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Executive Summary. 

 
Global Seabed Mining is rapidly becoming one of the most potentially prosperous solutions to small island 

developing states and other emerging blue economies, facing resource constraints amid an economic 

recession and post-COVID landscape. However, others are increasingly uncertain as to whether it should 

face a temporary moratorium or permanently banned as it provides another unprecedented opportunity to 

transform the future of our oceans.  This research provides an independent professional blue/ocean maritime 

economist perspective into whether this or other activities will determine the fate of the South Pacific, Red 

Sea, Mid-Atlantic and Indian Ocean Ridges, Benguela Current Large Scale Marine Ecosystems and others.  

This study therefore aims to aid those seeking to find out for themselves; through a critique of existing 

research in a literature Review and latest characteristics, news, markets, trends, developments and case 

studies as to whether seabed mining may be a Saviour or Plunderer of Ocean Resources. This can provide 

greater clarity over whether “Is Underwater Seabed and Seawater Mining a Viable Blue Economy Solution 

to Existing Mineral Extraction? It therefore aims to see how seabed mining may be sustainably developed; 

arguments in terms of possible gains/benefits or risks/costs as to whether it should be implemented -or how 

far and under which conditions or circumstances. This includes identifying advantages, disadvantages, risks 

and opportunities. This provides direct insights and experiences along with others that are emerging, to 

provide more transparency to those undecided, in favour or opposed. 

 

This is paramount given at least 30 International Seabed Authority contracts have been assigned over 

1,500,000 km2 of ocean and following one’s appointment as Lecturer in Ocean Resource Management and 

Economics at the University of South Pacific in Fiji. It also links to one’s inspired mandate to aid stakeholders 

to fathom and be enriched/illuminated from as many blue economy areas as possible via the 

www.blueeconomyfuture.org.za website and Dr Jack Dyer, Linked In Blue Economy Future social media 

portfolio. Recently the Cook Islands and Tonga espoused the interest in rapidly accelerate seabed mining; 

whilst Namibia, Fiji, Vanuatu, Papua New Guinea, Australia’s Northern Territory and New Zealand were 

formerly enthusiastic but are now imposing moratoriums or bans. Questions exist for the future of economies, 

ecosystems, maritime security, ocean governance, law, safety, activities and interlinkages or connections 

with the oceans as well as our natural and cultural, underwater heritage. 

 

Production of rare earth minerals is concentrated in a few nations. Deep Green Metals has cited the political-

economic instability or geopolitical tensions over access for countries such as Chile, South Africa, Democratic 
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Republic of Congo, Russia and China. It is of increasing interest to consider seabed mining; given alternatives 

of highly polluting and uncertain terrestrial mining reserves or whether decarbonisation, recycling and the 

circular economy present feasible alternatives. Questions remain as to how seabed mining will co-exist with 

other ocean/blue economy developments including a 2020 High Seas Treaty primarily concentrating on the 

biodiverse and other significant areas beyond existing national jurisdiction. There is also a global move 

towards establishing 30% of Earth as Marine Protected Areas by 2030. At least 30 exploration/exploitation 

contracts of 15 year leases have been awarded over a significant 1,500,000 km2 of ocean primarily around 

the South Pacific Clarion-Clipperton Zone and Mid-Atlantic Ocean Ridges. 

 

Currently, the main marine minerals extracted include a focus on manganese, cobalt rich ferromanganese, 

lithium, polymetallic sulphides and nodules. These minerals can transform the blue economy but are slow 

growing and may not be sustainable in the long term. Many hold only recently discovered marine ecologies 

and research remains too uncertain to identify long-term impacts. A literature review identifies examples of 

where seabed mining has generated or aimed for material/other benefits or caused dramatic concerns and 

costs. The pragmatic aim of Chapter 2 provides guidance on establishing legal policy and funding frameworks 

along with baseline indicators of environmental and other data to overcome existing gaps. 

 

In one August 2020 interview Deep Green Metal’s CEO estimated that marine resources could provide up to 

250,000,000 electric vehicles, which would create too much pressure if derived from land sources if humanity 

wish to pursue this and renewable energy production such as wind as viable solutions. The market could 

reach up to 10 billion euros if governments favour this approach. However, current evidence exists that deep 

sea mining companies would co-exist with terrestrial sources, rather than substitute; whilst investors are still 

awaiting commercial proof of success and market demand, given reputational, incident liability and first 

market entrant possible risks. Those contending against seabed mining argue greater emphasis and 

sustainable investment should be more targeted towards reducing demand and focusing on recycling and 

the circular economy for rare metal minerals. They argue commercial demand may be insufficient for these 

resources. In July 2020 the World Ocean Council sought stakeholder consultation and input via an online 

Web survey on the value of Seabed 2030 and Seabed Mapping. It is crucial to determine the future of seabed 

mining, whether for or against it; as soon as possible to provide certainty for any stakeholders, businesses, 

individuals, researchers, communities and policymakers involved, as it can influence significant territory 
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including over 500,000 km2 in the Pacific Ocean alone. Around 7.5% of the global mid-ocean ridge or 6,000km 

is now being targeted for marine minerals. 

 

Many nations still lack seabed mining legislation including Canada, South Africa, New Zealand, India, 

Indonesia, Southeast Asia, the Middle East, Samoa, the Caribbean, Palau, Italy and Mexico, whilst others 

such as Australia, France, Germany, Japan and the USA are significantly outdated. Those that have set up 

authorities such as the Cook Islands offer few expertise such as a legal, scientific, technical or natural 

resources and ecosystems advisor. The ISA indicate the need for inspectors and a monitoring plan to ensure 

regulatory compliance but others have expressed concern with the lack of oversight capacity. Human, 

indigenous and environmental rights need to be considered if it is to be popularly considered, especially EIA’s 

prior to any project undertaken including exploration. Sufficient fiscal and tax collection revenue capacity also 

needs to be factored in.  In ultimately forming a legislative framework previous research indicates the need 

to adequately consider the oceans to be the common heritage of humanity and respond accordingly. This 

includes prioritising human environmental, social, economic and environmental welfare as well as an inferred 

custodian responsibility to consider the interests of other species; preserve freedom of navigation and use of 

the high seas as much as possible along with acting immediately against marine pollution, overfishing and 

other risks. 

 

In 2014 Pacific civil society organisations issued a Pacific CSO Statement of Concern on Accelerated Seabed 

Mining Developments Within the Pacific Islands Territorial Waters and Associated Links to the Role of 

European Union Development Assistance (Pacific Civil Society Organisations 2014). This called for the need 

for sound fiscal investments and obtaining benefits but wish to extend it to truly consider the marine 

environmental implications along with community livelihoods to minimise risk, in considering the future of 

seabed mining. They sought the need for greater access to information, transparency, responsibility and 

accountability in developing the sector. In 2017 a gathering of Pacific Church Leaders in Suva, Fiji pressed 

the Papua New Guinea government and others to publicly ban seabed mining, prevent testing of technology  

and support the people (Pacific Church Leaders 2017). It hosted representatives from Kiribati, Papua New 

Guinea, Fiji, Solomon Islands and Vanuatu along with the regional Pacific Council of Churches. 

 

More promising developments for seabed mining and the blue economy included Japan/France’s Eco-Deep 

project; the 2011-2016 EU-Pacific Community Deep Sea Mineral project in the Southwest Pacific and the 
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2012-2016 New Zealand Enabling Management of Offshore Mining project. Others include the 2013-2016 

European MIDAS (Managing Impacts of Deep Sea Resource Exploitation) project and the 2015-2017 JPI 

Ocean Mining Impact project. The ISA and United Nations Department of Economic and Social Affairs have 

subsequently launched the Abyssal Initiative to follow on from the 2016 ended SPC-EU project. (Jones 2018). 

The Secretariat of the Pacific Community and European Union did however, invest significant attention and 

resources in enhancing local capacity building and developing a series of legal frameworks and data 

generation to enable greater participation and possibly more favourable commercial contracts, than if they 

had not been supported. In 2019 this led to a draft “Regional Agreement for Cooperation Among Pacific 

Island Countries and Territories to Support Sustainable Development and Responsible Management of Deep 

Sea Minerals in the Pacific Region. 

 

ISA exploration contracts increased from 8 in 2010 to 17 in 2013 to 29 by 2019. Current contractors are 

summarised in Table 3.2 along with their sponsoring state.  17 contracts are for polymetallic nodules of which 

16 are in the Clarion-Clipperton Zone and 7 are for polymetallic sulphides in the Mid-Atlantic Ridge, Central 

and Southwest Indian Ridges. 5 are located in the Western Pacific and South Atlantic Oceans for cobalt rich 

crusts. Concession areas range from 3000 km2 for cobalt rich crusts to 50-75,000 km2 for polymetallic 

nodules. Contractors invest a minimum of $500,000 as an application fee and $47,000 annual exploration 

fee to the ISA 

 

Chapter 3 elucidates the myriad market opportunities to prosper; provided the environmental and other 

risks/disadvantages can be contained and stakeholders focus on the opportunities. These include the 4th 

Industrial Revolution, diversifying from climate change and COVID-19, consider ocean renewable energy. 

Understanding each sector’s perspectives can assist in determining the future of the sector. Although 

scientific evidence and the precautionary Principle may argue against rapidly accelerating seabed mining 

based on significant potential for irrevocable environmental harm from irresponsible operators; existing 

seabed mined and prospecting sites should be monitored and evaluated. The ISA should be restructured to 

consider more equitable distribution of royalty benefits; focus on the environment; including access to data 

and more stakeholders should be consulted, informed and made conscious of the advantages; 

disadvantages; risks, issues and opportunities in cooperation with various stakeholders If seabed mining is 

to occur; it needs to be reconfigured to follow a more sustainable pathway forward; minimising risks as this 

independent overview surmises. 
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Chapter 1: Introduction 

 
A new wave of prospects and risks is mesmerising a global community of investors, societies, 

nongovernmental organisations, businesses, policymakers, religious groups and individuals. More and more 

stakeholders are focusing on the ocean or marine/coastal blue economy, its ecosystem and economic assets 

as the salvation to many challenges and generator of many opportunities. More and more tenders, projects 

and initiatives are being generated and the area receiving ever greater media and political attention. circular 

and ocean strategy economy initiatives such as Mozambique’s Pro-Azul Strategy, the AU Blue Economy 

Strategy, IUCN’s ESARO Strategy, Operation Phakisa, Commonwealth Marine Economies Programme, 

Horizon 2020 including MARIBE, NEXUS, Blue Economy Platform, UNEP’s Sustainable Blue Economy 

Finance Principles, World Bank’s PROBLUE and the Blue Need Programme, the Blue Prosperity Coalition 

and others. However, some areas have elicited more controversy than others. Previous research of this 

professional blue ocean economist and activist have targeted a variety of other areas including ocean 

governance, marine protected areas; marine renewable energy; ocean governance and sovereignty/maritime 

law, ocean pollution reduction and the circular economy, small harbours, marine renewable energy, to cruise 

and marine tourism to biotechnology entrepreneurship, education, business, drones, ship repair, digitisation, 

actual blue economy strategies, space economy, maritime law, ocean governance, logistics, blue economy 

finance and psychology. This research seeks to focus on the growing area of seabed or deep sea, seafloor, 

undersea or marine mining; to independently evaluate the characteristics, risks, implications and prospects 

for this sector in relation to the blue economy and a dawning trend globally for those interested and concerned 

for the sustainable future of the ocean sector to comprehend more fluently. 

 

Uncertainty exists chartering the last unknown frontier. Whilst more global attention has been concentrated 

on living species and marine resources; seabed mining has been speculated since the 1960’s. However, it 

is only with the development of comparatively recent technology trends; the surge in undersea exploration 

potential; the progressive development of the International Seabed Authority in Jamaica in the 1990’s and 

subsequent regulations in the 2000’s and rapid commercial and government expressions of interest since 

2014, that it has started to become a highly realistic possibility. Papua New Guinea with the Solwara project, 

Tonga and the Cook Islands have been especially enthusiastic, especially given concerns over economic 

diversification from tourism over COVID and major royalty income generating prospects. Others such as Fiji, 

Namibia, Vanuatu and New Zealand/Australia were formerly passionate but have experienced vocal social 

and environmental concerns from community activists and court/legal/research challenges.  
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Humanity knows comparatively little about the deep ocean environment, its ecosystems and mineral 

resources. Yet, Deep Sea or Seabed Mining has become increasingly portrayed as the saviour or salvation 

to many mining problems on land. It is perceived as emerging market and blue economy frontier due to the 

increased economic demand envisioned for rare earth minerals such as lithium, cobalt, manganese and 

phosphate, and the corresponding economic prospects from smartphones to electric cars to renewable 

energy components for batteries and wind turbine components. This scarcity complicates the perceived 

transition to a decarbonised greener, economy and environment powered by renewable energy, although 

others have argued similar effects could be generated through concentrating on recycling and the circular 

economy. Options for employment, training, local value chain development, community heath, economy and 

social development have all been argued in favour of developing the sector along with significantly profitable 

royalties. Nauru’s phosphate extraction provides a similar example of how profitable a resource can be initially 

during its exploitation period but providing it is prudently invested. There are also peace and diplomacy factors 

for ocean versus terrestrial governance related to ensuring mineral resource security, less evident for marine 

mineral extraction which is diplomatically negotiated via the United Nations Convention on the Law of the 

Sea and the International Seabed Authority. Production of rare earth minerals is concentrated in a few 

nations. Deep Green Metals has cited the political-economic instability or geopolitical tensions over access 

for countries such as Chile, South Africa, Democratic Republic of Congo, Russia and China. The commercial 

viability of marine related mining will increasingly depend not just on technology but marketing, reputational, 

research, ecological, social and investor risks. 

 

The technology is also starting to prove itself as being commercially possible but also the chance to learn 

more about any perceived risks or impacts. 3 decades of successful diamond mining off Namibia exists for 

shallow water studies not those further for comparing studies unknown depths; others exist for copper, zinc 

and lithium, although not yet on a sustained commercial basis. Debmarine Namibia has mined more than 

8km² in deep seas and produced over five-million carats. The Japan Oil, Gas & Metals National Corporation 

(JOGMEC) has extracted oceanic crust samples from the seabed that contain nickel and cobalt deposits, 

most recently with 649 kg as a prototype in Japanese water off Takuyo No. 5 Seamount approximately 400 

km east of Tokyo.to prove the potential viability of this technology. JOGMEC estimated the Takuyo 

seamount’s crust contains enough cobalt to meet Japan's demand for 88 years and enough nickel to meet 

Japan's demand for 12 years. 
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The future of seabed mining is becoming interconnected with that of ocean surface and undersea exploration. 

Globally, nearly a fifth of ocean floor mapping has been undertaken so far. It will also depend on the growth 

and development of other blue economy sectors and the need to pay attention to marine spatial planning and 

the Precautionary Principle. Globally more fisheries are focusing on sustainable management and 

responsible sourcing including conversion to aquaculture. China aims for 100% fisheries supplies from 

aquaculture. Others are moving from supporting hydrocarbon offshore oil and gas to land and marine 

renewable energy in solar, wind, currents, biomass, current, ocean thermal, salinity gradient and other energy 

sources. International concerns over gaps in the UN Convention of the Law of the Sea, to which the US and 

other nations are not signatories; is leading to a 2020 High Seas Treaty primarily concentrating on the 

biodiverse and other significant areas beyond existing national jurisdiction. There is also a global move 

towards establishing 30% of Earth as Marine Protected Areas by 2030. For marine mining; there has been 

increasing influence by the International Seabed Authority to favour mineral exploitation and research; with 

a growth in regulations and calls for funding. A surge of sustainable ocean/blue and climate/green economy 

finance has been identified in previous research but has so far not expressed any interest in supporting or 

divesting from this emerging sector. At least 30 exploration/exploitation contracts of 15 year leases have 

been awarded over a significant 600,000 km2 of ocean primarily around the South Pacific Clarion-Clipperton 

Zone and Mid-Atlantic Ocean Ridges.  This Seabed Authority wields significant influence as the voice 

governing this sector. Currently, the ISA are drafting a 2020 Environmental Code in response to reputational 

risks exerted for greater sustainability and reduced ecological externality costs. 

 

 Yet, other developments have generated uncertainty for this sector. Certain NGO’s, Pacific churches and 

community groups have expressed concern over ecological, social, economic stability and sovereignty 

implications. Sustainable Ocean Alliance has called for a 10 year moratorium on seabed mining.  The PNG 

Solwara project left a debt of over $125,000,000 for the government. Others including phosphate mining 

under Sand Piper in Namibia from 2013-2016; Australia, Chatham Rise in New Zealand and mining in 

Australia’s Northern Territory have raised primarily ecological and social concerns including lack of 

consultation and uncertain consequences from risks.  This controversy is evidenced by a interest surge in 

Cook Islands, Tonga and Papua New Guinea after the SPC Seabed Project for capacity building and 

development but a recent Fiji, Vanuatu and Papua New Guinea moratorium A rapid growth in the sector 

emerged from 2013 to 2018 from the EU Blue Nodules/Midas projects and the SPC Deep Seabed Mining 
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Project. This issue of seabed mining is complicated by yet too few commercial projects exist as proven 

successes or failures. 

 

Exploration is concentrated in the Pacific Ocean Clarion-Clipperton Zone with transboundary risk not just 

localised implications.  There are also implications for resource sovereignty. This research’s conceptual 

contribution is to consider if it reflects a future pathway especially for the Pacific, other small island developing 

states and other territories. The question remains is can it futureproof effectively, given increasing global 

disruption from climate change, the COVID19 pandemic and other risk factors? The 4th IR, big data and 

digitisation; transparency and accountability; implications of tourism diversification; implications for 

biodiversity and biotechnology, fisheries, aquaculture; offshore oil and gas; marine renewable energy; ports 

and shipping/logistics also need to be considered. Other factors include ecological sustainability; ocean 

security and governance, safety; research; futureproofing against climate change; pollution; fisheries and 

other marine territory uses. Indigenous rights and equity; rights of species; social-community and economic 

development; training, legal framework and human capacity. Despite the prospects of the blue economy in 

biotechnology, marine protected areas, marine renewable energy, blue carbon and others, recently other 

areas both geographically and of the blue economy; have not received the same progress or replicated the 

implications of the South Pacific. Two entities hold the most exploration contracts (three each): the 

government of Korea and the China Ocean Mineral Resources R&D Association, a state-owned company. 

Lockheed Martin owns UK Seabed Resources, which holds two exploration contracts.  Since the U.S. is not 

a member of the Law of the Sea treaty, it cannot apply for contracts. But U.S. companies are investing in 

others’ projects.  

 

 Industry demand and expressions of interest are arising including companies such as Lockheed Martin, 

Nautilus, Neptune Minerals, Odyssey, Deep Green Minerals and many state sponsored or managed entities. 

From 2016 to July 2020, the European Commission Blue Nodules Project aimed to investigate Europe’s 

potential for deep sea polymetallic nodule mining, extracting marine geological and ecosystem samples, 

prototype vehicles and technology. It received 8 million euros in budgeting, involving 9 countries with 14 

partners. In July 2020, Italian Shipbuilding firm Fincantieri and oilfield services firm Saipem created a 

memorandum of understanding to facilitate deep-seabed mining development technologically. Recently 

Pliant Energy have developed a C Ray autonomous robot to further minimise human risks to mining. In 

August 2020 Odyssey looked to mine and partly commercially develop up to 588,000,000 tons of phosphate 



16 
 

sands in Mexico, yet experienced previous rejections over possible marine mammal risks. It seeks $3.5 billion 

in legal compensation from the government for being rejected. Nauru, Kiribati and Tonga are also seeking to 

work with companies such as Deep Green Metals, intrigued by the significant possible royalties and possible 

concerns over diversifying from tourism, given COVID-19 travel restrictions and pandemic risks. In June 

2020, the Cook Islands government plans to license seabed mining operators to prospect its exclusive 

economic zone for manganese and cobalt nodules within the next year, reaching depths of 4500-6000 

metres. These Pacific countries and the Cook Islands Seabed Authority representatives have indicated the 

potential environmental and other valuable data that can be obtained from exploration licenses.  Yet in 2017 

the Cook Islands created the Marae Moana -the world’s largest marine protected area and it is not indicated 

how the two usages will be synonymously managed. Tonga has equally committed to marine conservation 

with 30% of its EEZ’s designated, new whale sanctuaries within its EEZ; and aims to complete a Marine 

Spatial Plan, and a Sustainable Oceans Policy by 2020.  However, it is also among the more vociferous 

defenders and pursuers of seabed mining signing up to 15 year exploration mining licenses. The topic of 

seabed mining has become not just economically and socially contentious but politically across Nauru, 

Micronesia, Fiji, Tonga and the Cook Islands in particular with legislation and policies rapidly declared. 

 

Currently, the main marine minerals extracted include a focus on manganese, cobalt rich ferromanganese, 

lithium, polymetallic sulphides and nodules. Industry’s perspective is that it reduces the impact of terrestrial 

mining; along with other significant ecological risks/costs as well as offering major economic implications to 

transform economies with few other viable prospects, given climate change and emerging COVID restrictions 

Recent technology has enhanced the reality/cost-effectiveness and certain projects such as MIDAS and the 

SPC Seabed Mining project have increased certain awareness and research results. Those against console 

the sector remains highly risky for ecological impacts. It   takes time for species to recover and for minerals 

to form However, -whilst published sources are emerging; this research aims at pioneering a comprehensive 

systematic approach to investigate whether seabed mining can be truly proclaimed and portrayed as the 

saviour or plunder of ocean resources and the blue economy. Stakeholders need to consider the 

precautionary principle; the implications of transforming economies and ecosystems; whether institutional 

capacity is sufficient. The gap this research seeks to partially resolve is to question is it sustainable and is it 

compatible with the blue economy and resource future. Many stakeholders deserve and can seek a more 

independent perspective. Long term monitoring is only recently starting to monitor this controversial question. 
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The sector lacks transparent information with many unknowns and few comprehensive reviews in contrast to 

oil and gas; fisheries, aquaculture and tourism. 

 

A need or more research exists with the need to link to Seabed 2030 and other initiatives. Seabed 2030 is 

an ambitious global project to rapidly charter Earth’s oceans by 2030 to truly understand the ecological, 

economic and other implications of species, minerals and other resources, imperative if we are to secure 

both our marine and land future. In 2017 before inception it reputedly recorded only 6% of the seafloor was 

mapped. In 2020 this has surged to 19%. If seabed mining is to be pursued in exploration, the data needs to 

be available and utilised. Deep Green’s CEO in an interview claimed their library already contains 10,540 

preserved biological samples, including 5,750 infauna samples, 2,500 sediment metagenomic samples, and 

2,200 megafauna specimens. 

 

Yet the research for seabed mining may at least help to charter the unknown abyssal depths for the last 

frontier left to us to truly discover on Earth. Aside from space exploration and any collective threats to our 

own existence such as climate change, pollution and human population pressure growth/migration; it may be 

one of the few comparative things that can bind and unify humanity. Since the HMS Challenger expedition in 

the 1870’s and Jules Verne’s 20,000 Leagues Under the Sea, we have slowly started to penetrate. Growing 

literature consensus indicates that too many unknown elements exist regarding seabed mining; yet by 

reviewing existing successes; failures, market prospects, technology trends and other developments; this 

research seeks to consider whether there is some merit either in the arguments of the pro-mining lobby or 

those raised by Conservation International, Greenpeace, WWF, Deep Sea Conservation Coalition, 

Safeguard our Seas Coalition, certain Pacific Church leaders and Civil Society for a 10 year or permanent 

moratorium; as to whether or not this is the viable, real solution to mineral extraction, marine natural resource 

management and the blue/ocean economies for the Pacific and other areas; given the constraints of these 

nations, recent trends, times and patterns of sustainable finance. Many external stakeholders have yet to 

express their voice, perspective and support. As a recently appointed Lecturer in Marine Resource 

Management at the University of the South Pacific in Fiji and professional maritime/blue ocean economist; 

one’s professional perspective will be to consider this very contemporary, emerging issue over marine 

ecosystems and the need to prioritise long term ecological, economic, social, community and sovereignty 

sustainability continuously based on local stakeholder requirements and priorities. This can help influence 

guidance for policymakers and other core stakeholders. There is a need though to consider how latest 
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technology, climate change projections, marine pollution and other factors will influence developments and 

to consider sustainable finance -UNEP Sustainable Blue Economy Finance Principles 

 

In response, the mining industry argue about avoiding terrestrial rainforest and other ecosystem damages; 

related toxic metal sludge poisoning, tailing dams vulnerable to collapse and other impacts but remain more 

silent over deeper marine ecology consequences. Certain companies claim to minimise land waste, use 

renewable energy and opportunities to scientifically monitor research and development whilst also being able 

to recycle certain metals following a product lifecycle’s integration into the circular economy. However, risks 

remain for marine spatial planning and harmonious co-existence of other sectors such as fisheries, 

aquaculture, ports, shipping blue carbon and tourism. Marine spatial planning, integrated coastal 

management, policies, research and participant engagement remain paramount. In one August 2020 

interview Deep Green Metal’s CEO estimated that marine resources could provide up to 250,000,000 electric 

vehicles, which would create too much pressure if derived from land sources if humanity wish to pursue this 

and renewable energy production such as wind as viable solutions. The market could reach up to 10 billion 

euros if governments favour this approach. However, current evidence exists that deep sea mining 

companies would co-exist with terrestrial sources, rather than substitute; whilst investors are still awaiting 

commercial proof of success and market demand, given reputational, incident liability and first market entrant 

possible risks. Those contending against seabed mining argue greater emphasis and sustainable investment 

should be more targeted towards reducing demand and focusing on recycling and the circular economy for 

rare metal minerals. They argue commercial demand may be insufficient for these resources. In July 2020 

the World Ocean Council sought stakeholder consultation and input via an online Web survey on the value 

of Seabed 2030 and Seabed Mapping. It is crucial to determine the future of seabed mining, whether for or 

against it; as soon as possible to provide certainty for any stakeholders, businesses, individuals, researchers, 

communities and policymakers involved, as it can influence significant territory including over 500,000 km2 in 

the Pacific Ocean alone. Around 7.5% of the global mid-ocean ridge or 6,000km is now being targeted for 

marine minerals. 

 

1.2: Synopsis: 

 

Chapter 1 provides an overview of the background and context to seabed mining; the summarised 

perspectives of those for and against; latest trends; a research gap, motivation for this research and synopsis. 
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Chapter 2 will provide an overview of the seabed economy and industry sector; the requirements necessary 

and characteristics; examples of existing and recommended related legislation and policies along with current 

and previous case study successes, failures and research perspectives or insights. Chapter 3 seeks to 

identify current and potential markets and stakeholders; the regions; advantages, disadvantages, risks, 

implications and opportunities in relation to this sector, ecosystems, society and the blue economy. Chapter 

4 will seek to summarise this research’s conclusions and recommendations to consider answering whether 

seabed mining is truly the saviour or plunder of ocean resources it is truly aiming to be. In addressing whether 

seabed mining is truly the answer to a viable blue economy and mineral extraction it aims to help assist 

stakeholders concerned with ensuring ultimate sustainability, prosperity and survival of not only non-living 

marine resources; but ecosystems, economies, communities and individuals, given conditions of uncertainty. 
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Chapter 2: A Review of Existing Literature and Progress, Establishing a Potential Seabed/Deep Sea 

Industry, the Stakeholder Requirements, Supply Chain Industry Characteristics, Case Study Lesson 

Successes and Futures Draft. Dr Jack Dyer, Blue Economy Future SA 

 

2.0:  Introduction: Establishing a Potential Seabed/Deep Sea Industry  

 

If seabed mining is to be considered a potentially realistic and feasible prospect for the global and local blue 

economy and the best way forward towards a decarbonised existence and to chartering the most mysterious 

frontiers remaining to us on Earth’s surface and below; it is essential to review existing sources. This is to 

capitalise on success; mitigate adverse externality costs and risks of failure and ensure the optimal conditions 

can materialise. Equally if it is determined that seabed mining creates irrevocable and far too many uncertain 

repercussions to ecosystems, societies and economies; that we as humans have enough independent 

information to consciously make our own decisions; bearing in mind the optimal welfare of not just our own 

species but those of others as self-appointed custodians and major exploiters of our natural heritage and 

legacy.  

 

Chapter 2 therefore argues that the most effective structure forward is to define and identify the 

characteristics of seabed mining and assess possible stakeholder requirements in Section 2.1.  Section 2.2 

concentrates on the technology; supply chain/industry processes and stages and cost types prospective 

participants need to contemplate if they wish to pursue the extraction of non-living marine resources; 

profitably and sustainably. Section 2.3 identifies the existing ocean governance structure of seabed marine 

resources under international law and the International Seabed Authority. It examines existing examples of 

global, country specific and private sector based laws and policies to ultimately determine and recommend 

a modified legal and fund related framework to ensure various stakeholder concerns can be more effectively 

addressed; given existing gaps as its conceptual contribution. This review then evaluates examples of 

seabed mining success for the blue economy via potential case studies, where research has indicated 

benefits in Section 2.4. It analyses case studies of evident failure and stakeholder concerns/issues/problems 
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associated with the sector in Section 2.5. Section 2.6 identifies existing research gaps, the motivation and 

further unique contribution of this research and recommendations moving forward. 

 

 

2.1: Definitions, Characteristics and Stakeholder Requirements 

 

Although no standardised internationally legally binding definition of seabed mining exists; defining a concept 

can ensure that we can understand the actual activity and what it might mean for the future of our oceans, 

their economies, communities and marine ecological webs dependent upon them. Sea mining can be divided 

into more shallow water and those deep water (typically below 1000 metres). Although both will be examined 

in this research; this proposal will focus more on the less understood area of deep sea mining. Deep Sea 

Mining is confusingly known by similar interchangeable definitions in various sources such as seafloor, 

seabed, marine mining, marine mineral mining, shallow water, mid-water, deep-water and others.  For this 

report seabed mining is the most commonly used term identified in research and by 

governments/policymakers. 

 

Seabed Mining: The process of the exploration, exploitation and development of non-living mineral and other 

marine resources on the ocean floor environment and related oceanographic features. 

 

This research specifically excludes oil/hydrocarbon extraction and that of living organisms such as coral, 

given significant previous research exists for this area. Although several marine minerals have had decades 

or centuries of continuous extraction in shallow water such as diamonds, silver, gold, sand and phosphate; 

seabed mining is especially concentrating on polymetallic nodules; massive sulphates; cobalt rich 

ferromanganese crusts and phosphates. Other marine resources include mineral placer deposits, 

phosphorites and hot brines with metalliferous muds. Methyl hydrates have also been identified as a possible 

fuel source. Polymetallic nodules are identified in Figure 2.1, consisting of manganese, cobalt, nickel and 

copper; and commonly continuously located around 4000-6000 metres deep within the ocean (ISA 2009b, 

Pew Charitable Trust 2017). They are formed via the upwelling of ocean currents and pressures. Massive 

Sulphides (Figure 2.2) are created primarily via volcanic eruptions, hydrothermal geysers and related 

superheated reactions around 1000-4000 metres deep. Cobalt deposits (Figure 2.3) are linked to 

ferromanganese crusts and connect to oceanographic formations such as seamounts, dominated in the 
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western Pacific located around 800-2500 metres deep. The ISA (International Seabed Authority specifically 

defines cobalt crusts as “cobalt rich iron/manganese (ferromanganese) hydroxide/oxide deposits formed from 

direct precipitation of minerals from seawater onto hard substrates containing minor but significant 

concentrations of cobalt, titanium, nickel, platinum, molybdenum, tellurium, cerium, other metallic and rare 

earth elements” (International Seabed Authority 2012). Many oceanographic formations and over 81% of the 

ocean seafloor still have yet to be mapped and processes investigated. 

 
Figure 2.1: Polymetallic Nodules 

 

 
Source: Cook Islands Seabed Authority 2017. 

 
 Figure 2.2: Underwater Polymetallic Sulphides. 

 

 

 
Figure 2.3: Underwater Cobalt Rich Ferromanganese Crust Deposits 
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Source: Pew Charitable Trust 2017 

 

Cobalt rich deposits are located in the South Pacific and the Afanasiy-Nikitin Seamount area in the Eastern 

Indian Ocean. Polymetallic nodules are primarily concentrated in the South Pacific’s Clarion-Clipperton Zone. 

These minerals can accumulate and grow around an average of 1-6 mm every million years on average as 

slow forming (International Seabed Authority 2008 a/b). They reach up to 25 mm. Polymetallic sulphides 

include not only concentrations of gold and silver but copper, zinc and lead and are dominated frequently by 

the presence of “black smokers:” These are primarily situated around the Mid-Atlantic Ridge, the East, 

Northeast and Southeast Pacific Rises such as Fiji’s Lau basin, New Caledonia’s Woodlark/Manus Basins 

and Japan’s Okinawa Triangle. The Red Sea’s Atlantis II Deep has been estimated to be the largest currently 

known global source up to 94,000,000 tons over 40 km2. The shallower the water, and the closer to land; the 

simpler the extraction. It is also essential to understand or have access to sufficient information relating to 

oceanographic, climate and environmental characteristics including relevant data necessary geologically, 

economically and marine environment. Potential seabed mining industry stakeholders consider various 

criteria as their identified requirements. These are highlighted in Table 2.1. 

 

Table 2.1: Aggregated Stakeholder Requirements for Marine Renewable Energy 

 
Expectations of an Industry Producer Commercial/Community Expectations 

Accessible -to deposits ISA and national regulation/legal requirements 

Technology/technical feasibility Community, policymaker and other stakeholder 
engagement 

Commercial sustainability Ecological/Climate Change/social sustainability 

Cost-Retrieval Developing of training/institutional capacity 

Provide and consistently update sufficient information  Availability; Customer service and feedback 

Ease of operation and maintenance Promptness/swiftness of services/infrastructure 

Security and Risk management Allocative/Productive Efficiency 

Cost Competitive Functions are modernized as much as possible 
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Productive/Efficient – swift and accurate processing Direct service/transport connections exist 

Reliable/frequent functions of sufficient quality Productive, trained labour responsive to needs 

Satisfying unusual requests – altering schedules/ flexible to 
changing circumstances 

Sufficient Capacity exists   
Efficient – utilises capacity/economies of scale 

Sufficient quantity of functions exists. Commercially profitable 

It satisfies marginal caller requirements Equitable in satisfying the user pays principle and 
access/sovereignty of resources 

It avoids delays/strikes etc Minimises negative externality/congestion costs 

Reliability -components, endurability of structure Benefit and resource sharing 

Access to laboratories, technology updates and research Extent of Liability 

Utilisation of highly skilled and qualified staff Circular economy -reduce, recycle, renew 

 

Source: This Study:  

 

As with any emerging blue economy sector; seabed mining has been specifically indicated as needing a 

social compact or license to operate if it is to be considered acceptable (ANCORS and Wageningen 

University Research 2016). Stakeholders seek to be informed, aware and engaged; with sufficient indication 

of its characteristics, impacts, risks and prospects. The sector has received a growingly more vocal and 

influential lobbying industry in favour of exploitation and exploration; with others similarly against it; although 

this has yet to filter into mainstream consciousness in the media, society, investors and non-immediate supply 

chains. Engagement, consultation and involvement is advised to be undertaken by those wishing to ensure 

seabed mining receives more attention and concern; as a greater priority; amid so many competing options. 

These will subsequently influence their perceptions and behaviour. Methods include interviews, surveys, 

focal group discussions and other processes both real and via virtual communication methods. In one study… 

This research identified an industry perspective of favouring involvement but identifying complications of 

locating specific coastal community stakeholders directly affected for activities further out to sea.  NGO’s, 

religious groups and communities are also in favour of dialogue and greater education but limited interaction 

exists between the two opposing viewpoints as to how these activities should progress. Uncertainty still 

remains for many people’s perceptions as to the exact process; how this will influence existing ecosystems, 

fisheries and other uses; what can be the perceived costs and benefits in too many project attempts. 

 

The mining extraction process was initially considered to be highly expensive and technologically implausible 

for centuries but advances in robotics, mining and deep sea exploration have made it more practical. 

Technical reviews frequently highlight geological characteristics, origins and creation, the technology retrieval 

process, resource potential and status of technical development (Erry, Johnson and Santillo 2000). For 

example, methane hydrates could be converted into renewable fuel energy. Metalliferous muds and brine 
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are presently considered for exploration under the Red Sea. Diamond placer deposits exist in Namibia, 

Indonesia and Thailand. These nodule sites are also near ecosystems of various marine species; sometimes 

near shipwrecks and other human cultural artifacts; undersea cables and other marine/blue economy 

activities or uses. As early as 2000 companies such as Nautilus Minerals have been attempting to undertake 

exploration and commercial exploitation but have experienced certain legal, community, technical, ecological, 

research and other challenges. It advises the need for greater networking, relationships and communication, 

monitoring and valuation of activities against adverse ecological costs, greater, education, training and 

institutional capacity building. The more each sector can understand the concerns and validity of perspectives 

of others, the more optimal an outcome can be considered for the seabed mining industry, the blue economy, 

ecosystems, cultural heritage, and communities. 

 

As detailed more specifically in Chapter 3.2 each ocean location, feature and main nodule type has varying 

mineral types, related biodiversity and ecosystems. The continental shelf includes marine placer deposits of 

cassiterite (tin), diamond, chromite, gold, platinum, zircon, ilmenite and rutile. Ocean ridges, offset offshore 

and their related divergent tectonic plate boundaries give rise to polymetallic sulphides, iron silicates, 

metalliferous, iron oxides and asbestos. Polymetallic sulphides are prevalent at not only ridges but volcanic 

islands and island arcs.  Convergent offshore offer cobalt rich ferromanganese crust and phosphorite 

deposits. Convergent onshore boundaries offer polymetallic Sulphides and porphyry deposits including 

molybdenum, copper, iron and tin. Yet, the generation of minerals is interlinked and influenced by the 

oceanographic, marine environmental, climate and marine ecosystem conditions (Cuyvers et al. 2018).  Over 

300 hydrothermal vents and 20,000 identified seamounts have offered certain evidence of marine living 

organisms at varying depths; although few have been intensively analysed. Many have only been recently 

discovered in the last decade. Hence the need for detailed ecological, socioeconomic, geological and other 

impact or strategic risk assessments has to be an indispensable process prior to and during any mineral 

extraction including research/exploration purposes. Current International Seabed Authority requirements do 

not specify an Environmental Impact Assessment is critical for areas below 10x10 km2 for such purpose. 

 

The decision to embark upon seabed mining may prove to be unknown in the ecological, human and other 

cost-benefit implications both at individual ocean sites and for an ocean far more interconnected than many 

terrestrial ecosystems and economies. However, it is perceived by the mining lobby to be highly lucrative 

with one 2011 estimate arguing a potential income of $21-42 billion over a 75,000 km2 concession area of 
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ocean against operating costs of $9 billion and capital investment of $1.95 billion over 20 years (Sharma 

2011). However, the industry will initially have comparatively few competitors given high barrier costs to 

market entry and penetration against both deep sea and land based alternatives. The same source estimated 

3 ore transfer vessels alone would cost $495-600,000,000 and the processing plant $750,000,000 in capital 

costs. It estimated a mining operation could on average extract up to 3,000,000 dry tons of minerals to remain 

profitable each year. In 2018 one source estimated manganese from ocean sources made up only 2.5% of 

the yearly global production despite offering 1,714,000,000 tons in the Prime Crust Zone versus commercially 

viable land reserves of 630,000,000 tons (Rozemeijer et al. 2018). Copper from marine resources reflects 

only 2.8% of annual global production but offers 7,400,000 tons versus 690,000,00,000 on land. Marine 

mined cobalt is 0.16% of global production yet offers around 50,000,000 in reserves in the Pacific Ocean 

versus 7,000,000 on land. Phosphorite offers less convincing market demand with 68,000,000 tons on land. 

Conventional dredging methods are typically deployed up to 200 metres with more specialised technology 

and equipment below that as detailed in the following section.  

 

2.2:  Supply Chain, Technology, Industry, Costs and Other Characteristics 

 

For those stakeholders who are contemplating the inauguration or expansion of an entire seabed mining 

supply chain and economy or are highly reluctant to pursue it and favour a moratorium or permanent ban; 

this review considers it absolutely fundamental to understand the methods and technologies behind seabed 

mining before considering the stages, stakeholders, activities and related financial cost types across an 

industry and supply chain that may be necessary to ensure a viable sector.  

