for a Sustainable Future." 
41      The Advanced Research Projects Agency-Energy (ARPA-E), "Macroalgae Research Inspiring Novel Energy 

Resources," Sep. 19, 2017, Jan. 25, 2021 Accessed, https://arpa-e.energy.gov/technologies/programs/mariner. 
42　 Ibid. 
43　 The Advanced Research Projects Agency-Energy (ARPA-E), "Department of Energy Announces 18 New 

Projects to Accelerate Production of Macroalgae for Energy and Other Uses," Sep. 19, 2017, Jan. 25, 2021 Accessed, 
https://arpa-e.energy.gov/news-and-media/press-releases/department-energy-announces-18-new-projects-
accelerate-production. 

44　 The Advanced Research Projects Agency-Energy (ARPA-E), "Funding Opportunity Exchange – Teaming 
Partners," Jan. 25, 2021 Accessed, https://arpa-e-foa.energy.gov/TeamingPartners.aspx. 

45　 The Japanese Society of Phycology, "Welcome to The Japanese Society of Phycology," Jan. 22, 2021 
Accessed, http://sourui.org/JSPEnglish/welcome.html#:~:text=The%20Japanese%20Society%20of%20Phycology%20
%28JSP%29%20was%20founded,individual%20and%20group%20who%20is%20interested%20in%20phycology. 

46　 The Japanese Society of Phycology, "Notice of 2020 Algae Discussion Meeting," Oct. 2020, Jan. 25, 2021 
Accessed, http://sourui.org/info/2020Oct10.html. 

47　 National Diet Library of Japan, "The Japanese journal of phycology – Bibliographic information," Jan. 25, 
2021 Accessed, https://rnavi.ndl.go.jp/books/2009/04/000000013958.php. 
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Problems to be Solved

Limited Quality and Quantity of Seaweed 

Demanding Breeding Environment
The annual production of seaweed global-wide reached 31.2 million tons (fresh 

weight) in 2016, but it narrowly meets the increasing demand.48 The cultivation methods 
and growth conditions of diverse species of seaweed vary. For example, seaweed 
produced for the hydrocolloid industry is mostly planted via the vegetative method, 
while the seaweed as food must be taken through the alternation of generations for 
their cultivation. Additionally, algae’s breeding requires stable water quality (pH, nutrient 
availability, salinity, etc.), water temperature, water movement (storms or riptides), 
illumination, and microorganism conditions.49 A highly variable marine environment 
challenges smooth cultivation.

Besides, the degradation of the marine environment caused by irrational human 
activities makes it hard to guarantee the healthy growth and even the survival of seaweed, 
further reducing the areas suitable for seaweed cultivation and exposing them under the 
threats of diseases, pests, and abiotic stressors. In turn, cultivated seaweed may also 
cause negative impacts on the native environment. Studies of kelp culture in China proved 
that seaweed’s high reliance on natural nutrients could cause interspecific competition 
for nutrients among native organisms, reducing the nutrient level in perimeter marine.50 A 
vicious circle may thus be created.

To maximize seaweed production through achieving and maintaining stable 
breeding conditions, epiphyte control techniques, desiccation control methods in China, 
the pH control method in Japan and Korea, and open water farms are previous attempts.51 
Nevertheless, barriers like the high cost, low efficiency, and insufficient nutrients in waters 
impede the improvement.

48　 Ferdouse, F., Holdt, S.L., Smith, R., Murúa, P., Yang, Z, "The global status of seaweed production, 
trade and utilization," FAO Globefish Res. Programme (2018): 120-124.

49　 Dawes, C.J., Orduña-Rojas, J., Robledo, D, "Response of the tropical red seaweed Gracilaria 
cornea to temperature, salinity and irradiance," Journal of Applied Phycology, Article number: 419 (1998): 
419–425.

50　 M. J. PHILLIPS, "Environmental Aspects of Seaweed Culture," Institute of Aquaculture University 
of Stirling, Aug. 27–31, 1990, Feb. 1, 2021 Accessed, http://www.fao.org/3/AB728E/AB728E05.htm.

51　 Jang K. Kim, Charles Yarish, Eun Kyoung Hwang, Miseon Park and Youngdae Kim, "Seaweed 
aquaculture: cultivation technologies, challenges and its ecosystem services," ALGAE, Mar. 15, 2017, Feb. 1, 
2021 Accessed, https://www.e-algae.org/m/journal/view.php?number=2819.
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Deficiency in Technologies
Around 200 species of seaweed are currently used commercial-wise globally, 

including Saccharina (brown algae), Porphyra (red algae), and Monostroma (green algae), 
but there is still a long way to let the yield meet people’s demands.52 53

The over-reliance on these particular species leads to the monotony of the cultivar, 
which is more vulnerable to threats such as external pests and pathogens.54 Besides, if 
it is not possible to improve the growing environment and conditions of seaweeds in the 
short term (i.e. improve the marine environment), one can attempt to increase yields by 
genetically altering some species.

People have resorted to launching breeding and genetic improvement programs, 
specifically through novel technologies like biological sciences and engineering.55 

However, proposed technological means are mostly rudimentary or expensive. For 
instance, chemical treatments like acid washing applied in the tropical Asian regions 
would leave side effects upon seaweed (i.e. toxic heavy metals) and cause serious 
environmental pollution like aggravating ocean acidification.56 Consequently, they are 
not recommended for common practice at scale. Preventive methods are expected to 
be improved, such as preventing the stock from external contamination to reduce the 
possibility of pathogens transferring, for it is more efficient than remedial management 
applied afterwards.57 Furthermore, disease outbreaks are predicted to be more frequent 
due to climate change, but the epidemiology of seaweed diseases remains largely 
understudied.58 Thus, it is urgent to develop monitoring systems, innovative management 
strategies, and disease-resistant strains.59 

52　 Kim, J.K., Yarish, C., Hwang, E.K., Park, M., Kim, Y. Seaweed aquaculture: Cultivation technologies, 
challenges and its ecosystem services. Algae 2017: 1–13. 

53　 Lüning, K., Pang, S. Mass cultivation of seaweeds: Current aspects and approaches. J. Appl. 
Phycol. 2003: 115–119.

54　 HM (Henrice) Jansen, "GENIALG", Wageningen University and Research E-depot, Dec. 31, 2018, 
Jan. 1, 2021 Accessed, https://edepot.wur.nl/475726.

55　 Sara García-Poza, Adriana Leandro, Carla Cotas, João Cotas, João C. Marques, Leonel Pereiraand 
Ana M. M. Gonçalves, "The Evolution Road of Seaweed Aquaculture: Cultivation Technologies and the 
Industry 4.0," International Journal of Environmental Research and Public Health, Sep. 8, 2020, Jan. 1, 2021 
Accessed, https://res.mdpi.com/d_attachment/ijerph/ijerph-17-06528/article_deploy/ijerph-17-06528.pdf.

56　 Edem Cudjoe Bensah, Moses Mensah, "Chemical Pretreatment Methods for the Production of 
Cellulosic Ethanol: Technologies and Innovations," International Journal of Chemical Engineering,  vol. 2013
, Article, ID 719607, 2013, Feb. 1, 2021, Accessed, https://doi.org/10.1155/2013/719607.

57　 Miriam Bernard, "Seaweed diseases and pests," Ministry of Agriculture, Nature and Food Security, 
Topsector Agri & Food, 2018, Jan. 1, 2021 Accessed, https://edepot.wur.nl/475726.

58　 Ibid.
59　 Ibid.
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Under-exploitation of Seaweed
People often judge the value of algae only at the level of edibleness, and the inherent 

impression of them is the algal blooms and special dishes popular in countries in 
Southeast Asia. However, many investigations have revealed the nutraceutical, ecological, 
pharmaceutical, and cosmeceutical value of the seaweeds.
Neglect of Ecological Values

The seaweed produced by wild populations and aquaculture represents a significant 
conduit for removing carbon dioxide from the atmosphere, with autotrophic seaweed 
communities absorbing 1.5 petagram per year via their net-production globally.60 However, 
the potential of seaweed production in climate change mitigation by sequestering carbon 
dioxide has not yet been fully incorporated into the emerging concept of "blue carbon," 
which refers to climate change mitigation strategies based on the ability of marine plants 
to bind carbon dioxide.61 The reason for such ignoring is due to the fact that many believe 
seaweed production is broken down in the ocean and therefore does not represent a 
net sink of carbon dioxide.62 However, this view has recently been challenged, and new 
evidence shows that seaweed is a relevant global contributor to ocean carbon sinks.63 
Therefore, the contribution of seaweed to "blue carbon" and climate change mitigation 
strategies should gain more consideration, and further investigations on how seaweed may 
help the world from ecological values must be done.

Inadequate Exploitation on By-Products
In "The State of World Fisheries and Aquaculture," the annual report of the Food 

and Agriculture Organization of the United Nations (FAO), Figure 2 reveals that the global 
market share of aquatic algae uses other than for food directly and relevant agents still 
runs low.64 Yet the food-relevant products have a low-profit margin overall. Although the 
consumption of seaweed in Southeast Asia has a large market, it has already become 
a vegetable that can easily be seen in supermarkets at a fixed low price. In non-Asian 
European and US markets, seaweeds are seldom directly used as cuisine ingredients. They 
are majorly processed into agents for the sake of thickening, stabilizing, gelling foods 
such as ice cream, sauces, and yogurt - a must-have when regarding certain products, 
yet unprofitable also.65 Even with the spreading popularization of seaweed usage recently, 
other parameters besides taste and price, such as nutritional value, organic, and "food for 
health" have become the main reasons why seaweeds are used as vegetables in non-Asian 
markets. Their aimed consumers are ones that only occupy a small portion of the market - 
middle-classed and with a strong preference for nutritious and sustainable food that might 
not be on their usual diet but bring small impact to the environment and biodiversity.66 

60　 Maria Eggertsen, Christina Halling,"Knowledge gaps and management recommendations for future 
paths of sustainable seaweed farming in the Western Indian Ocean," Ambio 50 (2021): 60–73. 

61　 Ibid.
62　 Ibid.
63　 Ibid.
64　 FAO, "The State of World Fisheries and Aquaculture," 2020, Jan. 30, 2021 Accessed.
65　 Alejandro H. Buschmann, Carolina Camusand Others, "Seaweed production: overview of the 

global state," European Journal of Phycology 52(2017): 391-406.
66　 Ibid.
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Therefore, even though the prices of seaweed-food-relevant products might be higher 
compared to Southeast Asian markets, the consumer need and total profit potential still 
are not high enough for producers to actively participate in the aquatic algae farming 
stream.

Figure 2 World Aquaculture Production of Aquatic Algae-year 2018 67

Many researchers believe that the "potential" of the algae by-product industry should 
be larger than it now seems.68 Some foresee a future where seaweeds will be grown for 
more valuable purposes than commercial food and feeds.69 These include higher-value 
uses, such as becoming raw materials for specialty polysaccharides, medical treatments, 
or converting biomass (as described above) into products for technical, specialty 
agronomic applications.70 In addition, seaweed is not only the ingredient of functional 
products such as food and cosmeceuticals that might be in a low value, but also a 
potential product with a very high-volume application  promised by many academia. Yet, 
such varied potentials can only be fulfilled with the help of farmers and producers actively 
exploring, applying, and popularizing.71

67　 FAO, "The State of World Fisheries and Aquaculture," 2020, Jan. 30, 2021 Accessed.
68　 Alejandro H. Buschmann, Carolina Camus and others, "Seaweed production: overview of the 

global state."
69　 Ibid.
70　 Ibid.
71　 Ibid.
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Limited Development Scale
To scale up the seaweed industry, people have attempted to boost its transnational 

trade through regulations and recruiting competent practitioners and workforce. However, 
in reality, the lack of assessment standard and talents limit the scale. 
Lack of Seaweed Industry Assessment Standard

Seaweed is highly vulnerable to heavy metal and toxins in its surroundings and likely 
to carry poisons to human beings, making safety and security one of the top concerns 
of this industry. However, quality assessment regulation of seaweed and its product are 
scanty in regions like Europe, providing weak protection for customers.72 As a result, the 
seaweed market scale is limited despite the emergent interest, constraining its sale and 
transnational trading.

Besides, most seaweed cultivation nowadays is conducted with no advanced 
assessment of possible impacts on the natural environment, resulting in severe 
disturbance in the original ecosystem and unsatisfying yield. It is because that the high 
mobility and blurred boundaries within the marine ecosystem, which easily intensify 
disturbance from human activities and lead to irreversible damage. For instance, even 
in Norway, where the management of seaweed cultivation is among the world’s top, 
disturbance from humanmade harvesting facilities still exists, affecting other industries 
like fishery and marine conservation along the coast.73 Risk assessment standards need 
to be supplemented and perfected to reconcile the seaweed industry with the natural 
environment.

Insufficient Expertise of Practitioners
In some countries, the seaweed cultivation pattern remains primitive due to the 

insufficient capacity and expertise of local practitioners. It depends on the workforce and 
hand labor since practitioners lack relevant mechanization techniques and facilities. For 
example, Malaysia is still far behind in seaweed industry development compared with 
some other countries of Southeast Asia. The local farmers cultivate seaweed mainly 
by conventional manpower methods due to the lack of technical expertise and the poor 
support of facilities for practitioners, while countries like Indonesia and Germany are 
using advanced technology and receiving higher yields.74 Such incapacity of practitioners 
constrains countries from further involvement in the seaweed processing industry or 
harvesting high-value species.75

72　 National Food Institute of Denmark, Technical University of Denmark, "Analysis and Risk 
Assessment of Seaweed," Sep. 17, 2019, Jan. 26, 2021 Accessed, https://efsa.onlinelibrary.wiley.com/doi/
epdf/10.2903/j.efsa.2019.e170915. 

73　 Pierrick Stévant, Céline Rebours, Annelise Chapman, "Seaweed Aquaculture in Norway: Recent 
Industrial Developments and Future Perspectives," Aquaculture International , Feb. 4, 2017, Jan. 31, 2021 
Accessed, https://doi.org/10.1007/s10499-017-0120-7. 

74　 Daily Express, "Big Decline in Seaweed Farming Sector," Jan. 29, 2021, Jan. 31, 2021 Accessed, 
http://www.dailyexpress.com.my/news/165543/big-decline-in-seaweed-farming-sector/. 

75　 Food and Agriculture Organization, "Prospects for Seaweed Production in Developing Countries," 
Jan. 26, 2021 Accessed, http://www.fao.org/3/Y3550E/Y3550E00.htm. 
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Small-Scale Workforce of the Industry
Given its high dependency on manpower at the present stage, the scale of the 

seaweed industry is partly determined by the scale of workforce. Yet the workforce 
involving in the industry outside of Asia remains mostly small-scale.76 Although the 
small-scale workforce does have some advantages like high flexibility, it has weaker 
resilience than the large-scale one. Seaweed is susceptible to rising sea levels, ocean 
warming and ocean acidification. Thus, the small-scale cultivation can be easily halted 
by these environmental changes.77 The Philippines’ small-scale seaweed industry, 
for example, are facing such threat.78 Also, seaweed cultivation restore contaminated 
water areas and support marine ecosystems partly by increasing the concentration of 
dissolved oxygen and pH and decreasing inorganic nutrients in its surroundings.79 Yet 
its effect is evident only when the cultivation is conducted on a large scale.80 Thus, a 
small-scale workforce hinders the seaweed industry from fully exploiting and realizing its 
environmental potential. 

People are unlikely to participate voluntarily in the seaweed industry since the 
industry’s prospect is relatively unfamiliar to the public. Relevant propagation and 
popularization are insufficient. Shortage of workforce would also elevate the industry’s 
labor cost, hindering investment from organizations and enterprises.

 

76　 United Nations Global Compact, "Seaweed Revolution: A Manifesto for a Sustainable Future," 
Jan. 1, 2020, Jan. 31, 2021 Accessed, https://ungc-communications-assets.s3.amazonaws.com/docs/
publications/The-Seaweed-Manifesto.pdf. 

77　 Imelda Abano, "Small-scale women seaweed farmers ride the rough tides of climate change," 
Jun. 3, 2019, Jan. 31, 2021 Accessed, https://news.mongabay.com/2019/06/small-scale-women-seaweed-
farmers-ride-the-rough-tides-of-climate-change/.

78　 Ibid. 
79　 Xinfei Xie, Zhili He and Others, "Large-scale seaweed cultivation diverges water and sediment 

microbial communities in the coast of Nan'ao Island, South China Sea," Science of The Total Environment, 
Apr. 22, 2017, Jan. 31, 2021 Accessed, https://doi.org/10.1016/j.scitotenv.2017.03.233.

80　 Ibid. 
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Case Study: Seaweed Farming in Zanzibar, Tanzania
Zanzibar is a part of the United Republic of Tanzania, being composed of two main 

islands - Zanzibar (or Unguja) Island and Pemba Island, and nearby islets. Zanzibar started 
out on commercial seaweed farming in 1989, after which it quickly obtains an indispensable 
role in promoting Tanzanian economic development as it is second only to the tourism 
industry in terms of foreign exchange earnings,81 generating US $8 million per year for the 
Zanzibar economy.82 Seaweed products contribute over 90 percent of Zanzibar’s marine 
export in most years. 83

Figure 3 Exports of Marine Products from Zanzibar, Tanzania84

Although seaweed farming in Zanzibar has become a quite mature industry, it is stuck in 
various predicaments during the development. 

The industrial level is not high since Zanzibar’s exploitation of seaweed by-products is 
insufficient. For example, a large proportion of its current spinosum production is unsalable.85 
Zanzibar is used to process spinosum for edible food, which has a common taste but high 
nutritive value, and carrageenan. However, nowadays, the world market is in need of improved 
and diverse products of spinosum as new technology like multi-stream and zero-effluent 
processing can be applied to spinosum production.86 Accordingly, Zanzibar shall explore 
new spinosum products and build upon its product value through technical input. Yet, there 
is little innovative capability in Zanzibar as few participants are involved in research and 
development.87 To cope with this problem, the government has worked along with private 
companies and regional organizations like The Nature Conservancy to offer financial services, 
transport, and academic support to back up innovations. Nowadays, the research on the 
applications of spinosum has a great momentum towards maturity.88

81　 Flower E. Msuya, A Study of Working Conditions in the Zanzibar Seaweed Farming Industry  
(Manchester: WIEGO, 2012), 1-2.

82　 FAO, "The Global Status of Seaweed Production, Trade and Utilization," Globefish Research 
Programme 124, no.120 (2018): 41.

83　 UNIDO, "Seaweed Value Chain Assessment of Zanzibar," Feb, 2013, Jan.23, 2021 Accessed, https://
open.unido.org/api/documents/4315887/download/3ADI_Seaweed%20value%20chain%20assessment.pdf.

84　 Ibid.
85　 Ibid.
Note: Carrageenan is a poor-quality glue with low gel strength, the water insoluble deposit of which is high. 

It cannot be used in the pharmaceutical and health sector, mainly used in the food industry, manufacturing soft 
candy and canned food. 