 

2.2.1: Seabed Mining Method Processes and the Technology: 

 

The specific methods and technologies employed will have a subsequent influence on whether risks and 

impacts can be minimised and whether profits and social/industry requirements and expectations can be 

subsequently managed. Current developments aim to adapt deep sea mining; offshore oil and gas and 

undersea inspection and exploration technology to depths reaching 5000 metres below (Tanielu 2013) , 

aiming to penetrate the Abyssal Plains. Deep sea mining operations include at a minimum the need for 

support and ore transfer vessels; the extraction technology, crew, robotics and inspection equipment, the 

extraction process, sensors and monitoring technology; the mining support vessel or platform and a shore 



27 
 

based office and supporting centre. It also includes associated crew welfare; legal IT, medical, geological, 

environmental and oceanographic/climate related expertise. It includes a centrifugal pump and crawler with 

mining head. It is advised to have a link with the International Seabed Authority and regular communication 

processes with any affected stakeholders and related local government policymakers along with considering 

potential security, occupational health and safety, environment and other risks. Technology, vessels and 

other assets are advised to be as maintained, modernised, cost effective, feasible, ecological and other 

externality cost minimising as possible. Many processes require an actual connecting pipe string or riser 

along with deployment of submarines, robotic nodule collectors, AUV’s, UUV’s and possible aerial support 

such as helicopters to obtain specimen samples for analysis, commercial profit; maintenance inspection and 

to ensure ecological, safety, security and other compliance. Sufficient storage space and waste collection 

processes are highly advised both commercially and adhering to MARPOL Related cleansing and 

maintenance procedures, staff and equipment are also advised to, reduce related costs. 

 

Figure 2.4: Seafloor Nodule Collector 

 

 

 
Cuyvers et al. 2018 

 

Nautilus Minerals in Solwara Papua New Guinea deployed excavators to crush nodules, a subsea riser pump 

generated lifting and collector system and surface vessel along with a crawler chassis.  It also used boom 

mounted auxiliary and bulk cutters (Figure 2.5). These are supported by production support vessels and 

transport barges, ore ships and concentrators. One method since 1983 has been the hydraulic mining 

system. Once minerals are extracted via drilling, scooping and/or crushed, vacuum suction pumps; leaching 
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processes or water-jet stripping transfer; the material up the pipe to the collection vessel along with any 

subsequent other material and organisms. The lift pipe also contains buffer storage and a surface decoupler. 

A second method included collecting samples and minerals via buckets but presented too many safety and 

other risks, soon abandoned after Japan pioneered it in 1972. The third method deployed autonomous AUV’s, 

robots, submersibles and other vessels in 1979 via a free shuttle mining system but was also too expensive 

and time consuming and thus abandoned for the common hydraulic mining technology system.  Other mining 

method techniques include batch cable lifting, air lift and dewatering with or without concentrating and/or 

metallurgical processing. Certain stages that may benefit marine mineral industrialists may include a 

technology, economic, environmental, geological, legal and project based analysis (Ecorys 2014). 

Exploration survey methods can employ acoustic bathymetry, reflectivity, seismic, gravity and magnetic 

chartering techniques (Navarre and Lammens 2017). Specific geophysical survey systems include digital 

swathe bathymetry; side scan sonar; boomer, chirp and sleeve gun, sub-bottom profiler seismic and 

magnetometer systems, (Pulfrich 2018).  

 

Figure 2.5: Nautilus Minerals Auxiliary, Bulk Cutter and Collecting Machines 

 

 

 

Source: Navarre and Lammens 2017 

 

An example of the actual production vessel is illustrated in Figure 2.6 (Bashir et al. 2012). The production 

support vessel needs access to the ocean/climate/geological/mining data and mineral processing sages via 

a connected information system; a support crew; sample analysis; sufficient cargo storage, fuel and 

connections to the launch and recovery system as well as equipment bays for AUV’s/ROV’s/robotics/subs 

etc; access to emergency aviation support such as a helipad or seaplane. It also requires adequate electrical 
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energy up to 10 MW. A ROV (Remotely Operated Vehicle) requires sensors, cameras and other monitoring 

equipment. There is also a need for a support vessel.  It is also highly essential to have dedicated, trained 

and qualified personnel capable of not only supporting safe, secure, eco-conscious, risk minimising mining 

but also able to ensure compliance with any scientific research sample collecting, legal/regulation, PR, 

investor and other requirement processes. This includes evaluation of related oceanographic and land 

environmental conditions including marine spatial use and planning, vegetation, endemic species and 

biodiversity’ extent of liability; legal obligations including possible site remediation; salinity; temperature, 

currents, winds, sediment levels and other factors influencing disposal. Others including changing uses; 

species migration and conditions under pollution; climate change; oil spills or other adverse risk.  It also needs 

effective, cyber-secure electronic/physical IT and information storage systems. Waste collection, 

minimisation and recycling/anti-ocean dumping policies are also greatly recommended to ensure compliance 

with related land disposal/circular economy processes. Volumes should be minimised as much as possible.  

A reliable, preferably renewable source of electricity and water is counselled.  

 
Figure 2.6: Production Support Vessel for Seabed Mining 

 

 

 
Source: Nautilus Minerals 2020. 

 

The International Seabed Authority identify sound externality effects for seismic and geological scans; remote 

sensing and laboratory analysis based techniques. (International Seabed Authority 2009 (a)). It distinguishes 

between scraping of gravel nodules directly off the surface; excavating deeper; fluidising via high pressured 

systems and direct drilling or tunnelling.  The ISA also distinguish between commercial deposit initial 

exploration; testing for mining on a limited basis and full exploitation (International Seabed Authority 2008 c). 

Unlike fisheries’ bottom trawling the aim is to hypothetically be more refined and precise to avoid full scale 
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dredging activities. Any technique is expected to require measures to reduce light and noise whilst forging 

emissions, waste, pollution and other adverse externality costs that need to be reduced. The Kaplan Project 

set the prototype of combining scientific expedition data collecting with seabed mining with DNA and other 

genetic vessel floating laboratory requirements at 3 Clarion-Clipperton Zone test sites. 

 

These all present related costs, aside from ISA and national legislative compliance costs; geological, scientific 

and environmental costs; crew, vessel, maintenance and other costs. Adequate fuel reserves are also 

necessary. Other potential costs include mandatory vessel drydocking servicing and other costs; finance; 

admin and communication costs; any onshore or offshore office; logistics, safety, risk related, insurance and 

finance costs. Exploration and exploitation carry other costs that need to be factored in. The chemicals, 

equipment, technology, crew food and other supplies carry CAPEX fixed and operating costs. For example 

the ISA require Geotechnical, Economic Feasibility and Environmental Impact Assessments. One 2018 ISA 

contractor projected US$360,000,000 on research and development costs, $2,415,000,000 in process plant 

capital costs, $692,000,000 on surface vessels and $584,000,000 on undersea vessels and technology 

(Cuyvers et al. 2018). Operating costs could be $995,000,000. The exploration stage may take up to 6 years 

pre-feasibility, 4 years of feasibility, 3 years of investment, 10-30 years of operation mining and 

decommissioning 2 years. 

 

2.2.2: Developing A Deep Seabed Mining Supply Chain and Industry 

 

Although, controversial; those considering seabed mining for the blue economy could recognise certain 

economic benefits through considering all stages of a deep seabed mining supply chain, an example of which 

is identified in Figure 2.7. This subsequently depends on marine mineral resources as identified in Figures 

2.1-2.3 but with potential to influence other marine ecosystem resources and biodiversity (Figure 2.8); along 

with Table 2.2 identified economic and ecological functions; if not sufficiently investigated under 

environmental impact assessments and related scientific research/other advised or legal requirements. This 

deep seabed mining supply chain directly links to the rest of maritime supply chains, stages, stakeholders 

and the broader domestic and international economies for the host nations. 
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Figure 2.7: An Example of a Deep Seabed Mining Supply Chain and Industry. 

 

Non-Living Marine Mineral Resources (I.e.  examples in Figures 2.1-2.3). 

 

 

Exploration and Planning: Prospecting Sampling, surveys for resource assessment, stakeholder engagement and 

consultancy/technology sector; Financing, Capital, Insurance, Approval, Planning 

 

 

Construction, Engineering and Supplies (including Operation) 

 

 

Extraction and Surface Operations: Including Excavation as Above, Vessels, Shore Administration and PR; Resource 

separation; stockpiling and dispatch; waste dispersal; repairs and maintenance/servicing 

 

 

Beneficiation/Processing and Refinement, inputs and outputs 

 

 

Logistics, Transport, Ports and Processing -Including Storage 

 

 

Marketing, Distribution and Sales 

 

 

Consumption (Primary External) 
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Recycling/Circular Economy, Economic and Social Development 

 

 

Decommissioning and Site Remediation including MPA’s/Ecological Rehabilitation 

 

 

Impact on Marine Ecosystem Resources and Maritime Supply Chain/Blue Economy (Figures 2.8/2.9). 

 

Source: This Study: Adapted from Binny and Fleming 2016).  

 

Figure 2.8: Marine Ecosystem Resources and Biodiversity  
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Figure 2.9: A Maritime Supply Chain  
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Source: Author 

 

 

 

 

 

 

 

 

Table 2.2: Ecosystem Functions for MSC Economy Stakeholders 

 

Ecological Economic 

Biomass/Biodiversity Life Formation and Habitat Life, Food, Material 

Conservation Supply of Natural Resources, Reduced Imports 

Biological/Physical/Chemical Redundancy against Uncertainty 

Growth, Reproduction, Trade, Production, Consumption, Income/Profit 

Respiration/Oxygen/Photosynthesis Greenhouse gas mitigation funding/source sink 

Water supply/purification. Food security/Nutrition 

Protection Protection –Vulnerability and Resilience 

Ocean Chemistry, currents, salinity Risk Identification, Monitoring, Prioritisation, Adaptation 

Coral atolls –geographical physical formation, continued 

growth and survival 

Risk Enhancement if Ignored –Legal, Reputational, 

Insurance, Security, Operational, Impact Costs 

Sand formation, nourishment and sediment Opportunity 

Evaporation, Condensation and Absorption Insurance against Maladaptation,  

Climate Regulation –calcification, stratification Future Sustainability and Survival 

Counter eutrophication Knowledge –Existing and Potential/Spiritual 

Detoxification Stability/Security/ Increased Adaptive Capacity 

Population equilibrium Aesthetic/Cultural/Social 

 Tourism 

 

Source: This Study. 

 

To develop the sector, it is also essential to consider the need for optimum selected mining site locations and 

related specific criteria (Howard 2020). Sites are expected to operate with a projected timespan average of 
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10-30 years. These criteria also include local ocean and coastal geology, topography, nodule characteristics; 

climate; environment and oceanographic features The EU Blue Nodule Project recommend preparation of 

investment finance pitches; economic feasibility and market research studies. (European Commission 2020). 

It also needs to consider technology and the natural environment along with a monitoring plan. This may 

increase the demand for trained artisans, engineers, IT, consultants and other specialist firms and related 

recruitment, where the company does not directly hire people as employees. A database to store and collate 

research is also recommended. Equipment and technology specialists along with engineers, marine 

scientists, geologists and surveyors will also be needed. Examples of fabricated equipment include grab 

samplers; probes; mineral assaying kits; navigation, electronics, drones, positioning systems, transponders 

and buoys, hydrology and geology. Others include free fall sampling, trawling, single beam echo sounder, 

and box core devices and cable operated grabs and cameras, 2D Multivariate and 3D geometallurgical 

modelling (Ecorys 2014). Exploration survey data process examples are illustrated in Figure 2.10.  

 

Figure 2.10: Examples of Undersea Mineral Prospecting and Exploration Survey Technology 

 

 

Source: SPC 2013 

 

2.3: Seabed Mining: Reviewing Legislation and Policies 
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To ensure the optimal outcomes of ecological sustainability, continuous long-term commercial prosperity; 

equitable access and benefit sharing of resources; maximum research benefits, safety, security, resource 

sovereignty and legal protection that benefits all signatories; this section considers it essential to assist our 

human species to understand how international seabed resources are currently governed. This not only 

includes understanding the role of the International Seabed Authority, designated by the UN and various 

individual governments as the custodian responsible for administering exploration and exploitation but 

reviewing existing international and domestic legislation of those who have considered seabed mining. This 

will subsequently provide the basis for recommended legal and financial funding frameworks to provide a 

more secure basis to aid those policymakers in favour of considering pursuing it; those more cautious and 

those who remain uncertain as to the unknow ecological and other implications. 

 

The origins of the International Seabed Authority arose under a principle that operated for thousands of years, 

that the oceans were common property of all humankind but any marine resource, species or mineral 

individually extracted became private property, with variations for the rights of salvage applying only to human 

originating material. This principle of common law and the freedom of the seas was codified by the Dutch 

jurist Grotius in the 17th century with air and sea being commonly available. The 1974 United Nations Charter 

of the Economic Rights and Duties of States declared “the seabed and ocean floor and subsoil thereof, 

beyond the limits of national jurisdiction, as well as the resources of the area are “the common heritage of 

mankind.” Fears arose as early as the 1970’s of a global shortage of access to minerals, oil and other 

resources, which subsequently failed to materialise (Goldie 1979).  However, it and other technological 

developments prompted interest not only in deep sea exploration itself but the concept that international law 

should generate Conventions and authorities related to the administration of the oceans. This initially 

materialised with UNN DOALOS and the Convention on the Law of the Sea in 1982, the subsequent London 

and MARPOL Conventions on marine pollution and other Agreements specifically for fisheries and ports. The 

original concept for an International Seabed Authority offered three options (Goldie 1979). The first was to 

serve as an administrative entity for licensing seabed mining operations. The second was to perceive the 

Authority as an actual international mining corporation. The adopted alternative option was to ensure an 

operating Authority with capacity to subcontract various activities to consultants and mining operations whilst 

offering legal, technical and environmental expertise. The International Seabed Authority was subsequently 

created in November 1994 in Kingston Jamaica. 

 



37 
 

2.3.1: UNCLOS, The International Seabed Authority and Related Regulations 

 

Under the 1994 UN Convention on the Law of the Sea, individual coastal nations have the right to control 

sovereignty to exploit or conserve living and non-living marine resources up to 12 nautical miles from shore 

in their territorial sea and exclusive access to 200 nautical miles in their Exclusive Economic Zones (EEZ’s). 

Anything beyond this is subject to international law. Marine scientific research operates under similar 

principles. A new 2020 High Seas Treaty is being subsequently drafted to facilitate greater transboundary 

cooperation including creation of marine protected areas and common responses to emerging risks such as 

pollution, illegal and unregulated fishing, piracy, seabed mining and others. The International Seabed 

Authority under its current Secretary General Michael Lodge includes a 16 member Council elected by 

member representatives via an Assembly. It has a Legal and Technical Commission with experts. It is also 

currently drafting a revised Mining Code, with a focus on environmental regulations and a recent tender in 

September 2020 calling to review royalty/environmental compensation funds. It also administers a current 30 

exploration/exploitation prospecting licenses as chronicled in Chapter 3. Its responsibilities also include 

popular consultation and awareness along with technical and legal guidance support for nation’s institutional 

capacity. The International Seabed Authority currently receives funding via a 1% royalty of total production 

value or volume after a 5 year exploration period, increasing by 1% up to 7% in the 12th year (Pew Charitable 

Trust 2017). This delay recognises the significant lead time to actually obtain profitability given various 

surveys and other requirements.  

 

All contractors and state parties are bound by the Convention and any subsequent ISA requirements under 

Articles 139 and 153. Any seabed mining related disputes are meant to be resolved by the International 

Tribunal for the Law of the Sea’s Seabed Dispute Chamber.  In 2019 the International Seabed Authority 

undertook a review of countries with applicable international legislation (International Seabed Authority, 2019 

(a)). It identified the need to consider each sponsoring state’s roles and responsibilities and the extent of their 

liability along with those applying to their subcontractors; the need to consider marine environmental 

protection, scientific research requirements, cultural heritage protection; adequate information for monitoring 

and evaluation; financial compensation and ensuring sufficient monitoring, supervision and inspection. These 

identify the value of legislation to promote scientific research and environmental protection, stimulate 

economic growth and development, public welfare, safety, security, sovereignty, exploration, exploitation and 

related liability, rules and responsibility. These aim to promote greater transparency and accountability, to 
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mitigate against risks and facilitate investment. It identifies common features such as specifying application 

information requirements, technical ability; financial ability; the area and other requirements. Commonly 

identified financial compensation included initial reviewing application fees (on average 10-40,000 euros), an 

annual administrative fee and mineral royalty fees once profits have been attained. It also specifies the need 

to establish appropriate penalties for specific offences and violations of regulations. Common examples 

individual nations have focused on relate to various violations of the application concession conditions, failing 

to ensure adequate risks; failure to apply, failure to comply with enforcement, breaching of confidential 

information or affecting other marine spatial/blue economy and ecosystem resources or illegally gaining a 

license. 

 

The International Seabed Authority (ISA) has indicated a commitment to scientific research including long 

term observatories, deep sea taxonomic atlases; stakeholder consultation workshops, endowment funds and 

scholarships/training/technical assistance to facilitate greater access to seabed mining among certain 

interested emerging/developing nations including the recent Abyssal Initiative for Blue Growth and Africa/the 

Pacific’s Blue Economies. (International Seabed Authority 2019 b). It also seeks to involve more women and 

overcome existing research uncertainty relating to the deep ocean environment in many areas of the world. 

Its structure includes not only formal country delegates and representatives but certain regional groups and 

observers such as NGO’s like Greenpeace. Permanent representatives include diplomatic members from 

Algeria, Antigua and Barbuda, Argentina, Bangladesh, Belgium, Brazil, Cameroun, Chile, China, Cuba, the 

European Union, France, Gabon, Germany, Italy, Jamaica, Japan, Mexico, Nigeria and Panama. It also 

includes the Republic of Korea, Russia, South Africa, Spain and Trinidad and Tobago. Curiously, despite 

significant interest in the South Pacific, the USA, Australia, New Zealand or Namibia, not a single member is 

represented. The ISA has Offices of Legal, Administrative, Environmental Management and Mineral 

Resource Offices. 

 

The 2019 ISA contractor recommendations to determine possible environmental impacts when exploring for 

seabed mining includes notional mention of the Precautionary Principle approach where stakeholders are 

required to undertake environmental, geological and oceanographic surveys for areas greater than 10x10 

km2 (International Seabed Authority, 2019 (c). Data collection and monitoring systems need to be established 

both during the survey feasibility/exploration stage process and any subsequent mining exploitation. Regular 

annual reports need to be provided to the Authority. The 2019 Regulations specifically require environmental 
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baseline studies by qualified professionals with technology so any subsequent environmental modifications 

can be investigated and evaluated by the ISA or other inspectors; to assess the extent of the impact. Data 

collected is summarised in Table 2.3. The ISA’s technical experience has already benefitted from various 

contractor applications including the 30 current ones, stakeholder workshops and surveys from 

Japan/France’s Eco-Deep project; the 2011-2016 EU-Pacific Community Deep Sea Mineral project in the 

Southwest Pacific and the 2012-2016 New Zealand Enabling Management of Offshore Mining project. Others 

include the 2013-2016 European MIDAS (Managing Impacts of Deep Sea Resource Exploitation) project and 

the 2015-2017 JPI Ocean Mining Impact project. 

 

Table 2.3: ISA Current Environmental and Oceanographic Data Requirements for Seabed Mining 

Prospecting. 

 
Physical Oceanography including features/topology and 
geomorphology, hydrodynamics, pressure, turbidity 

Other ocean conditions -current direction and velocity, 
temperature, salinity, wind, 

Chemicals Biology, biodiversity, food webs 

Rare and endemic species Natural particle concentration and composition 

Water column chemistry including water overlying resources 
and toxin releases from metals 

Geology, sediment; trace and rare minerals 

Oxygen concentrations; PH and alkalinity/Carbon dioxide GIS/bathymetry high resolution maps 

Sightings of marine mammals and other large animals Underwater cultural heritage 

Biological communities and samples including a variety of 
habitats, demersal, pelagic, scavengers and predators 

Near-bottom and sea-floor protozoan and metazoan 
communities including macrofauna, megafauna 

Noise, light and discharge sediment plume levels Time series data for temporal variations 

Regional distribution of species and communities/genetic 
connectivity of key species, species abundance 

Bioturbation activity and mixing of sediments 

Sinking flux and composition of materials Air/Dust quality 

 

Source: This Study Adapted from ISA 2019(c).  

 

However, climate change, marine pollution, emissions, fisheries, migrations, and other activities/risks relating 

to marine spatial planning and ocean/coastal usage and pressures are not currently required or investigated. 

It specifies the need for photographic or video transects, benthic landers and robotic/submersible data 

collection methods along with marine mineral and biological samples -statistically significant. Without 

specifying the background information that influenced the decision the ISA states that environmental impact 

assessments are not necessary for gravity and magnetometer devices, bottom and sub-bottom acoustic or 

electromagnetic profiling; small water, sediment, biotic and rock/mineral sampling. The Regulations also 

provide for the potential for cooperative research programmes to overcome existing research gaps as 
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recommended. It also exempts species DNA screening, climate observation data, video and film; 

oceanographic, vessel mineral assaying and analysis; towed plume sensor measurement and in situ faunal 

metabolic measurements. EIA’s and subsequent monitoring are required by all contractors and 

subcontractors, at least a year before any operation; when influencing artificial seafloor plumes and 

disturbances, test and actual mining; on-board vessel drilling technology; large sample taking and epibenthic 

sleds, dredge, trawl or others for depths/areas exceeding 10,0002 metres. Biological samples can experience 

DNA, genetic, molecular, morphological taxonomic and other analysis. ISA regulations are identified in Table 

2.4 below. 

 

Table 2.4: International Seabed Authority Consolidated Seabed Mining Regulations 

 
Regulations for the Guidance of Contractors and Sponsoring 
States Relating to Training Programmes Under Plans of Work 
For Exploration 

2019 Guidelines for Guidance of Contractors relating to the 
Assessment of Environmental Impacts Arising From the 
Exploration of Marine Mineral Resources in the Area. 

Regulations for the Guidance of Contractors for the Reporting 
of Actual and Direct Exploration Expenditure 
 

Regulations/Recommendations for the Guidance of 
Contractors on the Content, Format and Structure of 
Annual Reports 
 

Decision of the ISA Council Relating to the Procedures and 
Criteria For an Approved Plan of Work For Exploration 
 

2013 Decision of the Assembly of the International Seabed 
Authority in Relation to the Regulation of the Prospecting 
and Exploration of Polymetallic Modules in the Area 

2012 Decision of the ISA Assembly Relating to the 
Regulations on Prospecting and Exploration for Polymetallic 
Nodules in the Area and Related Matters 
 

Decision of the Council of the International Seabed 
Authority in Relation to the Regulation of the Prospecting 
and Exploration of Polymetallic Sulphides in the Area 

2011: Decision of the ISA Assembly Relating to the 
Regulations on Prospecting and Exploration for Cobalt Rich 
Ferromanganese Crusts in the Area and Related Matters 
 

2020 ISA Mining/Environmental Code 

 

Source: International Seabed Authority 2015. 

 

The 2013 Decision of the Assembly of the International Seabed Authority in Relation to the Regulation of the 

Prospecting and Exploration of Polymetallic Modules in the Area defines serious harm to the marine 

environment as the following (International Seabed Authority 2013 a). “Any effect from activities in the Area 

on the marine environment which represents a significant adverse change in this marine environment 

determined according to the rules, regulations and procedures adopted by the Authority on the basis of 

internationally recognised standards and practises.” It requires prospecting as not only searching for mineral 

deposits but providing estimation of their composition, size, distribution and potential economic value. 
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Exploration includes analysis and testing of related minerals, technology and processes. To comply with the 

regulation and others in Table 4 stakeholders are expected to provide legal contact details of the prospector, 

certificates of registration, representatives and sponsoring state. It needs to provide the Table 3 

environmental and technical data, prospecting area location, time duration and related details, proof of 

financial/technical capacity (Regulation 12); a work/training plan; cooperation in research, and a written 

agreement indicating willingness to protect the marine environment and other ISA /international/domestic law 

requirements. Production resource estimates are also advised. Under Regulation 5: “Each prospector shall 

take necessary steps to prevent, reduce and control pollution and other hazards to the marine environment 

arising from prospecting, as far as reasonably possible, applying a precautionary approach and best 

environmental practises. In particular each prospector shall minimise or eliminate adverse environmental 

impacts from prospecting and actual or potential conflicts with existing or planned marine scientific research 

activities in accordance with the relevant future guidelines in this regard.” They also need to provide evidence 

of environmental compliance annually. The ISA also provide for “impact reference zones” in which seabed 

mining impacts on the marine environment can be truly assessed and contrasted with “preservation reference 

zones,” where marine organisms and the ocean is spared from the impact as a baseline environmental 

assessment. The ISA have similar requirements for polymetallic sulphide and cobalt rich ferromanganese 

crust requirements (International Seabed Authority 2016). 

 

Prospectors are required to provide any notification of any immediate incident that may arise from prospecting 

or exploitation. Measures taken to contain or resolve the issue and to publicly communicate to potentially 

affected others are also mandatory along with emergency response drills and training. The Secretary General 

has the capacity to intervene and cause emergency moratoriums if needed. Any identification of any 

archaeological, cultural or heritage objects is similarly required to be reported under Regulation 35. An annual 

regular report with confidential data is required under Regulations 6 and 7, except that relating to potential 

environmental impacts. Sufficient evidence of financial and technical capacity is implicitly considered to exist 

if the contractor has spent at least US $30,000,000 in research and development. A plan of expenditure, 

methods and technology employed, provisional operational plan and risk contingency plan for pollution and 

other environmental hazards is also required. The ISA charge a $500,000 application fee. The Legal and 

Technical Commission also advise on each applications occupational and general health and safety to 

humans and other marine related activities. These concessions are granted for an astonishing 15 years as 

exclusive economic licenses granting away access to the seafloor for a significant time period. 
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Under the 2013 ISA Recommendations for the Guidance of Contractors and Sponsoring States Relating to 

Training Programmes Under Plans of Work for Exploration, contractor applicants must detail and finance 

related training programmes; skills and institutions involved (International Seabed Authority, 2013 (b). They 

must also report on the progress and implementation schedule and the selection process along with the 

curriculum and number of available places and opportunities over 5 years.  Developing states can identify 

and help select candidates for training. The ISA recommend eventually creating a long-term database linking 

industry training supply opportunities with market demand and prospective applicants. Trainees are also 

advised to provide feedback on their training experience. Previous technical studies have focused on 

polymetallic nodules and sulphide, along with cobalt rich ferromanganese crusts; Clarion-Clipperton Zone 

geology; deep sea chemosynthetic ecosystems, nematode barcoding and Abyssal Pacific Gene codes 

among others. Others include conducting economic commodity and market analysis for marine minerals.  

 

The ISA authorised Nautilus Mining from Canada in Papua New Guinea and 6 others in 2001/2002 followed 

by Germany in 2006, Nauru Ocean Resources and Tonga Offshore Mining in 2011, followed by 7 in 2012 for 

a total of 17.  Royalties could be based on profits, the value of sales or revenue turnover, a fixed rate or a 

hybrid combination of both. The ISA has not created an equivalent of an internal Mining Inspectorate with 

registration office to monitor regulatory compliance with permits. It advises nations provide oversight entities 

with the authority, support and ability to attain this. An environmental management ISA stakeholder workshop 

in Suva for the SPC-SOPAC Deep Sea Minerals Workshop included a draft environmental impact 

assessment, legal and other capacity building (International Seabed Authority 2011). It also focused on 

drafting environmental management guidelines along with the need to consider enhancing individual nation’s 

legal, financial and technical capacity. This included an executive summary and detailed provision of the 

proposed development activity, its, aims; project history; qualifications and extent of involvement of all 

stakeholders, any anticipated socioeconomic and biophysical environmental impacts and related mitigation 

or offset measure and the purpose/contribution of the project. This draft Environmental Impact Assessment 

has yet to be endorsed by all Pacific nations or become legally binding by the ISA but many of its provisions 

are highlighted in the above application. 

 

Other factors the ISA and those workshop consulted stakeholders identified was the need to involve certain 

public via workshops. It includes the need to consider local and relevant international law, standards and 
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principles. It included adequate charts and method/technology details and alternatives considered or 

rejected. Plans need to be composed for mining and hazardous materials management., health and safety 

across all Figure 2.1 identified stages of a project’s development including a possible implementation 

schedule. Any previous research and environmental impact study findings are also viewed as important to 

avoid costly errors. Identifying existing marine/blue economy and potential coastal area activities that may 

be affected follows the principles of marine spatial planning. Any environmental impact proclaimed needs to 

describe the nature and extent of any impact; measures taken to avoid, minimise or mitigate such impact and 

determine which unavoidable impacts will remain. Several of these points are missing from the ISA 

information requirements specified above.  

 

Additional information that the ISA could obtain from its contractors includes focusing on near surface/surface 

(pelagic), midwater (mammals, mesopelagic and bathypelagic) and benthic species along with natural 

hazards. Other include biosecurity from alien and invasive species such as vessel ballast water. SOPAC-

SPC are also developing a centralised Marine Minerals Database of all accumulated information which the 

ISA aimed to expand to apply to all contractor activities and proposals. In 2006 the ISA established a 

contractor application financed Endowment Fund (International Seabed Authority 2010). This prioritises 

marine environmental and geological scientific research primarily aiding developing nations since an initial 

$3,000,000 was granted by Germany, Mexico, Norway, Spain and the UK. There is also the Inter-Ridge/ISA 

Post-Doctoral Scholarship programme. Specific funded projects include the Kaplan Project in the Pacific 

Ocean Clarion-Clipperton Zone. This prioritises species genetics. CEN-SEAM focuses on seamount 

biodiversity and related communities of species. 

 

In establishing a national regulatory framework for Kiribati one source confirms the implicit obligations of any 

contracting party to take” necessary and appropriate” measures to protect the marine environment and other 

precautions (Tanielu 2013).  However, this remains conditional upon states to enforce as individual parties, 

businesses, communities and researchers are not direct signatories to the Convention and it relies on the 

potential enforcement by other nations, given neither the ISA nor the UN have direct enforcement capabilities 

other than possible state sanctions or revoking permits/fines in international law. There is also the voluntary, 

non-binding, industry drafted International Marine Minerals Code for Environmental Management of Marine 

Mining; created in response to increasing global concern over corporate social and environmental 

responsibility. These would be more effective if stakeholders consider the requirements of other ocean users 
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and were regularly contacted, transboundary implications were identified and the free, prior and informed 

consent of many users might be secured if possible after sufficient awareness of the risks and impacts. This 

Code aims for plans that aid to improve the recruitment, re-establishment and migration of biota.  It advises 

the need to not only collect ISA data but take more proactive steps to be more ecologically sustainable. 

Alternative options and the basis of data in determining conclusions could be more transparently located. It 

is also advisable to include marine protected areas to enable species recovery; suitable baseline and 

changing conditions information and prioritise the Precautionary Principle. Buffer zones may help to mitigate 

against any effects on tourism, fisheries and aquaculture; renewable energy; research; blue carbon 

ecosystem; ports and shipping and other activities. In 2010 the ISA received its first legal opinion from the 

Seabed Dispute Chamber, which focused on the extent of liability for state parties to the LOS Convention 

(Anton, Magill and Payne 2011). It raised three specific queries highlighted below. The issue arose in 2008 

by Nauru Ocean Resources Inc and Tonga Offshore Mining concerned about the extent to which 

governments and individual nations were bound. It argued that as Pacific nations had limited financial, 

technical and other resources; they would be challenged to be able to afford to be exposed to the liability of 

seabed mining operations; complicating their ability to participate and gain access to their resources. Both 

Greenpeace and WWF as NGO observers provided submissions.  

 

I: What are the legal responsibilities and obligations of States Parties to the LOS Convention with respect to 

the sponsorship of activities in accordance with the LOS Convention with respect to the sponsorship of 

activities in the Area in respect to implementation of UNCLOS? 

2: What is the extent of liability of a State Party for any failure to comply with the provisions of the LOS 

Convention in particular Part XI and the 1994 Agreement? 

3: What are the necessary and appropriate measures that a sponsoring State must take in order to fulfil its 

responsibility under the Convention, in particular Article 139, Annex III and the 1994 Agreement. 

 

In response on 1 February 2011, the Chamber advised the primary obligations of contracting states were to 

“ensure that such activities undertaken by its nationals are carried out in accordance with the LOS Convention 

Part XI and to assist ISA by taking all measures necessary to ensure compliance with Article 139 and ensure 

within its domestic legal system; that the sponsored entity carries out such activities in conformity with the 

terms of its contract and its obligations under the LOS Convention.”  Therefore, states can be held legally 

liable if their companies and individuals violate ISA or international law requirements including significant 
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adverse ecological damage. The international principle of the ocean as the common heritage off all humanity 

was enshrined. This infers obligations to protect biodiversity; avert transboundary risks and damage; 

minimise adverse externality costs; ensure safety at sea; ensuring access of others to research; shipping, 

undersea communications and other activities and to be guided by environmental impact assessments and 

the Polluter Pays principle. The Mining Code specifies the need to consider a Precautionary Principle 

approach to pollution and other marine environmental threats (Rozemeijer et al. 2018). The ISA aided by 

governments has the authority to ensure individual nations and contractors follow the necessity of 

scientifically determined environmental impact assessments and best environmental practices along with the 

Precautionary Approach are applied. This states under Rio Declaration Principle 15: “Where there are threats 

of serious or irreversible damage, lack of full scientific certainty shall not be used as a reason for postponing 

cost-effective measures to prevent environmental degradation. States are to apply precaution according to 

their capabilities.”  The state has to have sufficiently robust laws o minimise exposure to this potential risk. 

 

There appears to be current paradox or conflict in the determination of the ISA. One the one side its mandate 

specifies marine environmental protection of non-living marine resources as a regulator. On the other, it has 

a specific vested interest to promote and facilitate the implementation of seabed mining to support the  

industry and not just serve as a regulator. The existing structure may need some modification to promote 

greater independent oversight to avoid possible risks of regulatory capture given a vocal and influential mining 

lobby. Previous evidence has existed for land based mining interests globally from Brazil and Argentina to 

the USA, Papua New Guinea, Namibia and South Africa. 

 

Although not specifically covered in this research, any prospective seabed mining contractor applicant not 

only needs to consider the above international and national legislation below; but also the 1990 London 

Convention, ISPS, MARPOL including the 2020 IMO Sulphur Fuel Cap; the IMO Guidelines on Port Waste 

Reception Facilities and 1986 SPREP South Pacific Protocol for the Prevention of Pollution By Ships. Others 

include the CCAMLR and the 1973 Intervention on High Seas in Case of Oil Pollution Convention. Others 

include the 1979 Bon Convention on Migratory Species, the 1979 RAMSAR Convention, the 2012 UNFCCC 

Convention, the 2015 Paris Agreement on Climate Change, I979 Apia Convention on South Pacific Nature 

Conservation, the 1972 UNESCO Cultural Heritage Convention and ICOMOS International Cultural Tourism/ 

Archaeological Heritage and Underwater Cultural Heritage Charters. Seabed mining exploration and 

commercial activities are also advised to consider complying with the 1995 FAO Code of Conduct for 
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Responsible Fisheries, the 1995 Agreement for the Conservation and Management of Straddling Fish Stocks 

and Highly Migratory Fish Stocks, the 1993 Convention on the Conservation of Southern Blue Fin Tuna. 

Further regulations include COLREG, FAL and SOLAS. 

 

2.3.2: Individual Nations with Seabed Mining Legislation 

 

Many countries that have focused on seabed mining have prioritised the administrative and commercial 

development aspects rather than a detailed concern for the environmental and other risks. Examples of these 

nations are summarised in Table 2.5. To implement legislation the Cook Islands created a Seabed Minerals 

Authority. The South Pacific also has a Fiji International Seabed Mineral Authority and Minerals Working 

Group; a Kiribati Seabed Minerals Secretariat and Working Group; a Nauru Seabed Mineral Authority, a 

Tonga Seabed Minerals Authority and Tuvalu Seabed Minerals Authority. The SPC agency SOPAC also 

drafted regional 1999 Mandang Guidelines to aid South Pacific communities in the process of developing 

their own guidelines. 

 

Table 2.5: Countries with Seabed Mining or Related Mining Legislation 

 
Australia 1963 Submarine Cables and Pipeline Protection Act, 1987 Petroleum (Submerged Lands) Act, 

1994 Offshore Minerals Act, 1999 Environment Protection and Biodiversity Conservation Act 

Belgium Belgium Act on Prospecting, Exploration and Exploitation of Mineral Resources of the Resources 
of the Deep Seafloor and Subsoil. 

Brazil (PROANTAR), National Policy for Marine Resources (PNRM), Continental Shelf Survey Plan 
(LEPLAC); Sector Plan for Sea Resources (PSRM); PROAREA; 1967 Mining Code, REMPLAC 
BIOMAR 

China 2016 Law on the Exploration for and Exploitation of Resources in the Deep Seabed Area 

Cook Islands Cook Islands 2009 Seabed Minerals Act and 2015 Seabed Minerals Amendment Act 

Czech Republic 2000 Act 158 on Prospecting, Exploration and Exploitation of Mineral Resources 

Denmark 2009 Mining Code Act 

Federated States of Micronesia 2018 Seabed Mining Act 

Fiji 2013 International Seabed Mineral Management Decree 

France 2011 Mining Code, 2016 Ordinance 1687 Relating to the Maritime Areas under the jurisdiction of 
the Republic of France. 

Germany 1995 Seabed Mining Act 

Japan 1982 Japan Law on Interim Measures for Deep Seabed Mining 

Kiribati 2017 Seabed Minerals Act 

Malta 2000 Malta Resources Authority Act XXV of 2000, 2014 Continental Shelf Act 

Nauru  Nauru 2015 International Seabed Minerals Act 

Netherlands 2002 Mining Code 

New Zealand New Zealand 1996 United Nations Convention on the Law of the Sea 

Papua New Guinea 1992 Mining and 2000 Environment Act. Offshore Mining Policy 

Portugal 1990 Decree-Law on Research and Exploitation of Minerals 
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Russia 1994 President Decree on Activities of the Russian Physical and Legal Entities For Exploration and 
Development of Mineral Resources off the Seabed Outside the Continental Shelf. 1995 
Government Decree on Activities of the Russian Physical and Legal Entities For Exploration and 

Development of Mineral Resources off the Seabed Outside the Continental Shelf. 
Singapore 2015 Deep Seabed Mining Act 

Tonga 2014 Seabed Minerals Act 

Tuvalu 2-14 Seabed Minerals Act 

UK 1981 and 2014 Deep Sea Mining Act 

USA 1980 Deep Sea Mining Regulations, Marine and Mining Code 

 
Source: This Study. 

 

2.3.2.1: Australia 

 

In Australia seabed mining industry and dependent stakeholders have to comply with the 1963 Submarine 

Cables and Pipeline Protection Act, 1987 Petroleum (Submerged Lands) Act, 1994 Offshore Minerals Act, 

1999 Environment Protection and Biodiversity Conservation Act (Australian National Ocean Office, 2002). It 

also needs to consider applicable regulations and stakeholder involvement relating to other blue 

economy/marine and coastal usages such as fisheries and aquaculture or living marine resources; offshore 

oil and gas, marine protected areas; maritime security, ports and shipping, seabed and subsoil activities, 

indigenous use. It also includes marine environmental risk measures such as the National Plan to Combat 

Pollution of the Sea by Oil and Other Noxious Hazardous Substances along with regional marine 

management and park authority specific plans such as for the Great Barrier Reef. Australia advises that any 

related mining plan must consider contingencies against oil or pollution spills including training, possible 

recovery, bioremediation, biotechnology, chemical and other techniques. Australia also has the 1981 Sea 

Dumping Act, Protection of the Sea Powers of intervention, Civil Liability and Oil Pollution Compensation 

Fund Acts. Since 1981 polluted waste prevented under the Ocean Dumping Act is legally defined as including 

dredged material, sewerage sludge, organic, inert or inorganic material, from vessels and platforms or 

artificial man-made structures at sea, fish waste and bulky items. Although Australia currently has no 

commercial activities relating to deep sea mining; oil companies are expected to pay an exploration and 

production tax plus a share of royalties (40% of which is allocated to the Federal government and 60% to the 

state governments. The 1994 Offshore Mineral Act grants an initial marine license exclusively for 21 years, 

4 years for an exploratory license and 5 years for a retention license for retrieving not yet commercially 

lucrative samples. 
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2.3.2.2: Belgium 

 

In its 2013 update of potential interest and progress in seabed mining to the International Seabed Authority 

or ISA, the Belgium government indicated no specific legislation or developments other than the Belgium Act 

on Prospecting, Exploration and Exploitation of Mineral Resources of the Resources of the Deep Seafloor 

and Subsoil (Belgian Government 2013). At that point it was working on developing the certificate of 

patronage and requirements to register or sponsor potential prospectors. 

 

2.3.2.3: Brazil. 

 

In a 2017 update to the ISA the Brazilian Government signalled the need for activities to comply with the 

Interministerial Secretariat for the Resources of the Sea (Brazil Government 2017). Interested applicants 

would need to register and comply with the Brazilian Antarctic program (PROANTAR), the National Policy for 

Marine Resources (PNRM), the Continental Shelf Survey Plan (LEPLAC) and the Sector Plan for Sea 

Resources (PSRM). It also includes compliance with PROAREA which seeks to establish a non-living 

resource assessment survey in the southeast Atlantic Ocean and the 1967 Mining Code. Other programs 

include the Brazilian Ocean and Climate Observation System and REMPLAC or the Mineral potential 

Assessment of the Brazilian Continental Platform, AQUIPESCA (aquaculture and fisheries) and BIOMAR 

(marine biotechnology) 

 

2.3.2.4: China 

 

In 2016 China’s response to the ISA included notification of the ratified Law on the Exploration for and 

Exploitation of Resources in the Deep Seabed Area (China Government 2016) and provision of an electronic 

copy and translation.  

 

2.3.2.5:  Cook Islands 

 

The Cook Islands have been among the most actively vocal defenders of seabed mining for the blue 

economy. Aside from a specific Seabed Authority and Commissioner it offers the Cook Islands 2009 Seabed 

Minerals Act, the 2014 National Seabed Mineral Policy and 2015 Seabed Minerals Amendment Act. The 
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National Seabed Minerals Policy claims the need to focus on sustainable environmental management and 

minimisation of social impact whilst ensuring sufficient revenue and promoting investment in the sector. (Cook 

Islands Government 2014). It primarily views the sector as a mechanism to diversify income pending climate 

change and away from tourism occupying 62.3% of its current GDP as a major contributor. Yet this does not 

appear to prioritise responsible marine conservation in alignment with its 2015 Marae Moana marine park 

declaration across its entire EEZ. The policy cites the need to “ensure that we wisely utilise our seabed 

mineral resources for economic development, to maximise the long-term benefits from money generated, 

while minimising the impacts to the environment caused by extraction.” “Any activities in our oceans must be 

conducted in a sustainable manner underpinned by the principles of precaution, conservation, effective 

management and shared responsibility.”  

 

However, the policy primarily focuses on the administrative and financial rather than specifying environmental 

requirements including the need for company income tax (28%), a 3% resource rent royalty tax and any 

prospecting license fees. It also claims the need to ensure “internationally competitive investment and fiscal 

conditions to attract potential investors and safeguard the nation’s earnings.”  It emphasises the need to 

obtain data for environmental protection, health, cultural and social risks and to promote scientific research 

but without specifying anything needed and ensure sufficiently trained people to benefit and administer the 

process. The Policy claims to provide interaction with the community through the media, Authority website, 

consultations and engagements via the Advisory Board. The 2014 National Seabed Minerals Policy cites the 

need to follow the 1998 Prevention of Marine Pollution Act and apply best available technology and the 

“Polluter Pays Principle.” Applicants are expected to provide environmental clean-up liability bonds as 

possible compensation for any ecological damage incurred. It also needs an environmental permit from the 

National Environmental Service. Without details or defining unreasonably compromised” clause 4 states” “We 

will seek to ensure that the conservation, protection and management of the marine and coastal management 

of the Cook Islands is not unreasonably compromised by seabed mining activities through the formulation, 

enactment and application of environmental laws and regulations reflective of the needs of our oceans and 

of internationally accepted principles”. It also claims the need for transparency, auditing and other reporting 

methods; specifies the need for adequate insurance and qualified contractors providing security of tenure as 

an inducement to invest. 
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The 2009 Seabed Minerals Act cited similar principles to focus on administrative requirements to permit 

seabed mining activities as possible, to maximise income generating benefits from the minerals extracted 

including transfer of sovereign resource ownership (Cook Islands Government 2009). It also highlights the 

need to ensure sufficient confidentiality and protection of related information; to create specific areas 

reserved away from marine mining activities and to need Environmental Impact Assessments before and 

during mining. The 2015 Seabed Minerals Amendment Act adapts the previous Act and Policy to apply for 

existing granted mining concessions and increasing granted license times for exploration from 2 to 5 years 

(Cook Islands Government, 2015). Title holders are required to manage risks and permission is not granted 

unless all conditions specified by the National Environmental Service are addressed. The 2014 Seabed 

Mineral Regulations provide for offences and penalties including punishing false and misleading information; 

unauthorised disclosure of confidential information (Cook Islands Government 2014). Government 

consultation is needed. The legislation focuses on ensuring sound diligence with provision for ownership of 

biological samples; access to data, equipment and intellectual property. Any incidents need to be immediately 

reported. It argues the Seabed Authority is expected to provide guidelines relating to specific environmental 

data that needs to be collected but this is not publicy available. Title holders are expected to complete 

quarterly and annual reports along with a final data report. License holders need to provide a sample 

catalogue of all geological, geochemical, environmental and geophysical specimens. 

 

The Act provides for the structure, composition, management and legal power of the Seabed Authority, 

geotechnical data, the application process and data required. It specifies the conditions under which licenses 

can be granted or rejected. It also provides guidelines for the negotiation process. The Authority is advised 

to establish a Register of Native Titles and determine the extent of liability for each. It includes power to 

ensure occupational health and safety and monitoring inspectors and to declare legal safety zones along with 

being able to legislate for seabed mining environmental management plans and Emergency Contingency 

Plan. 

 

2.3.2.6: Czech Republic 

 

Several nations have legislation to guide those who may at some point be sufficiently attracted to favour 

seafloor economic activity including mining. The 2000 Act 158 on Prospecting, Exploration and Exploitation 

of Mineral Resources is unusual in that a landlocked country without any direct access to the ocean; still has 
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enabling legislation to enable sponsorship of marine minerals exploration and prospecting, along with 

scientific research and underwater exploration to the ISA and international law (Czech Government 2000). It 

defines the need to avoid harm to the marine environment by “contamination of the marine environment by 

the introduction of humans, directly or indirectly of such substances or energies that exhibit deleterious effects 

such as damaging living resources and marine life.” This further includes “endangering human health, 

preventing marine activities including fishery or any other lawful utility of the sea deteriorating the quality of 

sea water and restricting conditions for recreation. A certificate of expertise or sponsorship for an application 

includes conditions such as being a minimum of 21, soundness in body and mind, clean criminal record and 

sufficient geological and technical expertise -3 years’ experience with English or French proficiency. Aside 

from contact details, the applicant must provide prospecting site coordinates, duration and activities, consent 

to being inspected throughout the activity and details relating to the minerals and geology. Environmental 

sustainability and impact assessments are conspicuously absent. The certificate of sponsorship requires 

adequate insurance for any liabilities or damage, proof of lease or ownership of a vessel and sufficient finance 

(spend at least $30 million) along with a workplan. It specifies fines of up to CKZ 10,000,000 without a 

designated prospecting Representative, CZK 100,000,000 without an official permit and 1000,000 for other 

offences on individual violators. 

 

2.3.2.7: Federated States of Micronesia 

 

The 2018 Seabed Mineral Act of the Federated States of Micronesia proposed by its Congress, also focuses 

on the equivalent interest of Pacific nations to establish an Authority and a potential research, exploration 

and mining activity process and to regulate those expressing evident interest in undertaking such processes 

(Federated States of Micronesia Government 2018). Section 104 empowers the Authority to be able to 

regulate the conduct of title holders; 105 claims that whilst the states retain sovereignty over all living and 

non-living resources in sovereignty; they can transfer the right of sovereignty to the Authority. A seabed 

royalty fund is proposed under the section. Section 106 binds all people interested, whether citizens or not 

citizens. Section 107 recognises the ISA’s right to provide regulations and guidelines that apply to contractors. 

Sections 201 onwards focus on the structure and composition of the National Seabed Resources Authority 

itself. Sufficient information needs to be directly supplies to the authority by title holders, without the Act 

currently indicating which detailed information it needs. Potential incidents need to be reported under Section 

212. An Enforcement Order and fine up to $100,000 can be imposed on any who cause serious risk or threat 
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to life, human health, safety or marine environment. This act again appears to ignore the declaration of 

significant territory as marine protected areas in partnership with the Blue Prosperity Coalition earlier this 

year (Dyer July 2020). However, the Authority can declare Reserved Areas banning seabed mining under 

sections 304/305 whilst determining the extent of territory that can be mined. Direct sovereignty or ownership 

of the resources exclusively transfers to the licensee. Certain activities require an environmental and social 

impact assessment, whilst others are exempt. A titleholder is exempt from import duties under Section 1019. 

 

2.3.2.8: Fiji 

 

Fiji’s 2013 International Seabed Marine Management Act was similarly swiftly drafted in direct response to 

the SPC-EU Seabed Mining Project and workshops, concentrating more on functionality to facilitate 

investment rather than directly addressing socioeconomic and environment concerns (Fiji Government 2013).  

It created the Fiji International Seabed Authority with related governing powers, funds and process for 

applications along with potential offences, a Working Group of experts and a Mineral Resource Corporation. 

It also provided for the process of sponsoring contractors to apply for licenses directly to the ISA in 

international waters with monitoring powers including regulating against interference of the contractor with 

any other sea use activities. It briefly cites the need to implement measures to maximise the benefits of 

Seabed Mineral Activities but does not specify this other than to arrange for compennsation royalties from 

any application. The Marine Resources Corporation indicates innterest in Fiji too directly engaging in 

commercial seabed mining activity via a state operated company, not just relying on external parties. The Act 

also specifies the need to provide training requirements to local citizens, follow health and safety principles, 

ban dumping of waste into the ocean and follow the Precautionary Principle to environmental management 

with best environmental practise. 

 

2.3.2.9: France 

 

French deep sea mining is governed by the 2011 Mining Code and 2016 Ordinance 1687 Relating to the 

Maritime Areas under the jurisdiction of the Republic of France, rather than specific legislation. In a 2013 

update to the ISA its delegate indicated that it was in the process of revising its legislation to comply with 

UNCLOS (French Government 2013). It also has the archaic Deep Seabed Mineral Resources Exploration 

and Mining Act (Touret 1981).  This primarily focused on ensuring administrative procedures for granting 
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licenses and concessions. It claims the act provides a basis to participate but UNCLOS law applies. It requires 

royalties of 3.75% of the value of each commercially mined ton. It claims that license holders are to consider 

marine environmental protection without specifying how and from interference with the freedom of the high 

seas. It claims the right to reserve minerals during emergencies or facing a shortage as first priority on any 

commercial discoveries. France differs from other countries in directly ring fencing royalty funds to be 

allocated as aid to developing nations and overseas territories. 

 

 

2.3.2.10: Germany 

 

The 1995 German Seabed Mining Act echoes the others but also focuses on aligning local law to UNCLOS 

and also the need to pre-empt risks to life, health and safety of workers (German Government 1995). The 

Federal Environment and Maritime and Hydrographic Agencies are specifically invited along with the 

Landesamt to provide direct comments on the application and its workplan as part of the process. The 

applicant needs to prove both sufficient funds can be sustained and that it is commercially viable. It states 

contractors are personally responsible for protecting the environment in the area. Qualified experts must be 

involved and supervise. Inspectors have the power to observe activities. Under Section 9 any historic and 

archaeological discoveries must be located. Potential fines for violations of many of these administrative 

criteria and others range from 5000 to 50,000 euros. It claims this act causes previous other acts to become 

obsolete such as the 1980 Interim Deep Seabed Mining Regulations and 1985 Ordinance on Deep Sea 

Mining Costs. 

 

2.3.2.11: Georgia  

 

In 2017 Georgia updated the ISA to state that no seabed mining activities have taken place or subject to 

regulation under its domestic laws (Georgia Government 2017). 

 

2.3.2.12: India 

 

In 2010 the Indian Government notified the ISA of its intention to grant the Indian Bureau of Mines any 

subsequent power to regulate seabed mining activities and processes (Indian Government 2010). 



54 
 

 

2.3.2.13:  Indonesia 

 

Although Indonesia itself does not currently have any ISA licenses or local activity or legislation, a small 

minority have indicated some interest in seeking to overcome the current regulatory gap (Puspitawati 2018). 

This cites the claimed need to promote mining for greater mineral resource security, sovereignty and 

autarchy, reducing imports and other economic chances. It advises the need for a local framework to align 

to international conventions and regulations, whilst stating the limited applicability of the 2009 Mining Act to 

marine enterprises. 

 

2.3.14:  Japan 

 

 Like the US and France, Japan similarly has decades old legislation governing this sector that does not 

consciously recognise changes in technology trends, blue economy developments or ecological 

risks/community, investor and other stakeholder requirements. Its 1982 Interim Measures on Seabed Mining 

provides for contractor liability and compensation to damage only once events have happened rather than 

proactively specifying the environment, technology and other methods or processes needed to counteract 

risk and for more active stakeholder consultation, awareness and engagement (Japan Government 2013). 

Even penalties have yet to be updated to provide a sufficient deterrent. The application process both 

individual and jointly merely requires personal contact details, the intended duration, location and size of area 

along with drawings and work plans. Penal provisions for violators include 5 years imprisonment or fines up 

to 1000,000 yen for those engaging in activities illegally. 

 

2.3.15: Kiribati 

 

The 2017 Kiribati Seabed Minerals Act prioritises establishing a regulatory Secretariat with penalties and 

enforcement powers including prohibiting the supply of false or misleading information to the Secretariat 

(Kiribati Government 2017). It also creates inspectors and the capacity to issue Enforcement Orders. It 

requires the formation of a Technical Advisory Committee and specifies compensation. It details the 

geographical location of prospective mining areas including a publicly available cadastral survey map and 

title register to promote greater transparency. It specifies prospector obligations including the need for 
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geological and environmental impact assessments to be conducted, sponsorship criteria and the need to 

obtain consent for any marine scientific research. It can create safety zones and also requires reporting of 

any objects of an archaeological or historical nature. It directly cites the need to protect the Marine 

Environment through the 1999 Environment Act and an environmental impact assessment in contrast to 

many of the other nations cited. It claims the need to promote transparency in decision making and to provide 

a stable, transparent and predictable environment for investors in Seabed Mineral Activities. It quotes the 

Act’s objective is to “secure optimum benefits, long-term economic growth and sustainable development for 

Kiribati from the development of its Seabed Minerals Sector.”  

 

Titleholder specific environmental duties are detailed under Section 45 including the need to consult 

stakeholders of any potential environmental act and possibly provide compensation including free, prior and 

informed consent along with reporting on any marine environmental impacts. Mineral material waste and 

dumping is prohibited following international law and all equipment/material must be removed at the end of 

the lease during decommissioning to prevent further damage to shipping, people or the marine environment. 

The Precautionary Approach and best environmental management practise are broadly indicated as the 

standards to follow without being more targeted. All property must be well maintained to minimise adverse 

externality costs. Under section 100 any marine scientific research applications require the cruise name and 

number; all stakeholder contact details including the lead scientist, sponsoring institution and collaborators; 

the project objectives and description, charts and coordinates of the surveyed area. Details need to be 

supplied of any intended ports of call, the need for a representative to Kiribati, timeframes including 

preliminary and final reports and data/samples along with any details of methods, equipment and 

installations. This specifically includes whether any previous research commitments have been unfulfilled 

and if the research involves drilling into the Continental Shelf, using explosives or releasing harmful marine 

environmental substances. It specifies needing application, license, annual fees and or sponsorship 

payments and royalties. 

 

2.3.16: Mexico 

 

In 2018 the Mexican government provided an updated ISA summary of its latest investigations into the risks 

and prospects of seabed mining by its government departments although not publicly available (Mexico 

Government 2018).  
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2.3.17: Netherlands 

 

The Netherlands government has yet to draft a specific seabed mining act, still governed by its 2002 Mining 

Code. In a 2017 ISA update it indicated no such national law, regulation or administrative measure is in place 

but was in the process of developing a certificate of sponsorship for international activities to occur.  

(Netherlands Government 2017).  

 

2.3.18: Papua New Guinea 

 

Papua New Guinea operates under a 1992 Mining Code and Offshore Mining Policy as the second global 

nation to issue a deep sea mining, commercial license (Papua New Guinea Government 2012). The sector 

is still governed by the 2000 Environment Act, 1992 Mining Act and Mining Safety Act which extends land 

including the offshore marine area to the territorial sea limit and claims a need to provide sufficient 

environmental safeguards without details; investor and public certainty. It focuses on developing the sector 

but following international law, an investor-friendly regulatory framework and the promotion of value adding 

and maximum economic benefits. It emphasizes the need to ensure equitable sharing of benefits whilst 

ensuring that it does not unduly interfere with other legitimate maritime space uses and to notionally protect 

the coastal and marine environment, biodiversity, ecology and living marine resources. 

 

2.3.19: Russia 

 

In a 2018 update the Russian Government notified the ISA that any potential seabed mining regulations were 

still under consideration but applicants would have to comply with the 1994 President Decree on Activities of 

the Russian Physical and Legal Entities for Exploration and Development of Mineral Resources off the 

Seabed Outside the Continental Shelf. Applicants would need to also comply with the 1995 Government 

Decree on Activities of the Russian Physical and Legal Entities For Exploration and Development of Mineral 

Resources off the Seabed Outside the Continental Shelf. (Russian Government 2018)  

 

2.3.20: Singapore 
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Singapore’s Seabed Mining Act prioritises licensing requirements, a concession to marine environmental 

protection and compliance with local and international ISA regulations (Singapore Government 2015). 

Individual fines can range up to $300,000. Singapore only provide a basic requirement for the applicant to 

specify the objective of the license, the type of resource, the area and personal details. 

 

2.3.21 Solomon Islands 

 

Curiously the Solomon Islands, as with Nauru, Niue and Palau does not yet have separate related legislation. 

The seabed mining sector would currently be governed by the National Minerals Policy of the Ministry of 

Mines, Energy and Rural Electrification (Solomon Islands Government 2016). This provides for 

reconnaissance permits, prospecting and actual mining licenses; the mining structure and the need to 

consider promoting local transparency and accountability, employment, training and local economic linkage 

opportunities. Stakeholders are specifically indicated as needing inclusion during consultation along with a 

proportion of any potential fees and royalty income Companies benefit through greater certainty over legal 

tenders with an increase in seabed concession area for licenses to 5000 km2. It has standardised mining, 

surface access, community development agreements and other forms. Yet no commercial seabed mining 

activities are being conducted yet. Civil society are also meant to be represented on the advisory committee. 

It specifies environmental policy measures along with the need for a Strategic Environmental and Social 

Assessment. The policy states that any potential deep sea mining activity requires contractor applicants and 

Ministry to observe the protection and preservation of the marine environment and rare or fragile ecosystems 

and habitats; the prevention of transboundary harm and the prevention or reduction of pollution. Other cited 

obligations include those prioritising the conservation of biodiversity, applying the Precautionary Approach, 

employing best environmental practise and needing pre-activity environmental impact assessments. It also 

includes not unduly interfering with the rights of other states for international maritime communication 

channels and pipelines along with marine scientific research. It specifies 100% recruitment of unskilled labour 

from local sources along with promoting local scholarships and training. Companies also need to provide a 

public engagement and communication plan. 

 

2.3.22: South Korea 
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In a recent update to the ISA the South Korean government requires research vessels with shipowner mutual 

protection and indemnity insurance. It also requires compliance with the Ship Act, Maritime Safety Act, Marine 

Environment Management Act, the National Contingency and Emergency Plan and 1990 Oil Pollution 

Response Convention (South Korean Government 2013). It planned drafting legislation in 2013/2014 but no 

subsequent legislation has been publicised. 

 

2.3.23: Tonga 

 

The Tonga Government’s Deep Seabed Mining Act identified the potential locations of seabed mining blocks 

and activities along with a publicly available register of titles for transparency and public involvement. (Tonga 

Government 2014).  Once more it echoes others in identifying title holder duties the prospecting application 

process and permit conditions. It establishes a Seabed Mineral Fund for royalties, application fees and 

security deposits against liability and potential damage. It describes the marine scientific research process. 

It prohibits public officials from obtaining a direct stake or vested related interest in seabed mining to enhance 

transparency and good governance. 

 

Under section 39 titleholder duties include undertaking an Environmental Impact Assessment, the need to 

consider avoiding or minimising pollution, waste and other adverse effects with sufifcient insurance against 

any potential damage, identified risks and impact costs. The title holders are expected to follow international 

best practice and the Precautionary Approach along with aiding in technical training, experience and capacity 

building. Occupational health and safety measures are also interpreted as especially vital to consider. 

Stakeholders that may suffer from potential seabed mining activities may also acquire possible 

compensation. Full audited and suitable financial records need to be conducted including potential royalties 

payable, costs, expenditure and revenue. Under the Act it considers Crown Responsibilities should exercise 

sovereignty and control but not “impose unnecessary, disproportionate or duplicate regulatory burden on 

Sponsored Parties.” 

 

2.3.2.4: Tuvalu 

 

The Tuvalu Seabed Mining Act provides for the formation of the Seabed Minerals Authority virtually identical 

to Tonga, Kiribati and Fiji with the functions, duties, powers and inspectors (Tuvalu Government 2014). It 
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creates a Seabed Minerals Advisory Council, public cadastral survey and register of applicants. They also 

receive exclusive license concessions. Potential fiscal provisions include the application and license fees, 

sponsorship payments, taxes, seabed mineral royalties, transfer fees, security deposits, insurance and the 

creation of a related Seabed Minerals Fund. Tuvalu follows Tonga with similar marine environmental 

protection requirements. Any violators personally are responsible for any costs incurred by the Authority in 

acting against them. Administrative penalties cannot exceed $10,000 per day. Tuvalu require sound and 

audited financial records and well maintained vessels and other assets along with adequate safety, security 

and occupational health criteria to all related mining personnel. Stakeholders are to report and preserve 

cultural, archaeological and historical artifacts. Public officials are specifically banned for any conflict of 

interest and must disclose any potential related matter or face a 10 year/$100,000 fine.  

 

The Environmental Impact Assessment for Tuvalu not only requires identifying possible eco, biophysical and 

socioeconomic impacts, risks and benefits; previous research results; public consultation and extent of 

owner/neighbouring support. It also needs to consider oceanographic, geological, climate, air and natural 

data. It also requires charts; offshore infrastructure and technology/supply chain requirements hazardous 

material and waste preparations, health and safety; decommissioning, closure and site rehabilitation. Other 

marine uses need to be considered along with cultural heritage and potential conflicts along with community 

impacts, skill development and other economic opportunities but also emissions, climate change, pollution 

and biosecurity. It specifies the need for qualified EIA professionals with a environmental management plan, 

a monitoring plan and studies with a closure and rehabilitation plan 

 

2.3.25: United Kingdom 

 

The UK 2014 Seabed Mining Act updates the 1981 Deep Sea Mining Temporary Provisions Act (United 

Kingdom, 2014). The license needs to consider health and safety of people involved; banning disposal of 

records. It also permits legally binding enforcement of the Seabed Dispute Chamber. 

 

2.3.26: USA 

 

The USA have yet to update their deep sea mining legislation to reflect the realities of the present. Their 

position is even more complicated in not having ratified UNCLOS nor representation to the International 
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Seabed Authority, with the same for Canada (Kindt 1989).  The US approach to seabed mining originated 

with NOAA’s (National Oceanic and Atmospheric Administration), DOMES experiments from 1975 to 1981 

to identify initial technical and environmental impacts. From environmental concerns over sediment plumes 

and other stakeholders, the USA drafted interim regulations in 1981 needing environmental and scientific 

research assessments. The Deep Sea Mining Regulations specify the application license permit process with 

the need for financial and technical capability (United States Congress 1980). It briefly indicates the need to 

consider environmental regulations, safety at sea, resource conservation requirements and freedom of the 

sea. It advises the need for monitoring and evaluation. The sector is also governed by the Mineral Lands and 

Mining Code (United States Congress 2009). This grants authority to the Secretary of the Interior and 

mentions the public availability of any non-commercial or non-patent related information along with 

encouraging research and technology development. It indicates the need to consider due diligence; actively 

monitor granted licensees; retain sufficient records and consider setting up a royalty revenue sharing fund. 

The Code specifically sought to accelerate seabed environmental research citing the need to understand the 

risks as a prelude to potential commercial exploitation. Stakeholder consultation has to occur with Regional 

Fisheries Management Councils and others to avoid interference with other uses of the high seas. It claims 

the need to facilitate understanding through creating stable reference zones that can be utilised as potential 

monitoring and evaluation comparison sites of pristine ecosystems compared to mined areas.  Civil penalties 

for administrative offences are only $25,000 per day. 

 

2.33: Devising the Optimal Seabed Mining Legal Framework: Other Guidelines and Policies 

 

In devising the optimal seabed mining framework, this study advises considering other sources. The 

European Commission for the Blue Nodule project, emphasized the need for continuous monitoring and 

evaluation (Weaver, de Jonge and van Wijk 2020). It advises considering the performance of the technology 

methods and equipment used, noise, light pollution, seabed morphology, oceanography and sediment. 

Environmental impact assessments should be involved during test mining and exploration not just during 

operations. Once more it advises the need for preservation and impact reference zones to consider changes 

in species abundance, biodiversity and distribution. Ecologically it advises the need to investigate alterations 

in species behaviour, levels of metals and toxic effects. It also advises changes in water currents, fluid flux, 

temperature, current, salinity and species’ responses along with adequate high resolution charts of the area. 

In monitoring mining equipment this includes the vessel, exploration and harvesting system technology for 
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any adverse or uncertain components, the extent of productive efficiency and performance under various 

conditions. Other systems include any related to collecting and analysing geological and ecological samples, 

with the preference for redundancy and virtual /physical data backup as frequently as possible. It identified 

the need to consider all variations in sediment, nodules, organic and inorganic materials, to clarify 

consequences for seabed morphology, its organisms and topography from mining and related preparation 

exercises. The source advises satellite altimetry, actual mapping and depth soundings. The sediment 

discharge rate and density are significant in needing to be measured. Aside from Section 2.2 identified 

technology, physical observers preferably from independent sources such as communities, marine 

conservation NGO’s and research facilities are advised to provide credible, more impartial evidence onboard 

vessels and floating exploration platforms. Examples of survey monitoring measures include various echo 

sounders, sonar, sediment traps, recorders, box and multi0corers along with probes and sensors. 

 

The European Blue Nodules project also advised the need for an independent ethics review process to 

identify potential human and other species ethical issues (Herman and de Jonge 2020). This included 

identification of related environmental, research, health and safety risks, appointment of a specific Ethics 

Advisor and a plan to rectify these risks wherever possible.  Other sources indicate the need to resolve 

uncertainty of risks through ensuring legislative frameworks provide for interdisciplinary research, standard 

guidelines in recording/monitoring data; ensuring access to results and international cooperation or research 

partnerships (Koschinsky et al. 2017).  It is especially important to consider any risks throughout the project’s 

lifecycle; the implications of surrendering sovereignty over significant mineral resources and areas of the 

seafloor; implications for other blue economy activities, natural, cultural and indigenous use heritage. 

Sediment release directly influences species’ capacity to filter feed. Legislation for seabed mining is 

complicated that comparatively few commercial and exploration activities exist. However, it can consider 

terrestrial mining; the existing offshore oil and gas; fishing sectors and those case studies when formulating 

its consequences. Proponents highlight the damage of the Fundao tailings dam which killed 19 people and 

contaminated the local area via over 50,000,000 cubic feet of sludge.  

 

Any project therefore needs an effective monitoring and evaluation process both internal and external along 

with active stakeholder engagement with those that may be directly affected. Nautilus for the Solwara project 

in Papua New Guinea provided a template precedent in identifying a Coastal Area of Benefit. This identified 

an initial 22 villages and 8100 people. The actual process can be complicated by finding those sufficiently 
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close to be impacted both directly and indirectly including tourism operators, recreation users, commercial 

shipping and fishing vessels. Although several legal frameworks consider notional dedication to the 

Precautionary Approach and Principle, a more robust policy would define it and prescribe its implementation 

on the seabed mining industry and subsequent supply chain. It states: “Where there are threats of serious or 

irreversible damage, lack of scientific certainty shall not be used as a reason for postponing cost-effective 

measures to prevent environmental degradation.” This was further supplemented by the 1988 Wingfield 

Statement which declared: “When an activity raises threats of harm to human health or the environment, 

precautionary measures should be taken even if some cause and effect relationships are not fully established 

scientifically. In this context the proponent of an activity, rather than the public should bear the burden of 

proof. The process of applying the Precautionary Principle must be informed and democratic and must 

include potentially affected parties. It must also involve an examination of the full range of alternatives 

including no action.” 

 

One legal opinion on applying this to the Pacific region argues the need for states to take proactive legal 

measures to implement this, conceding that whilst zero risk is impractical, actual evidence showing a state 

has considered this is necessary so that a state can ultimately safeguard the public interest (Mitchell 2012). 

Therefore, sufficient research needs to be incorporated at the pre-mining phase to determine whether mining 

can be a credible contributor to the blue economy, given the controversy over benefits but also costs. The 

source echoes others in calling for a moratorium until the effects are more compellingly comprehended. It 

claims international law does not encourage the basis of acquiring the data, simply by mining without any 

preparatory Environmental impact Assessments, as argued by Japan over whale harvesting under the guise 

of “scientific research” or over “experimental fishing for southern Bluefin tuna. Legislation can create an 

enabling environment to ultimately help rectify any uncertain research gaps. 

 

An Australian Northern Territory Report on seabed mining identified the need for existing legal frameworks 

to consider international and domestic law and related legal compliance along with aspects of mining, 

dredging, maritime and environmental law (Northern Territory Environmental Protection Agency 2012). It 

identified an existing gap in legal frameworks to consider socioeconomic and cultural affairs. It advised the 

need for a full seabed mining legal review, especially given public expectations for greater sustainability and 

resolutions to counteract arising ecological risks. It also advised the need for seabed mining best practise 

and guideline examples to consider possible management, mitigation and rehabilitation plans including land 
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based mining. New minerals and mining technologies need to be considered as processes update. It advised 

legal frameworks embrace international and local law, ISA and UNCLOS best practises, the International 

Marine Minerals Society Code and the Regional Legislative and Regulatory Framework for Deep Sea 

Minerals Exploration and Exploitation in the Pacific. 

 

The source cited a 2008 study which took up to 40 years for major ecological recovery from mining. It argues 

the need for recovery plans which concentrate on the technologies utilised; the resilience of species, 

ecological restoration measures, the surface area impacted and local hydrodynamic, ecological, marine and 

climate conditions. The extent of sediment and presence of existing and neighbouring species can also be 

considered along with the dumping of dredge spoils. These plans need to provide convincing evidence as to 

whether seabed mining has any realistic prospects of ensuring ecological rehabilitation in the oceans once 

concluded. Examples of dredging mitigation measures include dredging material volume daily restrictions, 

vessel speed and numbers, reducing deposited tailings as much as possible and intensively mining section 

by section to avoid any possible further disturbance; if seabed mining is perceived as having to take place.  

 

The current voluntary environmental management guidelines of the 2011 International Marine Minerals 

Management Code indicates the need for potential stakeholder consultation throughout the mining process, 

indicates responsible and sustainable management. It claims a need for environment ethics including 

contractor and employee environmental education and training programmes, actual practises and 

procurement. Assessments need to consider not just mineral but biological potential including ecosystem 

service values. Policies are advised to include reducing, recycling and renewing products and byproducts as 

much as possible along with considering currently updated technological proposal. Community participation 

means active dialogue and involvement at each project stage including community and marine scientific 

observers. It also advises environmental risk management including contingency and emergency response 

policies, identifying risks. It advises the need for regularly updated and improved environmental policies and 

standards, including event hosting and participation at public forums along with ecosystem and site 

rehabilitation and decommissioning plans.   

 

One source contending the need for seabed mining legislation in Southeast Asia noted that only Singapore 

had a directly specific Code (Nugroho and Putranti 2018). It contended legal drafters and policymakers should 

consider following UNCLOS and ISA guidelines as a minimal basis but adapted to a local, context specific 
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environment. It indicated a lack of awareness on the issue exists for the region; high participation and 

technology costs and lack of regulatory certainty; limits investor interest at present. The Endowment Fund 

had only trained 14 people from 5 countries in the area along with only the Ocean Mineral Singapore as a 

local company. 

 

Given the significant implications for blue economies, ecosystems and the fate of many nations it is highly 

concerning and disconcerting that many swathes of the world’s oceans, especially the South Pacific have 

either non-existent or insufficient, rather swift and cursorily drafted legal protection for their sovereignty and 

fate. These frameworks would be more convincing if they epitomised the free, willing and informed public 

and transparent consent of various stakeholders, whether in favour or against seabed mining. This includes 

adherence to the above principles, especially those of ecological, economic, social, equity, research and 

existing marine usage sustainability criteria. A previous study from a Vanuatu source concedes the need of 

clear frameworks to protect the rights of members given the constraints that many Pacific island nations 

experience (Ochoa 2016). Adequate revenue management and funding frameworks may be robustly 

necessary to avoid the phosphate mineral curse of Nauru. This gap has only partially been addressed through 

the recent SPC-EU Deep Sea Minerals Project aiming to “assist Pacific Island Countries who wish to engage 

in deep sea mineral activities by supporting informed and careful governance in accordance with international 

law, with particular attention to the protection of the marine environment and securing equitable financing 

arrangements for Pacific Island countries and their people.” A robust investment framework is also needed 

(OECD 2012). The principle of legal equality whether domestic or foreign residents, investors and entities 

should apply. The conditions under which people could object to deep sea mining could follow the precedent 

of the Deep Sea Mining Code. For example, the code cites fraud, deceit, violation of the conditions and 

irregularities in the process. 

 

Current or envisioned seabed mining regulation could therefore be considerably improved in areas currently 

considering it in the Atlantis II Deep Sea Basin, the Pacific Clarion-Clipperton Zone, New Zealand’s Chatham 

Rise and Kernadec Trench, West Australia, Italy’s Ionian Sea South Africa and Namibia (Global Ocean 

Commission 2013). It argues the limit of current jurisdiction in many international areas in the absence of the 

UN High Seas Treaty and the need for a specific marine pollution compensation fund to target ecological 

preservation and rehabilitation. The ISA also indicate the possible need for guidelines not just for the ISA for 

those governments wishing to operate state companies (ISA 2006), although the ISA has yet to undertake it. 
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Another source indicates the significant inadequacies of many hastily drafted Pacific legislation (Blue Ocean 

Law and the Pacific Network for Globalisation 2016). It pointedly indicates the need to avoid the curse of 

Dutch Disease or resource curse that has subsequently arisen both for Nauru phosphate mining and the 

offshore/land oil and natural gas exploration along with protecting the interests of indigenous people. This 

includes a sufficiently independent institutional regulatory capacity, enforcement capacity and transparent 

accountability to deter possible corruption or conflict over access and uses of seabed and living resources. 

This further applies to other blue economy sectors. Pacific nations are advised to also consider the long-term 

nature and high investment/research/ecological risks in determining a sufficient rate of return on possible 

investment. The source cites concern arising from the lack of public consultation or adequate legislation prior 

to the awarding of the first licenses and that one company -Nautilus Minerals has over 100 licenses granted 

to it across the South Pacific. Similar concerns were expressed for Fiji and Papua New Guinea. Fiji only 

provided a recorded 3 days for public consultation on the initial draft. The expectation and need for sufficiently 

informed stakeholder consultation, training and scientific research needs to be enshrined in any legal 

frameworks to resolve the uncertainty of seabed mining and whether it reflects the will of the people for the 

blue economy or if they prefer to prioritise other ocean/blue economy activities. Aside from seeking public 

and scientific expertise, it advises considering impacts across various sectors and transboundary risks. 

Improved funding, legal and training capacity are considered essential. EIA results need to be independently 

undertaken and publicly available. The question of legal liability and responsibility for potential risk impacts 

needs to be clearly enunciated.  

 

Many nations still lack seabed mining legislation including Canada, South Africa, New Zealand, India, 

Indonesia, Southeast Asia, the Middle East, Samoa, the Caribbean, Palau, Italy and Mexico, whilst others 

such as Australia, France, Germany, Japan and the USA are significantly outdated. Those that have set up 

authorities such as the Cook Islands offer few expertise such as a legal, scientific, technical or natural 

resources and ecosystems advisor. The ISA indicate the need for inspectors and a monitoring plan to ensure 

regulatory compliance but others have expressed concern with the lack of oversight capacity. Human, 

indigenous and environmental rights need to be considered if it is to be popularly considered, especially EIA’s 

prior to any project undertaken including exploration. Fiji has also not indicated a legal commitment inn its 

policies to the Precautionary Principle, lessening transboundary harm and protecting marine protected areas. 

Vanuatu enshrines public consultation. Tonga has indicated issues in establishing a fully independent, 

capable and ready Regulatory Authority. Sufficient fiscal and tax collection revenue capacity also needs to 
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be factored in.  In ultimately forming a legislative framework previous research indicates the need to 

adequately consider the oceans to be the common heritage of humanity and respond accordingly (Nandan, 

Lodge and Roseanne 2009). This includes prioritising human environmental, social, economic and 

environmental welfare as well as an inferred custodian responsibility to consider the interests of other 

species; preserve freedom of navigation and use of the high seas as much as possible along with acting 

immediately against marine pollution, overfishing and other risks. 

 

2.34: Creating a Legislative Framework 

 

Therefore, in creating the ultimate legislative framework and guideline, one of the overarching considerations 

is the provision of subsequent information, data and institutional regulatory ability to determine the most 

effective future pathway forward. These principles include transparency, accountability, ecological 

sustainability, general environmental impact assessments and site specific environmental and other risk 

management plans. Adequate administrative, legal, financial and technical capacity is also indispensable 

including royalty and liability or financial compensation funds. Popular awareness, marketing and 

engagement with frequent communication and participation is also essential. Another source indicates the 

need for a disaster compensation fund; the power to halt mining activities as needed and concentrate mining 

efforts only in small observable pilot sites. More globally coordinated efforts are necessary on seabed mining 

policies including many nations that have yet to consider their position or actively endorse any of the various 

principles above (Thompson et al. 2018). The feasibility of alternative sources of mining including land, 

technology, techniques and processes including recycling and the circular economy could also be explored. 

It advises the need for a dispute resolution framework to address potential conflicts of interest that may 

emerge from competing uses along with governments being both the regulators in favour of it and considering 

those against seabed mining. It is essential to consider carbon, water, biological and other cycles in the 

process along with cumulative species impacts and inter-species relationships. It advises the need for more 

global marine protected areas, more awareness on the costs and impacts of seabed mining to the global 

community, full transparency over all processes and access to scientific data, although calling for a 

moratorium on the process and increased recycling. More monitoring is critical. The need for more 

standardised EIA processes is also recommended. Specific risk mitigation measures and best practise may 

also need to be included. 
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Future data can also be synchronised and interlinked into existing systems, projects and programmes or 

complement their research gaps. For example, the global database of traits and species information in the 

Census of Life project, the World Register of Species, the Ocean Biogeographic Information System or the 

deep sea hydrothermal vent species database (Chapman et al. 2019). Initial efforts have identified at least 

646 global species to consider along with habitat, life history, habitat use, and mobility. Others include 

nutrients, trophic structure, migration patterns, extent of endemic nature, resilience, survival, biological 

characteristics and behaviour. Eventually these could connect to possible marine ecosystem service 

functions and biotechnology uses; which undersea mining could either consider in seeking to 

understand/mitigate potential impacts or contribute via subsequent prospecting and exploration research. 

The need for transparency and good governance for informed decision making is increasingly perceived as 

relevant for both seabed mining and other activities (World Economic Forum 2016). This applies to 

governance, finance, environmental, technology/methods and stakeholder communication and interaction. 

Adequate data management policies preserving these rights to access core data whilst preserving intellectual 

property and commercial interests requires necessary balance. It advises the Aarhus Convention principles 

of needing transparency for acting effectively, gaining information and justice. 

 

The latest technological developments and updated scientific data can provide more convincing testimony 

as to whether seabed mining is feasible, can become more cost-effective or sustainable or whether there is 

simply far too high a price to pay for the ‘common heritage of humankind (UN GEAS 2014). Greater 

coordination of research as partnerships can further reduce potential costs and efforts at unnecessarily 

duplicating certain research. Destructive mining techniques should be banned. Certain more sustainable 

equipment design and technology could be mandatory or recommended as best practise along with other 

examples. For example, shrouds condense sediment plumes to less suffocating levels.  In employing the 

precautionary approach buffer zones and species recovery zones/periods also need to be prioritised. 