86　 Flower E. Msuya, A Study of Working Conditions in the Zanzibar Seaweed Farming Industry  
(Manchester: WIEGO, 2012), 3.

87　 Ibid.
88　 Global Aquaculture Alliance, "For seaweed farmers in Zanzibar, a chance for real growth," Aug. 24, 

2020, Jan. 23, 2021 Accessed, https://www.aquaculturealliance.org/advocate/for-seaweed-farmers-in-zanzibar-
a-chance-for-real-growth/.
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Second, Zanzibar’s seaweed production is limited with low technical values (which means 
the production is low value-added as well) due to its insufficient expertise of practitioners and 
small-scale workforces. Zanzibar’s seaweed sector currently employs 23654 seaweed farmers, 
of which 90 percent are women.89 Seaweed cultivation primarily takes place in deep water, but 
the majority of the farmers cannot stand long-time deep-water operation. On the other hand, 
they are short of advanced education, failing to produce the higher-value variety.90 The lack of 
professional skills not only prevents farmers from obtaining higher income but also triggers 
unsustainable farming practices, inadvertently degrading the aquatic environment upon which 
their livelihoods depend.91 For instance, local people often use the "off-bottom peg and line" 
method to cultivate - they cut down mangroves (one kind of tree) to make tools, deforesting 
fish spawning grounds. 

Besides, Zanzibar has a disadvantageous position in global trade due to the lack of 
regulations and standards. Although there is a fair-trade system for seaweed products, buying 
companies usually have a greater say in practices when it comes to settling seaweed prices 
and controlling market share (often of a disproportionate share). Because of the lack of an 
unclear internationalized platform that allows farmers to negotiate the price, the monopsony 
system not only puts farmers in a venerable position but also forbids a fair transaction 
environment.92

To solve the above-mentioned problems, a cluster of projects is being implemented in 
accordance with regional organizations and local platforms: Zanzibar Seaweed Cluster Initiative 
(ZaSCI) is set up to implement innovative farming and value addition, operating in a Triple 
Helix model which calls for involvement of academic, government, and businesses. In that 
case, academic communities and private sectors will separately provide intellectual support 
and financial assistance to local seaweed farmers under the instruction of government.93 The 
Nature Conservancy focuses on "restorative" aquaculture of bivalves and seaweed, training the 
local workforce to adopt sustainable methods in farming. 94 These practices can be valuable 
experiences for Zanzibar’s future development and for other countries that face the same 
condition.

89　 FAO, "Understanding diseases and control in seaweed farming in Zanzibar," 2020, Jan. 23, 2021 
Accessed, http://www.fao.org/documents/card/en/c/ca9004en.

90　 Farm Africa, "Farming Seaweed in Zanzibar," Jan. 23, 2021 Accessed, https://www.farmafrica.org/us/
tanzania/seaweed-farming-in-zanzibar.

91　 Global Aquaculture Alliance, "For seaweed farmers in Zanzibar, a chance for real growth," Aug. 24, 
2020, Jan. 23, 2021 Accessed, https://www.aquaculturealliance.org/advocate/for-seaweed-farmers-in-zanzibar-a-
chance-for-real-growth/.

92　 Kalumanga Ephrahim, "Women and Seaweed Farming in Zanzibar-Archipelago," International Journal 
of Creative Research Thoughts 9, no. 2320 (2018): 674.

93　 UNIDO, "Seaweed Value Chain Assessment of Zanzibar," Feb, 2013, Jan.23, 2021 Accessed, https://open.
unido.org/api/documents/4315887/download/3ADI_Seaweed%20value%20chain%20assessment.pdf.

94　 The Nature Conservancy, "Where in the World Can Aquaculture Deliver for People and Planet?" 
October.8, 2019, Jan. 23, 2021 Accessed, https://www.nature.org/en-us/newsroom/global-restorative-aquaculture-
study/.
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Vague Delimitation of Seaweed Farming Area
Disruption of Transboundary Ecosystem Stability

Due to the limited space of coastal or on-land cultivation areas, growing seaweed in 
offshore areas is needed. However, the lack of coordinated and scientific planning can disrupt 
the transboundary ecosystem. Besides, given that ocean is a mobile ecosystem, organisms 
could interrelate, and a minutest adverse impact could easily expand. In that case, the planting 
of seaweed may change the herbivorous fish communities, reduce or alter the meiofauna’s 
abundance and diversity in adjacent areas.

The vague delimitation of the seaweed farming area even implicates peacebuilding among 
states, for environmental degradation and depletion of natural resources will spark social turmoil 
in the future.95 Rugulopteryx Okamurae (a brown seaweed that originates from the Western 
Pacific area) once invaded all the way to Algeciras along the Spanish Mediterranean coastline, 
drastically engulfing all the other native species and spelling disaster for the local ecosystem.96 
It fully demonstrates the importance of countries being able to manage natural resources and 
promote coordination. Only if development plans are designed with full consideration of possible 
problems with neighbouring countries and planners consciously adhere to a mutually beneficial 
approach will the likelihood of destabilising the respective ecosystems be greatly reduced. 

Cooperation on Demarcation
The conflicts across boundaries, either on natural resource management or profit 

distribution, erupt from time to time. There are currently two major obstacles hampering 
transboundary management and cooperation: the absence of a clear standard that addresses 
ownership and liabilities within international/public waters and complex submarine topography.

Unlike coastal (within territorial waters) and shelf farming areas, maritime delimitation and 
ocean floor divisions, especially in deep oceanic areas, are rather vague. Due to the national 
sovereignty and security relations, boundary disputes always produce highly volatile situations. 
Consequently, the allocation of each state’s responsibility for seaweed’s cultivation in public 
or disputable waters remains intractable, impeding the expansion of seaweed farming areas. 
Things become even more complicated when natural factors like structurally diversified seabed 
habitats, turbulence, and ocean currents are considered. Natural factors add to the difficulty of 
submarine topography and bathymetric surveying. 

Therefore, establishing a systemic transnational framework focusing on the conservation 
and the sustainable use of natural resources and the marine ecosystem’s biodiversity is 
significant.

Transboundary Natural Resource Management (TBNRM) might be an effective alternative. 
It creates a positive feedback loop, facilitating cooperation and improving conservation in 
transboundary zones.97 Nevertheless, challenges within this framework such as inadequate 
long-term funds and inactive participation of member states should be overcome.

95　 Thomas F. Homer-Dixon, "On the Threshold: Environmental Changes as Causes of Acute Conflict," 
International Security  Vol. 16, No. 2 (Fall, 1991): 76-116.

96　 José C. García-Gómez et al., "Researchers demonstrate the effectiveness of an environmental warning 
system to monitor the coast," University of Seville, Jun. 23, 2020, Feb. 1, 2021 Accessed, https://phys.org/news/2020-
06-effectivenessenvironmental-coast.html.

97　 The Case of Shared Watersheds in Africa CoP-18 Side Event Concept Note, "Transboundary Natural 
Resources Management in a Changing Climate," African Development Bank, Feb. 1, 2021 Accessed, https://www.
afdb.org/fileadmin/uploads/afdb/Documents/Generic-Documents/Transboundary%20Natural%20Resources%20
Management%20in%20a%20Changing%20Climate%20%E2%80%93%20The%20Case%20of%20Shared%20
Watersheds%20in%20Africa%20-%20%20CoP%C2%AD%E2%80%9018%20Side%20Event%20Concept%20Note.
pdf.
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Possible Solutions
Ecosystem Approach to Seaweed Farming

Restoration and Expansion of Seaweed Habitats
To reach the rapidly increasing demand for seaweed, people shall restore and expand 

the seaweed habits by improving its cultivation system.
Bioremediation is one ecosystem approach recommended to be applied.98 It employs 

living organisms like microbes and bacteria which utilize contaminants for food and energy 
to remove contaminants, pollutants, and toxins from water.99 Bioremediation uses natural 
processes to clean up sites, few if any waste byproducts are created, creating a water 
environment with suitable level of nutrient to restore seaweed habitats.100 Because it may not 
require as much equipment, labor, or energy as other cleanup methods, it will be cheaper.101 
Another advantage of this ecosystem approach is that the resultant seaweed biomass 
can be used for bio-products, either as raw biomass or as feedstock, to extract bio-based 
chemicals.102

Figure 4 Nutrient Bioremediation, Demonstrating the Uptake of Nutrients and Carbon Dioxide by 
Seaweed and the Production of Oxygen as a Function of Photosynthesis103

98　 Richard Langton, Simona Augyte, Nichole Price, John Forster, Thomas Noji, Gretchen Grebe, Adam St. 
Gelais and Carrie J. Byron, An Ecosystem Approach to the Culture of Seaweed, U.S. Department of Commerce 
National Oceanic and Atmospheric Administration National Marine Fisheries Service, NOAA Technical 
Memorandum NMFS-F/SPO-195 July 2019.

99　 Cory Mitchell, "Bioremediation," Investopedia, Jun. 23, 2020, Feb. 2, 2021 Accessed, https://www.
investopedia.com/terms/b/bioremediation.asp.

100　Nicolas Neveux, J. J. Bolton, Annette Bruhn, David A. Roberts, "The Bioremediation Potential of 
Seaweeds: Recycling Nitrogen, Phosphorus, and Other Waste Products," Blue Biotechnology, Dec. 2017: 217.

101　 EPA, "A Citizen's Guide to Bioremediation," Feb. 4, 2021 Accessed, https://clu-in.org/download/
citizens/a_citizens_guide_to_bioremediation.pdf.

102　Jung K.A., Lim S.R., Y. Kim et al., "Potentials of macroalgae as feed-stocks for biorefinery," Bioresour 
Technol  (2013): 182-190.

            N. Neveux, Maschmeyer Magnusson, et al., "Comparing thepotential production and value of high-
energy liquid fuels and proteinfrom marine and freshwater macroalgae," Global Change Bioenergy, (2015): 
673–689.

103　 Gretchen S. Grebea, Carrie J. Byronb, Adam St. Gelaisb, Dawn M. Kotowiczc and Tollef K. Olson, "An 
ecosystem approach to kelp aquaculture in the Americas and Europe," Aquaculture Reports, 100215 (2019): 15.
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Vertical fisheries, or 3D ocean farms, is another efficient cultivation model. With 
hurricane-proof anchors on the edges, it is connected by floating horizontal ropes from which 
seaweeds grow vertically next to scallops in lantern nets and mussels in their socks. Below 
are oysters in cages and clams buried in the seafloor.104 In this model, seaweed cultivation 
not only does not require any pesticides or fertilizers but also greatly improves the quality of 
the water it grows in by reducing carbon dioxide and nitrogen, two pollutants that are also 
the major causes of ocean acidification and global warming.105 It ensures the expansion of 
the planting area of seaweed while protecting the ecological environment.106 This low-cost 
but high-yield farming system can also address the global plastics problem and help protect 
fragile coral reefs by increasing the diversity of local algae too.107 

Figure 5 The 3D Ocean Farm108

Besides, other alternatives such as reducing the use of infrastructure or fishing gear that 
could entangle marine life, selecting cultivars with desirable traits, and a focused breeding 
and monitoring program are also helpful.109 

The solutions mentioned above are inseparable from national and international support, 
be it finance-wise or policy-wise.

104　 Bren Smith, "Perspectives: 3D Ocean Farming," Worldlink-Nourish, Feb. 2, 2021 Accessed, https://
www.nourishlife.org/2016/12/3d-ocean-farming/.

105　Emily Gertz, "Vertical Ocean Farms That Can Feed Us and Help Our Seas," TED, Oct. 2, 2020, Feb. 3, 
2021 Accessed, https://ideas.ted.com/vertical-ocean-farms-that-can-feed-us-and-help-our-seas/.

106　 Tyler Work, "Seaweed Aquaculture: Benefiting the Ocean and the Economy," Global Aquaculture 
Alliance, November 8, 2019, Feb. 3, 2021 Accessed, https://www.aquaculturealliance.org/blog/seaweed-
aquaculture-benefits/.

107　 "Regenerative Ocean Farming," Green Wave, Feb. 2, 2021 Accessed, https://www.greenwave.org/our-
model.

108　 Jeremy Deaton, "Ocean-bound entrepreneur envisions ecological restoration and economic revival," 
NEXUS Media News, Feb. 2, 2021, Accessed, https://nexusmedianews.com/what-is-3d-farming-1edbafb0596c/.

109　 Ellstrand NC, Meirmans P, Rong J, Bartsch D, Ghosh A, de Jong TJ, Haccou P, Lu BR, Snow AA, Stewart 
CN Jret al, "Introgression of crop alleles into wild or weedy populations," Annual Review of Ecology Evolution 
and Systematics  44 (2013): 325– 345.
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Integrated and Participatory Regimes
Domestic Governance

Domestic government support is indispensable for the implementation of the 
ecosystem approach.

The government shall arrange funds, call for enterprises’ investments and public 
donations to establish seaweed-related loans, infrastructure refinement, and scientific 
research, eventually energizing and expanding the market. As UNESCO stressed, the 
government plays a leading role in constructing and developing major equipment 
projects.110 Its call and guidance are no less crucial in breaking through the technical 
bottleneck constraints and enhancing the industry’s competitiveness. 111

The formulation of regulations and programmatic documents of the industry shall be 
taken up since they serve as the guiding principles concerning cultivation methods, yield 
indicators, and technology. For instance, in Australia, a clearly articulated strategy has 
been set to ensure the seaweed industry progress towards its growth ambitions.112 The 
Research, Development and Extension Plan 2020-2025 explicitly analyzes every critical 
success factor: detailing the project/activity content, progressing year, and estimated 
funding. It offers a pathway to creating a high-tech and value seaweed industry.

Initiatives on Global Seaweed Industry 

Compared to regional attempts, an integrated industrial chain covering government, 
NGOs, and others from civil society has more credibility and influence. It brings new 
vigor and confidence into the industry with promising shared benefits, including more 
employment opportunities and expanded market share. It is also conducive to the full play 
of countries’ comparative advantages with optimized allocation of global resources, and 
thus opening up a world-wide market. A clear labor division is particularly expected to be 
set.

China and other Asian countries may provide their mature industrial system as they 
have practiced for long, serving as an exemplary role. European countries with innovative 
and latest technologies can offer technical guidance and support. As for regions and 
countries that have just set foot in the seaweed industry, there is a need to receive liability, 
be it labor-wise or science-wise, based on the reality, as a natural result of the industrial 
transfer. Generally, the pattern will be areas with favorable geographical and climatic 
factors mainly contributing to the export and production of seaweed, while scientifically 
and technologically advanced countries are often improving cultivating efficiency via 
improving infrastructure or optimizing cultivars. It is countries’ complementarity that 
boosts industrial advancement in the long term.

110　 UNESCO, "Science Policy and Capacity-Building: The changing role of government," 2017, Feb. 2, 
2021 Accessed, http://www.unesco.org/new/en/natural-sciences/science-technology/overview-of-unescos-
work/the-changing-role-of-governments/#topPage.

111　 "The changing role of governments," United Nations Educational, Scientific and Cultural 
Organization, Science Policy, Feb. 2, 2021 Accessed, http://www.unesco.org/new/en/natural-sciences/
science-technology/overview-of-unescos-work/the-changing-role-of-governments/#topPage.

112　 Jo Kelly, "Australian Seaweed Industry Blueprint: A Blueprint for Growth," AgriFutures Emerging 
Industries, (Aug. 2020): 1-32.
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Investment to Research and Assistance Tools
To ensure a sustainable development of the seaweed industry, all-level stakeholders 

shall offer sufficient academic support and financial investment.
Transnational Research and Knowledge Sharing Agencies

Major disparities in technological capacity exist around the world.113 For some 
countries that just began their seaweed industry, it’s extremely difficult to acquire core 
techniques and valuable farming experiences at once without external help. Therefore, 
more and more governments and international organizations begin to corporate in ways 
of dialogues, panels, and projects. GlobalSeaweedSTAR is a four-year program led by 
Scottish Association for Marine Science researcher Dr. Claire Gachon, which brings 
together a team of experts in science, policy, and economics, including nine partner 
institutions.114 This international collaboration has trained farmers from developing 
countries to identify different diseases and supporting their efforts in breeding better 
seaweeds.115

In addition, transnational research will be the foundation for wider knowledge 
sharing. For past decades, many important global ocean data platforms were established, 
like Ocean Data Platform. However, most of the collected data remain siloed, not 
being used for large-scale interdisciplinary research.116 To address this problem, some 
initiatives have been implemented. The Decade Coordination Unit, in accordance with UN 
entities, industries, foundations, and other partners, is dedicated to the development of a 
digitalized ocean ecosystem by incorporating existing and newly constructed agencies 
and tools.117 Once a digitalized ocean ecosystem is achieved, this system where nations 
accept unrestricted exchange data and information can contribute a lot to understanding 
the seaweed using, monitoring the current seaweed condition, and predicting the future.
Collaboration with Private Sectors

Studies have shown that only 25% of new seaweed farming projects worldwide 
succeed.118 An FAO report attributed the failures of these projects mostly to insufficient 
investment from entrepreneurs.119 Because when these projects are in the absence of 
private-sector funding, governments have to undertake all the expenses of investment 
and academic research. However, compared with the private sectors that are driven by 
the market, the government often lacks the strong motivation and efficiency to conduct 

113　 Ocean Decade, "Accelerating Ocean Science for a Better World: The UN Decade of Ocean Science 
for Sustainable Development 2021-2030," May, 2019, Jan. 25, 2021 Accessed, https://www.oceandecade.
org/resource/34/Accelerating-Ocean-Science-for-a-Better-World-The-UN-Decade-of-Ocean-Science-for-
Sustainable-Development-2021-2030.

114　 Global Seaweed Star, "About Us," Jan. 25, 2021 Accessed, https://www.globalseaweed.org.
115　 Ocean Decade, "Accelerating Ocean Science for a Better World: The UN Decade of Ocean Science 

for Sustainable Development 2021-2030," May, 2019, Jan. 25, 2021 Accessed, https://www.oceandecade.
org/resource/34/Accelerating-Ocean-Science-for-a-Better-World-The-UN-Decade-of-Ocean-Science-for-
Sustainable-Development-2021-2030.