Investigating local experiences and ecological management whilst respecting indigenous usage and 

awareness of the local ecosystem and economy can minimise risks for any prospector contractors in places 

where licenses are operating or may be granted. Any legal framework or policy also needs to be sufficiently 

flexible to adapt as conditions change. 

 

Although the ISA specify “serious harm” and “Harmful effects” must be avoided to the marine environment; 

and that the sponsoring states and contractors are liable it does not specify its interpretation of these concepts 
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(Levin et al 2018). The need to use the best available scientific evidence and technical information is 

emphasised as well as the need to minimise or mitigate against these risks. It advises following FAO 

guidelines including “the intensity and severity of the impact; the impact’s spatial extent relative to species’ 

habitat availability; the ecosystem’s sensitivity and vulnerability; the ecosystem’s recovery ability; the extent 

of ecosystem alteration; the duration, frequency and the intensity of the impact.” It also extends to cumulative 

effects, transboundary risks and scientific uncertainty relating to risks. These can be updated with adaptive 

risk management to overcome uncertainty in being updated as conditions change (Aimer 2018). This aims 

to be cautious to avoid irreversible effects and promote mitigation measures or remedial solutions. Measures 

of assessing and ensuring environmental and other permit compliance based on pre-set indicators are also 

advised.  

 

Certain ecological safeguards for deep sea mining needs to provide adequate protection, research and 

governance of ocean ecosystems on the high seas through detailing adequate risk assessments, recovery 

rates for species, the extent of their resilience and vulnerability (Institute for Advanced Sustainability Studies 

2019). Common monitoring thresholds and indicators need to be determined for variations in environmental, 

biological and oceanographic conditions. The source counsels the need to respect the Precautionary 

Approach, the Common Heritage of Humankind, Adaptive Management and Governance, Transparency and 

Public Consultation. Aside from identifying potential ecological, economic and environmental conflicts of 

interest, it advises the need to identify ecologically significant species, areas and ecosystems to set aside as 

possible marine reserves. It notes a detailed mine specific environmental impact assessment needs to be 

periodically undertaken to assess effects along with high resolution detailed mapping of species, excavation 

and sediment plumes. Pinpointing transboundary risks is also essential. It recommends the need for greater 

elucidation as to how the ISA can reconcile the conflicting objectives of marine environment protection and 

facilitating seabed mining exploration and exploitation. Any findings should consider alternative scenarios 

and be available publicly subject to protecting certain confidential personal identity, financial or technical/legal 

information. It argues that reviews by the ISA and governments should not just be once off but to intervene 

as conditions change, under adaptive management principles. The ISA lack a specific Environmental 

Commission to mirror the Legal and Technical Commission. Existing guidelines of the ISA and other Acts 

could be open to soliciting more feedback from various stakeholders to be improved. 
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Following these principles will further adhere to international law such as UNCLOS Article 145. “This requires 

the ISA to ensure effective protection for the marine environment from harmful effects which may arise from 

activities in the area. The ISA must adopt rules, regulations and procedures, including for: the prevention, 

reduction and control of pollution and other hazards; the prevention, reduction and control of interference 

with the ecological balance of the marine environment; the protection and conservation of the natural 

resources of the area and the prevention of damage to marine environment flora and fauna.” It adheres to 

the Aichi Biodiversity Targets to ensure sustainable marine harvesting, reduce the rate of loss of natural 

habitats and to ensure sustainable production and consumption patterns to keep the impacts of uses of 

natural resources; well within safe ecological limits. It also follows the Convention on Biological Diversity 

Article 3 “to ensure that states ensure that activities within their jurisdiction or control o not cause damage to 

the environment of areas beyond their jurisdiction.  

 

An effective framework also has to consider the significant costs and risks to investors and prospectors who 

may wish sufficient security of tenure and possible benefits in exchange for developing the sector. For 

example, direct seafloor research can cost over $80,000 per day and initial data gathering efforts could 

surpass 5 years (Thompson et al. 2018). Personal rewards follow personal responsibility to these contractors 

for ensuring compliance with the Precautionary, Polluter Pays and other Principles. Aside from research, 

direct linkages to marine protected areas could be connected along with reflective cost-benefit analysis. Pre-

empting risks ensures that certain minerals and species will remain to help future ecological and economic 

options. The British Parliamentary Office for Science and Technology motivates the need to possibly include 

resources security and sovereignty aspects in policies given the strategic value of rare earth minerals from 

the seabed, with few land sources available (UK Houses of Parliament 2015).  For example, UK Seabed 

Minerals Inc holds a concession over 130,000 km2 for mineral extraction. 

 

One review of the ISA includes recommendations relating to institutional frameworks, promoting, monitoring 

and enforcing compliance, the extent of public reporting, accountability and transparency along with related 

effectiveness or performance (Murphy 2020). Clear allocation of roles and responsibilities and enforcement 

capacity are recommended along with the need for more environmental specialists, best practise case studies 

and frequent communication with the public. It advises greater marketing, awareness and industry/community 

outreach to illuminate more stakeholders over seabed mining along with GIS maps, transparent procurement 

and other measures.  It advises full transparency is needed by the ISA over the extent of Contractor’s 
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environmental obligations and various risks and needing due diligence on any awarded licensee. Compliance 

monitoring would be more credible if it had independent, third party observer verification on vessels, platforms 

and at sea. It advises a compliance data and process monitoring strategy. Categories for compliance 

monitoring should be state along with transparency and accountability. This includes a transparent and open 

Deep Sea Mining Database. Contractors should publish an annual Sustainability Report with pre-set formats. 

An impartial Ombudsman with appropriate powers would be able to address more public and individual 

concerns. It also advises the need for more awareness programmes. Specific penalties and incentives to 

encourage compliance could also be detailed. Ensuring staff, contractors and other supply chain partners 

have sufficient qualifications, awareness and training to enable compliance is also more likely to ensure any 

regulation, policy or legal framework actually works along with conducting an audit of just which regulations 

are really necessary and the resources potentially available to ensure compliance. 

 

A Eco-Deep SIP Workshop Report followed several environmental guidelines related to seabed mining to 

obtain an Environmental Permit (Yamamoto 2016). It specified an Environnmental Management Plan and 

sub-plans for air quality and dust, water quality, light, sound and vibration, subsediment flora, benthic ecology, 

sediment, plankton larval abundance, alien species; marine mammals, emergency response, rehabilitation 

and site closure. A previous New Zealand EIA permit at Chatham Rise for iron and phosphorite identified 

insufficient information details to protect endemic species; identify impacts such as toxicity of redeposited 

sediment and species recovery potential along with factoring scientific uncertainty. Noise mitigation measures 

may include limiting the time duration and frequency of operations, specifying the technology type, creating 

marine protect areas and buffer zones, monitoring and assessing impacts along with training. Nutrient cycling 

can be monitored via water sampling, nets, sediment traps, experiments and respiration chambers. Food 

support webs and related biodiversity can be assessed via stock assessments, genetics and genomics, 

surveys and sample analysis, sensors, drones and artificial tags, imaging devices and telemetry. Others 

include satellite imagery, sonar, multibeam, sidescan and other echo sounders, continuous plankton 

recorders plus sediment finders. Plumes can be observed via echosounders and visual imagery, coring, DNA, 

sorting, taxonomy, chemical analysers, 3D reconstruction, transmitters and robotics. The extent, duration 

and volumes of the plumes can all be controlled/mitigated against the potential operator. Toxic metals, 

elements and other contaminants can be assessed via various species conditions, transcriptomics, 

biomarkers, water samples and other structures.  
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2.35: Funding Framework Guidelines if Seabed Mining Were to Occur 

 

Financial options in a funding framework could not only determine the ad valorem, fixed rate royalty or 

commodity specific taxes, price based, exploration and taxes. This proposed funding framework would need  

to consider the following dimensions. 

• The administration and composition of the fund. 

• Access criteria for investors, investments and economic, social, environmental or other activities 

which may contribute to any of the funds below or specifically receive related funds from the accounts. 

• For example these may contribute to options for employment, training, local value chain 

development, community heath, economy and social development 

• Full transparency in the funding process including publicly available Register of titles and funding 

sources. Clear responsibility so that named designated positions are personally responsible for any 

funds and thus liable against any potential fraud, corruption or other offences. 

• Data management and protection measures 

• The establishment of royalties’ funds, the above taxes; ring-fenced bank accounts in the public 

interest determination of tax types and the equivalent institutional capacity to generate such 

requirements. 

•  This also applies for the need for insurance related bank accounts against possible contingencies 

such as marine pollution/environmental damage; bankruptcy and other liability issues. These measures 

are especially critical to avoid a repetition of the Papua New Guinea Solwara incident. Ann 

environmental compensation/site rehabilitation fund could also be established. 

• The need for seabed mining industry stakeholders, especially licensees to provide accurate and 

audited annual financial statements. 

• The need for investments from any of the above funds to adhere to the UNEP Sustainable Blue 

Finance Principles 

• An online funding register and handbook database identifying potential investor sources who are and 

who are not interested. 

• Greater marketing, communication and awareness is needed for the specific fund.  

 

For example, the ISA and individual nations could consider the following to undertake a prospective seabed 

mining fund composition.  Resources need to be sustainably invested and utilised in alignment to growing 
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calls for a prosperous blue economy. This proposal will initially conduct a literature review of existing 

sustainable, mining royalty, environmental compensation and other comparable funds risks/issues/concerns, 

priorities, developments, policies and other trends, especially concentrating on climate, blue economy and 

other sustainable criteria such as the UNEP Sustainable Blue Economy Finance Principles. It will assist in 

determining past case study successes and failures; so the ISA and others can know effectively where to 

prioritise scarce Fund resources, given human, time, budget, technology and other constraints. The second 

stage will identify Stakeholder Engagement and Consultation needed to identify needs, resources available, 

concerns, challenges, opportunities, means of implementation, prioritization and support engagement. This 

may include a combination of reviews and interviews/surveys. Preliminary details of study components are 

summarized below: (i) Literature review, (ii) Key informant interviews (including field visits), (iii) Focus groups, 

(iv) Comparator assessment/benchmarking study, (v) Case studies of influential activities, (vi) and data 

collection. I will use a triangulation approach, whenever possible, by combining multiple data sources and 

methods. In doing so, I will seek to overcome the bias that comes from single informants, single methods, 

single observer or single theory studies. Field research may be conducted in partnership with a local 

company/stakeholder. If COVID travel restrictions apply; virtual methods will be utilized including Zoom, 

Skype or other equivalent web-based processes. This process aims to consider stakeholder core 

requirements in this fund both from an industry and a host government/community/ISA perspective. 

 

The next stage of the review will focus on a institutional policy and regulatory assessment, concentrating on 

the governance and composition of the fund; identifying potential stakeholders, issues, priorities, concerns, 

risks, technologies employed and other developments. The following  timeframe will concentrate on core 

deliverables to identify possible opportunities, Recommendation and implementation including identifying 

prospects for obtaining funding, investment criteria for stakeholders; governance options and resources 

needed to access the criteria and monitoring and evaluation criteria to ensure the fund is being operated 

under core principles. The composition of the fund; administration and other policies need to ensure the 

investments yield the maximum long term performance benefit.  Subsequently, stakeholder perceptions, core 

risks and other aspects in the research will be specifically aligned to identifying the core blue economy 

opportunities and resolution of core key questions including identifying the equipment, technology, policy, 

human skills, funding and other aspects necessary to develop a sustainable seabed mining fund based on 

international best practise examples. This extends to considering applications of the fund to emerging blue 

economy investment areas, development of the seabed mining sector sustainably  and identification of 



73 
 

climate resilient, blue and circular economy opportunities and means of implementation and related to NDC 

Mitigation and carbon, highlighting blue carbon, climate change, mitigation, adaptation and resilient 

climateproofing opportunities for coastal community income diversification.  

 

It also remains essential to consider marketing, communication and awareness campaigns to ensure the 

fund is sustainably accessed. It extends to considering human and institutional capacity building 

administrated and implemented. It is especially crucial to concentrate on successes and failures for related 

funds. The aim then is to develop implementation plans and timetables for priority strategies (as selected by 

the client based on briefings), including permitting requirements, capital and operating investment plans, 

workforce skills assessment and development plans, and indicators to measure performance. Any 

subsequent recommendations will then align with Convention, the ISA Strategic Plan for 2019-2023; 

discussions held in the Committee and the ISA Council; resource constraints, regulations and information 

available. This also applies to domestic legislation that may be applicable alongside international best 

practise examples for sustainable and transparent, ethical UNEP Blue Economy and other CSR investment 

principles. 

 

2.4.4: Forming the Optimal Comprehensive Act for Seabed Mining and the Blue Economy 

 

In conclusion this section recommends to incorporate the best elements of global, regional and local marine 

conservation related legislation, guidelines and policies to form the optimal comprehensive Act for Seabed 

Mining and the Blue Economy. 

 

• Act objectives: related to marine conservation under ecosystem based and scientific technical 

management; proactive risk management and the Precautionary Principle/principles of Blue Carbon, 

marine spatial planning; Marine Ecological Capital and Rehabilitation. 

• Objectives to determine the development of a seabed mining industry sector under exploration and 

exploitation; the conditions under which it may be permitted or not. 

• The administrative processes and structures relating to the granting of licenses and concessions; 

the possible creation of a Seabed Mineral Authority or equivalent or not. The development of an 

independent Regulator to provide oversight and Ombudsman entity with full investigatory and 
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regulatory powers, including enforcement powers to act against those committing offences and 

responding to public interest and demand 

• The need to establish a properly resourced and empowered management authority based on 

capable decision making, clear rights and responsibilities with the capacity to consider transboundary 

cooperation and coordination with other stakeholders to obtain information; resources and 

enforcement support as needed. 

• Designated powers and responsibilities, capacity to make, amend or repeal regulations. 

• Deliminated boundaries and zone types/purposes based on principles of Marine Spatial Planning as 

above. Need to consider buffer zone implications 

• Site selection criteria. 

• Management, operation and maintenance. All stages of the above industry and sector need to be 

considered from exploration to operation to decommissioning, site closure and mandatory 

requirements for undertaking ecological rehabilitation plans for any activities that do materialise. 

• Risk management and links to other legislation or activities including safety, security, environment, 

water, climate change, cargo, fisheries, tourism, renewable energy, ports, desalination, shipping, 

biotechnology etc. 

• Freedom of financing, lease security and concession, ability to set license and fees; fines for 

infringement and incentives. The time period and extent of exclusive access to resources and area 

needs to be specified. 

• Any related financial, research, administrative or other processes and requirements including specific 

data and reporting requirements need to be specified. 

• Need to ban destructive mining and waste dumping processes; trawling, explosive or dynamite 

fishing; tag fishing/ghost marine equipment to ensure liability outside reserves whilst banning it in the 

reserves. 

• More ecologically sustainable mining methods and techniques could be specified and recommended 

as mandatory or guidelines. 

• Ecological safeguards and risk management measures could be detailed. 

• Access to any scientific/ecological/other data that does not infringe upon commercial contract, 

intellectual property or other legally confidential information from seabed mining exploration and 

prospecting activities should be publicly available. The onus should be on the license title holder to 

identify any explicit benefits, risks, costs and opportunities as practically possible. 



75 
 

• The need to continuously update and utilised the latest technological, scientific research and risk 

mitigation measures should be emphasised along with the principles of measures to minimise 

adverse sound, light, waste, species and other ecological effects as much as possible should be 

emphasised. 

• Any legislation needs to consider elements of the UNCLOS, ISA, domestic law and other principles 

as identified in the above sections, whilst ensuring the framework is sufficiently flexible enough to 

change as conditions and circumstances do; whilst robust to ensure protection of the marine 

environment; blue economy and human/other species rights and our cultural legacy. 

• Any seabed mining application or moratorium process needs to involve active identification and 

consultation of related stakeholders and operate on the principle of free, willing and informed 

consent. Stakeholders need to be continuously informed and updated. 

•  It needs to involve full geophysical, socioeconomic, cultural heritage and environmental impact 

assessments regularly conducted at prescribed time period intervals before and during, exploration, 

exploitation. 

• This needs to consider waste management, minimisation and recycling plans related to the circular 

economy. The need to factor in climate change; marine pollution and other full possible risks along 

with emissions reduction and offsetting policies. 

• The requirements for marine scientific research process 

• Transparency and accountability in all governance processes. 

• Identifying and requiring all stakeholders to adhere to the Precautionary Principle, the Polluter Pays 

Principle in the extent of personal and professional liability, Marine Spatial Planning and the Common 

Heritage of Humankind should be enshrined in legislation and policies. Serious and Transboundary 

Risk Harm need to be specified and avoided as much as practically possible 

• The need to specify and require local training and skills development; workplans along with adhering 

to occupational health and safety. 

• Applications need to respect and consider equitable access to resources including traditional and 

indigenous usages, respecting marine protected area boundaries and preserving cultural heritage 

where practically possible. 

• Freedom over selling/procuring assets and properties/pay supply chain on time without the rigorous 

onus of centralised government procurement policies inhibiting development of MPA’s or their 

extension or their effectiveness. 
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• Links to fisheries, aquaculture and other blue economy areas or opportunities 

• Ocean sovereignty and governance; creation of marine protected areas and private reserves. 

• Marine spatial planning and functional zoning/integrated coastal zone management 

• Links to blue carbon expansion and preserving 

• Preserving of marine biodiversity and ecosystems; Regulated introduction and exploitation of rare 

and exotic species sustainably. 

• Education, research and training including establishing youth and other volunteer/professional 

rangers and guides. 

• Specific ring-fenced budgetary resources provided for long and short term maintenance, potential 

expansions/construction and 15-20% for contingencies. 

• Environmental, water/ocean impact assessments for certain activities with a maximum specified time 

period. The need to identify risks including transboundary risks and possible mitigation measures 

• Research, information; marketing, commercialisation and all value chain issues.  

• Trade regulation, exports and provision of financial, investment, research and other incentives. 

• Resolving market barriers to entry -competition; infrastructure and standards; 

• Issues over access to marine resources including genetic, licensing requirements of fisheries, marine 

renewable energy, biotechnology, aquaculture and ecotourism conditional upon following related 

laws and regulations outside no take zones 

• Need to consider traditional existing rights and customs where ecologically sustainable and 

responsible in use; based on historic/current tradition and precedent. 

• Need to factor in local experience. 

• The need to minimise adverse externality costs as much as possible. 

• Need to consider resilience and vulnerability of resources and the MPA 

• A suitable enforcement, regulatory and independent oversight/appeals authority 

• The extent of public participation and consultation in the process 

• Avoiding of marine threats -issues of Polluter Pays Principle, carbon footprint offsetting, and 

company liability. Risk management. Need to ensure recycling where possible, reduction of bycatch 

and related waste and the principle of ensuring the circular economy wherever possible. 

• Issues over resources as climate change develops; monitoring for changing socioeconomic, 

environment, climate and oceanographic/population and coastal development conditions. 
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• The need to conduct socioeconomic, technical and resource need along with environmental and 

climate change projection risk assessments/stakeholder requirements. 

• Need to protect marine cultural and geological heritage; rare/endemic species via no take zones. 

• Need to provide training and institutional capacity 

• Links to other policies and supporting legislation. 

• Links to international legislation, targets and goals including SDG’s, Aichi 11, 30% by 2030 

• Specific prescribed legal and other penalties for violations and the question of liability -extending to 

terrestrial, marine and coastal risks based on the violator paying back the full ecological/economic 

value for any damaged resource.  

• Need to establish effective law enforcement, monitoring and evaluation regularly and provision for 

updating regulations/management processes. 

• Companies need to provide evidence of due diligence, legal and compliance monitoring strategies 

along with annual Sustainability Reports. 

• The possible provision of Awards and other incentives as motivation 

• Regular publishing of progress towards pre-determined targets or objectives and transparent 

accountability for decision making 

• The resolution of disputes and appeals process 

 

2.4:  Seabed Mining Case Study Lesson Successes  

 

Although virtually no commercial examples exist of success from deep sea mining; existing case study 

benefits have been identified for shallow water similar activities and during related prospecting research 

investigations. This section considers a review of previous accomplishments, both real and proclaimed is 

necessary to objectively determine whether seabed mining can yield prospective benefits. 

 

2.4.1:  Namibia 

 

Namibia follows South Africa in having a significant success story over the past several decades to provide 

convincing evidence of both the commercial prosperity but also the ecological and social concerns that can 

emerge from offshore and coastal diamond mining (Benkenstein 2014). This can provide an example for 

other stakeholders. The source identifies the challenges of undertaking EIA’s to assess the true impact of 
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seabed mining for other African nations but points to Namibia’s successful track record. This could provide 

examples for those contemplating whether or not it is useful in Mauritius, Madagascar and others. It points 

out species recovery can occur far more swiftly in shallower waters than those deeper 

 

Those in favour of the proposed phosphate mining, Sandpiper project in 2011 pointed to significant 

experience already existing at minimising risks under De Beers Marine; in providing data; employment; 

significant revenue, scientific expertise and training/capacity building. They contested options for acquiring 

significant foreign exchange and exports and would include a marine monitoring programme. It claimed no 

major EIA issues had been involved. The 50% Namibian ownership can be cited as convincing evidence as 

to how mining can promote local access to resource sovereignty whilst acquiring access to international 

scientific, geological and marketing expertise. Profit sharing from equitable access to resources can result in 

a mutually beneficial outcome. One series of interviews in 2016-2017 identified how Namibia could profit from 

increasing concerns over the future of global phosphate supplies (Carver 2019). Technical success in drilling 

over 5,500,000 tons of sediment is observed over 47 weeks of operation. Other potential places include the 

Marshall Islands, Mexico, New Zealand and northwest Pacific. It identified a ready market and investor 

interest by Namibian Marine Phosphate (a joint Oman-Namibian) initiative. This proposal proved itself 

technically and financially before facing a several year moratorium from 2013 over concerns by various civil 

society/community activists over the unknown ecological implications. They sought a fully independent and 

transparent Environmental Impact Assessment prior to any activity. 

 

The existing marine diamond industry led by De Beers Marine are growing more globally conscious of the 

pressure by stakeholders and investors to become more sustainable and create more marine protected areas 

(Howard 2020).  Although not yet implemented; the sector in Namibia is considering various risk reduction 

areas for the marine environment including impact avoidance mechanisms including stripwise mining -via 

alternate zones to enhance benthic fauna recolonisation rates; mandatory waste recycling and avoidance of 

core fishery/biodiversity sensitive areas.  Minimisation measures include fuel reduction, avoiding mining at 

the congregation of myriad species, utilising the most sophisticated technology, screening and then returning 

unneeded sediments. It has also sponsored significant scientific research to clarify the impacts on the marine 

environment with more certainty.  De Marine Namibia since 1991 have claimed benthic community species 

have recovered within 10-30 years in certainn areas with these and other measures for ecological restoration. 

It claims to have only mined 2% of the designated Atlantic I mining concession area over 6000 km2. Its 
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vessels adhsre to MARPOL and Green passport. It claims unsuitable specimens are immediately returned 

to the sea after analyis onboard vessels. It mentions the need to minimise lighting, sound and interference 

with species flight paths. Acoustic methods are apparently not to be undertaken in the presence of marine 

mammals and the placemennt of independent marine fauna observers on vessels is considered  crucial. 

Sediment removal and discharge reduction measures are emphasised through reconfigured technology. It 

cites following natural ecosystem restoration measures but acknolwedges no offsetting solutions are currently 

being pursued. 

 

Mining is a major sector of Namibia’s economy contributing to 15% of its GDP and the majority of foreign 

exchange reserves. Namibia is one of the rare places where mineral resources are sufficient enough for 

seabed mining to be viable. To date, seabed mining activities have concentrated on diamonds and the 

diamond industry is expected to further invest in offshore mining operations as land resources become 

scarce. Phosphate mining is also considered as a potentially exploitable resource with substantial stocks 

identified in the south of the EEZ. However, exploration and project development has been placed on hold 

due to uncertainties on its potential impact on the marine environment and institutional conflicts. Conflicts 

between seabed mining and fishing activities have substantially increased over the past decades with parties 

claiming that seabed mining could undermine the Blue Economy, while others underline the substantial 

economic opportunity for the country (Perche 2019). Namibia’s ocean economy is essentially based on 

sectors competing for resources, space and ecosystem services, in most cases with little or no due concern 

for other sectors. The Blue Economy framework aims at avoiding conflicts and supporting the sectors and 

initiatives which sustainably maximize economic benefits and ensure equitable marine wealth distribution 

(NDP5). Many knowledge gaps to be addressed during Blue Economy planning will therefore directly 

contribute to building a scientifically reliable quantification and communication of socio-economic and 

environmental trade-offs between the different Blue Economy development options. 

 

 Namibia’s Sustainable Blue Economy Policy seeks to provide a coordination mechanism of all blue economy 

activities, standardized criteria to guide in their evaluation, and proposed a joint monitoring, control and 

surveillance mechanism to ensure activities in the ocean and inland waters are carried out according to blue 

economic principles). As outlined in Namibia’s National Development Plan (NDP5), by 2020, the country is 

committed to implementing a blue economy governance and management system that sustainably 

maximizes economic benefits from marine resources and ensures equitable marine wealth distribution to all 
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Namibians. Unlike deep sea mining, the nation has significant existing experience with marine diamond 

mining as identified in Table 2.5. This started with Marine Diamond Corporation from 1961-1970 with 

1,500,000 carats from 20 metres below water by the Texas oilman Sammy Collins. Over 12,000,000 carats 

have subsequently been extracted, primarily by neighbouring South African company De Beers Marine. The 

company’s fleet is partially illustrated in Figure 2.11. 

 

Figure 2.11: Namdeb Offshore Mining Vessels 
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Table 2.6 Namibia Offshore Mining Alluvial Diamonds Historical Timelines 

 

Year Milestone 

1908 • A railway worker, Zacharia Lewala, stumbles on a shiny treasure near Lüderitz. The sparkling discovery 
leads to a major diamond rush. 

1936 • Oranjemund town is established, which adopted its name from its geographical position at the mouth of 
the Orange River, the national boundary between the Republic of Namibia and South Africa. 

1952 • Sammy Collins, a Texan oilman, formed Marine Diamond Corporation 

1961 • First offshore mining concession granted – shallow water mining commences 

1971-
1983 

• Deep water exploration 

1983 • De Beers Marine South Africa is formed, in Cape Town South Africa 

1983 • Deep water sampling and evaluation 

1986 • Deep water mining development 

1990 • mv Louis G. Murray made 1st haul of 29 000 carats 

1994 • An agreement between CDM and the Government of the Republic of Namibia results in the formation 
of Namdeb Diamond Corporation (Pty) Limited. All De Beers Group existing Namibian mining licences 
and related rights are replaced by a consolidated and rationalized mineral agreement. 

2000 • De Beers Marine Namibia shareholders (Government of Namibia and De Beers) agree that the 
company must migrate to Namibia, whilst ensuring no interruptions to its production operations. 

2002 • Debmarine Namibia commenced operations in January. 

• Migration of the workforce from Cape Town to Namibia. 

• Debmarine Namibia obtained its NOSCAR 5 Star status which has been maintained since then. 

2004 • Debmarine Namibia achieved the Top 100 International Award from NOSA for its safety management 
system 

2008 • Debmarine Namibia achieved a level of 90% Namibian workforce from an initial workforce of 18% (2002) 

2011 • The Government of Namibia and De Beers signed new shareholder agreements that changed the 
shareholding structure. The Government of Namibia increased its shareholding from 15% to 50%. As a 
result, Debmarine Namibia became a joint venture marine diamond prospecting and mining company 
owned in equal shares by the Government of Namibia and De Beers. 

• The trading name of the company became Debmarine Namibia. 

2012 • Debmarine Namibia purchased mv Peace in Africa (mv Mafuta) the world’s largest marine diamond 
mining vessel from De Beers Consolidated Mines. 

• Achieved record production of 1.1 million carats. 

2015 • Secured co-funding and commenced with construction of the mv SS Nujoma. 

• US$ 157 million 

2016 • mv SS Nujoma successfully launched on the slipway in the Kleven Verft AS shipyard (Norway). 

• mv SS Nujoma undertook its maiden voyage to the Port of Cape Town in July. 

• mv SS Nujoma arrived in Namibia waters in December 
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2018 • Funding approved for AM3 

2020 • Construction commenced on AMV3 mining vessel, over US$500m investment  

2022 • Anticipated commissioning of AMV3 & renaming, expected to produce 500 000 carats/year & contribute 
N$2 billion/tear in taxes & royalties. 

 

Source: Debmarine 2020. 

 

After Namibia gained independence on 9 Feb 1990, a number private and public companies were awarded 

mineral licences for exploration and mining of diamonds in the sea. These operators focused their efforts 

primarily in the relatively shallow and mid depth waters on the inner continental shelf. The companies that 

progressed to hold and operate mining licensers and operations included: Ocean Diamond Mining Ltd, 

Namibian Minerals Corporation Ltd (Namco), Trans Hex Ltd, Diamond Fields Resources Ltd and several 

smaller contractors appointed by De Beers in Namibia or other mining licence holders. In September 2020 

the following companies held diamond mining licences in Namibia: Diamond Fields Namibia. Samicor 

Diamond Mining. Sperrgebiet Diamond Mining, Namdeb, De Beers Marine Namibia and LK Mining – 

Diamonds There are over 92 active marine exploration licences and 86 pending applications registered with 

Ministry of Mines and Energy in Namibia. Samicor and Diamond Fields outsource their mining operations to 

IMDH and receive a royalty on diamond production. Sperrgebiet DM has recently been established (2019) to 

manage Elisabeth Bay mine and associated marine mining licences previously held by Namdeb. At time of 

writing this report the transfer of assets was still taking place. LK Mining has yet to commence mining 

operations. Namdeb presently operates along the coast from Oranjemund (mouth of Orange River) to 

Chameis Bay about 100km north of Oranjemund. The mining method is referred to as accretion mining, 

whereby a seawall is built out on the western boundary of the mining block, the seawater is drained and 

material excavated down to bedrock when mineralisation is present. Namdeb is mining at 20 meters below 

present day sea level in some areas. Namdeb also has limited operations along the banks of the Orange 

River. De Beers Marine Namibia operates in Atlantic 1 mining area in the submerged Orange River delta, 

approximately 30 km offshore in water depths of 120 to 135 metres.  

 

To date, economically viable mineral resources and proven reserves of Phosphate have only been defined 

within the Phosphorite Sands in the main deposit located between Walvis Bay and Lüderitz, off the coast of 

Namibia, which carries the highest concentrations of Phosphate. After the global recession in 2008, 

phosphate rock prices increased dramatically which generated a revival in exploration and resource 
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development activities by several companies, in Namibia in particular. Between 2010 and 2011, Mining 

licences were issued by the Ministry of Mines and Energy to LL Namibia Phosphates (Pty) Ltd (ML159) and 

Namibian Marine Phosphate (Pty) Ltd (ML170).   In the period 2012 – 2014 both companies subsequently 

completed comprehensive Feasibility Studies including pilot processing studies to define commercial and 

technical feasibility as well as comprehensive environmental studies submitted in support of application for 

environmental clearance.   These projects were successful in defining phosphate resources in excess of 

approximately 4 billion tons of phosphorite sands containing phosphate (Phosphate Pentoxide) in 

concentrations greater than 10%. This confirms Namibia has a world class marine phosphate deposit ranking 

3rd globally behind Morocco and Iraq in defined resources. These resources are able to support sustainable 

mining for a period of over 500 years. The economic studies completed by current mining license holders 

Namibian Marine Phosphate Pty) (“NMP”)(Ltd and LL Namibia Phosphate (Pty) Ltd (“LLNP”) during feasibility 

assessment indicate that development of these two projects would generate significant socio-economic 

benefits locally, regionally and nationally through job creation, government taxes and levies, trade and 

support services (NMP October 2016; UCL Resources Limited April 2012; LLNP April 2016) . Agronomic 

studies completed by both companies on the Phosphate concentrate from the Namibian marine deposits 

showed the product is suitable for use as a Direct Application Rock Phosphate (DAPR) and ranked as one 

of the top 3 DAPR products in the world. The phosphate concentrate is also suitable for blending or direct 

use to produce phosphoric acid. A pilot processing plant was constructed at a cost of N$200 million to confirm 

product suitability to produce phosphoric acid, used for production of various fertilizer products (Plarre 2014). 

 

However, as stated above in September 2013, the Ministry of Fisheries and Marine Resources, Namibia 

were successful in securing Cabinet support for a 18 month moratorium on the issuance of environmental 

clearance certificates for seabed mining of industrial minerals including phosphate, in order that a Strategic 

Environmental Assessment (SEA) first be completed.  The SEA was not completed in that time frame and 

the moratorium expired in March 2015. Following a further period of consultation and reviews incorporating 

consideration by the Cabinet Sub-Committee on Trade and Economic Development, the Environmental 

Commissioner issued and Environmental Clearance Certificate (ECC) to NMP in September 2016.  The ECC 

was subsequently withdrawn in November 2016 following significant opposition from both the Ministry of 

Fisheries and Marine Resources as well as the Fishing Industry and supporters. Thereafter, legal action was 

taken by the fishing industry in November 2016 to challenge the award of the clearance certificate and the 

validity of the mining licence, the case for which was heard in July 2020.  In the interim, the Environmental 
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Commissioner carried out further 6 month period of public and sector consultation relating to the ECC 

application which was completed in December 2018. As a consequence of the various legal actions, 

development of both phosphate mining projects has effectively been suspended since 2014. Renewal and/or 

award of exclusive exploration licences or environmental clearance certificates for industrial minerals is 

currently also suspended pending the outcome of the legal action (Plarre et al. 2014). However, other 

commodities which have also gathered interest include not just diamonds and phosphates but diatomaceous 

earth, rutile, garnet and ilmenite. The extensive areas already under concession are chartered in Figure 2.12. 

 

Diamond seabed mining in Namibia by De Beers Marine achieved 900,000 carats or 6% annual growth 

between June 2019 and June 2020, despite COVID disruptions and a crawler vessel needing maintenance. 

It claims social partnership advantages of a 50% joint ownership with the Namibian government, aims to train 

1,250 local area, female owned business entrepreneurs and support land and marine conservation and 

training measures via 200,000 hectares of land and partial mining mitigation measures. It operates 8 mining 

vessels, various platforms, ROV’s and other assets which could be utilised along with cooperation over 

sharing geophysical, ecological and other surveys to assist BCC area ocean governance, marine research, 

conservation and understanding (De Beers Marine 2016; Richardson 2007).  

 

Potential exists in new developments in drones, robotics, access to Big Data and deep-sea exploration 

surveys to extend this sector as part of the blue economy, provided it can be sustainably and responsibly 

developed. De Beers employs over 800 employees, spending $15,000,000 per year on local education and 

training and $50,000,000 in research and development. It contributes over $1.5 billion to the local economy 

including 1.37 billion in production, 113,000,000 in sampling, 30,000,000 in geophysical and 4,000,000 in 

environmental surveys. Skills development is critical to De Beers and it puts significant emphasis on skills 

development through a wide range of programmes including; bursaries, technical training, long-term trainee, 

self-study assistance, leadership development and safety awareness. 
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Figure 2.12: Map of Namibian Marine Offshore Mining & Exploration Concessions 

 

Source: Namibian Ministry of Mines and Energy 2020. 
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Annual expenditure on human resource development exceeds N$ 20,000,000. Namibianisation is a key 

initiative that has been driven at the highest level since the migration of the company from South Africa to 

Namibia in 2002. Since then, the Namibian portion of the workforce has increased from 18% to 80% to date, 

which is a remarkable achievement, especially in the light of the scarcity of the highly specialised marine 

diamond mining skills in Namibia. Namdeb’s total revenue from diamond sales has varied from $907 million 

per year to $1.1 billion between 2015- 2019: The following major companies are engaged in offshore mining 

activity in Namibia, together with their current estimated staff employment totals in Table 2.7 (using 

employment figures supplied by these companies).The Namibian Chamber of Mines estimated for every job 

created in the mining industry, an estimated 7 jobs are created in associated industries  

 

Table 2.7: Estimated 2020 employment by major Namibian-based Offshore Mining companies 

 

Company Total August 2020 employment estimate 

Namdeb 400 

De Beers Marine Namibia 800 (of which 200 are based at its head office in Windhoek) 

Samicor Diamond Mining Office staff mining operations outsourced to IMDH 

Diamond Fields Namibia Office staff mining operations outsourced to IMDH 

Sperrgebiet Diamond Mining Waiting on transfer of ownership from Namdeb 

Namibian Marine Phosphate 3 (no mining at present) 

LL Namibian Phosphates Unknown (no mining at present) 

IMDH 241 

Total  1444+ 

 

These companies use the ports of Walvis Bay and Lüderitz for their activities. Recent production volumes of 

Namdeb are summarised in Table 2.8. Diamond Fields Namibia and Samicor both use IMDH to mine their 

concessions and no production or revenue figures are publicly available.  
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Table 2.8: Value of Namdeb Annual Mining Production Sales: 2015-2019  

 

Namdeb Holdings Annual Production 

  Total Carats De Beers Marine $/ct Revenue US $ 

2015 1 764 000 1 260 000 553 975 492 000 

2016 1 573 000 1 165 000 528 830 544 000 

2017 1 805 000 1 375 000 539 972 895 000 

2018 2 008 000 1 600 000 550 1 104 400 000 

2019 1 700 000 1 290 000 534 907 800 000 

 

Source: Namdeb 2020 

 

2.4.2: South Africa 

 

South Africa has also benefitted from shallow water diamond mining activities around Alexander Bay/the 

Northern Cape although it has no deep-water mining concessions, interests or legislation/policies at present. 

South Africa’s Alexkor, Trans Hex, IMDH South Africa and De Beers Marine have mining rights for alluvial 

diamonds from July 2010 to July 2030 as identified in Figure 2.13. Currently, Alexkor carries out relatively 

low intensity prospecting and mining in their mid-water & deep-water concession areas (Area 1c and 1b).  

Most effort is directed at the subtidal concession areas (Areas 1a, 2a and 3a). The recovery of diamonds 

from the marine environments along the west coast of southern Africa has been in progress for the past three 

decades. However, diamond recovery along the coast presently controlled by Alexkor only commenced in 

1976. Divers operating from small vessels was introduced four years later, in 1980. It was not until June 1991 

that the remote recovery of diamonds was started with the aid of the ocean-going vessel "Big Red". At present 

(2020) there are seven contractors working in the surf and intertidal zones, there are over 30 shore units 

operating in the shallow water and over 40 diver support vessel operators registered to operate. 
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Figure 2.13: South Africa Marine Diamond Mining Concession Holders 

 

 

Source: Department of Mineral Resources and Energy Interview 2020. 
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Trans Hex has an extensive history of mining in the “a” and “b” concessions from 2b in the north to 13a and 

13b in the south, in the vicinity of the Olifants River mouth. Trans Hex has recently sold the majority of its 

offshore concessions to Kernel Resources (recently established – 2019).  Trans Hex offshore operations are 

focused along 11a, 11b and 12a concessions where they subcontract operations to vessel and shore-based 

divers. IMDH Group has conducted extensive high-resolution geophysical surveys as part of a mineral 

prospecting campaign in South African waters in the north-western region close to the Orange River mouth. 

Pursuant to the finalization of a preliminary mining programme concerning Alexkor sea concession 1B , the 

mining vessel  MV Ya Toivo was initially commissioned during the second trimester of 2016. Three campaigns 

have been undertaken during 2016/2017 with a further in August 2018 in the concession, and carats in excess 

of the set target recovered. In early 2017 a bulk sampling programme started in a part of the sea concession 

2C to define economic minability of the area and to confirm mining reserves and the currently available mining 

blocks. Pursuant to conversion of the prospecting right over 2C into a twenty-years mining right, a systematic 

exploration campaign in support of mining operations was developed to allow systematic mining operations, 

which commenced during mid-2018. Further, survey works in 2C are and will be executed over the remaining 

resource areas. Cumulatively, during the 2018 the m/v Ya Toivo has recovered 220,000 carats over 9 months 

of activity across Namibian and South African operations (being the vessel under charter to third parties 

during the remaining part of the year). The first quarter of 2019 has recorded a production of 95,000 carats. 

Examples of IMDH vessels are provided in Figures 2.14 to 2.16. 

 

Figure 2.14: IMDH Survey Vessel – DP Star 
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Figure 2.15: IMDH Exploration Vessel – The Explorer 

 

 

Figure 2.16: IMDH Mining Vessel MV Ya Toivo 

 

 

Source: IMDH 2020 

 

Historically, De Beers Marine conducted extensive survey and sampling work in concessions 2c, 3c, 4c & 5c, 

which culminated in the application and successful issuing of a mining permit in 2003. Mining was terminated 

in 2009 due to the word financial crisis and the mining vessel Peace in Africa sold to De Beers Marine Namibia 

and renamed the Mafuta. De Beers Marine presently (2020) are conducting exploration in concession 4c & 

5c and have applied for exploration rights in 6c.  BCon Mining has recently acquired four “B” concessions 

(2b, 3b, 5b & 8b), at time of compiling this report they have yet to commence any operations. Kernel 

Resources has recently taken over management of Trans Hex previously held marine licences, 5a, 6a, 7a, 

8a, & 9a. Kernel Resources plan to outsource marine mining operations to various contractors.  
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Apart from academic studies completed in the period 1970-2002, there has been no comprehensive 

exploration effort for definition of commercially viable phosphate deposits in South Africa, even post the 2008 

recession and phosphate price adjustment. In the period from 2012-2014, the Department of Mineral 

Resources granted 3 Prospecting Rights in relation to phosphate ore. Green Flash Trading holds rights to 2 

areas located off the west and southern coast of South Africa, within the BCLME boundary.  Diamond Fields 

International Ltd, holds the 3rd Prospecting Right for an area located in the Outeniqua basin off the south 

coast of South Africa, outside of the BCLME boundary.  The large s exploration area size sparked significant 

opposition, based on potential widespread environmental impact over large areas. Subsequently, Green 

Flash Trading report further project progress is unlikely based on assessment of the commercial viability of 

initial samples. Diamond Fields has indicated it is in further discussion with the Department regarding re-

delineation of the prospecting right and subject to environmental studies being conducted by the government. 

To date, no economically viable phosphate resources have been defined in the phosphate deposits off the 

South African coast.  

 

Key conclusions on overall scale of cumulative impacts of seabed mining, are as follows: Even with the latest 

high-mining-rate methods, exploitation rates of these suitable diamond gravel resources are low. In all the 

datasets provided in the BCLME Cumulative Impacts database, and analysed, total cumulative impact over 

the entire period covered by the provided data has been (often substantially) less than 1% of the concession 

areas concerned. Annual mining activities certainly impact substantially less than 1% of each concession 

area per year, even in the most heavily mined areas.  Natural recovery does gradually occur, even at the 

depths of the deepest marine diamond mining activities. Recovery rates are most rapid in the beach, intertidal 

and shallow-subtidal areas referred to as being of ‘most concern’, with recovery of these areas occurring in 

under two years after cessation of mining. There are therefore direct correlations between recovery rate, and 

degree of re-mining, with recovery being rapid in the nearshore areas, which are subject to re-mining, and 

slower (10 - 15 years) in deep water areas, which are not subject to re-mining. The primary, direct impacts 

of all marine mining activities relate to excavation, removal, disturbance, or re-deposition of sediments, with 

all other impacts (other than some terrestrial impacts such as access track creation) resulting from these 

sediment excavation processes. However, natural sediment transport processes in the central Benguela are 

substantial and continual, and the mining-related sediment impacts are comparatively small in relation to 

these natural processes, particularly in shallow waters.  
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One of the main past concerns with regard to marine diamond mining is the potential negative impact on 

fisheries resources. It is clear, over the history of all the fisheries in the Benguela region, the main impact on 

fish resources has been unsustainable fishing effort by fisheries. Next in importance are natural 

environmental processes in the Benguela region as these have clearly had significant impacts on fisheries 

resources, particularly in recent years (with stocks already depressed by over-fishing). Every indication is 

that, in comparison with these other factors, the impact of marine mining activities on fisheries resources has 

been less significant given the moratorium on deep sea activities from 2013 to 2016 onwards. This is evident 

from numerous EIA and associated EMP’s submitted by the offshore exploration and mining license holders, 

with independent input from environmental specialists (eg PICES). Debmarine Namibia and IMDH operate 

in water depths of less than 130m. The majority of offshore fishing activities takes place in water depths of 

>200m     

 

It is important future monitoring, research, management, mitigation and rehabilitation activities should not be 

distracted by ongoing unsubstantiated allegations, false perceptions or incorrect conclusions regarding the 

relative impacts of offshore mining in relation to other dynamic processes in the Benguela region. The limited 

manpower and financial resources available to address these issues in the southern African region need to 

remain carefully focused on those specific geographic areas and aspects of offshore mining activities which 

are most likely to have significant effects on the Benguela region coastal and marine ecosystems. Currently 

the sector has certain benefits from the blue economy include total employment estimate for the offshore 

diamond mining and exploration sector in South Africa during 2020 as approximately 2,200.  Alexkor studies 

show its operations provide support for over 25 000 people in the Richtersveld region. The following major 

companies engaged in offshore mining activity off South Africa are summarised in Table 2.9. 

 

Table 2.9: Estimated South African 2020 Employment By Major Offshore Mining Companies 

 

Company Total August 2020 employment 

estimate 

Value of minerals for minerals 

primarily mined 

Alexkor   1490 R400 million 

IMDH  241 No information forthcoming  

De Beers Marine/DBCM  330 No mining at present 

Trans Hex  135 TR54 million 

Kernel Resources   Have yet to start offshore operations No mining at present  

BCon Mining is a great  Have yet to start offshore operations No mining at present 

Total employment +-2,200  
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Source: This Study 

 

Employment estimates for the beneficiation of uncut diamonds from the offshore production can be very 

difficult to estimate. All sales of rough diamond production make allowance for up to 10% by value to be 

purchased for local beneficiation. This allocation is not always taken up and the majority of sales are made 

to offshore site holders. The Indian diamond cutting market dominates the world cutting market especially in 

the small lower value end of the market, which makes it very difficult for countries like South Africa and 

Namibia to compete in this market. The Namibian and South African governments make good revenues by 

means of export taxes for uncut diamonds sold offshore. No information is available in terms of mining 

company contribution to government taxation however, Trans Hex did provide a government revenue 

contribution of R1.5 million The IMDH and De Beers Marine Namibia fleets of mining/exploration vessels are 

supported by two supply vessels operating out of Port Nolloth with associated infrastructure. This is a major 

contributor to the Port Nolloth local economy and supply chain. Port Nolloth falls within the labour sending 

area from De Beers Marine South African operations and most of their CSI contributions are spent in the Port 

Nolloth/Richtersveld area. 

 

2.4.3: Europe 

 

In 2015 the European Union commissioned a survey assessing a selected sample of various stakeholders 

concerning their perspective on seabed mining (European Commission 2015). This pro-mining research 

concentrated heavily on identifying existing barriers and how the EU could help develop and grow the 

industry. It related to the high metals and profits for certain minerals along with resource security. It also 

sought to enquire as to which commodities might receive commercial interest and the factors behind this. It 

received 208 online survey replies and input from 505 community members. They generally indicated the 

need for more awareness, research, emphasis on sustainability, recycling and the circular economy along 

with greater measures needed to protected underwater cultural heritage without self-healing properties. 

Avoiding coastal erosion for beach renourishment, given ecosystem, fisheries and tourism values was 

highlighted. Further policies were indicated as far less necessary than concentration on greater stakeholder 

consultation and coordination; enforcing current policies. 
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The source argued the possible value of sand and other resources to aid the construction sector; although 

others were more reserved about the detriment of coastal erosion if not responsibly managed but more 

coastal vegetation and marine protected areas could add to this. However, those such as representatives 

from the Netherlands argued an even greater need for ocean mining to replace resources lost on land due 

to sea level rise, other climate change risks and human depleted land sources. The sector argued that land 

grade metals such as nickel, manganese, copper, lithium and cobalt lacked the same concentrations. It citied 

that recycling along would be insufficient and that many nations would need a radical and expensive overhaul 

to convert to the circular economy.  Industry observed the primary barrier to further mining was hindered by 

public and individual opposition, especially legal challenges. Insufficient research on the location of 

resources, their commercial viability and current technology limits were also selected as obstacles to 

vaporise. Many finance sources were also not directed to support the sector. Mining representatives present 

such as DEME NV, claimed land mineral extraction caused more ecological issues with far less infrastructure 

requirements, not contaminating land habitats or aquifers. Others expressed fishing bottom trawling was far 

more destructive over a greater geographical radius. Stakeholders recommended that whatever the future 

greater protection for indigenous rights and public consultation were especially necessary. It conceded civil 

society concern by Bird Life Europe and others, however remains for potential ecological impacts. 

 

2.4.4: Solwara, Papua New Guinea and the Implications for the South Pacific 

 

The major example of commercially and scientifically flourishing seabed mining was the Solwara project in 

Papua New Guinea, well chronicled in the currently related literature. It is the promise and prospects off 

enterprises such as Solwara that inspired several other Pacific nations including Fiji, the Cook Islands, Tonga, 

Tuvalu, Federated States of Micronesia and Vanuatu to reciprocate.  Those in favour of seabed mining in 

Papua New Guinea pointed to South Africa controlling 80% of global manganese, Chile 30% of copper, the 

Democratic Republic of the Congo 47% of cobalt reserves and China controls 95% of rare earth minerals 

(Panday and Bandyopadhyay 2018).  Yet seabed mining may reduce this dependency on certain nations for 

various resources. Even those who have indicated their concerns over the risks related to the project; may 

concede the significant research benefits, experience and institutional capacity building including policies 

and legislation that dawned from observing this experience. One discourse analysis on the extent of 

sustainability for the Solwara project conveyed a narrative and hypothetical scenarios as to how the 

community could benefit in embracing a seabed mining future (Chirico 2019). It focused primarily on the 
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significant transformative prospects of phenomenal royalties to be obtained and access to vital minerals, 

especially for resource security in response to increasing market demand and resource consumption. It 

focuses on assessing various primary research and media statements second hand rather than direct 

interviews. 

 

It realised two opposing and possible conflicting series of perspectives. Those in favour of mining in Papua 

New Guinea’s seafloor argued problems of insufficient resources for copper recycling. It identified significant 

revenue, social, economic, training and education development chances for local communities. It claimed to 

avoid air and soil pollution externality costs and claims a faster species recovery rate for marine than land 

species. Nautilus estimated 140 jobs were produced. This was contrasted with those against seabed mining; 

who were disturbed over the lack of a regulatory framework; the alleged corruption of the government and 

insufficient awareness of deep ocean ecological processes and consequences from mineral extraction 

processes. Those such as NGO Greenpeace are especially concerned that any prospecting and exploitation 

enterprises may be irreversible, if there are no or insufficient legal and ecological safeguard measures. The 

South Pacific offers immensely high and valuable concentrations of nodules for mining (Figure 2.17). 

 

Figure 2.17: Seabed Mineral Nodule Locations in the South Pacific 

 
 

Source: (Petterson and Tawake 2018). 
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2.4.5 The Cook Islands 

 

Certain representatives such as the Cook Islands Seabed Mineral Authority, mining companies and industry 

stakeholders have been especially enthused, seeing deep sea mining as a credible blue economy alternative 

to diversification from tourism in a COVID travel restriction environment, among other benefits.  One source 

estimated the benefits to a population under 20,000 people of an additional 150 jobs generated, contribute 

$43,000,000 or 15% of GDP and resources worth $10 trillion (Petterson and Tawake 2018) over a 20 year 

project lifespan. The Cook Islands also established the first Seabed Minerals Act in the Pacific in 2009 and 

was especially active inn the SPC-EU Deep Seabed Minerals Project. It is especially interested to capitalize 

on a high concentration of nodules in the Clarion-Clipperton Zone near the South Penrhyn Basin. The source 

estimated a $10 trillion valuation based on survey valuations ranging from 8.9 billion to 11.3 billion tons, with 

an average value of $1,111 per ton for minerals. It determined a possible average of 2,500,000 tons could 

be harvested each year or 150-336 km2 per year. This could offer significant development revenue but 

counterbalanced against any ecological, pollution, climate change and other risks.  

 

The Cook Islands is especially renowned for having a high concentration of > 5 kg/ m2, making it especially 

more lucrative and attractive to mining corporations.  15 training opportunities were provided to locals in 2012 

and a Sovereign Wealth Fund proclaimed. In 2015 the Cook Islands not only declared the Marae Moana as 

the world’s largest Marine park, it paradoxically designated certain EEZ areas as open to commercial tender. 

The Cook Islands Investment Corporation received a 15 year exploration license from the International 

Seabed Authority in 2016. The government subsequently gave the Texan US company Ocean Minerals a 

license to 15,000 km2, extended to a $100,000 deal for 23,000 km2 in October 2017. However, others of the 

Cook Islands have especially voiced their concerns including a 2012 anti-seabed mining campaign and 

expressions favouring tourism and adherence to the world’s largest marine park over the entire EEZ. 

 

2.4.6: Fiji 

 

Fiji was also a nation swiftly originally interested in the possible opportunities of deep sea mining. One WWF 

Report indicated the economic opportunities of potentially creating an extended supply chain and industry 

along with supporting initial activities and stages from exploration and planning to exploitation to logistics, 
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processing, distribution and sales (Binny and Fleming 2016). These all offer employment, income, tax 

generating and other socioeconomic development opportunities. Specific benefits included not only local 

employment but greater tax revenue, supporting local supplies and inputs, promoting exports, foreign 

exchange; investment returns to mining companies and consumer benefits through lower prices for 

technology, cars and other commodities. It argued other benefits from the possible royalties on the 

beneficiation, volume or value or resources could provide greater income diversification. 

 

The SPC-EU Deep Seas Minerals Project indicate this sector’s value in creating local legal frameworks, 

trained and more conscious Pacific island stakeholders, more empowered to understand the sovereignty, 

resources and potential of their seabed resources (European Union and Secretariat of the Pacific Community 

2014). It indicated 15 national workshops were conducted, over 420 participants directly benefitted and 17 

lawyers from 11 countries were trained along with additional research, media material and aid in drafting 

legal frameworks. It also provided geological survey, course and event sponsorship opportunities and 

guidance for draft environmental impact assessments. It aided in legal reviews and technical regulation 

drafting. It claimed locals gained greater understanding and institutional capacity/regional cooperation. 

Participants were present from the Cook Islands, Federated States of Micronesia, Fiji, Kiribati, Marshall 

Islands, Nauru, Niue, Palau, Papua New Guinea, Samoa, Solomon Islands, Timor Leste, Tonga, Tuvalu and 

Vanuatu. Conducted workshops inclued a June 2013 workshop on social impacts and stakeholder 

consultation in Vanuatu and December 2013 Fiji one on environmental management along with a financial 

one in the Cook Islands. 

 

2.4.7: Vanuatu 

 

One research study focused on how Turkey and other nations could assist Vanuatu in developing seabed 

mining (Atar 2018), to share its geological experience and improve local capacity, given current scarce skills.  

It focused on the need to attract investment whilst promoting sustainable environmental management and 

licensing. It recommended assistance with marine scientific research, access to training and technology but 

also to promote local employment, procurement and tax revenue. It considered average values of a land 

sourced mineral ton of ore to be $50-180 as opposed $800-1500 for seabed derived resources. It identified 

Vanuatu may be enriched from high zinc and other polymetallic seafloor massive sulphides deposits. The 

source also indicated similar deposits exist in Papua New Guinea, Tonga, Fiji and the Solomon Islands. 
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Kiribati, Tuvalu and the Cook Islands offer manganese nodules. Cobalt rich crust deposits are present in 

Kiribati, Samoa, Niue, Palau, Marshall Islands, Micronesia and Tuvalu. Currently Vanuatu has granted 

licenses to Nautilus Minerals, Neptune Minerals, KORDI and Bluewater Metals as summarised in Table 2.10. 

 

Table 2.10: Vanuatu Deep Sea Mining License Holders and Concession Area Sizes 

 

Country  Company Granted Concession Area Size km2 Application km2 

Canada Nautilus Minerals 450,462 276,980 

New Zealand Neptune Minerals 450,600 200,000 

South Korea KORDI 20,000  

Australia/US Bluewater Metals 146,000  

 Total 1,067,062 476,980 

 

Source: Atar 2018. 

 

Vanuatu is reported to benefit in not incurring direct research costs exceeding $50,000 per day at sea, 

excluding crew and vessel costs, with a research cruise lasting an average of a month. It considers 

stakeholder consultation with civil society via the Vanuatu National offshores Minerals Committee and the 

Vanuatu Association of Non-Governmental Organisations. A 2013 workshop hosted 75 participants. It claims 

the revenue generated from deep sea minerals can promote human welfare, taxes, training and skills 

development; the promotion of local content procurement; the acquisition of technology, education and 

knowledge can be transferred to aid Vanuatu. It affirms the need for the equitable sharing of benefits. 

 

2.4.8: The South Pacific Region 

 

One detailed research by Cardno consultants on behalf of the European Union and Secretariat of the Pacific 

Region; identified the economic and technical feasibility of deep sea mining in the South Pacific region 

(Cardno 2016). It favoured a detailed primarily economic cost benefit analysis for mining massive seafloor 

sulphates in Papua New Guinea, manganese nodules in the Cook Islands and cobalt rich crusts in the 

Marshall Islands. It generally ignored environmental aspects and ecosystem values to concentrate on direct 

geological and mineral resource survey assessments and identifying potential mining scenarios, given the 

feasibility of existing technology. It also sought to incorporate uncertainty and other ocean economy activities 
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such as fisheries and tourism for coastal communities. It also assessed mining and government 

expenditure/other costs with monetised social and other benefits, with a sensitivity analysis against other 

resources. It concluded the total financial costs for Papua New Guinea were US $640,000 in 2015 against 

total net benefits of $82,700,000. For the Cook Islands, total costs would be $27,400,000 against over 

$494,000,000 in revenue benefits. For the Marshall Islands it proved less enriching at $ 39,000,000 against 

costs of $29,300,000.   

 

In determining the results it considered estimated equipment, operating, maintenance, labour, technology, 

transport/logistics and onshore capital and operating processing costs identified via previous reports, 

presentations and stakeholder engagement. It also identified the need to consider environmental, site specific 

and other characteristics or potential impacts. Various government and industry stakeholders provide initially 

enthusiastic to support the sector across all three nations. In Papua New Guinea it claimed the use of the 

Coastal Areas of Benefits concept to identify possible local communities that could benefit from social 

enterprises and economic development. The source identified 242 jobs would be generated for Papua New 

Guinea’s Solwara, average wages of $29,000 per person and 46% of employees would be from the local 

province with wage income of $6,500,000 for 2014. Concerns were expressed that cumulative ecosystem 

impacts needed monitoring and that local resources and technical skill needed improvement. The port and 

local industry favoured greater beneficiation and direct export potential.  

 

For the Cook Islands, stakeholders consulted pointed to the minimal pollution that would be generated as 

processing would not take place on the islands themselves. It identified the need to avoid net environmental 

impacts through forming Biodiversity Protected Areas. Stakeholders identified the need for greater 

awareness and training, especially from outer islands, the implications for migration and requirement for more 

infrastructure and the development of a sovereign wealth fund. The National Environmental Service and Te 

Ipukarea Society NGO indicated using the first license as a test case to determine impacts before subsequent 

impacts. In the Marshall Islands, similar concern is expressed that if seabed mining is to be favoured there 

is a need for greater communication, education and training. It indicated possible gains from forming a local 

sovereign wealth fund, a resolution to chronic unemployment and creating greater demand for the new port 

expansion development. However, certain people and organisations cited the need for more research to 

reduce uncertainty for species recovery, the impact on artisanal fisheries and for marine ecosystems. 
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New Zealand identified up to 50,000,000 tons of iron sand per year from South Taranaki Blight but the EIA 

for the 20 year permit to Trans-Tasman Resource Limited was subsequently rejected based on ecological 

sensitive area concerns. Mexico have identified up to 327,200,000 tons of phosphate ore, Indonesia up to 

19,000 tons of iron ore per year, and the European Union up to 50-150,000,000 tons per year. 

 

In 2015 the Secretariat of the Pacific Community identified potential growth revenue from rising demand for 

scarce earth minerals, especially for renewable energy and electric cars and in providing direct legal, 

technical and training/other support to improve institutional capacity(Secretariat of the Pacific Community 

2015).. The source considers the immense value of seabed mining exploration in reducing risk and other 

high exploration cost exposure to Pacific Island states, given financial, technical and other constraints. It also 

can improve greater awareness of the local geological conditions, ecosystems and their contributions or 

value.  Existing surveys since the 1970’s have indicated phenomenal wealth opportunities including a 

continuous SPC programme from 1985 to 2005. It could possibly contribute to the Sustainable Development 

Goals and other policies; aid information sharing and regional cooperation over ocean governance and 

resource sovereignty. It claims improved institutional and other capacity building including on taxation, law, 

finance and transparency along with contributing to economic, environmental and social sustainability. The 

SPC-EU Deep Sea Mining Project trained 27 lawyers along with prodigious research output and scientific 

surveys being published.  It also indicates preparation of an active Regional Marine Minerals Database. 

 

A 2013 SPC study indicated the potential past experience and lessons learnt from Kiribati phosphate mining 

in a well managed Revenue Equalisation Reserve Trust Fund (Secretariat of the Pacific Community 2013). 

Papua New Guinea had experience from mining royalties, a levy on assessable mining income, corporate 

income, profit withholding and dividend tax along with up to 30% equity share. It indicates potential 

employment, technology transfer and establishment of infrastructure, supply chains and other opportunities. 

It concedes however the adverse risks of invasive species, toxic substances, light, noise and interference 

with species along with increased pollution and emissions that need to be managed. It advises any 

subsequent economic impact analysis needs to consider multi-criteria and life cycle costing approaches, 

environmental design and other aspects. 
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2.5: Seabed Mining Case Study Failures, Issues and Concerns 

 

Seabed mining may be heralded by the above sources, the International Seabed Authority, mining sector, 

and other stakeholders across the South Pacific, Namibia and South Africa as a promising blue economy 

investment and macroeconomic opportunity; but other sources have indicated various failures, issues and 

concerns, which also need to be illuminated and pondered if stakeholders are to consider this as the future. 

For example, the granting of significant long-term concessions and equivalent control of 

resources/sovereignty may cause distress for traditional users of areas; even if impressive royalties are 

provided as compensation to the host territory. Stakeholders have expressed over not been adequately 

informed and consulted and unknown implications have been considered for other ocean sector activities, 

ocean health and food security. The ISA not having a binding Environmental Code as yet or a sustainable 

management policy has created consternation (Penjueli 2014).  

 

The prime concern expressed is that of uncertain mining impacts on marine ecosystems. Yet frequently 

stakeholder consultation has failed to materialise until after many licenses are granted; such as 143 licenses 

in Vanuatu. Local communities are often the best positioned to identify changing conditions in the local marine 

environment, whether from pollution, mining, fisheries or other sections. The recommendations in Section 

2.3 above including full research are increasingly echoed by civil society, individuals, NGO’s and researchers 

as the most effective mechanism to truly understand the impact. Papua New Guinea have reported enhanced 

fish species mortality rates on beaches closest to the impacted mining areas. Sharks and other marine 

mammals have been deterred from noise. High uncertainty has been identified over the extent of individual 

nation liability for pollution and other ecological or transboundary harm (Penjueli 2014). 

 

2.5.1: Namibia 

 

In Namibia stakeholders expressed sufficient ecological concern over marine phosphate mining in a proposal 

by Namibian Marine Phosphates or Sandpiper Project to initiate a moratorium from 2013 to 2017 onwards. 

It envisioned removing 5,500,000 tons of marine sediment to generate 3000,000 tons of rock phosphate. 

NGO’s such as Swakopmund Matters launched a successful civil court case arguing risks of toxic metals and 

elements which might affect fisheries; sediment plume releases and other uncertain impacts. It was estimated 
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that removing the initial 3 metres of sediment would convert the existing fisheries into a jellyfish dominant 

ecosystem and increased predators/reduced fishery yields (Chin, Hari and Govan 2020). 

 

2.5.2: South Africa 

 

Existing shallow water diamond mining off Alexander Bay in South Africa already provides certain evidence 

of detrimental impacts which need to be avoided, minimised or resolved as much as possible (Pulfrich 2018). 

A De Beers Marine Fauna Assessment Report identified the need for mitigation measures against acoustic 

impacts from prospecting and sampling; losses and crushing of benthic fauna; possible smothering of 

benthos in redepositing tailings; losing equipment, vessel emissions, pollution and creating suspended 

sediment plumes during sampling. The affected area Section 6c is mapped in Figure 2.18. Marine pollution 

may occur from vessel/human discharge of waste; food, cooling water and detergents, whilst crawler tracks 

could squash fauna, flora and delicate oceanographic features such as seamounts. Vessel strikes may 

wound marine mammals, fish and other species. Certain mitigation measures are identified in Section 2.4.1 

but also include pre-survey scan limits to 15 minutes before surveying. Fragile and endemic species will be 

avoided as much as possible via a geohazard sampling analysis survey. It identifies the need of a hazard 

database and notification of authorities for any lost or abandoned equipment to minimise safety risks. The 

survey identified possible risks to various predators, micro and macrofauna, especially crustaceans, 

cephalods and molluscs as especially fragile soft-shelled organisms. It identified 49 possible species of 

seabird that may be affected.  

 

Noise could derive from vessels, related aircraft; processing, undersea exploration such as AUV’s, acoustic 

echo sounders and multi-bean sonar systems and robotics and mining recovery, blasting, pile driving and 

construction. On 30 September 2020 the Convention for Biological Diversity specifically sought stakeholder 

input on underwater noise giving a 5 day deadline. The more frequent the surveys and penetrating methods, 

the greater the cumulative impact of the sound, light, emissions, waste and harassment of other organisms. 

Any seabed mining enterprise would have to comply with significant South African legislation and 

international conventions. 
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Figure 2.18: South Africa Seabed Mining Zones and Marine Protected Areas/Sensitive Ecosystems 

 

Source: Pulfrich 2018 

 

2.5.2: South Pacific 

 

However, it is primarily in the South Pacific that an increasingly vociferous proportion of communities, 

individuals, NGO’s and others have been concerned over the many seabed mining activities that were not 

conducted with the will of the people. For example, in Papua New Guinea Nautilus from Canada, holds 

concession influence over 500,000 km of ocean territory and 100 exploration licenses across the area. Yet 

Canada has not even provided binding seabed mining legislation including environmental policies on its 

citizens. One source estimated over 2,300,000 tons was originally meant to be mined during the first 3-5 

years of operation (Misereor 2016). Fiji granted 18 exploration licenses. Both concepts received protests 

from various parties seeking influence over the fate of their nations and oceans. The uncertainty of 

socioeconomic and environmental impacts has eventually initiated moratoriums in both nations as with 

Vanuatu. 

 

A recent Mining Watch Report indicates further potential polymetallic nodule mining costs for Pacific Ocean 

nations (Chin, Hari and Govan 2020). It highlights concerns over the alleged influence of certain mining sector 
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lobbyists at events, the ISA and government policymakers, with bias and even occasional corruption to 

influence more favourable mining decisions. Concern is evoked for potentially harming or bothering fisheries, 

seabirds, whales, sharks and turtles along with waste, light and noise pollution. Increased emissions may 

further worsen climate change. Greater sediment plumes may disturb carbon and water cycles; along with 

risks presented by toxic metals and smothering. The challenge remains unknown as to how long species 

take to recover and the range, duration and impact of certain adverse externality costs such as sediment 

plumes being released. It also presents transboundary damage implications and interconnected species 

biodiversity. Several of these reports however invariably are limited in their impact by focusing selectively on 

generic impacts and would be more convincing if specific instances, species and locations were empirically 

recorded, observed and quoted. Species extinction rates unprecedented in recorded human history, under 

climate change and other biodiversity causes may be even more accelerated if seabed mining is not 

responsibly determined, managed or thoroughly researched.  Deep Sea marine biological habitats are still 

comparatively really insufficiently understood and mapped. Knowledge gaps exist for long-term assessments 

on many projected impacts such as cyanobacteria from mining waste being dumped illegally in violation of 

international law. A significant time lag exists before many benefits may directly accrue, in contrast to other 

blue economy activities. 

 

2.5.3: Papua New Guinea 

 

Nautilus Minerals may be touted as among the first commercial case study successes but it eventually 

declared bankruptcy, causing the Papua New Guinea government and its people to be strangled by a debt 

exceeding $150,000,000.   It originally targeted seafloor massive sulphate deposits in the Bismarck Sea from 

2008, to target 1,300,000 tons of ore, emphasising copper and gold. Stakeholders expressed frustrations 

with the lack of clear seabed mining specific policies including to protect the environment and consultation 

along with needing more information as the Environmental Impact Statement was insufficiently detailed to 

ensure “free, informed or willing consent.” Nautilus failed to show convincing evidence their ecological 

rehabilitation solutions including artificial coral transplanting and too small marine protected areas were 

sufficiently significant enough.  Highly sensitive marine species were not adequately shielded from impacts. 

Fisheries, marine tourism and other activities were not investigated as to consider how specifically these 

sectors would be affected. The OMCO experiment in the Clarion Clipperton Zone, showed marine species 

failed to substantially recover in 26 years, since test experiments were conducted in 1978 and revisited in 
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2004. Papua New Guinea already has significant evidence of mineral exploration which could be used as a 

basis of understanding both localised and generalised impacts including at least 36 exploration cruises from 

1988 to 2009. Charted areas include the Manus Basin, Lihr-Feni Chain, Goodenough Bay, Solomon Sea, 

Western Woodlark and various parts of the Bismarck Sea. 

 

Papua New Guinea’s seabed mining areas of interest in relationship to certain ocean features are portrayed 

in Figure 2.19. Solwara I deposits included 11% copper, 6% zinc, 18.2 g/ton of gold and 215 g/ton among 

the highest globally. High hydrothermal vents from underwater volcanoes however attract an abundance of 

only comparatively recently identified species, along with bivalves, tube worms and gastropods. However, 

the research considers possible risks to fisheries worth over $365,000,000 and 150,000 to 200,000 tons of 

fisheries, including over 500 lobster fishery diver jobs alone. The report indicates insufficient evidence had 

been provided as to the specific impact of Nautilus’s proposed seabed mining technology such as an Auxiliary 

Miner, a Bulk Miner and a Gathering Machine (Chin, Hari and Govan 2020). It indicated the significant costs 

to the Papua New Guinea in preparing for seabed mining including US $2000,000 to adapt legislation, 

US$120,000 in monitoring with 6 jobs, $50,000 to collect payments and $35,000 to hire a contract 

administrator at a minimum. 

 

Nautilus and other mining companies would incur various costs, aside from taxes including surveys and 

exploration costs; prospecting, staff and various value chain process costs as in Section 2.2. Nautilus were 

estimated to require $413,000,000 in initial capital investment costs. This includes 17.5% contingency costs, 

$11,700,000 in vessel costs, $90,900,000 for the seafloor mining tool, $109,300,000 for a riser and lift system 

and 25,900,000 for a dewatering plant. Yearly operating costs were estimated at $103,000,000 irrespective 

of any income generated. Additional costs include Carbon emissions offsetting costs to avoid further 

contributions to climate change estimated to be US $368,100. The company also paid $1000,000 each year 

for oil spill pollution compensation funds based on a 0.02% probability of an actual spill. The government is 

projected to gain by net social benefits of $82,700,000. The community alliance West Coast Seabed Mining 

Association expressed concern over possible disruptions to cultural traditions including shark calling, 

fisheries, migration and employment patterns. The scenario presumes 25% of the government revenue will 

be allocated directly to health, education, construction and employment as a net benefit. $0.75 per mined ton 

was allocated to a Community Development Fund. 
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Figure 2.19: Eastern Papua New Guinea Seabed Mining Areas of Interest and Oceanographic Features 

 

Source: Chin, Hari and Govan 2020 

 

Although Papua New Guinea requires an EIA, bans waste dumping at sea and needs monitoring this 

legislation in itself failed to avert the evidence of ecological damage or community concerns (Panday and 

Bandyopadhyay 2018). Specific recorded species that were affected by Solwara mining operations included 

scale worms and other bacterioplankton, limpets and other bacterial mats; sea cucumbers and other 

echinoderms, crustaceans and chimney microbes along with bivalve clams and endosymbiotic bacteria. 

However, the government initially approved the Environmental Impact Assessment. Indigenous communities 

expressed concern over local food source security. Other issues included vibrations, noise and light pollution 

along with sediment turbulence. 

 

Nautilus’s Seafloor Mining Tool can remove up to 6000 tons of accumulated material and species per day  

(Pennington 2009). The corporation’s own Environmental Impact Statement conceded acoustic, water 

quality; material and habitat removal; vibrations, emissions and spillage potential. However, Papua New 

Guinea currently lack marine mining specific policies including measures to provide for marine environmental 

protection and active risk management. The Environmental C Nose could derive from vessels, related aircraft; 

processing, undersea exploration such as AUV’s, acoustic echo sounders and multi-bean sonar systems and 

robotics and mining recovery, blasting, pile driving and construction. On 30 September 2020 the Convention 
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for Biological Diversity specifically sought stakeholder input on underwater noise giving a 5 day deadline. The 

more frequent the surveys and penetrating methods, the greater the cumulative impact of the sound, light, 

emissions, waste and harassment of other organisms. Any seabed mining enterprise would have to comply 

with significant South African legislation and international conventions. The council implicitly meant to be 

providing oversight over the Environment Act had yet to become operational. Given uncertainty to Papua 

New Guinea’s and other ecosystems, certain sources have considered the need for marine protected and 

reference zone areas (Rosembaum 2011; Judd 2016). These would aid in ensuring species recovery and 

recolonisation but the areas proposed for Solwara were construed as far too biodiversity insignificant to 

enable this to happen. 

 

2.5.4: The Cook Islands,  

 

Seabed mining in the Cook Islands may present certain challenges to the pearl aquaculture and farming 

sectors, local fisheries, tourism and its Marae Moana giant marine park (Chin, Hari and Govan 2020). A Cook 

Islands Mining Scenario over 27,05 km2 as a mineable area, estimated the pros and cons of various 

technology options. Reduction roast/ammonia leaching requires high electrical energy consumption although 

is cost effective. Sulphuric acid with high pressure/temperature leaching or smelting technology may have 

low energy requirements but high acid consumption and capital costs, Cuprion ammonia leaching does not 

work for extractinng mangannese. Reduction hydrocholaric acid leaching may enable a high metal recovery 

but have high operatinng costs and corrosiveness. Mining and equipment support estimates average around 

$579,000,000 with $329,000,000 for logistics costs, $874,000 for a processing facility. It identified $617,000 

would be needed to offset 200 trips each year in Carbon emission offsets. Any unplanned release of pollution 

from vessels needs to be carefully managed as another risk that may occur. The scenario estimated a 

potential loss of up to $24,900,000 on ecosystem services and $1,200,000 clean-up and restoration costs 

from an unplanned spill. 

 

2.5.5: Marshall Islands, Fiji and Other Pacific Island Nations  

 

The Marshall Islands would have to face ecological consequences from possible chloride leaching and 

smelting deep sea mining measures if pursued over a scenario area of 470 km2. The source approximated 
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potential $667,000 to the Marshall Island government to adapt seabed mining legislation along with $50,000 

to employ a monitoring contract administrator and $120,000 for 6 observers per single concession holder.  

5.8 per mine. It estimates the cost of carbon offsets would only be $ 5.8 per mined ton based on 53 trips per 

year, 5000 km to the closed processing facility and 18,089 tons emitted on average each year.  Estimated 

expenses to undertake seabed mining in the Marshall Islands include $396,000,000 for mining and 

$362,000,000 in processing facility capital costs along with $84,000,000 in mining operating and 

$114,000,000 in processing facility operating costs.  It advised 10% contingency costs, $400,000 in local 

consumer supply expenditure, $32,200,000 in labour, $9,800,000 in fuel and $7,000,000 in miscellaneous 

costs. A production support vessel would cost $24,000,000 and chartering an ROV $3,000,000. These costs 

are partially offset against generating 97 jobs contributing $1,500,000 in income and $20,300,000 to GDP. 

The source identified other losses of potential culture, traditional ownership; adverse reputational risks for 

tourism and other activities; reduced ecosystem potential resources and possible risks of pollution spills and 

other hazards.  

 

2.5.6: New Zealand, USA and others 

 

Another example of permits initially granted under a wave of enthusiasm and subsequently rejected under 

more vocal, aware community concerns and detailed environmental impacts were phosphate nodule mining 

at Chatham Rise over 30 km2 and South Taranaki Blight iron sand mining (New Zealand Government 2017). 

This would have targeted 1,500,000 tons at Chatham Rise. These proposed using the trailing suction hopper 

dredger technology with associated recorded risks. It identified the need for a valid EIA, oil spill contingency 

plan and pollution liability compensation cover insurance. It also echoed the problems of plumes to marine 

mammals, fisheries and interconnected ecosystems along with habitat loss and other concerns such as 

erosion based on the technology type and risk mitigation measures used. 

 

US agency NOAA provided 2 seabed mining permits to Lockheed Martin but without stringently applying an 

EIA process requiring “that before the Administrator may approve an exploration license, he must find in 

writing that the proposed exploration cannot be reasonably be expected to result in a significant adverse 

effect on the quality of the environment.” This became a court case challenge launched by the Centre for 

Biological Diversity. NOAA claimed in response that Lockheed Martin merely sought clarification but was not 

going to explore at present but would review eco impacts when it elected to do so. The Northern Territory 
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government in Australia cancelled 11 exploration permits in 2012, held by BHP Billiton, Northern Manganese 

and Yukida Resources. These launched a civil liability claim suit for over $1 billion in compensation.  

 

A WWF research report for Fiji focused on the social, economic and physical risks of seabed mining including 

emphasis on impacts to fisheries, tourism and other ecosystem services utilising a cost-benefit analysis 

(Binny and Fleming 2016). It argued direct supply chain economic spillover benefits including employment 

and income would be small as most processing and value added production would occur overseas. It 

presented destructive effects for tuna and other core fishery species from sediment plumes, contributions to 

climate change via enhanced greenhouse gas emission concentrations and other uses. It estimated a %% 

catch reduction rate could reduce profits by 21% and 15% loss on value added production. It argued a 5% 

loss in dive tourism volumes would lose over 400 jobs and cost GDP losses of over FJ $14,000,000. A 10% 

loss would cause losses of $27,000,000. It recommends activity exclusion zones; revised legislation 

emphasising risk mitigation measures and environmental guidelines need to be more robust and assiduously 

binding and compensation processes for loss of ecosystem/economic functions should be expected. Existing 

areas of seabed mining interest and licenses are summarised in Figure 2.19. 

 

WWF identified various surface, midwater and seafloor physical risks such as possible pollution discharge, 

noise and sound, with latent and potent capacity to unravel marine organism ecosystems and inter-related 

food webs. Seabed mining therefore indirectly could threaten over 112,500 jobs from tourism, contributing 

2,894,000,000 to Fiji and 40% of exports (2015 figures). Another hazard associated with seabed mining could 

be the magnified risk from conflicts over competing usages over marine resource management or 

conservation requirements. For example, Lihr in Papua New Guinea has received local miner displacement 

costs. The source conjectured possible displacement could affect 6-14 fishing trips per year with an average 

of 10-14 crew, costing $8,850 to $78,120, with a 2-15% increase in expenses and 5-41% reduction in profits. 

The source estimates less quantifiable ecosystem service cost consequences also exists for seabed mining. 

For Fiji in 2016 it estimated losses in fisheries and food, recreation, climate regulation ($135 per hectare), 

raw materials ($17 per hectare), genetic diversity ($10 per hectare) and therefore a minimum total of $162 

per hectare. It estimated around $37,200 to $223,200 in ecosystem services could be lost from a solitary 

deep sea mining operation or 14-28 hectares lost or $6,700,000 over an average 30 year project lifecycle. 
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Figure 2.20: Fiji Deep Sea Mining Exploration License Concessions 

 

 

Source Fiji Government 2020. 

 

Yet it concedes many of these risks remain highly speculative and uncertain lacking detailed local 

assessments of marine environments and benthic communities. More in depth analysis and long-term 

monitoring are critical to consider further connections and direct consequences. The WWF 2016 study 

indicated that it was premature for the Fiji government to award seabed mining licenses when legal disputes 

were ascending over maritime boundaries. It alleged chiefs had received financial compensation, or bribes 

sidelining community landowners to gain consent. Apparent tokenism was expressed for adherence to 

indigenous rights, stakeholder active consultation, environmental management and EIAs, independent 

oversight and monitoring of seabed mining activities. It considered labour constraints and other insufficient 

regulatory capacity existed. There is also a need to more effectively consider transboundary risks. 