116　 Ibid.
117　 Ocean Decade, "The United Nations Decade of Ocean Science for Sustainable Development," 

Jun. 2020, Jan. 25, 2021 Accessed, https://ioc.unesco.org/ocean-decade.
118　 FAO, "The Farming of Seaweeds," Mar. 28, 2018, Jan. 25, 2021 Accessed, http://www.fao.org/3/

a-bl759e.pdf.
119　 FAO, "Future Prospects for the Seaweed Industry," Jan. 25, 2021 Accessed, http://www.fao.

org/3/y3550e/Y3550E05.htm.
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researches on seaweed technology. Consequently, they generally have little experience 
in the commercialization of seaweed products and core techniques of massive seaweed 
production.120 Therefore, collaboration with the private sector is critical in the success of 
a seaweed farming project since the private sector is the catalyst and major contributor 
to the development of the seaweed industry for the last 30 years.121 Nowadays, more and 
more governments and organizations begin their corporation with private companies. For 
instance, Ocean Rainforest, a company that focuses on seaweed farming, secured $1.5 
million in funding from international organizations, local backers, and board members 
to devise an offshore cultivation system that won’t get swept away by the storm.122 The 
company also taught sustainable cultivation methods to local farmers to facilitate the 
influx of technology. Another private company Olmix, which is associated with a European 
Commission program called Horizon 2020, used algae and clay to create better food and 
fertilizer that improve nutrition and hygiene. With the collaboration of the European Union, 
Olmix successfully commercializes these productions to the global market, generating 
EUR 160 million annually, which boosts the commercialization of seaweed products.123 

These practices suggest that bringing multiple stakeholders into the seaweed 
industry will have more investment sources and strong incentives to do the research, 
guaranteeing a more stable development in the long-run.
Value-added Seaweed Products

Proper academic assistance and financial support make the creation of value-added 
seaweed products possible, which can increase seller’s income and expanding new 
markets for local farmers.

Applying new technologies to seaweed productions is a great way of adding value, 
for these new technologies are not only more environmentally benign but also utilize 
resources more efficiently.124 For example, in the process of extracting components 
from seaweeds, SeaRefinery uses eco-friendly chemicals and more efficient enzymatic 
processing technologies, obtaining much purer extractions. These products are often sold 
at a higher price than peer competitors, greatly increasing the seller’s profit.125 Creating 
innovative products is also feasible, as in the case of Ms. Aida. During her research, she 
came up with plenty of new seaweed food products, such as seaweed juice, seaweed 
leche flan, seaweed pickles, and seaweed spaghetti. These value-added products have 
been successfully sold in Korea and Singapore, expanding the market for her hometown’s 
seaweed industry.126

120　 FAO, "Future Prospects for the Seaweed Industry."
121　 Ibid.
122　 Ocean Rainforest, "WWF leads $1.5m investment in seaweed startup Ocean Rainforest," Aug. 17, 

2020, Jan. 25, 2021 Accessed, http://www.oceanrainforest.com/press.
123　 European Investment Bank, "Sea protein to feed a fast-growing world," May. 30, 2020, Jan. 25, 

2021 Accessed, https://www.eib.org/en/stories/sustainable-seaweed-farming.
124　 Lene Lange, Urd Grandorf Bak, and Others, Sustainable Seaweed Technologies (Amsterdam): 

Elsevier, 2020):3-21.
125　 Karina Balina, F. Romagnoli, and Others, "Seaweed Biorefinery Concept for Sustainable Use of 

Marine Resources," Energy Procedia 9, no. 128 (2017): 504.
126　 BAR, "Value Adding Expands Seaweed Industry," Jan. 25, 2021 Accessed, https://bar.gov.ph/

index.php/news-and-events/5700-2015-11-seaweeds-industry.
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Work Guidance and Competence Training
Formulation of Instructional Manuals

The existing instructional manuals of seaweed focus merely on the basic techniques 
of cultivation, for example, the Manual on Seaweed Farming published by FAO in 1988, and 
the Seaweed Cultivation Manual published by the University of Highlands and Islands of 
the UK in 2017.127 128 Manuals of other sections, including processing, production, and risk 
assessment, are encouraged to be formulated to provide comprehensive instruction for the 
practitioners. 

Manuals for workers instruct and standardize the operation procedures, providing 
technical assistance and lowering the threshold, especially for workers who just stepped into 
the seaweed industry. Practitioners of the seaweed industry who used to work in the fishery 
or other industries can go through their career transition and improve their work efficiency 
with the help of manuals.129 

Meanwhile, manuals recommend States to, based on their domestic situations, include 
the corresponding regulation, testing, and assessment of seaweed industry in the function 
scope of existing departments. Such functional units can be either government sectors or 
authorized third-party organizations. For instance, the Aquaculture Stewardship Council 
(ASC) and the Assurance Services International (ASI) have jointly provided risk analysis and 
surveillance audits for seaweed farms, ensuring the producers are operating under license 
and standardization.130 

             

             Figure 6 Certification Process at ASC131

127      FAO, "Manual on Seaweed Farming," 1988, Jan. 29, 2021 Accessed, http://www.fao.org/3/ac416e/
ac416e00.htm.

128　 NAFC Marine Centre, University of the Highlands and Islands, "Seaweed Cultivation Manual," 2017, 
Jan. 29, 2021 Accessed, https://www.nafc.uhi.ac.uk/t4-media/one-web/nafc/research/document/seaweed-
cultivation/Seaweed-Cultivation-Manual.pdf. 

129　 FAO, "Prospects for Seaweed Production in Developing Countries," 2002, Jan. 29, 2021 Accessed, 
http://www.fao.org/3/Y3550E/Y3550E00.htm. 

130　 Aquaculture Stewardship Council, "About Out Certification," Jan. 29, 2021 Accessed, https://www.
asc-aqua.org/what-you-can-do/get-certified/about-our-certification/. 

Note: The ASC is an independent organization that registered in both the UK and the Netherlands, 
providing third party certification and labelling program for aquaculture around the globe. The ASI is an 
accreditation organization independent from the ASC, monitoring the certification companies to ensure they 
possess competent skills and operate in line with ASC’s requirements.

131　 Aquaculture Stewardship Council, "About Our Certification."
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With instruction and standardization provided, invalid production, waste of 
resources, and negative impact on the environment can be significantly reduced or 
avoided, facilitating sustainable development of the seaweed industry. Normalized testing 
procedures also ensure the safety of seaweed products and therefore boost the seaweed 
market demand and sales. 

Mentorship and Workshops for Practitioners
The traditional mentorship and workshops serve as valuable platforms for 

information exchange and academic discussion. Countries have recognized the benefits 
of these training methods and kept launching similar programmes. Nevertheless, 
assistance from commercial sectors is also urgently needed within guiding operations to 
help practitioners commercialize the local seaweed industry and bring strong support to 
the following development.132 

To perfect future mentorship and workshops, commercial partners like seaweed 
enterprises and transnational trading companies need to be included as co-sponsors 
since they can impart commercial operation and management mode of seaweed industry 
to the participants and provide funding for these guiding operations and follow-up 
investments in local seaweed industry. A successful example is the regional workshop 
initiated by FAO and sponsored by Fiji Marin Colloids company several years ago. Via the 
workshop, the participants received technical guidance and guaranteed contracts for the 
future purchase of their product, gaining full confidence in the locals to further work in the 
seaweed industry.133 

Besides, an innovative guidance model can be introduced into mentorship and 
workshops. Combining training and research will be a new way out. These training-based 
research with scientific research institutions and trainers from different countries could 
mentor the locals by letting them be involved in all kinds of research, saving the resources 
of second-transition of knowledge or training.

132　 FAO, "Prospects for Seaweed Production in Developing Countries."
133　 Ibid.
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Targeted Localization of the Industry
Although people are increasingly paying attention to the market application of algae, 

such opportunities must be studied in a specific marine and market environment and 
determined according to local supply and demand factors.134 Various cases have shown 
that the lack of sufficient information and analysis on the requirements of the local marine 
environment and a particular species before introducing it locally ended with devastating 
disasters regarding new diseases affecting local farms and wild native species.135 136 This 
loss will not only harm the export trade of this species but also harm the regional food supply 
and local economy. Moreover, even if a species adapts well under local ecological conditions, 
if commercial potentials in the local market were not researched before one takes action, 
businesses and ocean farmers are the ones to bear the following economic results. 

Therefore, thorough research of supply-side components, such as the specific types of 
seaweed to be grown, infrastructure requirements, market demands of different industries, 
and general regulations and institutional support for this form of aquaculture, must be 
conducted before pursuing this opportunity.137

 Figure 7 Evaluation Matrix for New Zealand’s Algal Product Segments138

The following context is a case study of New Zealand. From a local market demand 
and supply dynamics view, the following table revealed the possibilities of specific algal 
commercial applications in New Zealand and each product segment’s potential.139 

134　 Bhardwaj, Patrick Sheehy and Utkarsha, "Seaweed – Presenting an ocean of opportunity or just a 
fleeting trend?" Sea-ahead, August 18, 2020, Jan. 28, 2021 Accessed, https://sea-ahead.com/news/2020/8/18/
seaweed-presenting-an-ocean-of-opportunity-or-just-a-fleeting-trend.

135　 For example, the red seaweed Kappaphycus is one of the most valuable crops due to its carrageenan 
content, and the product is widely used in food, medicine and health food. The occurrence of "ice-ice" disease-a 
bacterial infection that causes the algae branches to turn white and epiphyte infestation, led to a sharp decline 
in the productivity of the crop in the origin and breeding grounds of this seaweed in the Philippines, where the 
species was introduced from other countries such as Tanzania. In the Philippines alone, the disease caused 
Alcape’s production of Kappaphycus alvarezii to decrease by 15% between 2011 and 2013 (a reduction of 
268,000 tons), based on a value of $1.09/kg.

136　 Nagabhatla Cottier-Cook, Badis N, Y., and Others, "Safeguarding the future of the global seaweed 
aquaculture industry," United Nations University (INWEH) and Scottish Association for Marine Science, 2016.

137　 Bhardwaj, Patrick Sheehy and Utkarsha, "Seaweed – Presenting an ocean of opportunity or just a 
fleeting trend?"

138　 W. Lindsey Zemke-White, Graeme Bremned & Catriona L. Hurd, "The status of commercial algal 
utilization in New Zealand," Hydrobiologia (1999): 487-494.

139　 Bhardwaj, Patrick Sheehy and Utkarsha, "Seaweed – Presenting an ocean of opportunity or just a 
fleeting trend?"
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 Although human consumption of seaweed in raw/processed form is a crucial part, 
it is also a relatively competitive market due to the presence of established entities and 
low barriers to entry.140 However, animal feed and fertilizers are relatively priority areas, 
especially in countries that dominate agriculture and animal husbandry (such as New 
Zealand).141 Seaweed-based animal feed can effectively replace palm kernel extract 
products and improve feed utilization, thereby increasing the overall output of meat 
and dairy products. In addition, due to algae’s consistency of dozens of trace minerals 
and nutrients, seaweed has a broad application prospect in fertilizers. It has a long 
history of being coastal farmers’ land fertilizer and has been proven that it can improve 
root strength and has good moisture retention properties.142 In New Zealand particular, 
producers of seaweed-based animal feed and fertilizers need to obtain large amounts of 
seaweed at a low cost and do not require high-quality raw materials.143 These products 
have a strong local market and have good opportunities in terms of substituting imports 
and developing export markets. It should also be noted that New Zealand itself has many 
native seaweed genera with potential commercial values, such as Macrocystis, Durvillaea, 
Gracilaria, and Pterocladia which means that there is no need to consider introducing new 
varieties for the time being.144 

In conclusion, even though there are unlimited opportunities in the algae 
farming market, a comprehensive local market analysis must be done for the sake of 
environmental sustainability and financial success. It should also be noted that the 
seaweed industry is an important sector of ocean farming, and various strategies used in 
seaweed industries can be practiced in a larger scale under ocean farming.

140　 Bhardwaj, Patrick Sheehy and Utkarsha, "Seaweed – Presenting an ocean of opportunity or just 
a fleeting trend?".

141　 Ibid.
142　 Advanced Research Projects Agency–Energy, "Macroalgae Research Inspiring Novel Energy 

Resources," 2017.
143　 W. Lindsey Zemke-White, Graeme Bremned & Catriona L. Hurd, "The status of commercial algal 

utilization in New Zealand." 
144　 Ibid.
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Topic B. Ocean Farming: Opportunities and 
Challenges

Background Information
Current Situation

Globally, aquaculture has been the main source of fish available for human 
consumption since 2016.145 Considering that the proportion of fish products from 
aquaculture was only 4% in 1950, 9% in 1980, and 19% in 1990, there is remarkable 
growth.146 Yet, potentials and productivity come with challenges, as reaching increasingly 
growing expectations and demands has brought unbalanced development to the global 
aquaculture industry, forcing farmers to find a better strategy. Ocean farming is the 21st-
century answer to this problem.

Foreseen as an underestimated field that would bring various job opportunities 
and productivity, ocean farming has been expected by FAO to play an essential role in 
achieving the United Nations Sustainable Development Goals. Despite limited resources in 
particular areas and quickly growing populations, with some basic technical instructions 
and the help of institutions and regulations, participants are starting to join the promising 
farm, from the poorest farmers to multinational companies.147 For example, the Global 
Aquaculture Advancement Partnership (GAAP) program has brought together and guide 
governments, UN agencies, non-governmental organizations to seek establishing ocean 
farms.148 

However, a study estimated that among the 144 countries, around 67 countries have 
the condition favorable of ocean farming, and many of them are food-insecure countries 
such as ones in Pacific and Caribbean; 24 have little access to highly productive waters 
but with well investments; the following 77 countries lack productive waters and proper 
governmental monitoring.149 

Maintenance of ecological stability, struggles between the local government and 
corporations, lagging technology and policies… all add up to the severe condition in the 
77 countries above. The significant heterogeneity of its form and function compared with 
established "land-based livestock production" only complicates the situation - how can 
marine aquaculture’s potential and sustainability both be ensured on the way?150

145　 FAO, "The State of World Fisheries and Aquaculture," 2020.
146　 Ibid.
147　 Fiona Winward, "Coordinated efforts in aquaculture needed to meet global demand," FAO, Oct. 

13, 2013, Jan. 28, 2021 Accessed, http://www.fao.org/news/story/en/item/202782/icode/.
148　 Ibid.
149　 Nicki Holmyard, "New study evaluates potential for ocean farming," Seafood Source, May 9, 

2019, Feb.22, 2021 Accessed, https://www.seafoodsource.com/news/aquaculture/new-study-evaluates-
potential-for-ocean-farming.

150　 D. C. Little, "Aquaculture: a rapidly growing and significant source of sustainable food? Status, 
transitions and potent," Proceedings of the Nutrition Society, No.75 (2016): 274-286.
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Past Actions
International Progress

Aquaculture legislation is not well-established worldwide. To regulate and suggest related 
industries, FAO published Trends in National Aquaculture Legislation (the Legislation),151 covering 
food security, fish health, environmental protection, and farmers’ access to water and land (often 
state-owned).152

In terms of integrated coastal management, the Legislation advises countries to adopt zoning, 
a method to divide areas for specific types of farming, to reduce the competition over land, water or 
market share between users.153 India once issued The Coastal Regulation Zone Notification (1991) to 
prohibit new industries and expand existing industries.154 After the Legislation being published, the 
President of the Aquaculture Foundation of India revised the notification to encourage farms within 
the regulation zone to adopt improved farming technology.

With economic development, population growth, resources become scarce. Frictions over the 
allocation and sharing of natural resources become more intense.  The Legislation offers guidance 
regarding coordinated authorization on public resources, suggests legal and administrative control 
and self-regulation, including voluntary instruments, such as Codes and Guidelines.155

Regional Attempts
Established in 2003, Asia-Europe Meeting (ASEM) Aquaculture Platform serves as an EU-Asia 

framework for dialogue, networking, and coordination for sustainable aquaculture development. It 
produces six expert workshops concerning biodiversity and ecological impacts, food safety, and other 
issues.156 Two of them, "Breeding and Domestication" and "Biodiversity and Ecological Impact," are 
significant in this conference. The former has been dedicated to yield increase, and the latter improves 
governance, social equity, and farming sustainability. Several International Science & Technology 
Cooperation Projects (INCO), including Responsible Aquaculture: a world research and technological 
challenge (REAQWO), were launched to balance the socioeconomic and environmental benefits.157 
This multi-stakeholder platform offers an open and permanent space for dialogue, networking and 
continued coordination between EU and ASEM parties.

Indonesia and Bangladesh have found their tailored working platforms or approaches for 
ocean farming with the help of ASEM. Pen culture in Indonesia allows varied species to be cultured 
in pens to utilize water bodies to the most considerable extent but with a low cost, which is easier 
to harvest than in the natural waters. However, its practicing sites are restricted to the shallow 
seas, obstructing the navigation.158 The Bangladesh government introduced the Community Based 
Fisheries Management (CBFM) in 1992 to enrich the poor fishers. Operated by government, NGOs, and 
local fishing communities, it ensures rational fishing within public water and facilitates the linkages 
between community groups and local government through a participatory management approach 
involving all stakeholders.159

151　 Melvin Spreij, "Trends in national aquaculture legislation," FAO Aquaculture Newsletter No.31, 22-27.
152　 Ibid, Part I: 10.
153　 Ibid, Part I: 12.
154　 The Coastal Regulation Zone Notifications I, amended by notification dated 16.8.1994 and Supreme Court 

judgement, Ministry of Environment and Forest (Department of Environment, Forests and Wildlife), 18.4.1996.
155　 Melvin Spreij, "Trends in national aquaculture legislation," FAO Aquaculture Newsletter No.31, 24-25.
156　 European Commission, "ASEM Aquaculture Platform," Seventh Framework Programme, CORDIS EU Research 

Results, Apr. 7, 2015, Jan. 28, 2021 Accessed, https://cordis.europa.eu/project/id/245020/reporting.
157　 Ibid.
158　 M. N. KUTTY and D. CAMPBELL, "Pen Culture (Enclosure Culture) as an Aquaculture System," African Regional 

Aquaculture Centre Port Harcourt, Nigeria, Jul. 1987, Jan. 26, 2021 Accessed, http://www.fao.org/3/ac181e/ac181e01.htm. 
159　 Dewan Ali Ahsan, Community Based Fisheries Management in Community Based Fisheries Management 

in Bangladesh: Success, Conflict and Bangladesh: Success, Conflict and Sustainability , School of Earth, Ocean and 
Environmental Science school of Earth, Ocean and Environmental Science University of Plymouth, UK (2005): 12. 
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Domestic Actions
Regulations and eco-friendly approaches have received the primary attention of 

various countries.
The US has carried out the USA National Aquaculture Act of 1980 to raise aquatic 

productivity.160 It clarifies definitions of industry key terms (aquaculture, aquatic species, 
and coordinating groups) ignored in the Peruvian General Law on Fisheries (Law No. 
24790 of 1986).161 162 Second, it refines capital requirements like loans, adding a new type 
of credit for ocean farming.163 It defines the functions and powers of the Secretary of 
Agriculture, Commerce, and the Interior, coordinating functions and collaborations among 
them and with Congress, thus ensuring the full implementation of the act.164

Nemo’s Garden Project by Ocean Reef Group is an eco-friendly and self-sustainable 
alternative system of agriculture.165 It makes underwater cultivation of terrestrial 
plants rely on natural resources like solar energy and freshwater obtained by seawater 
desalination. It usually applies to areas where plant growth is extremely difficult due to 
environmental, economic, or morphologic reasons. Additionally, because it is a closed 
ecosystem, crops within the biosphere will not be bothered by pesticides. Therefore, 
temperature, relative humidity, and illuminance are easy to control, reaching intrinsic 
stationarity beneficial to the crop yield of ocean farming.166

The very little interaction and consequent zero harm upon the marine environment, 
the use of renewable energy, its savings of natural resource, the creation of fresh water, 
and the possible re-utilization demonstrate a promising future of ocean farming. However, 
there is still a long way before realizing a mature eco-friendly industry.