 

2.5.7: Mexico 

 

The company Odyssey Marine launched a dispute against the Mexican government after it placed a 

moratorium on further exploration by the corporation (Bondy and Thorn 2019). The company disputed this 

violated their exploration conditions in violation of NAFTA, free trade and commercial contract decisions.   
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Odyssey Marine cited it received 50 year concession rights to the Oceanica deposit in 2010-up to 

558,000,000 tons of phosphorite ore; with significant fertilizer, tax revenue, employment and industrial 

potential. It undertook a 6 year environmental investigation process. SERMANAT’s decision was overturned 

by the Mexican Federal Administrative Tribunal as illegal but was overturned on 12 October 2018 by the 

Mexican Government under SERMANAT. Odyssey then moved to international law claim its measures to 

protect turtles, cetaceans, deploy trailer suction dredger hoppers and others complied environmentally with 

Mexican law requirements. It cited the presence onboard of marine species observers and minimal recorded 

impacts on fisheries and tourism. 

 

Other predicted impacts include those to cultural heritage, collision risks, sediment plumes suffocation up to 

sediment plumes up to 3 kilometres, aesthetics, benthic marine organisms and seabed morphology (Baker 

et al. 2016). Dredging mitigation solutions include not only vessel and operation limits but silt curtains, waste 

reduction measures, reduced lighting and sound measures and vessel speeds and away from species 

migration routes. Although many sources claim uncertainty over seabed mining environmental impacts, 

various observed recorded adverse costs have been identified in Owen Anchorage Western Australia and 

Moreton Bay, the European Union, Dieppe France, the Benguela Current region off Namibia and South 

Africa, Papua New Guinea under Solwara and Puck Bay in the Southern Baltic Sea (Baker et al. 2016). 

These include direct damage and reduced species abundance; biodiversity and biomass, variations in shore 

wave and ocean current conditions; erosion rates of coasts and migration inflow concerns. Dieppe’s 10 year 

monitoring programme recorded an 80% reduction in species frequency and biodiversity between 

mining/exploration and non-mined areas for sand and gravel mining. Few species had recolonised in Puck 

Bay. For Namibia and Angola, biodiversity favoured various organisms such as algae but at the expense of 

many others, taking 15 years to indicate any recolonisation. Approximately 70% of ecosystems had rapidly 

decreased for mining in Indonesia’s Beiting province and the US Bering Sea’s Norton Sound. 

 

2.6: Identifying Research Gaps, Motivation, Contributions and Moving Forward 

 

In conclusion part of this projects core focus and motivation is to therefore overcome the existing gaps for an 

independent evaluation of the seabed mining industry, including its characteristics, technology, stakeholders, 

policies and case study successes or failures. This can provide a more independent basis for stakeholders 

to start truly considering whether they are in favour or opposed to seabed mining as a direction for the blue 
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economy. This is especially critical to determining the future of the oceans and all users who depend upon it. 

Comparatively few global reviews exist with empirical evidence of benefits and costs as a current core 

research gap. This chapter’s conceptual contribution provides various lessons to be considered if 

implementing this activity including risk mitigation measures; proposed elements of legislative and funding 

frameworks. This is essential to consider enhancing ocean governance, sovereignty and a more sustainable 

future marine environment and blue economy. 

 

Moving forward there is clearly a gap in updated legislation in many core nations such as Canada, the US, 

Germany, Russia, the Caribbean, Middle East, most oof Africa and Asia (Benguela Current Convention 

2020). Many individuals, policymakers, businesses and communities remain ignorant over costs and benefits, 

with few examples of empirical mining and impacts both for commercial exploitation and exploration. Of those 

that do undertake such experiments; the data remains confidential -aligned to the ISA. Areas of focus 

primarily concentrate around certain small areas -the South Pacific Clarion-Clipperton Zone, mid-Atlantic 

Ridge, Benguela Current region, Red Sea and a few others. There is a need to learn more from shallow and 

terrestrial mining best practises and disasters; to favour more underwater exploration and research 

cooperation/transparent access to data; especially for core indicators. Diamond, sand, offshore oil and gas 

techniques, marine phosphate mining all offer more examples to learn from.  

 

The pro mining ISA currently need to consider developing more emphasis and capacity for marine 

environmental expertise; especially in their policies. Hopefully part of the gaps will be rectified via the 2020 

new Environment Code.  The ISA operate significant sovereignty over major areas without being open to 

public scrutiny in awarding contracts and in access to core information needed to make informed decisions. 

Other nations and people may need greater awareness of seabed mining, risks, challenges and 

opportunities. Greater information sharing, cooperation and coordination over research, policies, information, 

training, education and technology may assist in this. More databases and contributing to existing data can 

streamline and simplify processes so stakeholders can prioritise scarce resources effectively without 

duplication. Policies need to be aligned to the realities and constraints or context of local environments, 

economies and stakeholders (D’Arcy 2013). 

 

As chapter 3 will detail, the topic remains controversial and emotive with stakeholders such as WWF seeking 

a moratorium as early as 2012 on global seabed mining (World Wildlife Fund 2012). With the measures 
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above; hopefully the uncertainty can start to erode as this decade is the last one remaining for us to truly 

embark upon the blue economy. Detailed alternatives and hypothetical scenarios also needed to be provided 

and available. Full EIAS and the extent of liability along with comprehensive legal frameworks need to be 

determined and finalised across many nations. Connectivity, representivity, viability and network adequacy 

need to be considered and more marine protected areas could be considered (Dunn et al. 2018). More 

effective awareness and voluntary compliance incentives also need to be introduced, along with enforcement 

of existing policies (D’Arcy 2014). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
\ 
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Chapter 3: Seabed Mining Implications for the Abyssal Depths and Ocean Exploration:  The 

Stakeholders, The Regions, The Risks, Prospects and Opportunities. 

 
3.0: Introduction 

 

The question of whether we should embrace seabed mining as one of the successful mechanisms to facilitate 

the blue economy, exploring the abyssal depths and ocean exploration or if the risks presented are to 

contentious and controversial for other ocean usages, is the focus of this chapter. Chapter Three therefore 

present’s this research’s conceptual contribution; to resolve these concerns. It therefore traces a brief history 

and current status of seabed mining in Section 3.1. It identifies the current stakeholders, market prospects 

and global areas of seabed focus in Section 3.2. The hypothetical advantages/benefits (Section 3.3); 

disadvantages and externality costs (3.4); uncertain risks and issues (3.5), along with possible prospects; 

opportunities and alternatives (3.6) further aim to assist stakeholders in resolving their and the future fates of 

our Oceans. 

 

3.1: A Brief History and Current Status of Seabed Mining  

 

Whilst global sand and shallow water mining could date back to the pearl divers of the Red Sea and 

Polynesia, the usage of coral and sand in construction throughout parts of Asia, the Indian Ocean and South 

Pacific for centuries, seabed mining is a far more recent phenomenon. Captain Nemo utilised it as a basis 

for self-sufficiency inn Jules Verne’s 20,000 Leagues under the Sea in the 1860’s, whereas underwater 

settlements have been postulated in fiction and science fiction/fantasy genres such as Hans Christian 

Anderson’s Little Mermaid, Legends of Atlantis, and other more recent authors such as the Lost City of Faar 

in the Pendragon series. Yet increasing global interest in harvesting ocean minerals really emerged in the 

1960’s reduced land deposits and increasing technological progress along with enhanced human confidence 

in treating the ocean as a projected infinite, abundant resource; ensured more commercial interest in the 

oceans. 

 

Concern over geopolitical uncertainty over resources dominated by perceived and actual unstable nations in 

Africa, the South Pacific and Latin America or the Soviet Union led to governments, buyers, investors and 

corporations seeking alternative options. This was accompanied by enhanced growth and development in 

mining by companies such as Rio Tinto, De Beers, Anglo American and BHP Billiton. The 1973 and 1979 
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OPEC oil crisis subsequently inspired development of deeper hydrocarbon exploration for oils across the 

North Sea, Middle East, Angola, Nigeria, Venezuela and others, further improving technology, training, 

techniques and experience. Subsequently greater ocean exploration and surveys also improved 

understanding of the extent of the value and existence of entire marine ecosystem treasures but also troves 

of mineral deposits, fostering greater interest. The voyages of Jacques Cousteau and others, initial NOAA 

and other surveys in the Pacific region were especially illuminating as potentially enriching. 

 

Among the early corporations to express interest in the 1970’s, were US Steel, Standard Oil, Lockheed 

Martin, SEDCO, Kennecott Copper and Tenneco from the US, Japan’s Sumitomo/Mitsubishi, Belgium’s 

Union Miniere, Canada’s Noranda Mines, UK’s BP and Shell along with Consolidated Goldfields (Cuyvers et 

al. 2018). These eventually pursued either oil or concentrated more on land, when exploration proved 

technically feasible for small volumes but not sufficient to attract it as a lucrative return based on economies 

of scale. Increasing legal uncertainty led to the formation and development of the International Seabed 

Authority, UNCLOS and initial local government legislative measures. As highlighted in Chapter 2, these 

were designed more for potential commercial exploitation and administrative processes, then environment, 

social, research, technology or other factors.  

 

In 1976 NOAA undertook a preliminary and rather cursory deep ocean mining environmental study as a 

prelude to promote pilot commercial manganese nodule mining (National Oceanic and Atmospheric 

Administration 1976). Its prime focus was the DOMES project. The 1972 DOMES project focused on 

understanding initial environmental impacts. Industry led by the American Mining Congress expressed initial 

interest and in contrast to land mining; several consortia composed of various corporations were formed to 

pool costs more effectively in a collective. These included Deep Sea Ventures who committed $22-

30,000,000 in 1975, Lockheed Martin ($20-$25,000,000), CLB Group ($7,000,000), Kennecott Group ($25-

$35,000,000) and Ocean Management Inc ($35-50,000,000). 

 

In the US a 1995 Congress Report identified initial NOAA exploration efforts in the 1960’s to 1990’s via the 

Benthic Impact Experience, with the initial granting of 4 exploration licenses in 1984 to the Kennecott 

Consortium and others. (National Oceanic and Atmospheric Administration 1995). NOAA issued exploration 

licenses in 1994 to Ocean Minerals Company, Ocean Mining Associates and Ocean Management Inc. Ocean 

Minerals Company subsequently included Lockheed Martin but Cyprus Minerals left the consortium. Ocean 
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Management Inc was composed of Schlumberger Technology Corp, INCO Ltd, AMR from Germany and 19 

Japanese companies under Deep Ocean Mining Co. Ocean Mining Associates included Essex Minerals Co, 

Sun Co, Belgium’s Union Miniere and Union Seas Inc. In 1993 Russia and the US conducted a joint geological 

and marine ecosystem investigation for benthic ecosystem recovery to determine more data from sediment 

plumes. NOAA provided technical expertise and technology -the Deep Sea Sediment Resuspension System 

to Japan’s Metal Mining Agency and East Europe’s Inter-Ocean Metal. NOAA also conducted a 1994 

stakeholder workshop and peer review and chose not to prioritise seabed mining in 1995 from low commercial 

interest. Seabed mining commercialization has been delayed given considerable costs along with uncertain 

ecology, technology, trade, policy and other responses. Unlike other sectors comparatively few incentives for 

investments or financial sources have existed for seabed mining. Part of the delay in seabed mining was 

economic, whilst cobalt prices rapidly increased from 1954 to 1979, copper and manganese stagnated and 

nickel only marginally increased (Tilton 1983). Part of the subsequent growth in 2012 onwards can be 

attributed to higher prices for rare earth minerals, fuelled by rapid increase in technology demand. 

 

The focus area shifted to the South Pacific, especially with the Clarion-Clipperton Zone with increasing 

refinements and investments in prospecting techniques. From 1985 to 2005, the Cook Islands, Federated 

States of Micronesia, Fiji, Kiribati, Marshall Islands, Papua New Guinea, Solomon Islands, Tonga and Tuvalu 

benefitted from Japan-SOPACA marine mineral surveysThe Cook Islands proved among the first to set up a 

Seabed Minerals Act in 2009 and Authority followed by Fiji, Tonga, Vanuatu and others from 2013. Papua 

New Guinea’s Solwara project under Nautilus Minerals from 2012 was subsequently followed by concerted 

efforts by the Secretariat of the Pacific Community and funders such as the European Union to sponsor legal 

frameworks, awareness, stakeholder engagement, training and technical guidance to develop the sector via 

the Deep Seabed Minerals Project. This subsequently prioritised hosting 1 workshop per country along with 

sponsoring several stakeholders to receive legal/technical training and attend events. The project also 

emphasized creating documentaries, research outputs, media releases and policies. 

 

Deep Seabed mining became more prominent via the ISA granting over 27 exploration licenses, with 165 

members (Lodge 2013). In 2001 IFREMER (France), the Indian and South Korean Governments, East 

European Inter-Ocean Metal Joint Organisation, DORD (Japan), COMRA (China) along with 

Yuzhmoegeologia in Russia received ISA exploration licenses. In 2006 Germany’s BGR received one. In 

2011 the ISA bestowed licenses on Nauru Ocean Minerals, China’s COMRA, Tonga Offshore Mining and the 
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Russian Federation. In 2012-2013 concession prospecting titles were granted to GTEC Sea Mineral NV, the 

South Korean government; China’s COMRA, Kiribati’s MARAWA., Japan’s JOGMEC, IFREMER and U 

Seabed Resources Ltd. 

 

A 2013 stakeholder workshop in the Solomon Islands focused on determining local capacity building, 

education and awareness but also considering legal requirements and environmental monitoring. (Lily, 

Tawake and Ishmael 2013). The Solomon Islands received mineral surveys in 1975, the 1980’s and 1993. 

The stakeholder workshop emphasised poignantly many unknowns and uncertainties present in this sector 

both in the commercial potential but also implications ecologically, socially and economically. Although the 

legislation has similar components across Pacific Islands; the principle of each sovereign territory determining 

its own fate in relation to seabed mining within its own Exclusive Economic Zone was recognised during the 

Project. However, international ISA law would apply outside national borders. However, regional cooperation 

over transboundary marine resource, ecosystem and risk management was recognised. Stakeholders raised 

various issues during the workshops including the need to consult local communities, the high costs involved 

in undertaking mining with years before revenue is generated and the need to create an administrative entity 

to ensure compliannce with international and domestic law. Concerns were raised about the challenges of 

forming such an Authority and being able to provide effective independent oversight. There is also a need to 

reduce the extent of liability that the Solomon Islands and other Pacific island territories may face; from 

pollution, oil spils and other risks. Other raised issues included the need to develop a Marine Scientific 

Research Policy. It estimated that seabed mining may employ up to 500 jobs if developed. 

 

More controversially has been the projected interference within Pacific island and other nations as a basis 

for supporting the industry and providing concessions over significant ocean territories and related resources.  

For example, one Tongan source identified how seabed mining exploration licenses were swiftly passed in 

2013 even before the Deep Sea Minerals Act and authority had been enacted (Pulu 2013). No evidence for 

public engagement other than the March 2013 SPC workshop had occurred. The emphasis of the EU training 

focused on securing a more equitable and lucrative commercial contract for individual governments from 

mining companies rather than challenging the environmental or other aspects. The source expressed 

concern and surprise at the lack of individual or media reactions. The Papua New Guinea government 

subsequently aborted Nautilus’s contract for Solwara over IP and technology transfer access of the seafloor 

production system and 30% equity ownership. The company subsequently indicated interest in Tonga.  
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Several Tongan sources indicated the need for concern over possible pollution, toxic wastes; environmental 

and technological uncertainty.  

 

At a Pacific ACP States Regional Training Workshop on the social impacts of deep seabed mining in Vanuatu, 

a local Cabinet Minister Mr Regenvanu further indicated the need for social engagement in response to 

community concerns (Regenvanu 2013). These include the Vanuatu Council of Women, Bismarck Ramu 

Group, Act Now, WWF, Safeguard Our Seas Coalition and others. For example, the President of the Vanuatu 

Council of Women indicated “…our women do not want to see deep sea mining to operate in and around 

Vanuatu islands due to environmental threats… The women of Vanuatu are joining in and supporting their 

sisters from PNG and Solomon Islands who also do not agree to be exposed to some irreversible catastrophic 

changes and left without a poisoned and polluted Pacific Ocean without fish. Hon. Minister we look forward 

to your positive intervention in this regard in ensuring a safe and sustainable environment for the future of 

this nation.” 

The Minister observed the lack of transparency by noting that neither he nor the public were consulted over 

the granting of 3 offshore oil and 145 mining exploration licenses. He claimed pushing for greater 

transparency, the need to seriously endorse the Precautionary Principle, marine scientific research and the 

“Free Informed Prior Consent” principle. He also advised the need to protected indigenous rights and 

traditional usages more explicitly. 

 

The International Seabed Authority influence seabed mining across 260,000,000 km2, comprised of 24 

people (Safeguard Our Seabed Coalition 2016). As Section 3.2 further re-iterates several global nations and 

mining corporations have invested significant interest, time, finance, research and other resources to develop 

this sector. Examples of selected seabed mining license applications and their locations between 2010 and 

2015 are illustrated in Figure 3.1. Namibia granted to Namibian Marine Phosphates in 2011, a concession of 

2,223 km2. Namibia subsequently placed a moratorium on marine phosphate mining from 2013 to 2016 after 

opposition from the Namibian Hake Fishing Industry Association, Confederation of Namibia Fishing 

Associations, Earth Organisation Namibia and Swakopmund Matters. In 2013 the Namibian government 

passed a moratorium on seabed mining for marine phosphate (Deep Sea Mining Campaign 2013). This was 

scheduled initially for 18 months but was still valid as of October 2020. Local opponents from NGO’s and civil 

society pressed for a more intensive and independent Strategic Environmental Impact Assessment. This was 

based on their concerns for uncertainty of the effects presented to marine organisms and related 
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fisheries/tourism. In 2012 Australia’s Northern Territory government granted 3,856 km2 in the Blue Bay Mud 

Project to Northern Manganese Limited, following previous concessions of 1,723 km2. A few months later on 

6 May, the government imposed a moratorium initially for 3 years but now subsequently open up to public 

consultation and possible reactivation or permission in October 2020.  

 

Figure 3.1: Examples of ISA and National Granted Seabed Mining Licenses and Stakeholders 

 

 

 

(Safeguard Our Seabed Coalition 2016). 
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In 2007 the Federated States of Micronesia awarded Neptune Minerals a seabed sulphide deposit exploration 

permit, followed by investigating possible legislation from 2012. Between 2009 to 2013 Vanuatu issued 145 

underwater mining exploration, licenses subsequently increased to 154. As stated earlier, although many of 

the Pacific Island nations possess legislation, in contrast to other global areas outside Europe/the US/Mexico; 

these have often minimised projected risks and opportunities along with indigenous rights and active 

community consultation. Tonga granted 7-25 licenses each to Nautilus Minerals, KIOST (Kora Institute of 

Ocean Science and Technology) and Blue Water Metals exploring from 2016. 

 

In 2012 the Centre for Biological Diversity challenged NOAA’s decision to award an exploration permit 

extension to Seabed Exploration LLC but proved unsuccessful. In 2014 Odyssey Marine envisioned a 

lucrative target of over 350,000,000 tons of marine phosphate under its Don Diego project. Civil society raised 

concern over unknown implications to marine mammals and ecosystems, spearheaded by NGOs such as 

Save the Waves Coalition, BCS Noticias, CEMDA, AIDA and fishing associations. In 2016 Mexico’s Secretary 

of Environment and Natural Resources (SEMARNAT) rejected the EIA application over 225,000 acres over 

concerns that the economic benefits were not deemed as overriding the ecological risks to vulnerable 

species.  In New Zealand in 2014, Chatham Rock Phosphate aspired to mine up to 1,500,000 tons of marine 

phosphate mining per year over 820 km2. However, the EIA was rejected for Chatham Rise on the basis of 

very minor projected social and economic benefits, insufficient measures to mitigate against ecological risks; 

unknown knowledge of benthic marine ecosystems but that proposed drag head mining methods could create 

major problems. 

 

Nautilus appeared initially promising since 2000 with high promise of various benefits as in section 2.4. It 

claimed in its consultation to engage with over 30,000 local stakeholders. Papua New Guinea considered a 

similar ban decision related to its Solwara mining project. Nautilus benefitted from a $US 125,000,000 in 

exchange for 15% equity directly from the Papua New Guinea as a state loan from the National Bank and 

several hundred million via the stock exchange and investors such as Anglo-American. Nautilus lost 

investors, personnel and vessel access in 2018 following a court case in 2017 by communities, the 

resignation of most leadership, delisting from the stock exchange and to fire sale assets in 2019. Prior to this, 

Deep Green Metal apparently conducted similar experiences in Tonga and sponsored Kiribati’s membership 
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to the ISA and state company Marawa Research and Exploitation Limited ((Mining Watch Canada, Deep Sea 

Mining Campaign and London Mining Network 2019). 

 

In 2014 Pacific civil society organisations issued a Pacific CSO Statement of Concern on Accelerated Seabed 

Mining Developments Within the Pacific Islands Territorial Waters and Associated Links to the Role of 

European Union Development Assistance (Pacific Civil Society Organisations 2014). This called for the need 

for sound fiscal investments and obtaining benefits but wish to extend it to truly consider the marine 

environmental implications along with community livelihoods to minimise risk, in considering the future of 

seabed mining. They sought the need for greater access to information, transparency, responsibility and 

accountability in developing the sector. In 2017 a gathering of Pacific Church Leaders in Suva, Fiji pressed 

the Papua New Guinea government and others to publicly ban seabed mining, prevent testing of technology  

and support the people (Pacific Church Leaders 2017). It hosted representatives from Kiribati, Papua New 

Guinea, Fiji, Solomon Islands and Vanuatu along with the regional Pacific Council of Churches. 

 

More promising developments for seabed mining and the blue economy included Japan/France’s Eco-Deep 

project; the 2011-2016 EU-Pacific Community Deep Sea Mineral project in the Southwest Pacific and the 

2012-2016 New Zealand Enabling Management of Offshore Mining project. Others include the 2013-2016 

European MIDAS (Managing Impacts of Deep Sea Resource Exploitation) project and the 2015-2017 JPI 

Ocean Mining Impact project. The ISA and United Nations Department of Economic and Social Affairs have 

subsequently launched the Abyssal Initiative to follow on from the 2016 ended SPC-EU project. (Jones 2018). 

The Secretariat of the Pacific Community and European Union did however, invest significant attention and 

resources in enhancing local capacity building and developing a series of legal frameworks and data 

generation to enable greater participation and possibly more favourable commercial contracts, than if they 

had not been supported. In 2019 this led to a draft “Regional Agreement for Cooperation Among Pacific 

Island Countries and Territories to Support Sustainable Development and Responsible Management of Deep 

Sea Minerals in the Pacific Region. 

 

 In 2019, an alliance of Pacific civil society organisations formed in direct response to the Draft Pacific-EU 

Protocol for seabed mining (Pacific CSOs 2019). It called for a moratorium on deep sea mining following a 

European example until greater marine scientific research is conducted on the presence, functions and 

relationships of marine species. This translates to practically applying the Precautionary Principle in a more 
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dramatic, extensive form. In January 2018 the European Parliament resolved to follow the Precautionary 

Principle calling on European states to favour a deep sea mining ban and not invest in this sector. Fiji’s 

moratorium on seabed mining took place in July 2019. It argues to consider and prioritise sustainable fisheries 

as a more viable alternative. The topic of the ISA as an entity to favour seabed mining but without equivalent 

independent oversight to ensure protection of the marine environment, social and economic have been raised 

by entities such as the Mining Watch Canada, Deep Sea Mining Campaign and London Mining Network 

(Mining Watch Canada, Deep Sea Mining Campaign and London Mining Network 2019). Concerns have 

been raised about the confidential nature of most information provided to the ISA, which challenges principles 

of transparency and informed decision making on the future of seabed mining and the blue economy for 

many regions. It observes the lack of public involvement with the ISA Legal and Technical Commission. 

Specific ecological concerns have been raised for the rich marine biodiversity of species present in the 

Clarion-Clipperton Zone including marine turtles, seabirds, sharks, whales, dolphins, tuna, sharks, 

crustaceans, coral, reef, pelagic, demersal, algal, seaweed and other species. The Wallis and Futuna Islands 

have also been eyed as possible locations for seafloor massive sulphides and ferromagnetic crusts, although 

no applications or licenses have yet been undertaken.  

 

China has also expressed growing interest in Pacific Ocean seabed mining to focus on securing access to 

resources and geopolitics (Zhang 2018). In the Pacific at least 7 land mining projects were invested in such 

as the Papua New Guinea Ramu Nickel Cobalt project, Frieda River and Porgera gold mine. Others include 

the Solomon Islands Gold Ridge gold mine, the Chinese Caledonian Mining Company, Fiji’s Nawalevu 

bauxite and Vatukoula gold mines. China’s 2016 to 2020 National Plan on Mineral Resources actively favours 

seabed mining. “China will actively participate in international surveys on deep sea mining and accelerate 

the exploration and development of ocean minerals. China will deepen international mining cooperation under 

the Belt and Road Initiative and promote mineral resources exploration overseas.” China’s Mawei shipyard 

even provided Nautilus Mineral’s production support vessel and technology for seabed mining. 

 

In Africa, although Angola is the seventh-largest diamond producer in the world, at the time that this report 

was prepared, no licences for coastal areas or marine mining had been issued, and no coastal or offshore 

mining was being conducted. A number of companies including De Beers, Ocean Diamond Mining, Namco 

and Trans Hex applied for offshore diamond exploration & mining tenements in the early 1990’s The Angolan 

Department of Geology and Mines and Endiama were not interested in issuing any offshore mineral 
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tenements and this remains the status quo up to 2020. Namibia is still reviewing its marine phosphate plan, 

whilst South Africa is still investigating drafting Seabed Mining regulations and research. I recently drafted a 

report reviewing the status, risks and prospects of seabed mining along with other aspects of the blue 

economy for an updated Benguela Current Convention, Regional Transboundary Diagnostic Analysis. Other 

African nations have yet to meaningfully engage in pursuing, banning or researching seabed mining. 

 

In 2019 the International Seabed Authority also focused on the Atlantic Ocean and options for seabed mining 

including a Northern Mid-Atlantic Ridge workshop for a regional environmental management plan relating to 

polymetallic sulphides deposits (International Seabed Authority 2019). It focused on related seafloor species 

information to further illuminate the development of marine mining for the ISA, with a follow up workshop 

originally scheduled for June 2020 but delayed due to the COVID19 epidemic. Whilst certain European based 

companies have expressed special interest such as from the UK, Germany, Belgium and East Europe; 

Europe conducted research via the Midas Project and other initiatives seeking to reduce metal imports and 

provide for greater resource security. The German based Deep Sea Mining Alliance have been especially 

vocal at rallying industry support of the ISA and the issue of mining. Germany received a Northeast Pacific 

mining license in 2006 and the Indian Ocean in 2014.  

 

Several civil society organisations are also starting to express their concerns over safeguarding human and 

ecological rights, expressing concerns over investing in Pacific seabed mining (German Civil Society 

Organisations 2018). These are calling for a moratorium out of uncertainty over how deep sea mining will 

affect marine habitats and resident lifeforms. Although it must be noted that global popular consciousness 

and awareness of seabed mining resources, whether for the blue economy or expressing various concerns, 

has yet to embrace mainstream consciousness as with marine/other plastic pollution, climate change, 

deforestation, and even global biodiversity loss. Yet national governments, investors and other stakeholders 

are advised to consider their positions on seabed mining, so if it is to reach its potential for understanding 

scientific research and transforming economies and societies or consider the alternative pathways of 

sustainable fisheries, ecotourism and blue carbon credits; there is clearer progress made. This is especially 

essential in considering the existing market in Section 3.2; along with following risks and opportunities. 
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3.2: The Current Markets, Participants and Regions 

 

In seeking to understand just how extensive and realistic seabed mining is on Earth; this section considers it 

essential to identify the core location of marine mineral resources; the areas of current and future interest for 

exploration and exploitation along with the potential corporations, governments and other stakeholders 

involved. This will also clarify the role of the ISA and others more effectively and identify the current markets 

to consider the extent of interest in supply and demand for developing the sector which currently exists. 

However, this is primarily based on a desktop study as future research envisions seeking more empirical 

evidence via stakeholder consultation, to consider all perspectives. 

 

3.2.1: The Location of Marine Mineral Deposits. 

 

Previous surveys have confirmed the existence of marine mineral deposits in Europe (Figure 3.2) and the 

South Pacific (Figure 3.3), although many of those in Europe and the Mediterranean were investigated under 

the MIDAS project and other initiatives. However, this region experiences considerable challenges for 

exploration including stringent environmental protection, underwater cultural heritage and marine spatial 

planning issues including possible conflicts with other blue economy activity usages. The current areas of 

global focus for seabed mining companies include the ISA concessions for the Pacific and Indian Oceans 

(Figure 3.4); the Mid-Atlantic Ridge and South Atlantic Ocean (Figure 3.5). The ISA states the contractual 

obligations of exploring seabed mining companies include the need to follow national and international laws 

as in Section 2.3 along with measures to prevent, reduce and control hazards to the marine environment 

arising from their activities globally (International Seabed Authority 2018). 
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Figure 3.2: Europe Offshore Marine Minerals Map 

 

Source: United Nations 2004 

 

Figure 3.3: Oceania Offshore Marine Minerals Map 
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Source: United Nations 2004 

 

Figure 3.4 Pacific and Indian Ocean Seabed Mining Exploration and Prospecting Concessions of the 

ISA 

 

Figure 3.5 Mid Atlantic Ridge and South Atlantic Ocean, Seabed Mining Exploration and Prospecting 

Concessions of the ISA 

 

 

 

Source: International Seabed Authority 2020. 
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Seabed mining interest has especially been concentrated around the South Pacific’s Clarion-Clipperton Zone 

(Figure 3.6). As of October 2020, the ISA had granted 27 exploration licenses. Core seabed industry 

stakeholders are identified in Table 3.1. These are dominated by Europe (especially Germany, the 

Netherlands and UK) followed by the USA, Korea and Japan. 

 

Figure 3.6: Clarion-Clipperton Zone 
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Table 3.1: ISA Table of Companies with an Interest in Deep Sea Mining. 

 
Company Activity Country 

2H Offshore Riser technology UK 

Bauer Maschinen GMbH Drilling equipment, seabed drill rigs Germany 

Blue Planet Marine Marine environment consultants  

Blue Water Metals Mining company Australia 

Boscalis Marine services company Netherlands 

Bosch Rexroth AG Mechanical and plant engineering company Germany 

Bureau Veritas Lab testing, inspections and certification services France 

Chatham Rock Phosphate Mining Company New Zealand 

Coffeys International geological consultancy -Solwara EIA  

Continental AG Flexible fluid hoses Hungary/UK 

Continental. Schneider GMbH  Special rubber riser systems for offshore mining Germany 

Daewoo Shipbuilding and Marine Engineering Ships and offshore structures Korea 

DCNS Offshore Technology Solutions France 

De Beers Marine Offshore diamond mining company South Africa 

De Regt Marine Cables Marine Cables Netherlands 

Deep Green Resources Vessel for production of polymetallic nodules and investment  

Deep Reach Technology Waiting for patent technology, Cook Islands concession US 

Deltares International institute for applied research Netherlands 

DFKI- German Research Centre for Artificial 
Intelligence 

Development of AI methods and robotics Germany 

Diamond Fields International Namibia diamond mining, Red Sea gold mining -Atlantis II Canada 

DNV GL Classification and certification Scandinavia 

Dredging Innovation/DEME Group Dredging International Belgium 

Ecotone AS Automatic mineral identification technology Norway 

Eda Kopa (Solwara Ltd) State nominee for Solwara I operation PNG 

Endeavour Financial Investor in Cook Islands Canada 

Evo Logics GmbH  Underwater communications, navigation, positioning etc Germany 

ERAMET French Polynesia mining company France 

Fayat Travaux Sous Marin Non-standard underwater machines France 

Fortescue Metals Group Concession mining holder/company but not actively exploring Australia 

Fraunhofer Underwater systems, marine robotics Germany 

Fugro Earth and engineering data analysis Netherlands 

Fujian Mawei Shipbuilding Shipbuilding China 

Gardine CSG Marine site and seismic exploration surveys  

GE Hydril GE Oil and Gas Subsea slurry and lift pump for Nautilus US 

Geomar-Helmholtz Centre -Kiel Seafloor oceanographic research institute Germany 

Global Sea Mineral Resources Mining company subsidiary of DEME -ISA contract Belgium 

GMC Designed riser tooling for Nautilus US 

Golder Associates Geological consultancy -Mineral Estimate Report for Solwara  

Green Flash Trading Former phosphate mining company Western Cape South Africa 

Harren and Partner Ship Management Ship management Germany 

HC Marine and Mineral Projects Robots and subsea technology South Africa 

Hydro Lek Hydraulic fittings  

HYDROMOD Service GMBH Management consulting in deepsea mining Germany 

IHC IMS Royal IHC- BV mining technology Netherlands 

IMS mbH Offshore technology, engineering and installation Germany 

Japan Oil, Gas and Metals National Corp 
(JOGMEC) 

Mining corporation -previous experience surveying in 
Okinawa Trench, East Pacific Rise, Izu-Bonin back arc basin 

Japan 

JS Capital Power Offshore Investment Specialists  

Keppel Offshore and Marine Technology Research and development, product development, tech  
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KGMH  Poland 

KIOST Korean mining research institute/company with ISA permit in 
Fiji 

Korea 

Kongsberg Maritime EIAs, monitoring and cameras Germany 

KORDI Minerals Limited Mining corporation with exploration permits in Fiji and Tonga Korea 

Leonhard Nisen and Sonner Big engineering projects Norway 

Lloyds Register Classification  UK 

LS-Niko Copper Smelting  

Mac-Gregor Cargo flow solutions for maritime transport -i.e. Nautilus  

Manafa International Seabed mining corporation -Atlantis II Red Sea Saudi Arabia 

Marine Assets Corporation Vessel charter company Dubai 

Marine Metals Ltd Company hoping to recover tin off coast of Cornwall UK 

Marine Space Environmental consultants. Experience in sea dredging  

MARIN Hydrodynamic research Netherlands 

Mawarid Offshore Mining 10% investor in Nautilus Oman 

MBT GmbH  Sales and service for oceanographic, geophysical equipment Germany 

MC Marketing Consultancy Management and technology consultancy for seabed mining Germany 

MESL Marine Ecological Surveys Scientific advice on marine environment impacts  

Mercator Ocean Ocean Forecasters France 

Metalloinvest Holding Investor in Nautilus  

MH Wirth Drilling technology Germany 

Mitsubishi Heavy Industries  Japan 

Mitsui Mining and Smelting  Japan 

MODEC Mobile drilling  

MTI Independent research and development Netherlands 

Namibian Marine Phosphate Namibian mining company, marine phosphate project paused 
due to state Moratorium 

Namibia 

Nautilus Minerals Mining company developer and researcher -Solwara, Tonga Canada 

Neptun Ship Design Ship design and hull configuration Germany 

Neptune Minerals Mining company with concession licenses over 175,000 km2 

over the Pacific -Fiji, Japan, New Zealand, PNG, Tonga, 
Solomon Islands, Vanuatu 

US/Hong Kong 

NIOZ Research institute  Netherlands 

NORA Aiming for licenses in Norwegian EEZ and international Norway 

Northern Manganese Limited Blue Mud Bay project Australia 

Ocean-Flore  Integrated contact mining solutions for mining owners  

Ocean Minerals Exploration in the Cook Islands US 

Ocean Mineral Singapore Exploration license in CCFZ, Keppel Corporation major 
shareholder with UK Seabed Resources and Lion City Capital 
Partners as Minority shareholders 

Singapore 

Odyssey Marine Exploration Mining corporation, deep ocean survey and exploration 
around US/Mexico Don Diego project, interests in Chatham 
Rise New Zealand 

US 

Ramboll IMS Offshore mining technology and hydraulics Germany 

RCS Global  International geological consultancy firm  

Rexroth Bausch Drive and control solutions for offshore mining industry  

Rolls Royce Engineering UK 

RWTH Aachen University analysing nodules Germany 

Samsung Shipyard including drill ships Korea 

Santoku Rare earth drilling Japan 

Sea Europe Service and marine technology provider Belgium 

Seascape Consultants Offshore consultancy in policy development UK 

Siemens Vessel electrics Germany 

Siem Offshore Contractors GMBH Offshore contractor Germany 
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SSK Networks General trading company -petroleum products and resource 
development 

 

SMD Vehicle design and manufacture UK 

SRK Consulting International geological consultancy provided offshore 
production volume estimates to Nautilus 

 

SRSK Specialising in renewable energy, aquaculture and mineral 
mining 

 

Statoil Offshore technology Norway 

SNSK -Store Norske Spitsbergen Kulkompani Mining coal on Svalbard Norway 

Sumitomo Metal Corp  Japan 

Technip  Project management, Dredger riser technology Germany 

Tianjin Rock Check Steel Group 6% share in Trans-Tasman Resources China 

Toyota Tshusho Corporation Monazite sand rare earth mining in India Japan 

TNO Applied scientific research Netherlands 

Tonga Offshore Minerals Ltd Contractor mining concession in Tonga  

Tongling Nonferrous Metals Group Customer for Solwara I ore China 

Trans-Tasman Resources Taranaki iron sands mining New Zealand 

Uniresearch Project management Netherlands 

Yuzhmorgeologiya (YMG) Russian exploration and mining state company Russia 

 

Source: International Seabed Authority 2017) 

 

ISA exploration contracts increased from 8 in 2010 to 17 in 2013 to 29 by 2019. Current contractors are 

summarised in Table 3.2 along with their sponsoring state.  17 contracts are for polymetallic nodules of which 

16 are in the Clarion-Clipperton Zone and 7 are for polymetallic sulphides in the Mid-Atlantic Ridge, Central 

and Southwest Indian Ridges. 5 are located in the Western Pacific and South Atlantic Oceans for cobalt rich 

crusts. Concession areas range from 3000 km2 for cobalt rich crusts to 50-75,000 km2 for polymetallic 

nodules. Contractors invest a minimum of $500,000 as an application fee and $47,000 annual exploration 

fee to the ISA. As stated in Section 2.1 cobalt rich manganese crusts are prevalent around the South Pacific 

at depths of 800-2500 metres. Seafloor massive sulphides and metalliferous metals are present around the 

Pacific Ocean rise and Red Sea at average depths of 500 to 4000 metres. Manganese nodule are more 

prevalent around the North Indian Ocean, Peru Basin, Southern Atlantic, Mid-Atlantic Ridge and South Pacific 

Clarion-Clipperton Zone. No standardised marine mining methods and technology have yet to be 

implemented across these zones, whether vacuuming, robotics or otherwise (Greenpeace 2013).  
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Table 3.2: ISA Seabed Mining License Concession Holders, Locations and Sponsoring States 

 

Company/Contractor 
 
 

Sponsor Location Start Date 

Yuzhmorgeologiya  Russian Federation Clarion-Clipperton Fracture Zone 29 March 2001 

Interoceanmetal Joint Organisation Bulgaria, Cuba, 
Czech Republic, 
Poland, Russia and 
Slovakia  

Clarion-Clipperton Fracture Zone 29 March 2001 
 

Korea Government  Korea Clarion-Clipperton Fracture Zone 27 April 2001. 

China Ocean Mineral Resource 
Research and Development 
Association  

China Clarion Clipperton Zone 27 April 2001 

Institut Francais de Recherche pour 
‘Exploitation de Mer  

France Clarion Clipperton Fracture Zone 20 June 2001 

Deep Ocean Resources Development 
Co  

Japan Clarion Clipperton Fracture Zone 20 June 2001 

India Government  India Indian Ocean 25 March 2002 

Federal Institute for Geosciences and 
Natural Resources 

Germany Clarion-Clipperton Fracture Zone 19 July 2006 

Nauru Ocean Resources Inc  Nauru Clarion-Clipperton Fracture Zone 22 July 2011 

Tonga Offshore Mining Ltd  Tonga Clarion-Clipperton Fracture Zone 11 Jan 2012 

Global Sea Mineral Resources NV  Belgium Clarion-Clipperton Fracture Zone 14 Jan 2013 

UK Seabed Resources Limited UK Clarion-Clipperton Fracture Zone 8 Feb 2013 

Marawa Research and Exploration 
Limited  

Kiribati Clarion-Clipperton Fracture Zone 19 Jan 2015 

Ocean Mineral Singapore Limited  Singapore Clarion-Clipperton Fracture Zone 22 Jan 2015 

UK Seabed Resources Limited UK  UK Clarion-Clipperton Fracture Zone 29 March 2016 

Cook Island Investment Corporation  Cook Islands Clarion-Clipperton Fracture Zone 15 July 2016 

China Minmetals Corporation  China Clarion-Clipperton Fracture Zone 12 May 2017 

Polymetallic Sulphides    

China Ocean Mineral Resources 
Research and Development 
Association  

China Southwest Indian Ridge 18 Nov 2011 

Russian Government  Russia MidAtlantic Ridge 29 Oct 2012 

Korean Government  Korea Central Indian Ridge 24 June 2014. 

Institut Francais de Recherche pour 
l’Exploitation de la Mer  

France Mid-Atlantic Rdige 18 Nov 2014 

Federal Institute for the Geosciences 
and Natural Resources  

Germany Central Indian Ocean 6 May 2015 

Indian Government  India Central Indian Ocean 6 May 2015 

Polish Government  Poland Mid-Atlantic Ridge 12 Feb 2018 

Polymetallic Crusts    

Japan Oil, Gas and Metals National 
Corporation (JOGMEC)  

Japan West Pacific Ocean 27 Jan 2014 

China Ocean Mineral Resources 
Research and Development 
Association  

China West Pacific Ocean 29 April 2014 

Russian Ministry of Natural Resources 
and the Environment  

Russia Magellan Mountain Pacific 
Ocean 

10 Mar 2015 

Companha De Pesquisa de Recursos 
Minerais  

Brazil Rio Grande Rise South Atlantic 
Ocean 

9 Nov 2015 
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Korea Government Korea West Pacific Ocean 27 Mar 2018 

Beijing Pioneer Hi Tech Development 
Corporation  

China West Pacific Ocean Oct 18 2019 

 
Source: ISA 2020. 
 

Among the more common globally mined elements for shallow water mining are sand and coral used for 

construction, which appear globally among islands, atolls and coastlines (Baker et al 2016). Coral mining is 

more frequent in areas bordering the tropical Pacific and Indian Oceans. Sand mining is ubiquitous around 

China, Hong Kong, the South Pacific including Kiribati, UK, Denmark, France, Germany, the Middle East and 

Southern Africa. From 1995 to 2016 irrespective of ecological impacts; over 56,000,000 m2 per year of stand 

was extracted from the Northeast Atlantic with 93% due to 5 nations (UK, Denmark, France, Germany and 

the Netherlands). Sand mining in Kiribati, the Maldives and Tuvalu has helped to accelerate coastal erosion 

rates and these nations as the most globally vulnerable to sea level rise and other climate change risks. 

Marine diamonds are located and mined off South Africa, Namibia and Northern Australia; tin off Indonesia, 

Malaysia and Thailand plus titanium rich magnetite off New Zealand, Indonesia, Japan and the Philippines. 

Rutile and Ilmenite is located off South Africa, South India, Mozambique, Senegal, Brazil, Florida and 

southeast/southwest Australia. 

 

India holds 2 ISA contracts -one in the Mid-Indian Basin for polymetallic nodules and another in the Southwest 

Indian Ridge for polymetallic sulphides. Germany’s Federal Institute for Geosciences and Natural Hazards 

specialises in seabed mining scientific tests and surveys to assist Germany’s mining industry alliance. Nauru 

Ocean Resources linked to Canada’s Deep Green Resources has a polymetallic nodule exploration contract 

in the Clarion-Clipperton Zone since 2011. Inter-Ocean Metal Joint Organisation is a mostly Eastern 

European consortium of Bulgaria, Czech Republic, Poland, Russia and Slovakia along with Cuba. Active 

since 1992 for the ISA it has a concession from 2001 to 2021 over 75,000 km2 at the Clarion Clipperton Zone. 

In Russia the state operated mining company-Yuzhmorgeologiya is active with 2 ISA exploration permits in 

the Magelian Seamount Central Pacific and a hydrothermal sulphide contract at Mid-Atlantic Ridge. 

 

The Tongan government sponsored Tonga Offshore Mining linked to Canada’s Nautilus’ Minerals with a 

75,000 km2 concession also in the Clarion-Clipperton Zone. Global Sea Mineral Resources under the Belgian 

corporation DEME Group holds a 76,728 km2 concession in the same area. In 2013 UK Seabed Resources 

Limited received 2 ISA contracts (1 in 2013 and another in 2016, exceeding 58,000 km2.  Japan’s JOGMEC 

formed in 2004 has 1 ISA exploration contract valid in the Western Pacific for ferromanganese crusts. In 
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Kiribati Marawa Research and Exploration Company also holds one since 2015. Ocean Mineral Singapore 

holds a 58,000 km2 ISA concession area for 15 years since 2004. Brazil’s Companha De Pesquisa de 

Recursos Minerais received the sole seabed mining exploration license for the South Atlantic Ocean. The 

Cook Islands acquired a 75,000 km2 concession area but has a joint venture partnership to collaborate with 

Global Sea Mineral Resources. In 2017 the China Minmetals Corporation acquired a 72,740 km2 zone in the 

Clarion-Clipperton area. The Polish government received 100 exploration blocks of 10x10 km2 in the Mid-

Atlantic Ocean Ridge. Controversially this was near UN recognised “Ecologically or Biologically Significant 

Areas. 

 

Therefore, significant parts of Earth’s oceans are now being considered for the metamorphosis into seabed 

mining by comparatively few governments, mining companies and research institutes. For example, Pacific 

governments and the ISA have conceded over 290,000 km2 of oceans, ecosystems and seabed resources 

to Nautilus Minerals, with 240,000 under consideration, exceeding 530,000 (ISA 2020). The Red Sea Atlantis 

II project since 2010 has been estimated to contain over 45 tons of gold, 45,000 tons of silver, 800,000 tons 

of lead, 1000,000 tons of copper and 2,900,000 tons of zinc but causes potential implications for regional 

fisheries, the Suez Canal for shipping and Red Sea tourism. Since 2010 it has been under development by 

Manafai International (Saudi Arabia) and Diamond Fields (Canada). Japan has shown prospecting interest 

in polymetallic sulphides as deep as 1,600 metres since 2017 in Okinawa. Phosphorite deposits also appear 

to have commercial potential by Florida/South Georgia’s coastline, Namibia, Chatham Rise New Zealand 

and Don Diego project in Mexico. 

 

In Germany industry are collaborating in the Deep Sea Mining Alliance since April 2014 (Aung 2015). This 

includes benefitting from economies of scale and resource/information pooling in research, technology, 

access to equipment, PR and marketing and other resources. Members of this alliance include Bauer 

Maschinen GMBH (seabed drill rigs and equipment), Contra-Tech/Continental (rubber riser systems), Free 

University Berlin (research and analysis), Harren and Partner, Fraunhofer, Evo-Logics GMBH (underwater 

communication and navigation systems) and Bruckmann (scientific consultancy services).Others include 

HYDROMOD, IMS, Keppel Offshore and Marine Technology Centre, Siem offshore contractors, Technical 

University Clausthal, RWTH Aachen, MBT GMBH and Wartsila.  
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Although the world has yet to create international ocean conservation protection measures on the High Seas; 

many ecologically sensitive areas and biomes may be threatened by seabed mining of not sufficiently 

recognised and protected. In determining whether or not certain zones should be designated as no-mining 

areas not just forma marine protected areas. For example, nothing precludes ISA or various 

contractors/governments/corporations/research institutes, businesses or individuals from undertaking mining 

prospecting in any of the Table 3.3 identified Ecologically or Biologically Significant Areas. 

 

Table 3.3 identified Ecologically or Biologically Significant Areas Not Protected by MPA’s. 

1 Mozambique Channel 21 Equatorial High Productivity Zone 

2 Saya de Maiha Bank 22 Clarion-Clipperton Fracture Zone 

3 Central Indian Ocean Basin 23 Thermal Dome Eastern Tropical Pacific 

4 Walters Shoals 24 Marine Corridor Eastern Tropical Pacific 

5 South of Java Island 25 Carnegie Ridge -Equatorial Front 

6 Rematau Group 26 Northeast Pacific Whale Shark Area 

7 Due South of Great Australian Blight 27 North Pacific Transition Zone 

8 Agulhas Front 28 Emperor Seamount Chain 

9 Coral Seamount and Fracture Zone Feature 29 Sargasso Sea 

10 South Tasman Sea 30 Amazonia Orinoco Influence Zone 

11 Seamounts of West Norfolk Ridge 31 Fernando de Noronha 

12 North New Zealand -South Fiji Basin 32 Atlantic Equatorial Fracture Zone 

13 Central Louisville Seamount Chain 33 Canary Current Convergence Zone 

14 Kernadec-Tonga-Louisville Junction 34 East Central Atlantic Seamounts 

15 South of Tuvalu/Wallis and Fortuna 35 Equatorial High Productivity Zone 

16 Western South Pacific 36 Southern Brazilian Sea 

17 Kadavu 37 Subtropical Convergence Zone 

18 Southern Lau Region 38 Walvis Ridge 

19 Grey Petrel Feeding Area Southeast Pacific 39 Benguela Upwelling System 

20 Saias y Gomez ad Nazca Ridges. 40  

 

Source: Convention of Biological Diversity 2020. 

 

The European Commission MIDAS (managing Impact from Deep Sea Resource Exploration) project from 

2013 to 2016 aimed to identify the ecological, commercial and technical feasibilities of seabed mining. 

Involved European stakeholder partners included Seascape Consultants, the UK Natural Environment 

Research Council, UK Natural History Museum, Deep Seas Environmental Solutions, University of 

Southampton, Scottish Association for Marine Science, Fugro Geas and Environmental Resources 

Management. German partners include BGR, GEOMAR, Senckerberg Institute, Alfred Wegener Institute, 

and University of Bremen. Norwegian partners include the Norway Geotechnical Institute, Universities of 

Tromso and Bergen. Others include the Institutio de Mar in the Azores, Ifremer France, CONISMA in Italy, 

PP Shirshov Institute, NIOZ (Netherlands), Dredging International, IHC Mining, University of Algarve, Gianni 



135 
 

Consultancy and Poland’s Wycliffe Management.  The European Commission Blue Mining Project wishes to 

focus on underwater technology and mineral mining technology to reach depths up to 6000 metres. It claims 

to focus on the technology available and extent of resilience. 

 

In determining seabed mining’s most sustainable and effective locations it will be necessary to investigate 

other potential conflicting usages or blue economy activities such as by marine genetic resources and other 

research (Royal Society 2017); and whether greater returns are provided by these, seabed mining or blue 

carbon and ecosystem services etc. Previous research by this maritime economist and others indicated gaps 

in the Nagoya Protocol, UNCLOS and others for legislation to protect marine genetic resources and 

biodiversity. A new Biodiversity Treaty for the High Seas is currently being drafted. Globally there appears to 

be a growing paradox and dichotomy between the global target of 30% of Earth’s oceans as marine protected 

areas and the pursuit of seabed mining for the blue economy as many areas overlap such as for the Cook 

Islands. Exploration around the Mid-Atlantic Ridge (Figure 3.7) may challenge the UK government Blue Belt 

initiative near Ascension Island and Tristan de Cunha, given possibly significant marine mineral deposits as 

signaled by increasing hydrothermal activity (Royal Society 2017).  

 

Figure 3.7: Mid-Atlantic Ridge 

 

 

Source: Royal Society 2017. 

 

Similar issues exist around Solwara (Figure 3.8), estimated to exceed over $650,000,000 but unquantifiable 

values of marine ecosystems. The Clarion-Clipperton Zone estimate over 21 trillion tons of nodules over 

9000,000 km2 but these also form the centres of marine protected areas; extensive fisheries and tourism. 
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Palau focuses more on marine conservation protecting 80% of its EEZ Figure 3.9 identifies the global 

distribution of non-living marine mineral resources. It also highlights DISCOL as an area primarily used since 

1989 to test species recolonisation and survival in the Peru Basin over 11 km2. This aimed to investigate long 

term impacts of mining to counteract many claims of scientific uncertainty; that both those in favour and 

against seabed mining; frequently invoke. Few species had recovered extensively over 30 years (2019). 

 

Figure 3.8: Solwara and Hydrothermal Vents 

 

 

Source: Royal Society 2017. 

 

Figure 3.9: Global Distribution of Non-Living Marine Mineral Resources. 

 

 

Source: Chin, Hari and Govan 2020 
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In 2012 Norway the companies Nordic Ocean Resources and Statoil along with the Norwegian University of 

Science and Technology, looked to explore the Mid-Atlantic Ridge for seabed minerals. They also focused 

on the local EEZ for sulphide massive deposits. Russia identified over 45 new species at its Logactchev I 

concession area in the mid-Atlantic Ridge over 10 hydrothermal vents (Institute for Advanced Sustainability 

Studies 2019). Greenpeace identified over 20 new species in the Solwara basin alone, which need to be 

considered in further prospecting.  It identifies the need to increase the coverage of global areas via sufficient 

marine reserves. The ISA only designated 9 specific Areas of Particular Environmental Interest where mining 

was banned. Concern was also expressed as to how it might potentially affect our health via ingested seafood 

and contaminants, in the absence of comparable studies (Greenpeace 2013). Oceanographic features may 

be fragile or lack sufficient resilience. Certain species are especially slow to reproduce. Nodules can also 

take millions of years to reform of 1-50 mm per million years. This challenges arguments by advocates in 

favour of deep sea mining, as to how sustainable it may prove to be in the long-run time horizon. 

 

The ISA in October 2020 recently sought to improve their marketing, communication and PR awareness of 

seabed mining in response to concerns of this area as an underknown area of the ocean/blue economy. The 

ISA have only in 2020 decided to consider a consultant proposal to create a fund to restructure royalties to 

develop socioeconomic benefits. The ISA Council lack specific ecological expertise, with its current members 

drawn representatives from major consumers, exporters, investors, developing states, special interests and 

equitable geographic representation. It only possesses a Legal and Technical Commission of advisory 

experts. 

 

Current and future deep sea exploring and prospecting can only be truly sustainable if it minimises ecological 

impacts; considers adequate risk mitigation measures and stringent policies; consider adequately biodiversity 

significant marine protected and study reference areas and consider stakeholder consultation. Very few sites 

have had their deep sea ecosystems with long-term examination and monitoring for possible mining 

implications, apart from insufficiently considering the socioeconomic and stakeholder consultation aspects. 

Seamounts and other features possess evident mineral wealth but also a trove of marine organisms, which 

the stakeholders identified above and others need to consider for any marine mining region of interest. This 

extends to considering their technology, impact on politics, laws, society, ocean governance, sovereignty, 

marine spatial planning and existing cultural traditions. The ISA have formed 9 Areas of Particular 



138 
 

Environment Interest; which could complement many national governments and territories which are looking 

to invest in a far more overarching series of marine protected areas. Yet those 9 only extend over 100,000 

km2; whilst others need to be investigated far more rigorously and independently than at present.  

 

3.3: Potential Advantages of Seabed Mining 

 

Seabed mining is increasingly portrayed eloquently by its advocates as a global saviour or panacea for not 

only the sustainable blue economy but also the transition of Earth towards decarbonisation pathways and 

the circular economy whilst providing sustainable mineral and energy security. It is presented as a solution 

to many developing nations seeking income diversification; with scarce other resources given overfishing, 

marine pollution; and shrinking tourism in a travel restricted post COVID landscape, given emissions from 

tourism. Its champions argue that it will avoid many of the perils and ecological issues of terrestrial mining 

which jeopardise land ecosystems and occupy immense areas seldom effectively rehabilitated. It offers 

opportunities to overcome existing gaps in scientific knowledge and research and access to technological 

innovation along with legal expertise; education, training and other benefits under potentially lucrative 

royalties. Other cited benefits include increases in projected employment; reduced prices of mineral 

commodities to aid consumers and supply chains; enhanced exports; income and tax revenue along with 

promises of socioeconomic development for communities. Many nations can with strategic partnerships gain 

access to underwater technology, surveys, training and institutional capacity building they would otherwise 

lack. 

 

Experience in previous mining efforts considers that many risks can be protected against or minimised with 

adequate measures (Aung 2015; Misereor 2016). These and other sources claim that a growing scarcity of 

rare earth minerals needed to produce batteries, electronics, electric cars and other technology; provides 

sufficient market interest and demand. The magnitude of existing mineral resources supplies is also identified 

conclusively via many existing surveys and Figure 3.10. Existing research in favour of seabed mining typically 

assess the mineral characteristics and legal environment, ISA composition and regulatory process for 

prospecting, exploration and exploitation, consider global research activities, environmental impacts and risk 

mitigation. A Solwara case study claimed to have a smaller ecological and carbon footprint in lacking the 

need for roads and other permanent infrastructure or services or in being out at sea affecting less populated 

and dependent upon ecosystems than if such activities were undertaken on land (Aung 2015).  
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Figure 3.10: Metal Content in Millions of Tons for Seabed Mineral Nodules 

 

 

Source Misereor 2016. 

 

Seabed mining is considered more efficient as operators may be able to extract more varieties of minerals 

than at conventional shore mines generally restricted to 1 or 2 mineral types. These mined minerals have 

myriad uses and applications such as steel, vehicles, light emitting diodes and fertiliser from manganese 

nodules. Cobalt derived products extend to inks, dyes, pigments, super-alloys, rechargeable batteries and 

cemented alloys and jewellery. Polymetallic sulphides offer value in cars, rechargeable batteries, 

smartphones, solar panel cells and jewellery. Nickel and manganese serves purposes for alloys, copper for 

wire, jewellery and electricity conductor, iron, silver and gold for jewellery and equipment (Allsopp et all. 

2013). Access to rare earth marine minerals is considered to be among the prime arguments for 

contemplating seabed mining (irrespective of considering alternatives such as recycling, the circular 

economy, policies such as extended producer responsibility and social risks). A French Polynesia case study 

again affirmed how many risk impacts could be mitigated against; including curbing tailings and avoiding 

ocean dumping, to acquire access to these metals and minerals. One source argues that processing minerals 

on the seafloor would reduce the extent of sediment plumes, emissions and waste of surface based operation 

(Bashir et al. 2012).  Specific technology could be favoured or prohibited. Scandium is utilised in Mercury 
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vapour lamps. Yttrium in microwave filters and TV phosphorous. Lanthanum’s purpose is electrodes, camera 

lenses and hydrogen storage. Cerium is for yellow glass and ceramics pigments, polishing powders and 

oxidising agents, whereas praseodymium and neodymium are for violet. Terbium, dysprosium, gadolinium 

and samarium all have applications in lasers and rare earth magnets. Other industry applications exist for 

communications and defence, engineering, construction, petrochemicals, glass and optical equipment. 

 

These minerals therefore are considered to especially influence favourable growth prospects for renewable 

energy and electronics/other technology. Seabed mining is considered attractive for many nations which lack 

access to resources in their own territories, to gain direct access, whilst reducing dependency on the 

comparative handful of nations which dominate this sector as indicated in Chapter 2. The South Pacific region 

is considered to be more stable than many comparable land locations including South Africa, Russia, China 

and the Congo. It also offers more affluent prospects for investment, corporations and many resource 

constrained governments as identified by the extensive abundance of prospects in the Pacific Ocean (Figure 

3.10); despite the manifest risks 

 
Figure 3.11: Pacific Ocean Seabed Mineral Deposits of Interest to Stakeholders 

 

Source: Aung 2015 
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Although pro-mining sources concede that many ecological impact costs do exist such as directly extracting 

habitat, smothering and sediment plume releases, noise, lighting and other measures; they argue certain 

measures can be countered including waste reducing measures; natural ecological rehabilitation, 

bioremediation and other techniques. They claim natural ecological and oceanographic processes will help 

to facilitate species and bionetwork recovery. Solwara I for example had an Unmined Control Area and 

Temporary Refugee Zone as precedent, whilst claiming that certain other zones could act as refugees until 

eventually mined. It was also claimed that certain species threatened by operations could be transplanted to 

migrate elsewhere to safer habitats. Waste reducing measures can also be adopted. A 500 metre exclusion 

zone can reduce collision, whilst training and contingency plans can work to minimise pollution spills and 

other hazards if mining or exploration did take place. Nautilus have also investigated light and sound 

minimising areas and reduced sediment/tailings/waste discharged.  

 

The French Polynesia case study for seabed mining includes around $186,120,000 in capital costs including 

$94,0000,000 for the production support vessel, $25,0000 on the mud collector, $10,000,000 on the ROV, 

$21,200,000 on the umbilicals and 10% contingency costs. Operating costs are around $304,150 per day. 

This includes around $72,500 for personnel, $75000 for processing and $80,000 for chemicals but only 

$20,000 for maintenance and fuel or $9000 for the supply vessel. For rare earth metals, projected profit for 

2000 tonnes mined is around $462,646,400 profit. Projected revenue over 20 years could reach 

$3,252,000,000 

 

The German Deep Sea Mining Alliance confirm the technological feasibility and innovation potential of 

seabed mining (BDF 2014). It argues that mining from the earth will increasingly become unviable 

commercially, socially and environmentally as pressure demands for mineral resources increase. It strongly 

motivates in favour of needing support from policymakers and across supply chain partners. It contends the 

need for greater European cooperation, networking support and research. The need to consider more eco-

friendly means of extraction are also emphasised, although not prohibiting the activity as with many 

opponents. Many ocean and land renewable energy installations would be highly aided via access to the 

minerals, experience, technology, research and supply chains of deep sea mining (Haugin and Levin 2020). 
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Table 3.4: Metals, Production and Projected Supply in the Clarion-Clipperton Zone 

 
Metal Deep Sea 

Source 
Annual 2017 
Production in 
Thousands of 
Metric Tons -top 
3 land 
producers 

Annual 
Projected 
Demand in 
2050 from 
Low Carbon 
Tech 

Metal Supply in 
the Clarion-
Clipperton 
Zone in 
Thousands of 
Metric Tons 

Metal Supply 
in the Prime 
Crust Zone in 
Thousands 
of Metric 
Tons 

Inferred Metal 
Supply of 
Seafloor 
Massive 
Sulphides 
Thousands of 
metric tons 

Copper Polymetallic 
sulphide 
hydrothermal 
vents 

19,700 -Chile, 
USA, Peru 

1,378 226,000 (23-
30% of land 
reserves 

7,400 (0.7% 
of land 
reserves) 

21,600 (2% of 
land reserves 

Cobalt Cobalt rich 
crusts on 
seamounts 

110 (DRC, 
Australia, China 

644 44,000 (340-
600% of land 
reserves 

50,000 (380% 
of land 
reserves 

NA 

Zinc Polymetallic 
sulphides 

12,800, Australia, 
Peru, China 

NA NA NA 47,400 (21% of 
land reserves) 

Manganese Cobalt rich 
crusts 

16,000 -China, 
Australia, South 
Africa 

694 5,922,000 or 
112% of 
reserves 

1,714,000 
(33% of land 
reserves) 

NA 

Silver Hydrothermal 
vents 

25 -Peru, China, 
Mexico 

15 NA NA 69 (4.3% of land 
reserves 

Gold Polymetallic 
sulphides 

2.5-3 -China, 
Australia, USA 

NA NA NA 1.02 (0.002% of 
land reserves) 

Lithium Cobalt rich 
crusts on 
seamounts 

43 -Chile, 
Australia, China 

415 2,800 -25% of 
land based 
reserves 

20 NA 

Nickel Abyssal 
Plains 

2,100 -Russia, 
Indonesia, China 

2,268 274,000 -180 to 
340% of land 
reserves 

21,000 -32% 
of land 
reserves. 

NA 

 

Source: Haugin and Levin 2020). 

 

Although not backed up by empirical evidence, other research considers there are limits to the extent to which 

metals can be technologically and commercially profitably recycled when contrasting to the price of virgin 

materials (Haugin and Levin 2020). Current markets and policies provide insufficient inducements for many 

to convert. The process in many sectors would require a significant restructuring of industries and 

interlinkages to the circular economy sector in the transition. Extraction may also require releasing significant 

emission and energy volumes. Many product characteristics have not been designed with the need for 

recycling in mind and supply chains would need to be reconfigured. Seabed mining benefits are considered 

to directly enrich supply chain stakeholders with immense -if eventual long-term profits, expanding the supply 

of metals directly to consumers. Yet, 47 African countries remain concerned royalties from the ISA fund would 

be currently less than $100,000 per country. In the interest of ensuring equitable access and transparency, 
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directly liable and accountable officials, with a well-structured royalties fund and ring-fenced bank accounts 

would need to be redesigned. The global economy and those coordinating yet have yet to consider practically 

just how much of the rare metals are actually recycled and integrated into the circular economy versus how 

much could be? Existing constraints, ocean remoteness, expensive and technical equipment and training; 

issues over delimitating of maritime boundaries; research and oversight monitoring limits along with the other 

areas raised in question 2 would need to be addressed if benefits were to be addressed. 

 

Potential employment opportunities are summarised in Table 3.5: Others may be indirectly generated from 

further developments in the electronics, vehicle, jewellery and marine renewable energy sectors. The 

paradox remains is that whilst, seabed mining may create unquantifiable harm to heritage, ecosystems, blue 

economies and the existence of pristine oceans; it may also lead to supplying the benefits of renewable 

energy and to reduce the pace of climate change and associated consequences. My previous research has 

indicated the prospects and benefits of converting to perpetual ocean energy including reduced carbon 

footprints and reliable, clean electrical energy generated. With improvements in income can arise 

corresponding reductions in crime, poverty and related problems possibly providing security of livelihood to 

those directly and directly benefitting, especially locals (Cuyvers et al. 2018; Rozemeijer et al 2018). They 

may benefit from research, community development and training, local procurement sourcing and income 

equality. Higher risks exist than for terrestrial mining and rewards can take far longer to emerge but if they 

do emerge, it can yield significantly higher payoffs. 

 

Table 3.5: Seabed Mining Employment Opportunities 

Drilling/energy/mining engineer; geologists, geochemist Vessel repair and maintenance, tugs and barges 

Construction of equipment, infrastructure, vessels, offshore 
platforms,  

Equipment -pipes, drilling, tools, lubrication, paint, spools, 
cables, various sensors, installations, operations and 
maintenance 

Hydrographic surveyor; geoscientist; Electronics Intermodal transport and storage, ports,  

HR and Recruitment, Procurement, Administration Medical, Health and Safety, Lawyers 

Marketing, PR, Distribution and Logistics,  Seafarers, Officers, Shipping, Training, Testing 

IT, Software/Simulations, Environmental Monitoring Deployment, Recovery and Monitoring, Array Design 

Security, Legal, Environmental, Insurance,  Technology, Technicians, Research and Development 

Drones, diving, inspections, ports, shipping  Catering, entertainment, bunkerage services 

Subsea and pipeline engineers, Electricians,  Refineries, petrol stations, pipelines, processing, retail 

Banking, Insurance and finance Desalination plants; Salinity gradient technology; 

Hydrodynamicists, Sales managers, Oceanographers, Riggers, pipe fitters and wielders 

Resource separation, waste stockpiling Consultants, government contract administrators 

Decommissioning circular economy and recycling 

Ecologist, security, pilots Ecological and site rehabilitation 
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Source: This Study. 

 

Certain industry experts in various sources have estimated that existing contractors in the Clarion-Clipperton 

Zone could provide up to 37,000 tons of nickel, 32,400 of copper, 6375 of cobalt and 770,000 tons of 

manganese each year at optimal production levels. The question is not so much how significant the mineral 

deposits are but first whether they should be mined? It then follows if so; how much can be sustainably 

compatibly mined in the interests of stakeholders, ecosystems and the blue economy to achieve realised 

projected benefits? Is it necessary given alternative scenarios? Does the market and sector exist to support 

such projections? Risks remain from the volatility of metal commodity prices; for whilst fluctuations may 

stimulate consumer demand; it yields proportionately less to those mining corporations, governments, 

communities and investors who may have gambled on this high risk speculative future. 

 

One example in Chile points to the increasing shortage of mineral deposits for manganese and cobalt in Chile 

and the need to consider alternatives to land mining (Toro et al. 2020). It concedes that current regulations 

prevent this mining from occurring but argues increasing technology sophistication and a 400% increase in 

demand for electric cars from 2015 to 2018 leads the industry to consider problems of sourcing components 

and the metals needed to ensure reliable production. The source identifies Chile may have reasonable 

seafloor deposits that could be profitable, especially in the Peru Basin ranging from 6 to 30 kg/m2 of 

manganese nodules. It is also eying the Central Indian Basin area of around 700,000 km2. This nodule density 

may reach 1.4 billion tons and 4.5 kg/m2. It argues the technology exists. IKS Germany developed a flexible 

hose and powered track collector system. KORDI from Korea favour a hydraulic lift and mechanical conveyer 

system. Japan’s DORD use a sled and suction based method. COMRA in China consider a double jet, 

deflector and nozzle system to function best. India’s Department of Ocean Development use a mechanical 

screw, bucket elevator and crawler vessel. The US’s Atlantis Deep Sea opted for a shock absorber, surface 

vessel and self-propelled processing mining vehicle. 

 

The USA argue similar concerns for resource scarcity; the need to consider strategically reduced dependence 

on outside sources and technology/immense investment potential as motivation for seabed mining (US 

Geological Survey 2018). In a 2018 US Geological Survey on seabed versus land based mineral resources; 

confirmed the myriad values and uses of manganese such as batteries, micronutrient additives in fertiliser 

and animal feeds, electronics, water treatment and soft chemicals. The USA had no manganese reserves in 
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contrast to over 150,000,000 tons of manganese for South Africa, 140,000 for the Ukraine and 110,000 for 

Brazil. Previous assessments confirmed US interest in considering support for marine minerals exploration, 

exploitation and development (United States Congress Office for Technology Assessment 1987) based on 

projected demand, supply, commodity prices, technology and other trends/developments. These claimed 

that the only way to understand the ecological and other impacts of seabed mining was to authorise it; in 

contrast to the Precautionary Principle. These pro-mining sources often emphasised how risks could be 

mitigated against and downplayed the need for more extensive environmental research as too expensive or 

impractical. It claimed that permitting seabed mining would be a sound mechanism to gather more 

seafloor/ocean data given government funding constraints. 

 

The Cook Islands, its Seabed Mineral Authority and mining corporations such as Ocean Minerals have been 

especially intrigued by the significant demand and supply prospects present for cobalt (Ocean Minerals 

2018). Industry forecasts from Morgan Stanley indicated a minimum net deficit of at least 20,000 tons per 

year by 2025 above that which land mining can supply. The absence of existing seafloor mining competitors 

could yield significant first mover competitive advantages for those first to enter markets. The US Geological 

Survey estimated 83% of global reserves could be present in the ocean. The Cook Islands government 

estimates up to 18,000 tons of cobalt a year could be drained from its territory to satiate the electric battery 

and other markets. In September 2016 the Cook Islands provided an exclusive Sediment Agreement to 

Ocean Minerals in exchange for around $96,000 per year and full permit permission inn 2018. The Resource 

Report estimated potential of up to 28 kg/m2 of nodules and a total of 1,000,000 tons of cobalt out of 

200,000,000 tons of nodules being viable for 30 years. This assumed an average rate of around 18,000 tons 

extracted per year. 

 

The source estimated $605,000,000 exists in CAPEX costs ($36,000,000 for exploration and permits; 

$150,000,000 for engineering, test and program management; $298,000,000 on equipment procuring and 

supplies and $121,000,000 in start up initial costs). It calculated $452,000,000 in initial operating costs 

including $128,000,000 on the mining and support vessels, $178,000,000 on transport and logistics; 

$76,000,000 on fuel and $11,000,000 on exploration and environmental monitoring. It estimated the project 

would be profitable and viable with 28% company tax; $100,000 exploration license fees and 3% royalties. 

Nautilus Minerals was estimated at a market cap value of $126,000,000 compared to $75,000,000 for 



146 
 

Odyssey Marine and $4,000,000 for Chatham Rock Phosphate in 2018, signalling significant investor 

confidence. For example, Nautilus was projected to raise $10,000,000 for the first 2 years of activities. 

 

Seabed mining has been regarded as having potential to provide cobalt and lithium to supply inputs for 

electric vehicles given a projected European market of 7000,000 vehicles by 2030 (Schuler, Dolega and 

Degreif 2018). This would reduce dependency on imports.  Estimated 2016 lithium reserves are illustrated in 

Figure 3.12. Nickel will also be demanded for batteries. It correspondently forecasts global market sales for 

electric vehicles may increase from 3,000,000 in 2015 to 160,000,000 in 2050. It assumes lithium recycling 

for the circular economy may only be able to take around 10% of the total. Land lithium mining wastes 100-

500 m3 of the mineral per ton of mined ore and has a high wastage of lithium over 40% for terrestrial sources. 

 

Figure 3.12: Estimated Global Reserves of Lithium Production, Reserves and Resources in 2016 

 

Source: Schuler, Dolega and Degreif 2018. 

 

Estimated cobalt demand may increase to 800,000 tons by 2050 relative to supply of 126,000 in 2015. Very 

few stakeholders are engaged in recycling rare earth minerals and would have to rapidly upscale volumes. 
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Many stakeholders remain attracted to invest by the concept of ensuring greater resource security and a 

reduced dependency on importing from other nations (Tilton 1983). The certainty of a market has even 

motivated European prospecting under the MIDAS and other projects, given concerns for transport emissions 

(Shukman 2019). The possible advantages conferred by seabed mining might offer eventual economies of 

scale and enhance trade volumes sufficient to displace terrestrial mining; provided nations do not elect to 

consider moratoriums due to socioeconomic tensions, uncertain ecological risks and stakeholder opposition. 

 

3.4: Potential Disadvantages of Seabed Mining 

 

In determining whether or not to embrace seabed mining for the blue economy; perhaps the greatest 

disadvantage is the fact that it has yet to prove itself as delivering most of the proclaimed socioeconomic and 

other gains or advantages indicated in the above section. It has also proven to have tremendous ecological 

implications with repercussions for entire deep water and interconnected marine ecosystems, heritage and 

the blue economies that depend upon them; according to various stakeholders not convinced the benefits 

may trump the costs.  Species, communities and biomes have had to contend with myriad ecological impacts 

from increased sound, light, vibration and sediment plumes to possible emissions, waste and other pollution. 

 

Existing experiments have indicated slow species recovery and recolonisation in certain areas and it may 

threaten the very survival of many species which have only been recently discovered, along with identified 

marine ecosystem services in Chapter 2. Others include species migration, biodiversity loss, implications for 

tourism, fisheries, aquaculture, marine biotechnology, ocean renewable energy, ports and shipping and other 

blue economy activities if not sufficiently acted against. The areas recorded of special seabed mining interest 

such as seamounts and hydrothermal vents have also been identified as hosting various species, with certain 

mining methods as being similar to bottom trawling if not regulated or prohibited. Limited ecological 

monitoring of these sites or publicly available information is shared as a result of many ecological impact 

assessments conducted for ISA and individual states mining permits. Nodules are also slow growing to form 

and although extensive, may take millions of years to reform, challenging the extent to which it might be 

considered truly sustainable.  

 

The repercussions for marine ecosystem services could be significant if mining companies and regulators/the 

ISA failed to ensure avoidance of damage to corals, canyons, seamounts, water columns, slopes, basins and 
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other core oceanographic features. It ensures not jeopardising, compromising, tainting or destroying carbon, 

water and sediment cycles; habitats; nutrients, biodiversity, species migration, chemical and geological 

processes or species (Haugin and Levin 2020). This extends to research and aesthetic capacities. Those 

stakeholders against seabed mining are increasingly convinced of the irreversible, terminal extent of damage 

that mining equipment exceeding 250 tons may impact on the marine environment and the extent to which 

the oceans can absorb more damage; given other pressures of climate change; pollution, overfishing, species 

extinction and others. As Section 3.5 will emphasise, significant uncertainty exists as to what deep sea marine 

ecosystems are like, which species are present and what value to they behold? 

 

For example, one collection of 262 global scientific surveys and voyages, confirms the increasing significance 

and magnitude of marine species biodiversity present at deep sea hydrothermal vents (Thaler and Amon 

2019).   It indicated greatest biodiversity was present in the Northwest and Southwest Pacific and Southern 

Oceans. Many intriguing species were unearthed from shrimp to deep sea tubeworms to snails  and 

xenophyophores to yeti crabs. It mentions how most research has been highly selectively concentrated in 

few areas. The 262 voyages were conducted by the territory New Caledonia and 12 nations such as Australia, 

Canada, France, Germany, Ireland, Japan, New Zealand, Russia/Soviet Union, United Kingdom and the 

United States from 1977 to 2017. Inter-Ridge Archive identified 841 research cruises but only 88 with 

sufficient information about species. The mining sector corporations are especially opaque in providing 

ecological data.  These surveys identified 275 hydrothermal vents in the Southern Hemisphere and 260 in 

the Northern Hemisphere. Only 31 of these vents are in marine protected areas and all concentrated in the 

Northern Hemisphere. 

 

Global hydrothermal vents are summarised in Table 3.6. Species appear to use hydrothermal vents as both 

breeding grounds and habitats although very few studies exist over the long run to determine if either mining 

corporations or nongovernmental organisations are more accurate at each specific location. 
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Table 3.6: Global Hydrothermal Vent Locations 

 

Area Confirmed 
Vent 
Fields 

Vent 
Fields 
in EEZ 

Vent Fields 
in High 
Seas 

Vent Fields in 
Mining Leases 

Research 
Cruises 

Available 
Cruise 
Reports 

Families 
Sampled 

Arctic 8 8 0 0 2 0  

Indian Ocean 13 3 10 10 16 7 33 

Mediterranean 15 15 0 0 3 0  

Mid-Atlantic Ridge 42 13 29 5 61 27 53 

Mid-Cayman 
Spreading Centre 

2 2 0 0 8 5 16 

NE Pacific Ocean 22 10 12 0 34 14 16 

NE Pacific Rise 48 19 29 0 31 8 36 

SE Pacific Rise 29 27 2 0 2 0  

Southern Ocean 6 2 4 0 5 5 23 

Northwest Pacific 58 56 2 0 54 40 106 

Southwest Pacific 77 76 1 32 44 16 54 

 
Source: Thaler and Amon 2019.    

 

In 2019 an Atlas for Deep Sea Hydrothermal Vents was proposed by 3 Regional Fisheries Management 

Organisations and 12 nations (Menini and Van Dover 2019). However, whilst aiming to protect core threshold 

species and marine ecologies, these seldom extend to bioprospecting, offshore oil and gas, marine 

renewable energy and mining specifically. These require specific conservation measures including ban on 

destructive methods and technologies, accumulating data and research, taking proactive risk measures, 

committing to marine protected areas and marine spatial planning. Specific measures included banning 

bottom trawling and banning any activity which directly damages or removes coral and other protected 

species.. It argues the need for a coordinated database and protection approach including those such as the 

Inter-Ridge Database, World Database of protected Areas and MPA Atlas. 20 of these vents had specific 

protection measures including 2 in Canada, 2 Mexico, 1 in Greece, 3 in Portugal/the Azores, 2 France, 2 the 

UK, 1 Ecuador, 1 the USA, 1 Indonesia, 3 New Zealand and 3 in the High Seas. New Zealand and Canada 

were the first to provide specific MPA’s for hydrothermal vents in 2001 and 2003 respectively. 

 

Proceedings of simulated seabed environment monitoring experiments calculated high disturbance to marine 

environments that for every ton of nodule mined an additional 4 tons of sediment would be adversely affected 

along with any neighbouring organisms and habitats (Sharma 2015). From current licensed contractors this 

could reach 1.5-3,000,000 tons of nodules or over 12,000,000 of sediment from erupting plumes which can 

affect benthic and other species’ reproduction, growth and nutrition processes. Seabed mining test 
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experiments has had verifiable impacts on seafloor, water column, surface and land from collection, 

separation, lifting, washing, at sea and onshore processing, transport and logistics, extraction, exploration 

and tailing discharge. These can initiate species injuries or deaths, alter behaviour and metal toxin levels 

along with suffocating or blocking zoo and other plankton. Tailings need to be responsibly disposed of to 

avoid further contamination.  

 

Previous long-term experiments over small areas such as the 1972-1981 NOAA DOME project in the US 

Pacific Ocean and benthic impact experiment from 1991 to 1993 in the Clarion-Clipperton Zone; along with 

the Hamburg University DRISCOL project for the Peru Basin confirmed exceedingly slow ecological and 

species rehabilitation of the disturbed site locations. Other experiments which confirmed a reduction in marine 

biomass following ecological monitoring and evaluation included the 1994 to 1997, Japanese Metal Mining 

Agency experiment, also in the Pacific Ocean Clarion-Clipperton Zone. It also included the 1995 East 

European consortium Interocean Metal over an area of 200 by 2500 metres and the 1997 Indian Deep Sea 

Environment Experiment over 2000 by 3000 metres. This was performed by the Indian National Institute of 

Oceanography in the Central Indian Ocean. However, there remains a difference between brief scientific 

tests and continuously disturbed seafloor mining operations as to the projected extent of the duration, 

frequency and intensity of the impact. Therefore, any technology deployed would need to be reconfigured to 

minimise or avoid these adverse ecological externality costs.  