160　 Public Law 96–362, Approved on September 26, 1980, 94 Stat. 1198, Amended Through P.L. 
115–334, Enacted December 20, 2018.

161　 Anne R. Van Houtte, Nicola Bonucci and William R. Edeson, "ADCP/REP/89/42 - A Preliminary 
Review of Selected Legislation Governing Aquaculture," United Nations Development Programme, Food 
and Agriculture Organization of United Nations, 1989, Jan. 26, 2021 Accessed, http://www.fao.org/3/T8582E/
t8582e00.htm#Contents.

162　  U.S. Code, Title 16 CONSERVATION, Chapter 48. "NATIONAL AQUACULTURE POLICY, PLANNING, 
AND DEVELOPMENT," Office of the Law Revision Counsel, Section 2802. Definitions, Jan. 29, 2021 Accessed, 
www.law.cornell.edu.

163　 U.S. Code, Title 16 CONSERVATION, Chapter 48. "NATIONAL AQUACULTURE POLICY, PLANNING, 
AND DEVELOPMENT," Office of the Law Revision Counsel, Section 2807. Capital Requirements for 
Aquaculture, Jan. 29, 2021 Accessed, www.law.cornell.edu. 

164　 National Aquaculture Act of 1980, section 3, 16 U.S.C. 2802, amended by the National 
Aquaculture Improvement Act of 1985, section 1733, Public Law 99-198, 99 Stat. 1641, by redesignating 
paragraph (8) as paragraph (9), and by inserting after paragraph (7) a new paragraph (8).

165　 OCEANREEF, "Nemo’s Garden," Ocean Reef Group, Jan. 29, 2021 Accessed, http://www.
nemosgarden.com/.

166　 Ibid.



Beijing International Model United Nations 2021
2021 北京国际模拟联合国大会 

United Nations Ocean Conference• 
Backgound Guide

32

Present Challenges
Maintenance of Marine Ecological Stability

Ocean farming is often depicted as an environment-friendly industry, but pollution and 
irrational utilization of ocean resources have rendered speculations on the actual degree of 
sustainability. 
Pollutant Content in Ocean Crops

Ocean farming, especially intensive farming, usually involves the usage of nutrients and 
chemicals for feeding and disease controlling. For instance, it sometimes requires the use of 
therapeutics to control diseases. Therapeutic agents include ones used to effectively treat and/
or prevent bacterial and parasitic infections, containing antibacterial agents (like antibiotics), 
antiparasitic drugs, hormones, solutions, and compounds. These chemicals are easily released 
into the aquatic environment, thereby affecting other aquatic organisms and their habitats.167 
Other aspects such as wasted feces in ocean crops farming only add up to the entire pollutant 
releasing process. "Nutrient enrichment" during ocean farming practices does not benefit the 
surrounding environment either, as high nutrient concentrations are devastating due to the 
fact that they are richer compared to the natural sediments found in nutrients such as carbon, 
phosphorus, and nitrogen.168 This chemotherapeutic agent may not only have a negative impact 
on the environment through its impact on sensitive non-target organisms but also change the 
animal population structure in the immediate environment, including the benthic ecosystem.169 
For instance, the overbuilding of nutrient segments can bring algal blooms, which worsens the 
water conditions, therefore reducing the availability of sunlight in the water column to other 
organisms, and removes oxygen from the water column when the organisms die, sink and 
decompose.170 Abnormal oxygen levels in the sea only accelerate the speed of oxygen-sensitive 
species’ population loss.

167　 World Bank Group, "Aquaculture Pollution: An Overview of Issues with a Focus on China, Vietnam, 
and the Philippines," 2017, Jan. 31, 2020 Accessed, https://openknowledge.worldbank.org/bitstream/
handle/10986/29249/122927-WP-P153343-PUBLIC-Aquaculture-working-paper.pdf?sequence=1&isAllowed=y.

168　 Theo Mavraganis, Choremi Constantina and Others, "Environmental issues of Aquaculture 
development," Egyptian Journal of Aquatic Biology and Fisheries  24(2020):441-450.

169　 Ibid.
170　 Ibid.
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Irrational Utilization of Marine Resources
Improper planning and site selection of ocean farming areas can cause both 

environmental problems and continuous production and management disturbing for 
farmers. In the past, many shrimp ponds were developed in the original mangrove areas 
of Southeast Asia.171 These ponds weakened the protection of coastal areas and affected 
coastal fisheries by reducing the natural habitat of wild juveniles.172 From 1975 to 1993, 
the construction of shrimp farms in Thailand reduced the area covered by mangroves from 
312,700 hectares to 168,683 hectares.173 The Philippines has converted 205,523 hectares 
of mangroves and wetlands into aquaculture farms, with Indonesia having a  number of 
211,000 hectares and Ecuador 21,600 hectares.174 Mangroves are an important ecosystem 
and are considered to be the main source of organic matter in coastal areas.175 According 
to environmentalists, mangroves support various local fisheries and also provide important 
nursery habitats and marine productivity for a wider range of businesses.176 

Figure 8 Shrimp Farm Cut into the Mangrove177

Other examples of the irrational utilization of marine resources include the fish 
cages settled in coral reefs, where high suspended sediments suffocate the reef, changing 
the area’s hydrological model and deeply affecting the ocean environment and existing 
ecosystems.178

171　 World Bank Group, "Aquaculture Pollution: An Overview of Issues with a Focus on China, Vietnam, 
and the Philippines," 2017, Jan. 31, 2020 Accessed, https://openknowledge.worldbank.org/bitstream/
handle/10986/29249/122927-WP-P153343-PUBLIC-Aquaculture-working-paper.pdf?sequence=1&isAllowed=y.

172　 Ibid.
173　 Ibid.
174　 Ibid.
175　 World Bank Group, "Aquaculture Pollution: An Overview of Issues with a Focus on China, Vietnam, 

and the Philippines," 2017, Jan. 31, 2020 Accessed, https://openknowledge.worldbank.org/bitstream/
handle/10986/29249/122927-WP-P153343-PUBLIC-Aquaculture-working-paper.pdf?sequence=1&isAllowed=y

176　 Theo Mavraganis, Choremi Constantina and Others, "Environmental issues of Aquaculture 
development," Egyptian Journal of Aquatic Biology and Fisheries 24(2020):441-450.

177　 World Bank Group, "Aquaculture Pollution: An Overview of Issues with a Focus on China, Vietnam, 
and the Philippines."

178　 Ibid.
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Scanty Aquaculture Products
Current aquaculture products include goods of finfish, seaweed, and shellfish, the uses 

of which are limited to raw material and the consumption of human food.179 For example, 
alginate, agar and carrageenan are extracted products from edible seaweeds to process 
human seafood.

Although aquaculture productions are in large volume, they are relatively deficient 
compared with agricultural products. Global aquaculture is dominated by only three low-
trophic level species groups: seaweeds, carps and bivalves.180 The total harvest of foods from 
the ocean represents only 1.7% by weight of human’s total food supply.181 The scarcity in 
diversification and volume can be primarily attributed to low resilient species, limited ocean 
farming field and undeveloped operating systems.

Low Resilience Against Oceanic Disasters
Aquatic products’ low resilience against ocean disasters leads to low yields. Specifically, 

ocean disasters can be categorized into marine viral diseases and marine hazards. 
Viral diseases include but not limited to pathogens, parasites, and bacteria, the potential 

carriers of which are usually generated from enclosed aquaculture facilities.182 Consequently, 
the water of enclosed facilities is often highly concentrated with the virus, making plants and 
animals vulnerable. The absence of effective disease management expands the damage. 
When people fail to diagnose, monitor and control the disease before and during the epidemic 
outbreaks, the highly contagious and transboundary disease will lead to a decline in vitality or 
mass death of organisms, resulting in scanty production as well as low quality of seafood.183 

Organisms are vulnerable to marine hazards, especially the intensified storm events.184 
Due to technological obstacles, people haven’t figured out the farm structure and crops that 
can completely withstand the ocean storm.185 Also, satellite technologies, big data analysis 
and sensors haven’t been fully applied to the early warning of the ocean storm, not to mention 
how to pinpoint the scope of a storm. When a storm occurs, farmers couldn’t respond in time 
to control the loss. Ultimately, this brings scanty aquaculture production.186 

179　 FAO, "A guide to the Seaweed Industry," 2003, Jan.23, 2021 Accessed, http://www.fao.org/3/y4765e/
y4765e00.htm.

180　 European Commission, "Opportunities and challenges for aquaculture in developing countries."
181　 FAO, "The State of World Fisheries and Aquaculture 2008," 2009, Jan.28, 2021 Accessed, www.fao.

org/docrep/011/i0250e/i0250e00.htm.
182　 FAO, "The State of World Fisheries and Aquaculture 2008."
183　 European Commission, "ASEM Aquaculture Platform Reporting," Nov.30, 2013, Jan.28, 2021 

Accessed, https://cordis.europa.eu/project/id/245020.
184　 OECD, "The Ocean Economy in 2030," 2016, Jan.28, 2021 Accessed, http://dx.doi.

org/10.1787/9789264251724-en.
Note: Storms often erode beaches, submerge coastal marshes, and exacerbate flooding.
185　 FAO, "Expanding mariculture farther offshore – technical, environmental, spatial and governance 

challenges," Mar,2013, Jan.28, 2021 Accessed, http://www.fao.org/3/i3092e/i3092e.pdf.
186　 Ibid.
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Limited Ocean Farming Field
The current ocean farming field is confined to near-coastal locations that are 

generally characterized by relatively low hydrodynamic energy, shallow waters and 
proximity to coastal supporting infrastructure.187 It is because that offshore waters 
are generally more exposed to wind and waves, and therefore, require more advanced 
aquaculture technology and infrastructure to remain effective.188 Second, offshore farming 
units are relatively distant compared with coastal farming units, pricing logistics higher. 

Technological and economic difficulties hinder people from developing the offshore 
farming field, leaving immense marine areas underexploited. Consequently, little food can 
be derived from the oceans, constraining ocean farming’s ability to help feed humanity in 
the future.189 

However, many companies have come up with innovative methods to expand the 
ocean farming field. For example, Denholm Seafoods has built a pelagic fish processing 
facility at sea, expanding the scope of pelagic fish that it can acquire.190

Immature Operating Systems
Operating techniques integrate the key tasks involved in aquatic husbandries, such 

as feeding, grading, harvesting, cleaning and monitoring of farm functions.191 A well-
developed operating system will enable a higher degree of automation and remote control, 
which will greatly reduce the labor cost and boost efficiency. However, these techniques 
are yet to be achieved. 

Take stock assessment as an example. Only 25% of world catches are assessed. 
Because stock assessment demands comprehensive data like biomass trends, natural 
mortality, gear selectivity, most countries couldn’t afford the expense of collection.192 Also, 
it requires mathematical and statistical modeling work that is too difficult to popularize.193 
Therefore, seldom country can monitor the morality, health status and numbers of the 
fish. Once a marine epidemic being introduced, local farmers couldn’t know its existence, 
not to mention how to control it. The failure of monitoring fish diseases will result in a 
widespread epidemic, ultimately decimate aquaculture production.

187　 FAO, "Expanding mariculture farther offshore – technical, environmental, spatial and governance 
challenges." 

188　 Ibid.
189　 Ibid.
190　 Denholm Seafoods, "New Pelagic Fish Processing Facilities for Denholm Seafoods," Apr.16, 2018, 

Jan.28, 2021 Accessed, https://www.denholm-seafoods.com/news/new-pelagic-processing-facilities/.
191　 FAO, "Expanding mariculture farther offshore – technical, environmental, spatial and governance 

challenges."
192　 FAO, "The State of the World Fisheries and Aquaculture 2018."
193　 Ibid.
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Obstacles in Marine Farm Management and Cooperation

At the initial stage of ocean farming, harmonious policy and regulatory framework 
are needed to support and aid ocean farming enterprises and facilitate the sustainable 
development of the ocean economy worldwide.
Gap in Governing Ocean Farming Enterprises

Due to geographical and experience differences, the frameworks and regulatory 
standards for ocean farming and relevant emergent industries are immature and diverse. 
Such discrepancies in enterprise management and quality assessment standard hinder 
collaborative operation and transnational trade in ocean farming products, especially between 
developed countries and small island developing states (SIDS).194 

Given its easy access to marine resources and its rich marine biodiversity, SIDS are 
significant producers in the global ocean farming industry. Nevertheless, SIDS also faces 
severe constraints like fragile natural environments and limited domestic markets, which 
result in heavy dependence on external markets.195 Therefore, ensuring smooth trade by 
aligning regulatory standards is crucial for the overall practice of ocean farming and further 
development of agriculture of SIDS. Coordinated standards also contribute to gaining profit 
from the ocean economy for all states worldwide. 

In 2019, the Sustainable Ocean for All Initiative (The Initiative) was launched to ensure 
that developed and developing countries benefit from the ocean.196 The Initiative aims to 
enrich the knowledge base and optional policies for developing countries and facilitate 
collaboration between states and sectors.197 Yet, efforts are still needed in coordinating 
management mode, regulatory standards, and quality assessment at a more specific level. 
Lack of Comprehensive Framework for Domestic Enterprises

Domestic frameworks play a key role in stimulating and supporting emergent ocean 
farming enterprises, yet they are rather insufficient at the present stage and can be classified 
into two major categories. 

The first case occurs in most countries, represented by New Zealand, where there 
is a lack of regulatory framework and legislation specifically for ocean farming.198 Due to 
its complex requirements for environment and energy, open-ocean farming does not fit in 
with the existing Resource Management Act of New Zealand. The construction of large-
scale farms was impeded, limiting the expected yield and potential job opportunities for the 
locals.199 

194　 Organization for Economic Co-operation and Development (OECD), "Ocean economy and developing 
countries," Feb. 2, 2021 Accessed, https://www.oecd.org/ocean/topics/developing-countries-and-the-ocean-
economy/. 

195　 SIDS Global Business Network, "About SIDS," Feb. 2, 2021 Accessed, https://sidsgbn.org/about-sids/. 
196　 Organization for Economic Co-operation and Development (OECD), "Ocean economy and developing 

countries."
197　 Ibid. 
198　 Georgia Weaver, "Call for Government to pass legislation for open-ocean salmon farming in 

Southland," Jul. 15, 2020, Feb. 2, 2021 Accessed, https://www.stuff.co.nz/environment/122142104/call-for-
government-to-pass-legislation-for-openocean-salmon-farming-in-southland?rm=a. 

199　 Georgia Weaver, "Call for Government to pass legislation for open-ocean salmon farming in 
Southland."
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The domestic frameworks and regulations in other countries like the U.S., albeit 
they exist, lack a clear division of powers and responsibilities.200 Disorderly operated by a 
patchwork of overlapped agencies, the current framework only addresses parts of ocean 
farming and aquaculture.201 It is perceived as a de facto barrier that hinders U.S. ocean 
farming from developing on a large scale.202 

Hence, states urgently need to, based on their domestic situations, formulate or 
perfect the comprehensive framework, simplify and unify current agencies into an organic 
whole, and pass specific legislation targeted at the ocean farming industry to improve 
efficiency and support ocean farming practitioners.

200　 Arthur R. Wardle, "Farming the Oceans: Opportunities and Regulatory Challenges for U.S. Marine 
Aquaculture Development," Apr. 6, 2017, Feb. 2, 2021 Accessed, https://reason.org/wp-content/uploads/
files/aquaculture_fisheries.pdf. 

201　 Ibid. 
202　 Ibid. 



Beijing International Model United Nations 2021
2021 北京国际模拟联合国大会 

United Nations Ocean Conference• 
Backgound Guide

38

Opportunities to Grasp
Achieving Food Security

FAO forecasts that the world population is expected to hit 9.7 billion by 2050, and we will 
need to produce about 50% more food to feed the extra 2 billion people.203 Given the current 
depletable resources of fresh water and arable land and the worsening natural conditions 
caused by greenhouse gas emission and soil degradation, present agricultural practices are 
unable to meet the prospective demand.204 

Figure 9 Increase in Agricultural Production Required to Match Projected Demand, 
2005-2050 (percent)205

Farming the ocean could be one of the ways out.206 The present production of ocean-
based food merely reached 17% of the total production of edible meat, far less than its true 
potential.207 Depending on the specific implementation of different policies and the supply 
and demand of the market, ocean-based food production is estimated to increase by 36-
74%, which is 21-44 million metric tons, by 2050.208 Specifically, ocean farming (also known 
as mariculture) is expected to increase most significantly, showing more potential than other 
ocean-based food industries like fisheries and aquaculture.209 Such a pronounced increase 
in food production could meet 12-25% of the increased demand for meat by 2050, which 
is a great supplement to the traditional production of land-based food while consuming 
much less freshwater and land resources and causing much less  environmental burden 
thanagriculture.210 211

203　 FAO, "The future of food and agriculture: Trends and challenges," 2017, Feb. 4, 2021 Accessed, http://
www.fao.org/3/a-i6583e.pdf. 

204　 FAO, "Water for sustainable food and agriculture," 2017, Feb. 4, 2021 Accessed, http://www.fao.org/3/
a-i7959e.pdf. 

205　 FAO, "The future of food and agriculture: Trends and challenges." 
Note: The abbreviation "AT2050" in the figure refers to World Agriculture Towards 2030/2050: The 2012 

Revision, by Nikos Alexandratos and Jelle Bruinsma. http://www.fao.org/3/ap106e/ap106e.pdf. 
206　 Carlos M. Duarte, Marianne Holmer and Others, "Will the Oceans Help Feed Humanity?" BioScience, 

Dec. 1, 2009, Feb. 4, 2021 Accessed, http://dx.doi.org/10.1525/bio.2009.59.11.8. 
207　 Christopher Costello, Ling Cao, Stefan Gelcich, "The Future of Food from the Sea," Aug. 19, 2020, Feb. 4, 

2021 Accessed, https://oceanpanel.org/sites/default/files/2019-11/19_HLP_BP1%20Paper.pdf. 
208　 Ibid. 
209　 Ibid. 
210　 Christopher Costello, Ling Cao, Stefan Gelcich, "The Future of Food from the Sea." 
211　 Kyle F.Davis, Jessica A.Gephart and Others, "Meeting future food demand with current agricultural 

resources," Global Environmental Change, May 28, 2016, Feb. 4, 2021 Accessed, https://www.sciencedirect.com/
science/article/abs/pii/S0959378016300632?via%3Dihub. 
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The realization of such potentials depends on how ocean farming would be 
implemented in the future. Above all, framework and regulations including scientific 
siting, environmental assessment, concerted monitoring, and innovative farming mode 
are indispensable to sustainable ocean farming.212 The market demand also decides 
the actual production of ocean-based food, hence, propagation and advertisements are 
needed to gain general recognition of the rich nutrition and eco-friendliness of ocean-
based food.213 From a macroscopic perspective, global food systems need to coordinate 
ocean-based food with land-based ones to ensure that mariculture is complementary to 
agriculture in the future depending on natural and geographic conditions.214 The ultimate 
aim of ocean farming is to achieve food security together with land farming.215 

Ocean farming contributes to the realization of SDG 2. For regions with poor 
agriculture resilience and protracted famine, ocean farming carves out a new way to 
ensure food security and lessen the dependency on food imports.216 For regions that 
already have a steady food supply, ocean-based food provides high-quality protein and 
micronutrients essential for a healthy, balanced diet.217

212　 FAO, "The State of World Fisheries and Aquaculture," 2018, Feb. 4, 2021 Accessed, http://www.
fao.org/3/ca9229en/ca9229en.pdf. 

213　 Christopher Costello, Ling Cao, Stefan Gelcich, "The Future of Food from the Sea." 
214　 Ibid.
215　 Ibid. 
216　 UNDP, "The Ocean Is Our Store Keeper: Climate-resilient farming promotes food security in the 

outer islands of Kiribati," Jun. 6, 2020, Feb. 4, 2021 Accessed, https://undp-climate.exposure.co/the-ocean-
is-our-store-keeper. 

217　 Jerry R. Schubel, Kimberly Thompson, "Farming the Sea: The Only Way to Meet Humanity’s 
Future Food Needs," Aug. 21, 2019, Feb. 4, 2021 Accessed, https://doi.org/10.1029/2019GH000204. 
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Poverty Alleviation

Full Play of Industrial Synergy
Industrial synergy can be classified into interior one and exterior. The former refers to the 

continuous integration of intra-industrial division, while the latter emphasizes logistics and 
economic coordination among ocean farming and other industries.218

Exterior industrial synergy maximizes the value of marine products by agglomerating 
upstream and downstream enterprises that process the raw materials and related services to 
form the industrial cluster.219 With the expansion of ocean farms, farmers could cultivate more 
marine plants and seafood, thriving the primary industry.220 To support the primary industry,  
farms’ infrastructure construction, amelioration of power supply systems, and manufacturing 
of chemical processing equipment are to be included in the agenda, promoting the secondary 
industry.221 Research and development (R&D) of water chemicals and bio-fuels (and any other 
related aquatic products), storage and logistics, and tourism and markets would then follow 
to stimulate the tertiary industry.222 As economic activities closely link with each other to raise 
the global gross of marine products and national economies, people are more likely to lift 
themselves out of poverty. 

In addition to the collaboration between the different domestic industries, the international 
labor market has also responded by dividing up the work, thereby generating income from trade 
and maintaining a stable supply. The results of stable prices and a lower threshold for public 
consumption are significant for the most impoverished.

Moreover, internal coordination between production, transportation, and processing, can 
otherwise cut costs.

Job Creation
The development of ocean farming creates a virtuous circle for economic growth to reduce 

poverty. It brings about decent employment opportunities that may generate personal income 
to improve the livelihood of the populace, especially the impoverished people.223 Consequently, 
better living standards urge people to pursue superior work achievements. The subsequent 
advancement contributes to sustainable economic growth, industrial upgrading, and synergy. 

218　 Yude He, "Industrial Transfer under Synergy Development Analysis between Key Industries and Logistics 
Capability," Open Journal of Social Sciences 4, (2016): 96-104, Jan. 2016, Feb 3 Accessed, https://file.scirp.org/pdf/
JSS_2016012815515749.pdf.

219　 Anderson, "Industry clustering for economic development," Econ. Develop. Rev. , Spring, (1994): 26-32.
220　 Note: Seafood normally refers to the cuisine made by animals.
221　 Joseph K. Buttner, Richard W. Soderberg, Daniel E. Terlizzi, "An Introduction to Water Chemistry in 

Freshwater Aquaculture," Aquaculture Center, No 170 (1993): 1-2.
222　 Abdoulkarim Esmaeili, "Cluster Industry, A Procedure for Fishery and Aquaculture Management in Iran," 

Feb 3, 2021 Accessed, https://ir.library.oregonstate.edu/downloads/1j92g831d?locale=en.
223　 B.O. Omitoyin, "Introduction to Tropical Fisheries," Ibadan University Press, (2007): 48.
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The employment groups are enlarged. On the one hand, the low-threshold ocean 
farming inspires the poor and less-skilled people to be self-employed farmers (usually 
with small-scale farms), reducing the pending workforces.224 The most disadvantaged 
groups with no land can also benefit from it by adopting the water-based system, which   
offers them access to shared water bodies as an entry point to farm.225 On the other hand, 
increasing demand for labor resulting from the enlargement of ocean farms and industrial 
diversification creates various employment opportunities.226 For rancheros, rentals 
received through leasing of land or water are alternative sources of economic income.

The consequent improvement in individual’s income and their consumption capacity 
contributes to the stable economic growth of society, being conducive to alleviating 
poverty.

Protection of Global Ecosystem
Unlike fisheries, ocean farming has fewer environmental worries. It assists ocean 

farmers in producing healthy and sustainable food, while filtering and dissolving carbon 
and nitrogen and in the end providing biomass to generate biofuel. It’s environmentally 
friendly and even eases current ecosystem problems in some ways.

Nurturing Marine Environment and Easing Global Warming
Unlike the traditional aquaculture industry that is now bringing the land-based 

agriculture farming methods to the sea (which mat create sterile monocultures, pollute 
coastal waters with pesticides, and endanger wild fish resources by spreading diseases 
through unhealthy domesticated species), ocean farming establishes mini ecosystems 
while enhancing the health of the surrounding marine ecosystem through the growth of 
various animal and plant species that complement each other.227

Through the help of ocean plants and shellfish, ocean farming plays a strong role 
in water filtration. For example, brown seaweed can fix nitrogen so that harvesting it can 
clear waters polluted by nitrogen fertilizer in urban, agricultural, or aquacultural runoff. 
Oysters and mussels have a similar function: one oyster filters 30-50 gallons of water a 
day during which it filters nitrogen out along the way; mussels remove excessive nutrients 
and the nutrient snatchers - phytoplankton - in the water.228 Seaweed also has amazing 
carbon dioxide absorption and storage capacity.229 Kelp absorbs five times more carbon  

224　 E.H. Allison, "Aquaculture, Fisheries, Poverty and Food Security: Working Paper 2011-65," 
Penang: WorldFish Center, (2011): 62.

225　 B.O. Omitoyin, "Introduction to Tropical Fisheries," Ibadan University Press, (2007): 48.
226　 Matthias Halwart, Simon Funge-Smith and John Moehl, "Review of the state of world 

aquaculture: The role of aquaculture in rural development," FAO Fisheries Circular, No. 886, Revision.2, 
(2003): 47-56.

227　 Mary Williams, "Why We Need to Farm the Ocean for Kelp and Shellfish," Ecotrust Canada, July 
20, 2020, Feb. 5, 2020 Accessed. https://ecotrust.ca/latest/blog/why-we-need-to-farm-the-ocean-for-kelp-
and-shellfish/.

228　 John Oswald, "Can Mussels Be the Sustainable Snack That Saves the Ocean?" Fast Company, 
Fast Company, July 25, 2018, Feb. 5, 2020 Accessed. https://www.fastcompany.com/90206744/at-the-
catalina-sea-ranch-roping-mussels-is-the-thing.

229　 Tyler Work, "Seaweed Aquaculture: Benefiting the Ocean and the Economy", Global Aquaculture 
Alliance, November 8, 2019, Feb. 3, 2020 Accessed.https://www.aquaculturealliance.org/blog/seaweed-
aquaculture-benefits/.
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than most land plants.230 The same 500 million tons of seaweed production will consume 
135 million tons of carbon, accounting for 3.2% of the annual greenhouse gas emissions 
increase to the amount of carbon dioxide in the sea, making it a very effective tool to ease 
global warming.231 

A cleaner water condition directly leads to a better marine environment for domestic 
species, as increased light penetration due to water filtration allows eelgrass growth 
around sea farms.232 Eelgrass, along with underwater scaffoldings (a common tool used 
in ocean farms), provide a home for species like crabs and other plants.

Offsetting Land Degradation
The over usage of land in traditional agricultural farming has led to long-lasting land 

degradation issues: soil compaction, soil erosion, nutrient degradation… Ocean farming, 
on the other hand, doesn’t occupy any land in the first place, and no need for agro-
chemicals, fertilizers, or antibiotics, making it an environmental-friendly solution for both 
farmers and consumers. 

Ocean farming is also more productive compared to land-based farming in certain 
ways. A 20-acre underwater vertical garden is able to grow around 10 to 30 tons of 
sea vegetables and 250,000 shellfish on each acre per year, while only occupying a few 
acres in many small coastal underwater areas.233 Land-based farming, can roughly make 
around 120 pounds of tomatoes a day and about 6000 pounds of green beans for around 
90 days.

Therefore, the strong development of ocean farming can help to alleviate land 
pressure and buy time for the land to recover in terms of fertility. At the same time, 
improved water quality also facilitates the irrigation of agricultural land without damaging 
soil fertility.

230　Tyler Work, "Seaweed Aquaculture: Benefiting the Ocean and the Economy", Global Aquaculture 
Alliance, November 8, 2019, Feb. 3, 2020 Accessed.https://www.aquaculturealliance.org/blog/seaweed-
aquaculture-benefits/.

231　 Ibid.
232　 Robert Jones, "Restorative Aquaculture: Can Farming Shellfish and Seaweed Provide Habitat 

Benefits?," The Fish Site, February 2, 2021, Feb. 5, 2020 Accessed.https://thefishsite.com/articles/restorative-
aquaculture-can-farming-shellfish-and-seaweed-provide-habitat-benefits.

233　 Richard Schiffman, "Can We Save the Oceans By Farming Them?," Yale E360, October 6, 2016, 
https://e360.yale.edu/features/new_breed_of_ocean_farmer_aims_to_revive_global_seas.
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Adoption of Restorative Farming Pattern
Restorative farming patterns help to realize ocean farming’s potential in ecological 

restoration and poverty alleviation.

IMTA in China
Integrated multi-trophic aquaculture (IMTA) is a method of integrated marine 

aquaculture, involving the farming of species from different trophic positions or nutritional 
levels in the same unit.234 

Although the concept was coined in 2004, China has been practiced IMTA since the 
beginning of aquaculture. As one of the eight countries that have commercial- or near-
commercial-level IMTA systems, modern China has invented many specific approaches of 
IMTA, including suspended multi-species aquaculture and multi-species large-scale sea 
ranching.235 

Sanggou Bay (or Sungo Bay) located on the eastern tip of Shandong Peninsula, 
practices the suspended multi-species aquaculture. In some areas, abalone and kelp are 
cultured in the same unit where abalones are kept in lantern nets hanging vertically and 
kelps are grown on ropes maintained horizontally between long lines (Figure 10).236 The 
abalone feeds on the kelp, and the kelp takes up nutrients released from the abalone (Figure 
11).237 

Figure 10 Model of Abalone and Kelp Farming238

234　 Fang J, "Integrated Multi-Trophic Aquaculture (IMTA) in Sanggou Bay, China," Aquaculture 
Environment Interaction 8: no.1(2016): 201-205.

235　 FAO, "Integrated Mariculture: A Global Review," 2009, Jan.28, 2021 Accessed, http://www.fao.org/3/
i1092e/i1092e00.htm.

236　 Ibid.
237　 Fang J, "Integrated Multi-Trophic Aquaculture (IMTA) in Sanggou Bay, China."
238　 Zhou Ziyu, "Model of Abalone and Kelp farming," Background Guide of United Nations Ocean 

Conference of Beijing International Model United Nations 2021, Jan.28, 2021.
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Figure 11 IMTA mode in Sanggou Bay, China.239

Since abalones’ waste can be assimilated as a food resource for kelp, it moderates 
the use of chemical fertilizers, substantially reducing the occurrence of eutrophication.240 
Moreover, diversified products offer "natural" crop insurance. If the price fluctuates, or one 
crop is lost to disease, farmers can still profit from the others. Thus, IMTA has a positive 
role in poverty alleviation since its practitioners are less likely to go broke compared with 
traditional ocean farmers.

Due to these benefits, France, Portugal, Spain and countries of Scandinavia have 
more or less made progress towards the development of IMTA.241

GreenWave
GreenWave is a nonprofit organization established by Bren Smith in 2013. It created 

a regenerating farming system where seaweed, scallops and mussels grow on floating 
ropes that are stacked above oyster and clam cages below.242

239　 Fang J, "Integrated Multi-Trophic Aquaculture (IMTA) in Sanggou Bay, China."
240　 Reece Wartenberg, Limin Feng, and Others, "The impacts of suspended mariculture on 

coastal zones in China and the scope for Integrated Multi- Trophic Aquaculture," Ecosystem Health and 
Sustainability 3: no.6(2017): 1-3.

241　 FAO, "Integrated Mariculture: A Global Review."
242　 Global Opportunity Explorer, "Vertical Ocean Farming Creates Healthy Ecosystems," Jun.28, 

2018, Jan.30, 2021 Accessed, https://goexplorer.org/vertical-ocean-farming-creates-healthy-ecosystems/.
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Figure 12 The GreenWave Model243

As Figure 12 shows, regenerating farms sit vertically below the surface to form a 
three-dimensional farming field, creating more space to utilize compared with traditional 
horizontal farming methods. Therefore, it yields more, bringing more income for local 
farmers.244 

Also, regenerating ocean farming has been identified as a key solution to protect the 
ecosystem. Each species in the regenerating system can play a role. For example, one 
adult oyster can filter 50 gallons of water a day, reducing the input of chemical filtration 
and consequently preventing the degradation of water quality. Growing a large amount of 
seaweed in regenerating ocean farming systems could mitigate climate change. Seaweed 
farming in less than 5% of US waters could absorb 10 million tons of nitrogen and 135 
million tons of carbon.245 

As a nonprofit, GreenWave provides its Farm Startup and Apprenticeships Programs 
at no charge, supporting a baseline of 10,000 regenerative ocean farmers in different 
countries, including Canada, America and Britain.246 These programs equipped local 
farmers with professional technicians, necessary toolkits and ocean farming knowledge, 
enabling them to get jobs in the blue economy and contributing to poverty alleviation 
globally.

243　 GreenWave, "Our Model," Jan.29, 2021 Accessed, https://www.greenwave.org/our-model.
244　 Ibid.
245　 Ibid.
246　 GreenWave, "Our Model."
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Bloc Positions 
Asia-Pacific region

Seven of the top ten seaweed producers in value being and volume terms are Asia-
pacific countries (in decreasing order): China, Indonesia, Japan, the Republic of Korea, the 
Philippines, the Democratic People’s Republic of Korea, and Malaysia.247

A major advantage in the cultivation of seaweed is that it doesn’t have as many 
restraints as the aquaculture of fish. It also does not require elaborate setups and causes little 
harm to the seabed and fishery resources. Consequently, it is often promoted in developing 
countries as a sustainable alternative of livelihoods for small-scale fishing communities.

In some countries, the seaweed culture is integrated with intensive fish farming, 
functioning as nursery grounds for fingerlings. It gradually develops into a mature IMTA 
system. Leading exceptions in Asia are China and the Republic of Korea, where IMTA (not 
limited to seaweed) has been practised for many years.248

Seaweed farming in China officially began in the 1950s, and the processing industry 
began in the 1960s.249 China takes the seaweed industry as the opportunity to develop an 
ocean-related economy further, calling for building Blue Partnership to consolidate and 
innovate cooperation mechanisms and promote ecosystem protection.250 It stresses the 
critical role of international public finance in complementing the efforts of counties to 
mobilize public resources domestically.251

Figure 13 China: Farmed seaweed production, 2009-2015 252

Indonesia possesses a vast potential for seaweed farming and export. However, it is not 
fully realized yet. The government, therefore, proposes collective partnerships and technique 
enhancement. Since 2014 Switzerland’s State Secretariat for Economic Affairs has funded the 

247　 Fatima Ferdouse, Susan Lovstad Holdt, and others, "The global status of seaweed production, trade 
and utilization," Rome, 2018, Jan 29, 2021 Accessed, http://www.fao.org/in-action/globefish/publications/
details-publication/en/c/1154074/.

248　 Ibid.
249　 Ibid.
250　 UN Ocean Conference, "China’s Comments on the Zero Draft of the Declaration for the 2020 United 

Nations Ocean Conference," Jan 29, 2021 Accessed, https://www.un.org/sites/un2.un.org/files/updated_
version_chinas_comments_on_the_zero_draft_of_the_declaration_for_the_2020_united_nations_ocean_
conference.pdf.

251　 Ibid.
252　 Fatima Ferdouse, Susan Lovstad Holdt, and others, "The global status of seaweed production, trade 

and utilization."
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SMART-FISH Indonesia programme to improve the productivity of  the seaweed value chain 
and the competitiveness of the Indonesian seaweed industry.253 A large proportion of small 
fishermen in Indonesia have changed their profession from fishing to the farming of seaweed 
to increase their incomes.

Bangladesh and relevant Pacific Small Island Developing States (PSIDS) expect 
to promote scientific research, innovative financing, collection and sharing of data, 
and partnerships to maximize the benefits of all ocean-based economic activities. The 
former proposes that Member States, as well as other stakeholders to provide voluntary 
contributions and technical assistance to the Technology Bank for the Least Development 
Countries (LDCs) to increase the technical capacity and transfer of marine technology.254 
PSIDS further underscores the role of traditional knowledge as a complement to science.255 
Besides, they are exceptionally aware of addressing the crisis in the Ocean.256

Europe
Europe has a long history of practicing aquaculture, including the farming of king 

salmon, green shell mussels, and others. Ocean farming is a new yet fast-growing industry, 
environmentally friendly and highly productive. A number of operators, mostly established 
by former fishermen, are now springing up in Europe. One example is the Scarborough firm 
SeaGrown, which has licensed a 25-hectare site (proven by the UK government) four miles 
into the North Sea to cultivate brown seaweed species that grow naturally in the area. 
Shellfish cultivation is also in their plan.257

However, various problems lay ahead of European ocean farmers, especially the 
seaweed cultivators. One is that seaweed consumption in Europe has not been popularized, 
especially regarding ordinary people’s diet. Unlike Asia, algae are labeled as "nutrient-rich 
superfood" rather than a common dish ingredient easily seen and purchasable in stores. 
It limits the number of small-sized farmers as the current domestic needs do not allow a 
large market. Algae’s industrial values and potentials also need to be seen. Biomass is the 
most significant renewable energy source in countries like the United Kingdom. Compared 
with other biofuel sources like soya, seaweed grows faster and does not require freshwater 
or fertilizer; and it is also a space-efficient crop.258 Yet, seaweed is an under-used biomass 
source, with only 2% of the world’s current energy used by it.259 

Second, with the global search for sustainable and sufficient sources of food, feed, fuel 
and other products, attention has turned to the development and adaptation of large-scale 

253　 Fatima Ferdouse, Susan Lovstad Holdt, and others, "The global status of seaweed production, trade 
and utilization."

254　 UN Ocean Conference, "Statement by Bangladesh at the Intergovernmental Consultation on the 
Declaration of 2020 Ocean Conference,"23 March 2020, New York, Jan 29, 2021 Accessed, https://www.un.org/
sites/un2.un.org/files/bangladesh.pdf.

255　 UN Ocean Conference, "Statement on behalf of the Pacific Small Island Developing States, 
Intergovernmental consultations on the declaration for the 2020 UN Conference to support the implementation 
of SDG 14, Comments on the zero draft," 23 March 2020, Jan 29, 2021 Accessed, https://www.un.org/sites/un2.
un.org/files/3._fiji_on_behalf_of_the_pacific_small_island_developing_states_0.pdf.

256　 Ibid.
257　 Bonnie Waycott, "High Hopes for the Launch of One of the UK's Largest Aquaculture Operations," 

The Fish Site, May 5, 2020, Feb.6, 2020 Accessed, https://thefishsite.com/articles/high-hopes-for-the-launch-of-
one-of-the-uks-largest-aquaculture-operation.

258　 Bellona Europia, n.d., "PROS AND CONS SEAWEED FOR BIOFUEL," Feb. 7, Accessed, https://bellona.
org/assets/sites/3/2017/03/FACTSHEET-seaweed-for-energy.pdf.

259　 Ibid.
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suspension farming methods for ocean farms used in Asia that apply to European waters. In 
China and other parts of Asia, large scale growth systems of kelp species are very effective, 
and similar growth techniques have been successfully trialed in Europe.260 However, due to 
the labor-intensive nature, low labor costs, and mature production methods in Asia, emerging 
seaweed-producing countries in Europe will require technological transformation to reduce 
labor costs associated with planting.261 

Other problems include the gap between current acts and policies and the actual needs 
of the industry. New Zealand’s Aquaculture Reform Act, for example, has long been protested 
about as it is not seen as being conducive to immediate growth. The act requires the regional 
committees to designate marine aquaculture areas they deem appropriate as the aquaculture 
management areas (AMA) and manage them accordingly.262 AMA can be proposed by the 
council itself or by an individual or a group; in either case, the initiator bears the related 
expenses.263 However, in the two years since the introduction of the marine aquaculture 
industry into the 1991 Resource Management Act (this is the main legislation that manages 
the environment), no new AMAs have been assigned.264 Therefore, ocean farmers cannot 
obtain more space for cultivation, limiting the industrial expansion, and the initiators will 
constantly bear the deficit.

In conclusion, there is a bright future ahead of the ocean farming industry in Europe, yet 
problems such as the establishment of practical policies and potential market development 
still need to be solved.

United States of America
Seaweed farming in US being the fastest-growing aquaculture sector, is still in a 

developmental stage. In temperate areas throughout the world, kelp forests are a valuable 
coastal habitat.265 To regenerate these large, fast-growing kind of seaweed, US National 
Oceanic and Atmospheric Administration (NOAA) and local partners use restoration farming 
approaches. The importance attached to ocean farming varies considerably on a regional 
basis according to its contribution to local economies.266 

Ocean-farmed production in the United States of America (US) encompasses a wide 
range of products, the mainstay of which is channel catfish with a value accounting for 65 
percent of total industry value.267 

260　 Iona Campbell, Adrian Macleod, and others, "The Environmental Risks Associated with the 
Development of Seaweed Farming in Europe - Prioritizing Key Knowledge Gaps," Frontiers, Feb. 21, 2019, Feb.7, 
2021 Accessed, https://www.frontiersin.org/articles/10.3389/fmars.2019.00107/full.

261　 Ibid.
262　 Darryl Crimp, "Aquaculture," New Zealand Geographic, April 2007, Feb. 6, 2021 Accessed, https://

www.nzgeo.com/stories/aquaculture/.
263　 Ibid.
264　 Ibid.
265　 Office of Aquaculture, "Seaweed Aquaculture," NOAA Fisheries, Feb. 5, 2021 Accessed, https://www.

fisheries.noaa.gov/national/aquaculture/seaweed-aquaculture.
266　 Ibid.
267　 FAO, "National Aquaculture Sector Overview. United States of America," FAO Fisheries Division, 

National Aquaculture Sector Overview Fact Sheets, Updated Feb. 1, 2011, Feb. 4, 2021 Accessed, http://www.fao.
org/fishery/countrysector/naso_usa/en#tcN7002D.
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Given its trade deficit of billions in imported ocean-farmed products and small export 
markets, the primary objective for US ocean farming is to increase domestic production.268 
However, despite the relative mature ocean farming, constant growth in production is hard 
to maintain, the rate projected to 2025 has lagged behind the targets previously identified 
in the DOC Policy demanding an increase in the value of domestic aquaculture production 
from the present $900 million annually to $5 billion.269 Multiple state and federal agencies 
with uncertain or conflicting regulatory authority, which is a frequent question in any federal 
system, account chiefly for the slow growth.270 Besides, compared with those large major 
exporters that have long been the suppliers for the globe, it is less likely for newcomers, 
including US to penetrate the current market.271

To achieve a constant expansion of domestic ocean-farmed production while 
maintaining environmental stewardship responsibilities in a sustainable way, its cutting-edge 
technologies and rigorous science-based management are essential. US had led the hatchery 
technology, new species development, and selective breeding with the collaboration of 
federal, state, and private research facilities. Besides, universities and colleges offering ocean 
farming-related degrees contribute to talent training and strengthening professional qualities.

Moreover, to preserve ocean sustainability and facilitate domestic aquaculture, it 
defines small geographic areas called Aquaculture Opportunity Areas (AOAs) that have been 
evaluated of its potential of commercial aquaculture.272 It will utilize already existing industry 
and infrastructure, following a science-based public planning process.273 Within AOAs, 
farming operations are monitored whether breaking the "triple bottom line" of environmental, 
economic, and social sustainability.274 Siting ocean farms in this way minimizes the impacts 
on natural resources and maximizes public input: farmers could apply for permits more easily 
in AOAs compared to sites outside of it.275

Globally, the U.S. remains a relatively minor ocean farmer but a mighty supplier of 
advanced technologies, equipment, and capital.276 277

268　 FAO, "National Aquaculture Sector Overview: United States of America."
269　 "U.S. Department of Commerce Aquaculture Policy," Department of Commerce, 1999.
270　 B. Cicin-Sain, S. Bunsick, R. DeVoe, T. Eichenberg, J Edwart, H. Halvorson, R. Knecht and R. Rheault, 

"Development of a Policy Framework for Offshore Marine Aquaculture in the 3-200 Mile U.S. Ocean Zone," 
Center for the Study of Marine Policy the Sea Grant Technology Program, National Oceanic and Atmospheric 
Administration, (2001).

271　 Ibid.
272　 Office of Aquaculture, "Aquaculture Opportunity Areas," NOAA Fisheries, Feb. 4, 2021 Accessed, 

https://www.fisheries.noaa.gov/insight/aquaculture-opportunity-areas.
273　 Danielle Blacklock, "Our Mission: Create New Opportunities for Aquaculture While We Support 

the Existing Industry," NOAA Fisheries, Sep. 30, 2020, Feb. 4, 2021 Accessed, https://www.fisheries.noaa.gov/
leadership-message/our-mission-create-new-opportunities-aquaculture-while-we-support-existing-industry.

274　 Ibid.
275　 Ibid.
276　 Office of Aquaculture, "U.S. Aquaculture," NOAA Fisheries, Feb. 4, 2021 Accessed, https://www.

fisheries.noaa.gov/national/aquaculture/us-aquaculture.
277　 Danielle Blacklock, "Our Mission: Create New Opportunities for Aquaculture While We Support the 

Existing Industry."
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Australia
Australia is an island state with abundant natural resources, rich marine biodiversity, and 

vast water area available for mariculture. Yet, its seaweed and mariculture industry are still in 
its infancy compared with the present leading states.278 International trade statistics show a 
steady increase in Australian seaweed imports between 2000 and 2017, indicating growing 
demand of domestic market, while the volume of exports remains relatively constant.279 
Regulatory framework and specific data on its domestic seaweed harvest are also limited.280 

Systematic attempts have been made in Australia in recent years to develop seaweed 
industry into a solution for sustainable ocean economy. In the latest report of Australian 
Seaweed Institute, vision and future priority are given as scaling up commercial farming of 
seaweed and developing biofuel, feedstocks and eco-friendly materials out of it.281 

Australian seaweed industry is poorly commercialized, with only one major company in 
Tasmania and no commercial farms for ocean seaweed cultivation.282 Actions are therefore 
proposed and implemented through attaching great importance to key areas like Tasmania 
and the south coast where seaweed farms are already available, collaborating with other 
countries and members of the Commonwealth to expand external market and strengthen 
commercial cooperation.283 To fill the gap in multiple utilization of seaweed, a number of 
research projects have been carried out, ranging from biomedical tissue to husbandry feed.284 
Nevertheless, these projects are not yet commercialized, and Australia still has a long way to 
go to fully develop seaweed industry.285 

With favorable natural conditions, Australia has set explicit future direction in 
mariculture: to provide high-quality and high-value product for domestic and external market 
while keeping eco-friendliness, so as to further earn reputation and competitiveness in 
the international market.286 To realize the vision, mariculture operation has been taken into 
stringent controls and monitored by state agencies, to prevent excessive eco-disturbance 
in public waters.287 Current standards for food safety have also been supplemented to cover 
emergent ocean-based products to ensure its hygiene and quality.288 

In the future, Australia is expected to realize its full potential in ocean economy through 
concerted efforts with countries and stakeholders worldwide. 

278　 Australian Bureau of Agricultural and Resource Economics and Sciences, "Australian seaweed 
production," 2018, Feb. 5, 2021 Accessed, https://www.agriculture.gov.au/abares/research-topics/fisheries/
fisheries-and-aquaculture-statistics/australian-seaweed-production. 

279　 Ibid. 
280　 Ibid. 
281　 Australian Seaweed Institute, "Seaweed features in the new Sustainable Ocean Economy Report," 

Jan. 29, 2021, Feb. 5, 2021 Accessed, https://www.australianseaweedinstitute.com.au/news/2021/1/28/seaweed-
features-in-the-new-sustainable-ocean-economy-report. 

282　 Australian Seaweed Institute, "Australian Seaweed Industry Blueprint," August 2020, Feb. 5, 2021 
Accessed, https://www.agrifutures.com.au/wp-content/uploads/2020/09/20-072.pdf. 
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284　 Australian Bureau of Agricultural and Resource Economics and Sciences, "Australian seaweed 

production."
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286　 Australian Government – Department of Agriculture, Water and the Environment, "Aquaculture 

industry in Australia," Oct. 16, 2020, Feb. 5, 2021 Accessed, https://www.agriculture.gov.au/fisheries/aquaculture/
aquaculture-industry-in-australia. 
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Kazakhstan

Kazakhstan is the largest landlocked country in the world, possessing over 2,000 
species of seaweeds registered, about one-fifth of the world’s total.289 290 However, these 
seaweeds are exported mainly as seaweed ash, a low-profit industrial raw material. 
The government therefore wants to reform the seaweed industry to exploit more on its 
resources to increase the national income.291

Asian Development Bank’s report recognizes Kazakh seaweed products’ 
comparative advantages in exportation.292 Also, the Kazakh government itself is confident 
in the potential of its seaweed products especially biofuels. In 2017, the government 
invited ‘MacroFuels’, a European program that uses seaweed to produce sustainable 
biofuels, to exhibit their technology at the very center of the EXPO venue.293 Despite the 
promising vision, no specific policies have been performed to diversify the industry, not 
even being mentioned in the Industrial Policy Programs.294 

Unlike the underdeveloped seaweed industry, Kazakhstan’s ocean farming has made 
some progress, mainly in fishing. Kazakhstan traverses the Caspian Sea and the Aral Sea, 
which are the main sites for ocean farming. Despite the fact that both water bodies are 
technically lakes, their high salinity and large areas simulate a quasi-sea environment 
and ecosystem. The fishery is the major sector of Kazakhstan’s ocean farming, producing 
fishes including sturgeons, trout, bream and carp.295 

The current commercial fishing system in Kazakhstan is small-scale artisanal 
coastal fisheries by local communities.296 Due to the collapse of the Soviet Union, it 
receives no more advanced technical supports.297 Meanwhile, like all the other Central 
Asian republics, the national aquaculture production has experienced a dramatic decline 
for the past decades.298 It is primarily because that the country lacks a long-term policy 
and effective management of the aquaculture sector that breed long-time illegal and 
unreported fishing. As a result, only less than one-third of fish production is reported.299

289　 FAO, "Fishes and Aquaculture in the Republic of Kazakhstan: A Review," 2010, Jan.31, 2021 
Accessed, http://www.fao.org/docrep/012/i1596e/i1596e00.htm.

290　 UNDP, "Environment and Development Nexus in Kazakhstan," 2004, Jan.31, 2021 Accessed, 
https://unece.org/fileadmin/DAM/env/epr/epr_studies/kazakhstan%20II.pdf.

291　 Asian Development Bank, "Report to the Government of Kazakhstan," 2013, Jan.31, 2021 
Accessed, https://www.adb.org/publications/report-government-kazakhstan-policies-industrial-and-
service-diversification-asia.
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293　 Matis, "‘MacroFuels’ Invited Exhibitor at the World Expo 2017 in Kazakhstan," Jun.21, 2017, 
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294　 Asian Development Bank, "Report to the Government of Kazakhstan."
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To deal with these two problems, the Kazakh government has been improving its legal 
framework of the fisheries sector. In 2004, it enacted the Law on Protection, Reproduction and 
Use of Fauna to regulate fisheries activities.300 It also joined many international and regional 
conventions. In the Tehran Convention of 2003, Kazakhstan agreed to protect, preserve and 
restore marine resources of the Caspian Sea to safeguard sustainable development. In 2007, 
Kazakhstan was involved in the establishment of the Regional Fishery Body to promote its 
conservation, management and utilization of aquatic resources. In an official statement of 2020, 
Kazakhstan firmly expressed that awareness-raising, capacity building, technology transfer, 
information and education in ocean affairs should be extended to landlocked developing 
countries as a solution for the laggard technology.301

Overall speaking, Kazakhstan is still underdeveloped in the seaweed industry and ocean 
farming due to the inaction of the government, ineffective management and other objective 
obstacles. Nevertheless, Kazakhstan recognizes the equal rights of landlocked countries to 
utilize the oceans and marine resources protected by the UNCLOS. Following its 2050 Strategy, 
Kazakhstan has the willingness to enhance its future participation in ocean-based economies.302

300　 FAO, "Fishes and Aquaculture in the Republic of Kazakhstan: A Review."
301　 UNOC, "Kazakhstan on Behalf of the Group of the Landlocked Developing Countries," Mar.23, 2020, 

Jan.31, 2021 Accessed, https://www.un.org/sites/un2.un.org/files/4._kazakhstan_on_behalf_of_the_group_of_the_
landlocked_developing_countries.pdf.
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Questions to Consider
1.Please consider that how the five Permanent Members, Myanmar or Cambodia can 

contribute to developing an integrated initiative on global seaweed industry.

2.Apart from what have been mentioned in the background guide, what are the other 
impediments for countries to establish a systematic transnational framework?

3.Kelp is not a permanent carbon dioxide holder, and if not quickly harvested and 
consumed, it will release the carbon dioxide it once filtered out. How will this affect the 
seaweed farming industry? How to solve the subsequent question (of secondary release 
of carbon)?

4.Currently what sea farming-friendly policies are being practiced? How well are 
they functioning?

5.The current seaweed cultivation outside Asia remains scattered and small-scale. 
Please compare the pros and cons of small-scale and large-scale seaweed cultivations 
respectively.  

6.What specific measures can be taken to coordinate ocean farming with traditional 
agriculture for a more secure supply of food?

7.For landlocked countries, is it necessary for them to develop the seaweed industry 
and ocean farming? If the answer is positive, why and how can they achieve that? If the 
answer is negative, why?

8.What kind of roles can the private sectors and international organizations 
respectively play in attracting investment and conducting research?



Beijing International Model United Nations 2021
2021 北京国际模拟联合国大会 

United Nations Ocean Conference• 
Backgound Guide

54

Bibliography
Abdoulkarim Esmaeili. "Cluster Industry, A Procedure for Fishery and Aquaculture Man-

agement in Iran." Feb 3, 2021 Accessed. https://ir.library.oregonstate.edu/down-
loads/1j92g831d?locale=en.

Advanced Research Projects Agency–Energy. "Macroalgae Research Inspiring Novel En-
ergy Resources." 2017.

Alejandro H. Buschmann, Carolina Camus, and Others. "Seaweed production overview of 
the global state of exploitation farming and emerging research activity." European 
Journal of Phycology 52, no.4, 391-406.

Anderson. "Industry clustering for economic development." Econ. Develop. Rev., Spring, 
(1994): 26-32.

Anne R. Van Houtte, Bonucci, Nicola and R. Edeson, William. "ADCP/REP/89/42 - A Pre-
liminary Review of Selected Legislation Governing Aquaculture." United Nations De-
velopment Programme, Food and Agriculture Organization of United Nations, 1989. 
Jan. 26, 2021 Accessed. http://www.fao.org/3/T8582E/t8582e00.htm#Contents

Aquaculture Stewardship Council. "About Our Certification." Jan. 29, 2021 Accessed. 
https://www.asc-aqua.org/what-you-can-do/get-certified/about-our-certification/. 

Arthur R. Wardle. "Farming the Oceans: Opportunities and Regulatory Challenges for U.S. 
Marine Aquaculture Development." Apr. 6, 2017. Feb. 2, 2021 Accessed. https://rea-
son.org/wp-content/uploads/files/aquaculture_fisheries.pdf.

Asian Development Bank. "Report to the Government of Kazakhstan." 2013. Jan.31, 2021 
Accessed. https://www.adb.org/publications/report-government-kazakhstan-poli-
cies-industrial-and-service-diversification-asia.

Australian Bureau of Agricultural and Resource Economics and Sciences. "Australian sea-
weed production." 2018. Feb. 5, 2021 Accessed. https://www.agriculture.gov.au/ab-
ares/research-topics/fisheries/fisheries-and-aquaculture-statistics/australian-sea-
weed-production. 

Australian Government – Department of Agriculture, Water and the Environment. "Aqua-
culture industry in Australia." Oct. 16, 2020. Feb. 5, 2021 Accessed. https://www.ag-
riculture.gov.au/fisheries/aquaculture/aquaculture-industry-in-australia. 

Australian Institute of Marine Science. "Queensland’s Integrated Marine Observing Sys-
tem." Research – Measuring Change. Jan. 22, 2021 Accessed. https://www.aims.
gov.au/docs/research/research-highlights/imos#:~:text=Integrated%20Marine%20
Observing%20System%20%28IMOS%29%20Australia%27s%20collaborative%2C%20
nationwide,controlling%20the%20functioning%20and%20health%20of%20coastal%20
ecosystems. 

Australian Seaweed Institute. "Australian Seaweed Industry Blueprint." August 
2020. Feb. 5, 2021 Accessed. https://www.agrifutures.com.au/wp-content/up-
loads/2020/09/20-072.pdf.

Australian Seaweed Institute. "Seaweed features in the new Sustainable Ocean Economy 
Report." Jan. 29, 2021. Feb. 5, 2021 Accessed. https://www.australianseaweedinsti-
tute.com.au/news/2021/1/28/seaweed-features-in-the-new-sustainable-ocean-
economy-report. 

B.O. Omitoyin. "Introduction to Tropical Fisheries." Ibadan University Press, (2007): 48.
Balina, Karina, Romagnoli, F, and Others. "Seaweed Biorefinery Concept for Sustainable 

Use of Marine Resources." Energy Procedia 9, no.128(2017): 504-511.



Beijing International Model United Nations 2021
2021 北京国际模拟联合国大会 

United Nations Ocean Conference• 
Backgound Guide

55

BAR. "Value Adding Expands Seaweed Industry." Jan.25, 2021 Accessed. https://bar.gov.
ph/index.php/news-and-events/5700-2015-11-seaweeds-industry.

Bellona Europia, n.d. "PROS AND CONS SEAWEED FOR BIOFUEL." Feb. 7, Accessed. https://
bellona.org/assets/sites/3/2017/03/FACTSHEET-seaweed-for-energy.pdf.

Bensah, Edem Cudjoe, Mensah, Moses.  "Chemical Pretreatment Methods for the Pro-
duction of Cellulosic Ethanol: Technologies and Innovations." International Jour-
nal of Chemical Engineering , vol. 2013, Article, ID 719607, 2013. Feb. 1, 2021, Ac-
cessed. https://doi.org/10.1155/2013/719607.

Bernard, Miriam. "Seaweed diseases and pests." Ministry of Agriculture, Nature and Food 
Security, Topsector Agri & Food, 2018. Jan. 1, 2021 Accessed. https://edepot.wur.
nl/475726.

Bhardwaj, Patrick Sheehy and Utkarsha. "Seaweed – Presenting an ocean of opportunity 
or just a fleeting trend?" Sea-ahead. August 18, 2020. Jan. 28, 2021 Accessed. https://
sea-ahead.com/news/2020/8/18/seaweed-presenting-an-ocean-of-opportunity-or-
just-a-fleeting-trend.

Bren Smith. "Perspectives: 3D Ocean Farming." Worldlink-Nourish, Feb. 2, 2021 Accessed. 
https://www.nourishlife.org/2016/12/3d-ocean-farming/.

Buschmann H. Alejandro, Camus, Carolina, and Others. "Seaweed production: overview 
of the global state of exploitation, farming and emerging research activity." European 
Journal of Phycology  52, no.4(2017):391-406.

C. García-Gómez, Joséet al. "Researchers demonstrate the effectiveness of an environ-
mental warning system to monitor the coast." University of Seville, Jun. 23, 2020. 
Feb. 1, 2021 Accessed. https://phys.org/news/2020-06-effectivenessenvironmen-
tal-coast.html.

Campbell, Iona, Macleod, Adrian, and others. "The Environmental Risks Associated with 
the Development of Seaweed Farming in Europe - Prioritizing Key Knowledge Gaps." 
Frontiers. Feb.21, 2019. Feb.7, 2021 Accessed. https://www.frontiersin.org/arti-
cles/10.3389/fmars.2019.00107/full.

Cicin-Sain, B., Bunsick, S., DeVoe, R., Eichenberg, T., Ewart, J., Halvorson, H., Knecht, R., & 
Rheault, R. "Development of a Policy Framework for Offshore Marine Aquaculture in 
the 3-200 Mile U.S. Ocean Zone." Center for the Study of Marine Policy the Sea Grant 
Technology Program, National Oceanic and Atmospheric Administration, (2001).

Cory Mitchell. "Bioremediation." Investopedia, Jun. 23, 2020. Feb. 2, 2021 Accessed.  
https://www.investopedia.com/terms/b/bioremediation.asp.

Cottier-Cook Nagabhatla, N., Badis, Y., and others. "Safeguarding the future of the global 
seaweed aquaculture industry." United Nations University (INWEH) and Scottish Asso-
ciation for Marine Science. 2016.

Crimp, Darryl. "Aquaculture." New Zealand Geographic, April 2007. https://www.nzgeo.
com/stories/aquaculture/.

Daily Express. "Big Decline in Seaweed Farming Sector." Jan. 29, 2021. Jan. 31, 2021 Ac-
cessed. http://www.dailyexpress.com.my/news/165543/big-decline-in-seaweed-
farming-sector/.

Danielle Blacklock. "Our Mission: Create New Opportunities for Aquaculture While We 
Support the Existing Industry." NOAA Fisheries, Sep. 30, 2020. Feb. 4, 2021 Accessed, 
https://www.fisheries.noaa.gov/leadership-message/our-mission-create-new-op-
portunities-aquaculture-while-we-support-existing-industry.



Beijing International Model United Nations 2021
2021 北京国际模拟联合国大会 

United Nations Ocean Conference• 
Backgound Guide

56

Dawes, C.J., Orduña-Rojas, J., Robledo, D. "Response of the tropical red seaweed Gracilaria cor-
nea to temperature, salinity and irradiance." Journal of Applied Phycology,  419 (1998): 419–
425.

Denholm Seafoods. "New Pelagic Fish Processing Facilities for Denholm Seafoods." Apr.16, 
2018. Jan.28, 2021 Accessed. https://www.denholm-seafoods.com/news/new-pelag-
ic-processing-facilities/.

Dewan Ali Ahsan. Community Based Fisheries Management in Community Based Fisheries Man-
agement in Bangladesh: Success, Conflict and Bangladesh: Success, Conflict and Sustain-
ability. School of Earth, Ocean and Environmental Science school of Earth, Ocean and Envi-
ronmental Science University of Plymouth, UK (2005): 12. 

E.H. Allison. "Aquaculture, Fisheries, Poverty and Food Security: Working Paper 2011-65." Pen-
ang: WorldFish Center, (2011): 62.

Eggertsen, M., Halling, C. "Knowledge gaps and management recommendations for future paths 
of sustainable seaweed farming in the Western Indian Ocean." Ambio  50 (2021): 60–73.

Ellstrand NC, Meirmans P, Rong J, Bartsch D, Ghosh A, de Jong TJ, Haccou P, Lu BR, Snow AA, 
Stewart CN Jret al. "Introgression of crop alleles into wild or weedy populations." Annual Re-
view of Ecology Evolution and Systematics  44 (2013): 325– 345.

EPA. "A Citizen’s Guide to Bioremediation." Feb. 4, 2021 Accessed. https://clu-in.org/download/
citizens/a_citizens_guide_to_bioremediation.pdf.

Ephrahim, Kalumanga. "Women and Seaweed Farming in Zanzibar-Archipelago." International 
Journal of Creative Research Thoughts 9, no.2320(2018): 667-676.

European Commission. "ASEM Aquaculture Platform Reporting." Nov.30, 2013. Jan.28, 2021 Ac-
cessed. https://cordis.europa.eu/project/id/245020.

European Commission. "ASEM Aquaculture Platform." Seventh Framework Programme, CORDIS 
EU Research Results, Apr. 7, 2015. Jan. 28, 2021 Accessed. https://cordis.europa.eu/proj-
ect/id/245020/reporting.

European Commission. "Concluding Recommendations of PEGASUS - Phycomorph European 
Guidelines for a Sustainable Aquaculture of Seaweeds." Oct. 2, 2019. Jan. 31, 2021 Ac-
cessed. http://www.phycomorph.org/doc/PEGASUS_CONCLUDING_RECOMMENDATIONS.
pdf.

European Commission. "New guidelines for sustainable European seaweed" EU Science Hub. 
May 21, 2019. Jan. 22, 2021 Accessed. https://ec.europa.eu/jrc/en/news/new-guide-
lines-sustainable-european-seaweed. 

European Commission. "Opportunities and challenges for aquaculture in developing countries." 
Apr. 2017. Jan.26, 2021 Accessed. https://agrinatura-eu.eu/news/opportunities-and-chal-
lenges-for-aquaculture-in-developing-countries/.

European Cooperation in Science and Technology (COST). "PEGASUS - Phycomorph Eu-
ropean Guidelines for a Sustainable Aquaculture of Seaweeds." May 9, 2019. Jan. 22, 
2021 Accessed. https://www.phycomorph.org/pegasus-phycomorph-european-guide-
lines-for-a-sustainable-aquaculture-of-seaweeds. 

European Investment Bank. "Sea protein to feed a fast-growing world." May.30, 2020. Jan.25, 
2021 Accessed. https://www.eib.org/en/stories/sustainable-seaweed-farming.

F. Ferdouse, S.L. Holdt, R. Smith, P. Murúa, Z. Yang. "The global status of seaweed production, 
trade and utilization." FAO Globefish Res. Programme (2018):120-124.

FAO FISHERIES TECHNICAL PAPER. "A guide to the seaweed industry."
FAO. "National Aquaculture Sector Overview. United States of America." FAO Fisheries Division.

National Aquaculture Sector Overview Fact Sheets. Updated Feb. 1, 2011. Feb. 4, 2021 Ac-
cessed. http://www.fao.org/fishery/countrysector/naso_usa/en#tcN7002D.



Beijing International Model United Nations 2021
2021 北京国际模拟联合国大会 

United Nations Ocean Conference• 
Backgound Guide

57

FAO. "A guide to the Seaweed Industry." 2003. Jan. 22, 2021 Accessed. http://www.fao.
org/3/y4765e/y4765e00.htm

FAO. "Applying an ecosystem-based approach to aquaculture: principles, scales and 
some management measures." May. 2008. Jan. 28, 2021 Accessed. http://www.fao.
org/3/i0339e/i0339e00.htm.

FAO. "Expanding mariculture farther offshore – technical, environmental, spatial and 
governance challenges." Mar, 2013. Jan.28, 2021 Accessed. http://www.fao.org/3/
i3092e/i3092e.pdf.

FAO. "Fishery and Aquaculture Country Profiles." Jan.31, 2021 Accessed. http://www.fao.
org/fishery/facp/KAZ/en

FAO. "Fishes and Aquaculture in the Republic of Kazakhstan: A Review." 2010. Jan. 31, 
2021 Accessed. http://www.fao.org/docrep/012/i1596e/i1596e00.htm.

FAO. "Future Prospects for the Seaweed Industry." Jan. 25, 2021 Accessed. http://www.
fao.org/3/y3550e/Y3550E05.htm.

FAO. "Integrated Mariculture: A Global Review." 2009. Jan. 28. 2021 Accessed. http://
www.fao.org/3/i1092e/i1092e00.htm.

FAO. "Manual on Seaweed Farming." 1988. Jan. 29, 2021 Accessed. http://www.fao.
org/3/ac416e/ac416e00.htm. 

FAO. "Prospects for Seaweed Production in Developing Countries." 2002. Jan. 29, 2021 
Accessed. http://www.fao.org/3/Y3550E/Y3550E00.htm. 

FAO. "The Farming of Seaweeds." Mar.28, 2018. Jan.25, 2021 Accessed. http://www.fao.
org/3/a-bl759e.pdf.

FAO. "The Global Status of Seaweed Production, Trade and Utilization." Globefish Re-
search Programme  124, no.120 (2018): 1-75.

FAO. "The State of World Fisheries and Aquaculture 2008." 2009. Jan.28, 2021 Accessed. 
www.fao.org/docrep/011/i0250e/i0250e00.htm.

FAO. "The State of World Fisheries and Aquaculture." 2020. Jan. 30, 2021 Accessed.
FAO. "Understanding diseases and control in seaweed farming in Zanzibar." 2020. Jan.23, 

2021 Accessed. http://www.fao.org/documents/card/en/c/ca9004en.
FAO. "World Agriculture Towards 2030/2050: The 2012 Revision." June 2012. Feb. 19, 

2021 Accessed. http://www.fao.org/3/ap106e/ap106e.pdf.
Farm Africa. "Farming Seaweed in Zanzibar." Jan.23, 2021 Accessed. https://www.farma-

frica.org/us/tanzania/seaweed-farming-in-zanzibar.
Ferdouse, Fatima, and others. "The global status of seaweed production, trade and utiliza-

tion." Rome, 2018. Jan 29, 2021 Accessed. http://www.fao.org/in-action/globefish/
publications/details-publication/en/c/1154074/.

Food and Agriculture Organization. "Prospects for Seaweed Production in Developing 
Countries." Jan. 26, 2021 Accessed. http://www.fao.org/3/Y3550E/Y3550E00.htm. 

García-Poza, Sara, Leandro, Adriana, Cotas, Carla, Cotas, João, C. Marques, João, Leonel 
Pereiraand Ana M. M. Gonçalves. "The Evolution Road of Seaweed Aquaculture: Cul-
tivation Technologies and the Industry 4.0." International Journal of Environmental 
Research and Public Health, Sep. 8, 2020, Jan. 1, 2021 Accessed. https://res.mdpi.
com/d_attachment/ijerph/ijerph-17-06528/article_deploy/ijerph-17-06528.pdf.

Gauss, Allison. "Ocean Farming: A Solution for Jobs and Sustainability". Classy. August 
10, 2018. Feb. 3, 2020 Accessed. https://www.classy.org/blog/ocean-farming-solu-
tion-jobs-sustainability/.



Beijing International Model United Nations 2021
2021 北京国际模拟联合国大会 

United Nations Ocean Conference• 
Backgound Guide

58

Georgia Weaver. "Call for Government to pass legislation for open-ocean salmon farming 
in Southland." Jul. 15, 2020. Feb. 2, 2021 Accessed. https://www.stuff.co.nz/environ-
ment/122142104/call-for-government-to-pass-legislation-for-openocean-salmon-
farming-in-southland?rm=a.

Gertz, Emily. "Vertical Ocean Farms That Can Feed Us and Help Our Seas". ideas.ted.com. 
Oct. 2, 2020. Feb. 3, 2020 Accessed. https://ideas.ted.com/vertical-ocean-farms-
that-can-feed-us-and-help-our-seas/.

Global Aquaculture Alliance. "For seaweed farmers in Zanzibar, a chance for real growth." 
Aug.24, 2020. Jan. 23, 2021 Accessed. https://www.aquaculturealliance.org/advo-
cate/for-seaweed-farmers-in-zanzibar-a-chance-for-real-growth/.

Global Opportunity Explorer. "Vertical Ocean Farming Creates Healthy Ecosystems." 
June 28, 2018. Jan. 30, 2021 Accessed. https://goexplorer.org/vertical-ocean-farm-
ing-creates-healthy-ecosystems/.

Global Seaweed Star. "About Us." Jan. 25, 2021 Accessed. https://www.globalseaweed.
org.

GreenWave. "Our Model." Jan.29. 2021 Accessed. https://www.greenwave.org/our-mod-
el.

Gretchen S. Grebea, Carrie J. Byronb, Adam St. Gelaisb, Dawn M. Kotowiczc, Tollef K. 
Olson. "An ecosystem approach to kelp aquaculture in the Americas and Europe." 
Aquaculture Reports 15 (2019) 100215.

Halwart, Matthias, Funge-Smith, Simon and Moehl, John. "Review of the state of world 
aquaculture: The role of aquaculture in rural development." FAO Fisheries Circular, 
No. 886, Revision.2, (2003): 47-56.

Homer-Dixon, Thomas F. "On the Threshold: Environmental Changes as Causes of Acute 
Conflict." International Security Vol. 16, No. 2 (1991): 76-116.

Imelda Abano. "Small-scale women seaweed farmers ride the rough tides of cli-
mate change." Jun. 3, 2019. Jan. 31, 2021 Accessed. https://news.mongabay.
com/2019/06/small-scale-women-seaweed-farmers-ride-the-rough-tides-of-cli-
mate-change/.

International Union for Conservation of Nature. United Nations Convention on the Law of 
the Sea: Part V. Nov. 2, 2020, Feb. 2, 2021, Accessed.  https://www.un.org/depts/los/
convention_agreements/convention_overview_convention.htm.

IOC. "The Ocean We Need for the Future We Want- Proposal for an International Decade of 
Ocean Science for Sustainable Development." Jan 28, 2021 Accessed. https://en.un-
esco.org/sites/default/files/ioc_gatefold_10years_singlepanels_web.pdf.

J, Fang. "Integrated Multi-Trophic Aquaculture (IMTA) in Sanggou Bay, China." Aquacul-
ture Environment Interaction 8: no.1(2016): 201-205.

J.K. Kim, C. Yarish, E.K. Hwang, M. Park, Y. Kim. Seaweed aquaculture: Cultivation tech-
nologies, challenges and its ecosystem services. Algae  2017, 32: 1–13.

Jansen, HM. "GENIALG." Wageningen University and Research E-depot, Dec. 31, 2018, 
Jan. 1, 2021 Accessed. https://edepot.wur.nl/475726.

Jeremy Deaton. "Ocean-bound entrepreneur envisions ecological restoration and eco-
nomic revival." NEXUS Media News, Feb. 2, 2021, Accessed. https://nexusmedian-
ews.com/what-is-3d-farming-1edbafb0596c/.

Jones, Robert. "Restorative Aquaculture: Can Farming Shellfish and Seaweed Provide 
Habitat Benefits?" The Fish Site, February 2, 2021. https://thefishsite.com/articles/
restorative-aquaculture-can-farming-shellfish-and-seaweed-provide-habitat-bene-
fits. https://ecotrust.ca/latest/blog/why-we-need-to-farm-the-ocean-for-kelp-and-
shellfish/.



Beijing International Model United Nations 2021
2021 北京国际模拟联合国大会 

United Nations Ocean Conference• 
Backgound Guide

59

Joseph K. Buttner, Richard W. Soderberg, Daniel E. Terlizzi. "An Introduction to Water Chemis-
try in Freshwater Aquaculture," Aquaculture Center , No 170 (1993): 1-2.

K. Kim, Jang, Yarish, Charles, Kyoung Hwang, Eun, Park, Miseon and Kim, Youngdae. "Seaweed 
aquaculture: cultivation technologies, challenges and its ecosystem services." ALGAE, 
Mar. 15, 2017, Feb. 1, 2021 Accessed. https://www.e-algae.org/m/journal/view.php?num-
ber=2819

K. Lüning, S. Pang. Mass cultivation of seaweeds: Current aspects and approaches. J. Appl. 
Phycol. 2003, 15: 115–119.

K.A. Jung, S.R. Lim, Y. Kim et al. "Potentials of macroalgae as feed-stocks for biorefinery." 
Bioresour Technol  (2013): 182-190.

Kapil S. Sukhdhane, V. Kripa and Others. "Integrated multi-trophic aquaculture systems: A 
solution for sustainability." Aquaculture 22, no.4(2018):26.

Kulikov V.R. and Assylbekova. S. Zh. "The fisheries and aquaculture sector in Kazakhstan." Eu-
rofish Magazine  no.3 (2020): 53-55.

Langton, Richard, Augyte, Simona, and Others. "An Ecosystem Approach to the Culture of Sea-
weed." National Oceanic and Atmospheric Administration, July, 2019. Jan. 21, 2021 Ac-
cessed. https://spo.nmfs.noaa.gov/sites/default/files/TMSPO195.pdf.

Langton, Richard, Augyte, Simona, Price, Nichole, Forster, John, Noji, Thomas, Grebe, Gretchen, 
St. Gelais, Adam and Byron, Carrie J. "An Ecosystem Approach to the Culture of Seaweed." 
U.S. Department of Commerce National Oceanic and Atmospheric Administration Nation-
al Marine Fisheries Service, NOAA Technical Memorandum NMFS-F/SPO-195 July 2019.

Linus Hasselström, Wouter Visch, and Others. "The impact of seaweed cultivation on ecosys-
tem services - a case study from the west coast of Sweden." Marine Pollution Bulletin. 
May 16, 2018. Jan. 31, 2021 Accessed. https://doi.org/10.1016/j.marpolbul.2018.05.005.

Little, D. C. "Aquaculture: a rapidly growing and significant source of sustainable food? Status, 
transitions and potent." Proceedings of the Nutrition Society  No.75 (2016): 274-286.

M. J. PHILLIPS. "Environmental Aspects of Seaweed Culture." Institute of Aquaculture Univer-
sity of Stirling, Aug. 27–31, 1990, Feb. 1, 2021 Accessed. http://www.fao.org/3/AB728E/
AB728E05.htm.

M. N. KUTTY and D. CAMPBELL. "Pen Culture (Enclosure Culture) as an Aquaculture System." 
African Regional Aquaculture Centre Port Harcourt, Nigeria, Jul. 1987, Jan. 26, 2021 Ac-
cessed. http://www.fao.org/3/ac181e/ac181e01.htm. 

Matis. "‘MacroFuels’ Invited Exhibitor at the World Expo 2017 in Kazakhstan." Jun.21, 
2017. Jan.31, 2021 Accessed. https://matisiceland.org/macrofuels-invited-exhibi-
tor-at-the-world-expo-2017-in-kazakhstan/.

Mavraganis Theo, Constantina Choremi and others. "Environmental issues of Aquaculture de-
velopment." Egyptian Journal of Aquatic Biology and Fisheries 24(2020):441-450.

Msuya E. Flower. A Study of Working Conditions in the Zanzibar Seaweed Farming Industry. 
Manchester: WIEGO, 2012.

NAFC Marine Centre, University of the Highlands and Islands. "Seaweed Cultivation Manual." 
2017. Jan. 29, 2021 Accessed. https://www.nafc.uhi.ac.uk/t4-media/one-web/nafc/re-
search/document/seaweed-cultivation/Seaweed-Cultivation-Manual.pdf.

National Aquaculture Act of 1980, section 3, 16 U.S.C. 2802, amended by the National Aqua-
culture Improvement Act of 1985, section 1733, Public Law 99-198, 99 Stat. 1641, by re-
designating paragraph (8) as paragraph (9), and by inserting after paragraph (7) a new 
paragraph (8).



Beijing International Model United Nations 2021
2021 北京国际模拟联合国大会 

United Nations Ocean Conference• 
Backgound Guide

60

National Food Institute of Denmark, Technical University of Denmark. "Analysis and Risk 
Assessment of Seaweed." Sep. 17, 2019. Jan. 26, 2021 Accessed. https://efsa.on-
linelibrary.wiley.com/doi/epdf/10.2903/j.efsa.2019.e170915. 

Neveux, N., Magnusson, M., Maschmeyer, T. et al. "Comparing the potential production 
and value of high-energy liquid fuels and protein from marine and freshwater mac-
roalgae." Global Change Bioenergy  (2015): 673–689.

Neveux, Nicolas, Bolton, J. J., Bruhn, Annette, Roberts, David, A. "The Bioremediation Po-
tential of Seaweeds: Recycling Nitrogen, Phosphorus, and Other Waste Products." 
Blue Biotechnology (2017): 217.

Ocean Decade. "Accelerating Ocean Science for a Better World: The UN Decade of Ocean 
Science for Sustainable Development 2021-2030." May,2019. Jan.25, 2021 Ac-
cessed. https://www.oceandecade.org/resource/34/Accelerating-Ocean-Science-
for-a-Better-World-The-UN-Decade-of-Ocean-Science-for-Sustainable-Develop-
ment-2021-2030.

Ocean Decade. "The United Nations Decade of Ocean Science for Sustainable Develop-
ment." Jun,2020. Jan.25, 2021 Accessed. https://ioc.unesco.org/ocean-decade.

Ocean Rainforest. "WWF leads $1.5m investment in seaweed startup Ocean Rainforest." 
Aug.17, 2020. Jan.25, 2021 Accessed. http://www.oceanrainforest.com/press.

Ocean University of China. "Marine Aquaculture and Seaweed Cooperation of China—ASE-
AN" businesswire. May 22, 2019. Jan. 22, 2021 Accessed. https://www.businesswire.
com/news/home/20190521006018/en/Marine-Aquaculture-Seaweed-Coopera-
tion-China%E2%80%94ASEAN. 

OCEANREEF. "Nemo’s Garden." Ocean Reef Group, Jan. 29, 2021 Accessed. http://www.
nemosgarden.com/.

OECD. "The Ocean Economy in 2030." 2016, Jan.28. 2021 Accessed. http://dx.doi.
org/10.1787/9789264251724-en.

Office of Aquaculture. "Aquaculture Opportunity Areas." NOAA Fisheries. Feb. 4, 2021 Ac-
cessed. https://www.fisheries.noaa.gov/insight/aquaculture-opportunity-areas.

Office of Aquaculture. "Seaweed Aquaculture." NOAA Fisheries. Feb. 5, 2021 Accessed, 
https://www.fisheries.noaa.gov/national/aquaculture/seaweed-aquaculture.

Okonkwo, Theodore. "Management of transboundary natural resources." Journal of Law 
and Conflict Resolution, Vol. 9 (2017): 42-52.

Organization for Economic Co-operation and Development (OECD). "Ocean economy and 
developing countries." Feb. 2, 2021 Accessed. https://www.oecd.org/ocean/topics/
developing-countries-and-the-ocean-economy/.

Oswald, John. "Can Mussels Be the Sustainable Snack That Saves the Ocean?" Fast Com-
pany. Fast Company, July 25, 2018. Feb. 5, 2020 Accessed. https://www.fastcompa-
ny.com/90206744/at-the-catalina-sea-ranch-roping-mussels-is-the-thing.

PEGASUS. "Phycomorph European Guidelines for a Sustainable Aquaculture of Sea-
weeds." May.9, 2019. Feb.24, 2021 Accessed. https://doi.org/10.21411/2c3w-yc73.

Pierrick Stévant, Céline Rebours, Annelise Chapman. "Seaweed Aquaculture in Norway: 
Recent Industrial Developments and Future Perspectives." Aquaculture International. 
Feb. 4, 2017. Jan. 31, 2021 Accessed. https://doi.org/10.1007/s10499-017-0120-7. 

Public Law 96–362, Approved on September 26, 1980, 94 Stat. 1198, Amended Through 
P.L. 115–334, Enacted December 20, 2018.

Reason Foundation. "Farming the Oceans." Apr,2017. Jan.28, 2021 Accessed. https://rea-
son.org/wp-content/uploads/files/aquaculture_fisheries.pdf

"Regenerative Ocean Farming." Green Wave. Feb. 2, 2021 Accessed. https://www.green-
wave.org/our-model.



Beijing International Model United Nations 2021
2021 北京国际模拟联合国大会 

United Nations Ocean Conference• 
Backgound Guide

61

Richard Langton, Simona Augyte, and Others. "An Ecosystem Approach to the Culture of 
Seaweed." National Oceanic and Atmospheric Administration, July, 2019, Jan. 21, 
2021 Accessed. https://spo.nmfs.noaa.gov/sites/default/files/TMSPO195.pdf.

S.Gouma, S.Fragoeiro, A.C.Bastos and N.Magan. "Bacterial and Fungal Bioremediation 
Strategies." Microbial Biodegradation and Bioremediation 13 (2014): 301-323.

Schiffman, Richard. "Can We Save the Oceans by Farming Them?" Yale E360, October 6, 
2016. Feb. 5, 2020 Accessed. https://e360.yale.edu/features/new_breed_of_ocean_
farmer_aims_to_revive_global_seas.

SIDS Global Business Network. "About SIDS." Feb. 2, 2021 Accessed. https://sidsgbn.org/
about-sids/.

Spreij, Melvin. "Trends in national aquaculture legislation." FAO Aquaculture Newsletter 
No.31: 22-27.

Sustainia. "Vertical Ocean Farming Creates Healthy Ecosystems." Global Opportuni-
ty Explorer. Jun. 14, 2019. Feb. 3, 2020 Accessed. https://goexplorer.org/verti-
cal-ocean-farming-creates-healthy-ecosystems/.

The Advanced Research Projects Agency-Energy (ARPA-E). "Macroalgae Research Inspir-
ing Novel Energy Resources" Technologies – Our Programs. Sep. 19, 2017. Jan. 22, 
2021 Accessed. https://arpa-e.energy.gov/technologies/programs/mariner. 

The Case of Shared Watersheds in Africa CoP-18 Side Event Concept Note. "Transbound-
ary Natural Resources Management in a Changing Climate." African Development 
Bank, Feb. 1, 2021 Accessed. https://www.afdb.org/fileadmin/uploads/afdb/Docu-
ments/Generic-Documents/Transboundary%20Natural%20Resources%20Manage-
ment%20in%20a%20Changing%20Climate%20%E2%80%93%20The%20Case%20of%20
Shared%20Watersheds%20in%20Africa%20-%20%20CoP%C2%AD%E2%80%9018%20
Side%20Event%20Concept%20Note.pdf.

"The changing role of governments." United Nations Educational, Scientific and Cultural 
Organization, Science Policy, Feb. 2, 2021 Accessed. http://www.unesco.org/new/
en/natural-sciences/science-technology/overview-of-unescos-work/the-chang-
ing-role-of-governments/#topPage.

The Coastal Regulation Zone Notifications I, amended by notification dated 16.8.1994 and 
Supreme Court judgement, Ministry of Environment and Forest (Department of Envi-
ronment, Forests and Wildlife), 18.4.(1996).

The Japanese Society of Phycology. "Welcome to The Japanese Society of Phycology" 
Jan. 22, 2021 Accessed. http://sourui.org/JSPEnglish/welcome.html#:~:text=The%20
Japanese%20Society%20of%20Phycology%20%28JSP%29%20was%20founded,indi-
vidual%20and%20group%20who%20is%20interested%20in%20phycology.

The Nature Conservancy. "Where in the World Can Aquaculture Deliver for People and Plan-
et?" October.8, 2019. Jan.23, 2021 Accessed. https://www.nature.org/en-us/news-
room/global-restorative-aquaculture-study/.

U.S. Code, Title 16 CONSERVATION, Chapter 48. "National Aquaculture Policy, Planning, 
And Development." Office of the Law Revision Counsel, Section 2802. Definitions. Jan. 
29, 2021 Accessed. www.law.cornell.edu.

U.S. Code, Title 16 CONSERVATION, Chapter 48. "National Aquaculture Policy, Planning, 
and Development." Office of the Law Revision Counsel, Section 2807. Capital Require-
ments for Aquaculture. Jan. 29, 2021 Accessed. www.law.cornell.edu.

U.S. Energy Information Administration. "Biofuels explained." Jan. 30, 2021 Accessed. 
https://www.eia.gov/energyexplained/biofuels/.



Beijing International Model United Nations 2021
2021 北京国际模拟联合国大会 

United Nations Ocean Conference• 
Backgound Guide

62

UN Ocean Conference. "China’s Comments on the Zero Draft of the Declaration for the 
2020 United Nations Ocean Conference." Jan. 29, 2021 Accessed. https://www.un-
.org/sites/un2.un.org/files/updated_version_chinas_comments_on_the_zero_draft_
of_the_declaration_for_the_2020_united_nations_ocean_conference.pdf.

UN Ocean Conference. "participate." Jan. 28, 2021 Accessed.  https://www.un.org/en/
conferences/ocean2020/participate. 

UN Ocean Conference. "program." Jan. 28, 2021 Accessed. https://www.un.org/en/con-
ferences/ocean2020/programme.

UN Ocean Conference. "Statement by Bangladesh at the Intergovernmental Consultation 
on the Declaration of 2020 Ocean Conference."23 March 2020, New York, Jan. 29, 
2021 Accessed. https://www.un.org/sites/un2.un.org/files/bangladesh.pdf.

UN Ocean Conference. "Statement on behalf of the Pacific Small Island Developing States, 
Intergovernmental consultations on the declaration for the 2020 UN Conference to 
support the implementation of SDG 14, Comments on the zero draft." 23 March 2020, 
Jan. 29, 2021 Accessed. https://www.un.org/sites/un2.un.org/files/3._fiji_on_behalf_
of_the_pacific_small_island_developing_states_0.pdf.

UNDP. "Environment and Development Nexus in Kazakhstan." 2004. Jan. 31, 2021 Ac-
cessed. https://unece.org/fileadmin/DAM/env/epr/epr_studies/kazakhstan%20II.pdf

UNESCO. "Science Policy and Capacity-Building: The changing role of government." 
2017. Feb. 2, 2021 Accessed. http://www.unesco.org/new/en/natural-sciences/
science-technology/overview-of-unescos-work/the-changing-role-of-govern-
ments/#topPage. 

UNESCO. "United Nations Ocean Conference." Jan 28, 2021 Accessed. https://en.unesco.
org/united-nations-ocean-conference.

UNIDO. "Seaweed Value Chain Assessment of Zanzibar." Feb, 2013. Jan.23, 2021 Ac-
cessed. https://open.unido.org/api/documents/4315887/download/3ADI_Sea-
weed%20value%20chain%20assessment.pdf.

United Nations Global Compact. "Seaweed Revolution: A Manifesto for a Sustainable Fu-
ture" UN Global Compact. Jan. 1, 2020. Jan. 22, 2021 Accessed. https://ungc-com-
munications-assets.s3.amazonaws.com/docs/publications/The-Seaweed-Manifes-
to.pdf. 

United Nations Global Compact. "Seaweed Revolution: A Manifesto for a Sustainable Fu-
ture." Jan. 1, 2020. Jan. 26, 2021 Accessed. https://ungc-communications-assets.
s3.amazonaws.com/docs/publications/The-Seaweed-Manifesto.pdf. 

UNOC. "Kazakhstan on Behalf of the Group of the Landlocked Developing Countries." 
Mar.23, 2020. Jan.31, 2021 Accessed. https://www.un.org/sites/un2.un.org/files/4._
kazakhstan_on_behalf_of_the_group_of_the_landlocked_developing_countries.pdf.

"U.S. Department of Commerce Aquaculture Policy," Department of Commerce, 1999.
Wartenberg, Reece, Feng, Limin, and Others. "The impacts of suspended mariculture on 

coastal zones in China and the scope for Integrated Multi- Trophic Aquaculture." 
Ecosystem Health and Sustainability 3: no.6(2017): 1-3.

Waycott, Bonnie. "High Hopes for the Launch of One of the UK’s Largest Aquaculture Op-
erations." The Fish Site. May 5, 2020. Feb.6, 2021 Accessed. https://thefishsite.com/
articles/high-hopes-for-the-launch-of-one-of-the-uks-largest-aquaculture-opera-
tion.

Williams, Mary. "Why We Need to Farm the Ocean for Kelp and Shellfish." Ecotrust Canada, 
July 20, 2020. Feb. 5, 2020 Accessed. 



Beijing International Model United Nations 2021
2021 北京国际模拟联合国大会 

United Nations Ocean Conference• 
Backgound Guide

63

Winward, Fiona. "Coordinated efforts in aquaculture needed to meet global demand." 
FAO. Oct. 13. 2013, Jan. 28, 2021 Accessed. http://www.fao.org/news/story/en/
item/202782/icode/.

Work, Tyler. "Seaweed Aquaculture: Benefiting the Ocean and the Economy." Global Aqua-
culture Alliance. November 8, 2019. Feb. 3, 2020 Accessed. https://www.aquacultu-
realliance.org/blog/seaweed-aquaculture-benefits/.

World Bank Group. "Aquaculture Pollution: An Overview of Issues with a Focus on China, 
Vietnam, and the Philippines." 2017. Jan. 31, 2020 Accessed. https://openknowl-
edge.worldbank.org/bitstream/handle/10986/29249/122927-WP-P153343-PUB-
LIC-Aquaculture-working-paper.pdf?sequence=1&isAllowed=y.

Xinfei Xie, Zhili He, and Others. "Large-scale seaweed cultivation diverges water and sed-
iment microbial communities in the coast of Nan’ao Island, South China Sea." Sci-
ence of The Total Environment. Apr. 22, 2017. Jan. 31, 2021 Accessed. https://doi.
org/10.1016/j.scitotenv.2017.03.233.

Yude He. "Industrial Transfer under Synergy Development Analysis between Key Indus-
tries and Logistics Capability." Open Journal of Social Sciences 4  (2016): 96-104.
Jan. 2016, Feb 3 Accessed, https://file.scirp.org/pdf/JSS_2016012815515749.pdf.

Zemke-White Lindsey, Bremned Graeme and L. Hurd. Catriona "The status of commercial 
algal utilization in New Zealand." In Hydrobiologia  1999: 487-494.

Zhou Ziyu. "Model of Abalone and Kelp farming." Background Guide of United Nations 
Ocean Conference Beijing International Model United Nations 2021. Jan. 28, 2021.


	_GoBack
	OLE_LINK2
	OLE_LINK4
	ch5
	OLE_LINK1
	baut0005
	baut0010
	Welcome Letter
	Introduction to the Conference
	Introduction to the Topics
	Topic A. Sustainable Development of Seaweed Industries
	Background Information
	Current Situation
	Key Terms
	Past Actions

	Problems to be Solved
	Limited Quality and Quantity of Seaweed 
	Under-exploitation of Seaweed
	Limited Development Scale
	
	Case Study: Seaweed Farming in Zanzibar, Tanzania
	Vague Delimitation of Seaweed Farming Area

	Possible Solutions
	Ecosystem Approach to Seaweed Farming
	Investment to Research and Assistance Tools
	Work Guidance and Competence Training
	Targeted Localization of the Industry

	Topic B. Ocean Farming: Opportunities and Challenges
	Background Information
	Current Situation
	Past Actions

	Present Challenges
	Maintenance of Marine Ecological Stability
	Scanty Aquaculture Products
	Obstacles in Marine Farm Management and Cooperation

	Opportunities to Grasp
	Achieving Food Security
	Poverty Alleviation
	Protection of Global Ecosystem
	Adoption of Restorative Farming Pattern

	Bloc Positions 
	Asia-Pacific region
	Europe
	United States of America
	Australia
	Kazakhstan

	Questions to Consider
	Bibliography