 

 Seabed mining impacts on polymetallic and ferromanganese nodules not only directly disturbs ecosystems 

but pressurises the economies, communities, trade, communities and heritage that depends upon them 

(Kaikkkonen et al. 2018).  Existing sources have warmed of possible losses of welfare from changes in 

fisheries, seabed morphology, fauna behaviour and physiognomy.  Implications of extended dredging, 

erosion and removal of species could also present reputational and marketing risks to nations in the Indian 

Ocean and South Pacific, whose impressions of a comparatively pristine Paradise are perceptions that will 

be destroyed if commercial enterprise is actively solicited and encouraged as in the Cook Islands. 

Nurseries/spawning grounds could be actively destroyed, habitats eliminated and fauna smothered, directly 

reducing catches and the revenue/subsistence of reliant societies. 

 

The question is to consider how the common heritage of humankind will be affected (Kim 2017) and in 

exchange for which benefits? Even those in favour of the sector concede that it is unlikely to result in the 
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production of more than a few hundred jobs per project; which may work more for lower populated small 

island states but is hardly likely to have direct significant benefits for poverty alleviation and prosperity from 

employment. This would mean that equitable access to royalty benefits would be even more crucial from any 

permitted funding; sufficient to compensate against any possible losses of earnings. The skills required to 

participate and be employed for seabed mining are more specialised and higher than those of more labour 

intensive circular economies and even terrestrial mining opportunities. Existing sources concede the 

challenging of quantifying societal and other costs given limited data has been conducted within this area 

until more pilot or commercial projects have results published. 

 

Species residing in the disturbed mining area will be directly affected unless removed and recovery is 

projected to range from gradual to non-existent for those projects thar have been attempted, published openly 

and surveyed. (Schmitt 2015; (Kim 2017). Species could lose capacity for larvae dispersal, bioluminescence, 

sonar navigation and communication, filter and particle feeder organs, reproduction and distributions along 

with distorting predator-prey and other inter-species relationships. Species will lose vital nutrients, oxygen 

and chemicals along with ocean clarity and sounds/light not being distorted. Phosphate mining is estimated 

to offer similar concerns from disrupted marine life forms, contaminated oceans, species survival and 

recovery/reproduction rates. Challenges remain in determining the extent of species and collective biome 

resilience and vulnerability. The ISA and contractors have yet to finalise or implement environmental or other 

risk management plans across many nations or regions. 

 

One Indonesia marine mining study in Batu Hijau Sumbawa identified reduced meiofauna abundance from 

discharged tailings flows arising from a gold mine (Suestiono et al. 2020) inn 2018.  Species have to dodge 

slurry at a velocity of 5.7 to 6.4 metres per second. These faunae provide critical food supply sources to 

benthic communities. A European Commission study on seabed mining observed the need to reduce 

environmental impacts from all mining stages, especially disaggregation, lifting and dewatering techniques 

to reduce plumes, tailings discharge, waste, pollution and other effects (Ecorys 2014). The more ecologically 

or geologically active the proposed seamount, hydrothermal vent or other site; the more likely species can 

recover. Marine environment, oceanographic, climate, technology and mining types; experience; training; 

budget resources and preparation/extent of surveys and effort will all influence the extent to which these 

impacts or disadvantages can be resolved. Plankton are particularly susceptible, as are fragile species such 

as coral. How rare or resilient the species are which inhabit oceanographic features remains unknown; along 
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with species recovery rate. Alien species also need to be avoided for any moved water and eutrophication 

minimised. Oceanographic processes need to be retained. The extent of turbidity and timeframe of sediment 

plumes and other causes are not yet fully known for the marine environment, lacking commercialisation 

examples. More detailed species inventories are needed. The characteristics of species and biology of 

restoring mined sites also is uncertain along with the extent of processes actually needed. 

 

A WWF report on the projected environmental and other costs for proposed marine phosphate mining off 

South Africa’s Western Cape coast confirmed the risks to benthic, demersal and pelagic organisms, the 

ecosystems, industrial and artisan fisheries or communities which depend upon them (Currie 2018). It 

expressed concern about the inadequate risk mitigation measures undertaken by the prospector Green Flash 

Trading. It identifies the adverse evident risks from deploying trail suction hopper dredges to exceed over 

100,000 m2 per day. This was based on Namibia’s experience where Namibian Marine Phosphate claimed 

capacity to remove 64,175 tons every 36 hours. It aimed for targets of 5,500,000 over 2.4 km. The source 

highlighted biogeochemical impacts creating turbulence, sediment plumes, sound and light disturbance to 

species and other confirmed effects. Reduced oxygen levels were also highlighted along with the re-

suspension of metals for the Benguela region. Species will be directly buried or smothered. The study was 

specifically concerned over the close proximity to marine national parks and core oceanographic features. 

Figure 3.13 directly illustrates that for South Africa, as with many mining concessions are generally situated 

in close proximity to fragile and critically endangered marine ecosystems. 

 

One study for 3 New Zealand seamounts and associated assemblages of megabenthic fauna (Boschen et al 

2015) around the Kernadec arc, located 186 taxa and 20 assemblages. Even geologically inactive seamounts 

possess active communities. Rumble II East/West and Brothers received interest from Neptune Minerals in 

subsequent permit applications. Yet fragile endemic species such as the hippolytid shrimp and the mussel 

Gigantidus gladius were situated within the vicinity of the sites without sufficient protection. Blue Planet 

Marine in New Zealand determined possible disturbance to whales, dolphins and other marine fauna/flora as 

environmental consultants to Chatham Rock Phosphate and Trans-Tasman Resources (Paton  and 

Childerhouse 2015). It affirmed the lack of international best practise measures and standards. Species will 

be disturbed from various surface, midwater and seafloor effects, conditional upon the extent of the impact; 

the methods annd technology utilised, the sensitivity or resilience and mining volumes. They face possible 

entanglement, suffocation, noise, light, vibration, oxygen and nutrient loss and seabed toxin threats. They 
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may also face strike or collision risks from vessels and equipment. Species may end up being moved or 

dislocated/disturbed with natural abilities suppressed or hindered. The source proposes deterring species via 

sound, water jets, ticklers, sensors or other non-lethal methods. Various aircraft/helicopters, vessels, pumps 

annd other equipment/robotic vehicles may radically harass species if sound proofing and muffling measures 

are not pursued. An optimal repair and maintenance policy can assist in this along with reducing vessel speed 

and other mitigation measures.  

 

Figure 3.13: South Africa Seabed Mining Concession Area and Proximity to Critically Endangered 

Ecosystems 

 

Source: Currie 2018. 

 

Previous sources determined the costs of existing seabed mining trials and projects as a basis for 

understanding future connsequences if rapidly upscaled. For example these alleged over 130,000 m3 of 

sediment would be reduced in 2.5 years for the Solwara project (Miller et al. 2018). High greenhouse gas 

emission volumes may be released if gas hydrates were to be targeted for mining; to rapidly increase the 

rate of localised climate change. The source cites how seabird become confused and lost from artifical light 

sources. Mining drilling may artificially increase temperatures, leading to hypoxia, algal blooms and coral 

bleaching/ocean acidification in certain areas along with biodiversity loss. The increased rate of possible 

conflicts between seabed mining, fisheries and other usages may create more strife and issues if not 

peacefully resolved through policy, mediated arbitration or other methods. Nautilus originally proposed 
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translocating species but this may be impractical for all species migrating nearby or dependent upon the 

area. 

 

Seascape Consultants identified various ecological impacts to the UK Sustainable Seas Enquiry and 

International Seabed Authority (Boschen-Rose and Johnson 2019).  Possible disadvantages of mining need 

to considered in relation to biodiversity loss under AICHI, designating 30% of Earth’s oceans as marine 

protected areas by 2050; ocean pollution and contributions to climate change and the Paris Agreement. It 

affirmed the need for more marine protected areas but the UK government has yet to directly respond to 

implementing report recommendations to consider these factors in assessing subsequent seabed mining 

applications.  The UK and other nations, with companies exploring around the Mid-Atlantic Ridge and other 

areas have yet to embrace any Environmental Management Plans. 

 

Other studies have estimated the lack of profitability if seabed mining were to be actively pursued such as a 

2016 SPC report for 60% of scenarios (Rozemeijer et al 2018). In contrast to other blue/ocean economy and 

terrestrial mining activities the timeframes to generate a sufficient rate of return of investment are really long. 

High start up costs create considerable market barriers to entry. Existing ecosystems may experience years 

of being subjected to multiple impacts even during the testing phase even prior to mining being undertaken. 

One source indicated that few tested species could tolerate more permanent sedimentation volumes above 

5-10 mm of sedimentation. Increasing metal toxicity also offers more concerns for biological webs and 

networks in the absence of longitudinal studies across times and locations (Chin, Hari and Govan 2020). 

Sediment plumes may distort processes via aggregate spawns of cyanobacteria. The source estimated 

considerable implications for Pacific island ocean economies, where over 20,000 jobs and US$500,000,000 

in license fees and over $6 billion in economic contribution just from tuna species. Tuna range to depths as 

low as 1000 metres. Despite the core contribution of various species; no long-term research has directly 

connected mining and fisheries specifically or with tourism, as another core sector. Vessel floodlights could 

disturb species by acting as surrogate fish aggregating devices, harming natural recovery processes.  

 

One Greenpeace report affirmed these ecological impacts and reinforced the need to carefully investigate 

these ecosystems prior to actually mining, for greater understanding (Allsopp et al 2013). It claimed that 

exclusion zones could adversely impair access to fisheries and other blue economy activities. It noted the 

risks to marine genetic resources compromises the future of marine aquaculture and biotechnology. It affirms 
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the need for more research and 40% of Earth as marine protected areas. Seabed mining presents unique 

costs such as loss of habitat, destabilised ecosystems and geologies such as seabed morphology with 

immense consequences to contemplate (Howard 2020). This extends to microbial life and core threshold 

species and relationships/behaviour. Abyssal epifauna and larvae movement remain comparatively 

unknown. Core biological functions will be repressed or compelled to adapt radically. Risks exist to chemical, 

oil and other pollution waste or spills, possible accidents, species survival and compositions. This may be 

more clearly illustrated in Figure 3.14. 

 

Figure 3.14: Ecological Impacts of Ferromanganese Crust Mining on Seamounts 

 

 

 

Source: Howard 2020. 



156 
 

Recent underwater and surface noise pollution has been of increasing concern, with industry and other 

stakeholders in September 2020 being asked to provide their input to the Convention of Biological Diversity 

as another growing area of global concern. Cumulative and transboundary risk impacts have yet to be fully 

investigated for marine mining. Chemoautotrophs rely on ocean chemical cycle processes to feed at deeper 

ocean levels, which will be compromised within intended mining areas if not responsibly addressed. Aside 

from the economic and ecological aspects; socially many conflicting issues have surfaced in regions where 

seabed mining has been attempted. Therefore, it is the need for transparent research; clarity over the plans 

and impacts and the need for stakeholder consultation along with risk mitigation and other preparation that 

will determine the extent to which these disadvantages can be resolved and a future pathway for or opposed 

to seabed mining and the blue economy can be necessarily determined to provide certainty. Deep sea mining 

may also present risks to terrestrial ecosystems depending on the extent of processing required and if 

emissions and waste are not carefully dealt with. (Misereor 2017). Others have indicated that alternatives 

exist via the circular economy, recycling, reducing demand and greater technology or process efficiency and 

training as subsequently will be investigated in Section 3.6. 

 

A 2014 Ecorys report identified possible seabed mining disadvantages of land and seafloor disturbance, 

possible waste generation, biodiversity loss and capacity for ecological rehabilitation potential depending on 

impacts (Ecorys 2014).  It could precipitate major species loss and even extinction, depending on the location.  

Drill cuttings also present hazards. This reaffirmed a previous European Union report and the need to provide 

a robust framework and compensation method/full site rehabilitation process for any potential activity 

(European Union DG Environment 2012). From 2011 the Deepwater Horizon Spill around the Mississippi 

River Delta caused estimated losses to marine ecosystems exceeding $20 billion per year Under European 

rules liability for ecological damage now falls upon the operator up to 370 kilometres away from the site of 

the direct incident. 
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3.5: The Risks, Constraints, Challenges and Uncertainty of Seabed Mining 

 

Of all blue economy sectors currently under global scrutiny and hope; none is perhaps more uncertain or 

prone to risks or more controversial than seabed mining. As reflected in the dichotomy of the title; seabed 

mining may arise to be the saviour to transform small island developing states via radical income 

diversification and prospects. Namibian Marine Phosphates for example, estimated around $7-7,500,000,000 

in revenue over 20 years with high profits. Chatham Rock estimated over $60,000,000 in profit each year in 

New Zealand. However, the ecological uncertainty may create significant conflict and unknown costs as peril 

to the future of our oceans and marine resources. 

 

Uncertainty exists in many regions over the level of government support and appropriate investment 

incentives; access to capital and finance and the extent to which sound benefits or investment returns exceed 

the costs. This is complicated by the absence of proven commercialisation examples, apart from Solwara in 

Papua New Guinea and various successful shallow water operations such as De Beers Marine in 

Namibia/South Africa. Other uncertain risks exist as to the extent to which underwater exploration, drones, 

AI and 4th Industrial Revolution, mining and robotics developments will ensure a more eco-efficient, 

technically feasible and cost-optimising, current or future mining industry. Technology advances can be 

complex to anticipate. Insufficient markets presently exist to deliver equivalent long-term production 

economies of scale at present, leading to expensive, customised capital and operating costs. Investors incur 

significant financial risks as conventional mining finance industry sources are receiving divestment over 

concerns around climate change, pollution and sustainability. Others have insufficient awareness, interest or 

experience related to either seabed mining or the blue economy. The current landscape of investment is 

clouded by moratoriums imposed on mining from Fiji and Papua New Guinea to Namibia. Others remain 

uncertain as to what the proclaimed environmental effects relating to marine bioprospecting and extraction 

really are. Other factors causing volatility includes fluctuations in rare earth and other mineral resource prices, 

based on market and speculative demand and supply. High risks exist over long term access to finance 

needed and before investments yield profits. Uncertainty exists over who is responsible in many nations for 

liability after mining and for how much. 

 

The risks also remain conditional upon the extent to which a sufficiently robust regulatory framework exists 

for the sector and the extent to which potential compliance will exist. Globally very limited awareness and 
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concern exists for many stakeholders over seabed mining and the implications of demanding more products 

which require rare earth minerals with frequent updating and planned technological obsolescence/society 

customs not to promote product longevity or recyclability. It also includes clarifying which ecological 

safeguards and other risk mitigation measures prove to be effective (Institute for Advanced Sustainability 

Studies 2019).  The nature of the mining and extent of the impact duration, frequency and intensity will 

influence the extent of marine species recovery, along with their resiliency and other characteristics. Many 

risks such as noise, light, waste and sediment plumes can be directly resolved but others such as ocean 

acidification and seabed disturbance can be far more challenging. Further uncertainties exist relative to 

determining the cost of insurance premiums and likelihood of potential risks of pollution occurring.  

 

Risks exist as to the extent to which no net loss of marine biodiversity is realistic along with gaps in ecological 

knowledge; technology’s potential and species recovery prospects along with ecosystems or the extent to 

which functions will be compromised, destroyed or revived. Any adequate strategy and applications would 

need to consider whether risks can be avoided, minimised, remediated or offset via compensation, relocation, 

technology, policy, psychology and behaviour. Challenges exist as to how practical ecological rehabilitation 

and remediation is, given the ISA and others have no power over national jurisdictions.  Successful marine 

ecological restoration lacks significant volumes of data that is publicly accessible.  Other unsure details 

include the extent of risks impairing individual and collective species’ natural functions from vibrations, light, 

sound, pollution and other effects. For example, Nautilus tests estimated water discharged after ore 

separation for Solwara would need purifying 700 times to be safe to release (Niner et al 2018). In the Pacific, 

communities from Tonga and Papua New Guinea Fishing Associations indicated losses from changed 

movements in fisheries directly from seabed mining test sites. 

 

Other potential seabed mining impacts on pelagic and benthopelagic biota indicate how the damage to 

ecosystems can vary given pressures from cutting, crushing, grinding, scraping, vacuuming, processing, 

logistics and other stages of production (Billet, Jones and Weaver 2019; Christiansen, Denda and 

Christiansen 2019).  Loss of habitat or even temporary refuge from currents and other ocean facilities is likely 

to be exacerbated. Certain predator-prey balances will be influenced radically. Other unknown implications 

exist as to the extent to which food security, tourism, marine heritage, fisheries and other blue economy 

sectors will suffer or benefit. Effects also differ depending on whether discharge occurs close to the seafloor, 
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ashore, in the water column below the epipelagic zone or in the zone. The more detailed and rigorous the 

scientific assessment the more information can be of value in countering risk and uncertainty.  

 

The Deep Sea Mining Campaign contended the false comparisons of citing less impacts for marine 

environments than terrestrial mining; given far less information availability for deep-water ecologies and 

related socio-environmental impacts (Clark 2018). The Solwara Project unearthed around 300 unique 

species. Other challenges remain as to how effective current monitoring, evaluation and enforcement is 

across the South Pacific as the ISA currently lack independent oversight capacity to provide inspectors and 

take action, or the past 19 years since the first concession license was granted. The Deep Ocean 

Stewardship Initiative recently emphasised another core uncertainty yet to be investigated by research is the 

projected impact of climate change on seabed mining and the need to mainstream projections into both 

determining pressure/market demand for rare earth minerals and access to supply of those resources (Deep 

Ocean Stewardship Initiative 2019). There is also uncertainty as to the extent to which seabed mining might 

actually produce more emissions and warmer ocean temperatures/acidification/ pH balance, precipitation 

and erosion rates to accelerate the rate of climate change, or the extent to which these impacts will be 

produced. These 12 countries and 20 participants in an ISA workshop argued the need to ensure sufficient 

climate change mitigation and adaptation measures in their approach. Specific recommendations included 

incorporating IPCC and localised data projections; linking climate change to any conducted Environmental 

Impact Assessments and other studies. The need for greater research, monitoring of climate change, 

communication and dissembled awareness was also vocalised.  

 

Although lip service is notionally paid to the Precautionary Principle it needs to become more integral and 

comprehensively applied including understanding all related benefits, costs, risks, opportunities, mitigation 

measures and alternatives along with clear uncertainty and adaptation solutions (Niner et al. 2018). 

Continuous and independent monitoring and evaluation of effects remains critical. It may become advisable 

to conduct a biodiversity assessment with baseline inventory and change indicators, species specific, 

indicator and sustainability of biological resource indicators. It includes the need to research and protect 

microbes to aid in preserving ecosystem services and aquatic biomass.  Even inactive vents and 

oceanographic features need to be considered as hosting lifeforms. The ISA have proposed Refugee Areas 

but many of these are too small, too few and inadequately designed/enforced to be truly potent. 
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These ecological risks include greater turbidity, uncertain recolonisation rates, changes in oceanographic 

and chemical processes or nutrient shifts (Allsopp et al. 2013). Species genetic diversity and connectivity 

may become irreparably severed. The source estimated that for an average 75,000 ISA km2 concession 

perhaps 120-600 km2 of nodules mined per operator per year might be affected. The extent of sediment 

plumes and variations in sediment grain size distribution remains conditional upon techniques and climate-

ocean-marine environment conditions. Low frequency noise may reach as far as 600 kilometres away. 

Tailings could be dispersed over several hundred kilometres. The Clarion Clipperton Zone identified just how 

valuable and concentrated marine species biodiversity can be near seabed mining areas including at least 

32 taxonomic groups, even up 222 glass sponges per hectare (Allsopp et al. 2013). 

 

Although little understood, the smallest organisms and microbes are instrumental in helping to concentrate 

trace metals onto nodules on the abyssal seafloor (Howard 2020). Over 1,300 random marine species have 

been surveyed on existing seamounts, although studies remain limited to very few prescribed areas. Deep 

sea hydrothermal vents act as net carbon and methane reducing sinks against climate change existential 

threats. Deep sea mining may also disturb nutrient cycles. The question remains is that existing ecosystems 

are tremendously under pressure, whether from sudden extreme natural/climate related events, gradual 

ocean-climate-environmental or human pressures or rapid human disasters such as oil/pollution spills. The 

recent oil tanker spill in Mauritius emphasises how rapidly even comparatively pristine ecosystems can 

deteriorate; the question remains as to how risky seabed mining operations may prove to be. Aside from the 

5 Great Garbage Patches, the oceans possess over 500 dead zones, barren and void of life, extending over 

245,000 square kilometres, which formerly proved sanctuaries to living beings. The following section provides 

a more detailed and specific case study of potential risks and issues based on personal experience working 

as a specialist ocean/blue economy for the Benguela Current Convention including understanding 

implications of shallow and deep water mining across Namibia, Angola and South Africa. 

 

3.5.1: Understanding the Ecological and Other Risks Using the Benguela Current Ecosystem/South 

Africa Region 

 

The previous 2013 Transboundary Diagnostic Analysis conceded the significant risks to the BCLME and 

biodiversity and confirms the need to consider transboundary risks from seabed mining not just within the 

immediate vicinity of the mining activity (Benguela Current Convention, 2013). Unknown risks across various 
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maritime boundaries, societies, blue economies and ecosystems remain paramount. The previous study 

conceded the challenges of continuously monitoring seabed mining as with other activities by outside parties; 

depending on the cooperation of mining corporations themselves. These identified possible seabed mining 

impacts for fisheries, tourism and marine protected areas; inadequate human and infrastructure capacity 

building, risks of pollution and core posts not filled with expertise. Other concerns included a lack of policy 

consistency for marine mining with spatial planning and issues of stakeholder awareness, regular reliable 

communication and engagement. It indicated the challenges of implementation and monitoring scientific data. 

Few areas consider transboundary risks, solutions and opportunities aside from the BCC.  

 

Other issues for the BCC included few planners and policymakers think long term and inadequate attention 

to coordination, pollution control and reducing uncertainty. Seabed mining needs to preserve water quality, 

avoid litter and oil/pollution spills if it is decided to pursue it. Biodiversity conservation is paramount. The 

source specifically highlighted risks to decreased fisheries, an insufficiently robust legal framework lacking a 

detailed marine mining policy and guidelines; funding and investment gaps. Specific seabed mining risks 

were listed from pipelines, drilling and dredging and seismic operation.  These included habitat destruction, 

seabed modification, coastal soil and beach destruction, conflicts over competing priorities and uses of 

resources; alterations in species behaviour and larvae dispersal. Cumulative impacts also need to follow 

those evaluated across boundaries, regions and ocean industry sectors. It proposes the need for greater 

environmental management plans and investments in local capacities in response along with greater regional 

and individual supply chain stakeholder collaboration. Regional training is also advised. 

 

3.5.2: Seabed and Undersea Mining Risks in South Africa and Globally 

 

 South Africa has experience since the 1970’s in this sector to monitor shallow water impact costs at depths 

up to 150 metres (Gurney, Levinson and Smith 1992).  Similar to Namibia, ecological concerns over marine 

phosphate mining have been raised by the World Wildlife Fund and other stakeholders for the Northern and 

Western Cape regions in South Africa (Currie 2018). Those cited specifically include implications for benthic, 

demersal and pelagic fishery species. Trailer Suction Dredger Hoppers can remove over 100,000 m2 of 

needed sediments per day. Core risks exist to oceanographic features as in Table 3.7. Other concerns 

summarised in Table 3.7 across South Africa and globally include noise, vibration, light, electromagnetic and 

other disturbance to species including flight paths for seabirds from planes and helicopters and fish/marine 
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mammals from vessels. Vessels also produce emissions, possible discharges and other externality costs, 

although if mining risks were to materialise and be authorised for the blue economy within the BCC region, 

these could be partially offset by mitigation measures summarised in the Table. Other risks that may arose 

includes access to finance and lack of political/community support as many companies are looking for more 

ecologically sustainable, blue and green economy finance sources. As seen ashore for Nigeria, Gabon, 

Angola and the Middle East, where nations do encounter mineral resources at sea, it presents risks to Dutch 

Disease or overdependence on dominate primary resources. 

 

Table 3.6:  Oceanographic/Ecological Features of the Benguela Current and Other Regions. 

 

Seamounts Underwater Volcanoes 

Abyssal Plains, Escarpment Coral Reefs 

Demersal, Pelagic, Benthos species Mangroves 

Hydrothermal Vents Seagrass 

Currents Underwater forests 

Waves Shipwrecks and other cultural heritage 

Fossil Forests Trenches 

Banks -i.e. Child’s Bank Canyons 

Ridges, Plateaus Shelf Valley, Terraces 

 

Table 3.7: Potential Ecological Risks and Externality Costs of Seabed Mining  

 

Risks/Causes Impacts/Implications Mitigation Measures/ Solutions 

Maritime Emissions/Air 
pollution 

Carbon dioxide (CO2), methane (CH4), 
nitrous oxide (N2O), perfluorocarbons 
(PFC’s), hydrofluorocarbons (HFC’s), 
sulphur hexafluoride (SF6) and nitrogen 
trifluoride (NF3) 

Slow steaming, scrubbers, LNG 
conversion, biofuels and energy, follow 
IMO 2020 Sulphur Cap Regulations, 
Emission Control Areas, carbon 
market offsets 

Shore public transport and 
taxi emissions involved in 
staff and visitor transport, 
flights 

Road, rail, air Solar power vessels, aircraft, marine 
renewable energy and energy 
efficiency consumption standards, blue 
and green carbon offsets -MPAs, 
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Value chain/industry 
smog/pollution 

logistics, materials, distribution renewable energy and energy/water 
efficiency consumption standards, blue 
and green carbon offsets -MPAs, 

Solid waste/vessel and 
platform or other discharge 

Metals, equipment; Education, awareness, 
clean up campaigns, monitoring tags and 
penalties 

Land discharge -MARPOL, Recycle 

Littering/ghost fishing 
gear/lost equipment 

Entanglement, choking, suffocating, toxic Hazard database logs, inventory asset 
management -Cloud, AI sensors, 
robotics/AUV or manual retrieval 

Hazardous waste Chemical dumping Land discharge -MARPOL 

Potential recyclable waste paper, plastic, glass, packaging, organic Recycle and circular economy 

Hydrocarbon pollution Energy/petroleum use/ oil spill Reduce use, Renewable Energy; 
floating oil booms 

Black water Sewerage Land discharge -MARPOL, Filtering 

Grey water Cleaning/Drinking waste water from 
plumbing, detergents kill life 

Land discharge -MARPOL, eco-
friendly detergents 

Bilge water Alien species, foreign bacteria and viruses Land discharge -MARPOL, Waste 
Management Plan 

Ballast water Alien species, foreign bacteria and viruses Land discharge -MARPOL, Waste 
Management Plan 

Eutrophication Algal blooms, loss of oxygen and nutrients Land discharge -MARPOL 

Ocean acidification coral bleaching, ecosystem loss MPA’s, ecological rehabilitation, Reef 
ball, Artificial reefs, bans from entry 

Species/Biodiversity 
loss/pressure 

Endangered species, contaminated 
seafood 

Aquaculture, Filtered water, MPA,’s, no 
take zones 

Geological/ Vegetation loss loss of heritage, erosion, subsistence, 
ecological resilience 
seagrasses, mangroves, coral reefs 

Policies, MPA’s and monument 
reserves, fines and penalty incentives, 
eco-tourism, permits 

Coastal erosion, soil and 
sedimentation 

Nutrients, sand loss Nutrient and dredging, recirculation 
and redepositing 

Drain on fresh water Irrigation, food security Water conservation, tanks etc 

Future Sustainability Coastal overdevelopment pressure   

Sound, light… Disturb species migration, reproduction 
and feeding, navigation, defence 

Noise, light and other effect 
reducing/dampening measures -
technical, bans, MPA’s, Marine 
species observers 
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Climate Change Disturb carbon cycles, more frequent 
extreme events, coral bleaching etc. 

Invest in blue carbon, MPA’s, 
sustainable finance 

Cumulative Impacts Complicate risk resolution, Risk of 
extinction -follow the Precautionary 
Principle 

Monitoring and evaluation, more 
research, Marine Spatial planning, 
Policies, Stakeholder engagement, 
information, education, training, 
sensors -AI 

Transboundary Impacts Complicate risk resolution; implications for 
aquaculture, fisheries, ports, tourism, 
marine renewable energy, desalination, 
offshore oil and gas, marine protected 
areas, security 

Monitoring and evaluation, more 
research, Marine Spatial planning, 
Policies, Stakeholder engagement, 
information, education, training, 
sensors -AI 

Hydrogen sulphide from 
sediment plumes/ 
Resuspension of metals 

Benthic plumes release Increased 
turbidity; 

Altering processes to minimise impact 

Burial and smothering, 
crushing of organisms 
including soft shelled 
mollusc species 

Oxygen hypoxia and reduced nutrients; 
Turbidity can entail further biodiversity 
loss. 

Altering processes to minimise impact 

  
Source: This Study. 

 

Further risks and concerns include few commercialised examples exist to provide sufficiently compelling 

testimony as to whether seabed mining is an ultimately sustainable blue economy activity, compatible with 

stakeholder requirements, transboundary marine research, conservation and other examples. It has also 

received significant opposition from certain communities, NGO’s and other stakeholders in Namibia, South 

Africa, Angola and globally, complicating impartial independent analysis. For example, Papua New Guinea’s 

efforts inviting Nautilus Minerals, resulted in significant economic debt from a collapsed commercial 

investment scheme and ecological damage. This issue is also further complicated by a lack of sectoral 

transparency and access to data/cooperation with external researchers. Many existing commercial mining 

efforts and their successes have been based in shallow waters without connecting to greater depths below 

150 metres of oceans on average. The Benguela Current Large Marine Ecosystem is already facing threats 

from localised climate change, sediment from existing surface Namibian/South African diamond mining, 

desalination and Angolan oil rigs, aside from red tide, El Nino/La Nina and cilia/algal blooms or hypoxia 

events. Other generic risks for the sector include few monitoring and evaluation studies have been conducted. 

Limited evidence exists both of commercial examples and sufficient prospective gains enhancing revenue 

and other development advantages for nations and communities. Not only may climate change projections 
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cause significant impacts to species and habitat damage from extreme events, thus necessitating greater 

protection of all existing ocean sectors; but mining may actively contribute towards upsetting the carbon, 

nitrogen, water, nutrients and other cycles via greater erosion and sediment dispersal. It can also take over 

20 years for species to recover in previous studies and activities.   

 

As part of stakeholder engagement, one researcher interviewed those at both agencies concerned with 

offshore marine mining and offshore oil and gas in South Africa’s Department of Mineral 

Resources/Petroleum Agency and the sector. 

• Identified slow progress in developing the South African offshore marine mining/oil and gas sector and 

implementing the formal targets/objectives for the ocean economy sector as identified in Oceans Lab 

sessions and reports of core stakeholders under Operation Phakisa. There is a commitment to 

authorise and encourage 30 new oil wells by 2030. 0 are operating as of August 2020, COVID19 

pandemic has delayed marketing efforts and exploratory efforts including pilot efforts near Mossel Bay 

starting originally in 2018. 

• Marine mining remains limited to shallow water activities in South Africa with no concessions granted 

for deep water exploration in the past 6 years. 

• South Africa has never had any off-water deep seabed mining activities, (similar to Namibia and Angola 

• Slow progress is made for granting concession licenses for offshore oil and gas. Concern has been 

expressed at declining potential for Mossel Bay’s Petro SA, gas to liquid plant. 

• Expressed concern and the need to update the SAP/previous TDA given the previous assessment was 

7 years old and did not reflect new trends in terms of oil and gas/mining concession exploratory 

licenses, local and transboundary impacts, latest trends and developments. 

• ·   The challenge remains how to ensure the harmonious coexistence of each ocean sector activity 

given potential conflicts and effects of each sector on offshore oil and gas/mineral mining activities. 

• ·    Certain ecological concerns were raised about potential oil spills and pollution following the recent 

Mauritius oil spill disaster and 2 oil spills in the past 4 years near Port Elizabeth and Algoa Bay in South 

Africa. 

• ·    The issue of preventing pollution and minimising related adverse externality costs has raised 

concerns for controllable measures. 

 

3.5.3: Further Risks and Implications towards the Circular Economy and Alternatives 

 

The need to overcome these information gaps continues to be echoed as a barrier to determining the extent 

to which seabed mining could possibly be sustainable (Deep Sea Conservation Coalition 2017). Distances 

complicate enforcement by external authorities, unless impartial observers are specifically placed on vessels. 

Comparatively few marine mining policy, technical experts, seafarers, technicians and other specialists have 
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been directly trained both for the South Pacific and for other nations possibly interested in favouring seabed 

mining. Greater investment in institutional capacity building and education including upskilling might need to 

be an integral facet to include if local stakeholders were to benefit. Other uncertainty for companies includes 

the extent to which they will feel obligated to transfer technology and core data and the implications or 

repercussions of doing so; should too adverse or extreme socioeconomic, cultural or environmental damage 

be located. Seafloor research can also be directly expensive costing up to $80,000 per day just for 

technology. However, growing demand for rare earth minerals can assist to encourage interest and 

investment. 

 

Uncertainty exists as to how sustainable and extensive existing terrestrial mining sources are or alternatively 

how much of these rare earth minerals can be recycled via the circular economy and greater efficiency. Yet 

the conversion to a full circular economy can be resource and time intensive and further challenging to 

restructure; especially for inexperienced nations. It also requires fundamentally changing society producer 

and consumer attitudes and behaviours, altering their perceptions, consciousness and interest. For example, 

a 2016 Institute of Sustainable Futures report estimated projected silver and lithium demand would only be 

35% of total existing land supplies up to 2050. Full cost-benefit and impact-cost analysis assessments 

therefore become increasingly necessary to proceed but can be highly expensive to undertake. Other seabed 

mining issues include the unknown implications of conceding significant ocean sovereignty over extensive 

mineral deposits to the ISA and comparatively few corporations over hundreds of thousands of kilometres of 

oceans for 15 years or more. Surveys estimate in the South Pacific’s Clarion-Clipperton Zone alone are over 

7,500,000 tons of manganese, 340,000,000 of nickel, 275,000,000 of copper and 78,000,000 of cobalt 

(Pelaudeix 2018). The ISA has not yet determined the equitable access and distribution of resources and an 

effective mechanism/fund/process to do so. Stakeholders have yet to coordinate effectively over seabed 

mining which may affect more than one nation. Core nations such as the US have not yet joined UNCLOS 

or updated their seabed mining legislation. 
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3.6: Prospects and Opportunities of Seabed Mining in a Blue Economy, Climate Change, COVID19 

and 4th Industrial Revolution/Seabed 2030 Age. 

 

More and more stakeholders are expressing interest in the prospects and opportunities presented by seabed 

mining in a Blue Economy, Climate Change, COVID19 and 4th Industrial Revolution or Seabed 2030 Age. 

The Cook Islands and others are increasingly seeing it as a sustainable blue economy opportunity able to 

provide almost continuous sources of profits and royalties from extensive trove reserves; without 

compromising land ecosystems. They also perceive it as a means of obtaining revenue diversification and 

land and the marine environment vary under climate change projections or in response to reduced tourism 

numbers given the travel restrictions and risks of the COVID pandemic. It is also a fascinating time to consider 

pursuing seabed mining given the global ambitions of Seabed 2030 -mapping the entire oceans and its 

seafloor in the next 10 years by 2030. The future of underwater exploration and the technological automation, 

efficiency and innovation of robotics, mining and other sectors including the 4th Industrial Revolution indicate 

how more risks can be mitigated against. 4th Industrial Revolution innovations extend to AUV’s and robotics, 

the Internet of Things and sensors, virtual and augmented reality; greater simulations; blockchain security 

and quantum./cloud computing processing and other technology. Seabed mining is becoming more 

commercially and technically feasible; with options to counteract an increasing number of ecological and 

other risks with prudent measures and independent oversight.  

 

More recent developments and the 30 prospecting contractors of the ISA indicate even greater interest in 

investing in seabed mining. The Northern Territory in Australia in October 2020 are contemplating whether 

or not to overturn their previous moratorium. India received an extension of India permit up to 2022 and a 

second one in the Southwest Indian ridge near “black smokers”. There is increasing demand from SA, 

Mozambique, Seychelles but not yet acted on yet. Even examples in oil and gas are proving towards options 

for site rehabilitation and ecological restoration following any mining or prospecting activities.  For example, 

a opportunity for artificial reefs from oil rigs in Malaysia raised species 3.5 times a natural reef nearby for 

Borneo rig. via a rig to reef programme; this may provide partial resolutions towards expensive 

decommissioning costs (Economic Intelligence Unit 2018).  

 

More stakeholders have motivated avoidance, mitigation/minimisation and ecological rehabilitation measures 

to counteract ecological and other risks as identified in Section 3.5 (Cuveller et al. 2018). These proposed 
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mitigation and restoration measures include artificial recolonisation and eutrophication. However, many of 

these techniques remain experimental and yet to prove themselves. There is a thorough need for more 

experience, refugee, reference and impact zones along with more of the oceans as marine protected areas. 

Other proposed mitigation solutions have included long horizontal pipes and only releasing discharged 

material ashore or in mined areas to reduce impact on other areas. Biodegradable sediment bags can also 

release sediment. To avert species deaths, clogging and suffocation; they can be deterred or physically 

teleported elsewhere. Artificial reef recreation and colonisation may assist. 

 

3.6.1: Seabed Mining Progress and Opportunities for the Ocean/Blue Economy 

 

Potential blue economy prospects and opportunities include: 

 

• Identified socioeconomic opportunities include further jobs, revenue and value chain development 

related rig and vessel building activities, social development and Coastal community income generating 

activities, licence and research exploratory fees plus mining royalties. Other potential benefits from 

developing this sector include scholarships, education, research and training. They extend to 

infrastructure development, foreign revenue and exports from multinational companies. 

• It potentially reduces fuel imports and enhances fuel security. 

• The sector suffers from poor PR and high reputational risks, geophysical limitations, previous 

community opposition, accessing finance and regulatory barriers. Other risks include a lack of sectoral 

opportunities and risk understanding among policymakers and other stakeholders. The Petroleum 

Agency/DMR are working to market the sector at various events and develop specific policies/legislation. 

· New technology in deep sea exploration, drones etc holds potential prospects for growth. 

• An Incident Management and Reporting Organisation and Oil Pollution Response Fund has been 

established, although needs more reporting enforcement, monitoring and evaluation, and financial 

support. There is a need to review National Contingency Plans and extend them transboundary/regionally. 

• Both agencies are undertaking research and policy formation to consider environmental standards 

and other regulations for mitigation measures related to offshore oil and gas/seabed mining to consider 

sustainable ocean economy and environmental development of this sector in partnership with the Council 

for Scientific and Industrial Research. This is being circulated to the University of Cape Town/Nelson 

Mandela Metropolitan University and other core stakeholders for input and revision, along with considering 

international best standard practises and guidelines such as the International Seabed Authority Mining 

Code.  The types of impacts need to consider localised area specific and transboundary implications. 
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Recommendations 

o There is a need for local, regional and international cooperation, information, expertise and expert 

sharing/joint exercises to coordinate responses to potential pollution/oil spill incidents. This includes 

possibly collaborating with others in partnership. 

o There is also a stakeholder need for policy certainty, stability and incentives. Drilling is expensive and 

projects can have high initial barrier costs to entry and lead/development times. Internal politics and fiscal 

constraints of government has delayed implementation. 

• ·Developing the sector has required stakeholder transboundary cooperation and growth in expressions 

of interest for oil and gas but not deep- water mining, despite COVID. There is a need for further research 

to understand the sectoral socioeconomic and environmental risks and opportunities to establish a 

sustainable blue ocean economy. More coordination, communication, information sharing and 

cooperation in response exercises is necessary, whilst preserving comparative independence of 

regulations, incentives and other responses. 

 

Other opportunities include providing the components for batteries, electronics, solar and ocean renewable 

energy installations (Haugin and Levin 2020). Seabed mining is perceived as a more viable alternative to 

rapid upscaling of terrestrial mining that would be needed if economies were to embrace full decarbonisation 

and renewable energy/green economy sustainability given current technology limits. Offshore wind turbines 

and solar panels would especially be more cost-effective if closer to marine mineral and metal sourcing for 

their components. Sections above identified growing global concern over perceived/actual shortages of these 

core rare earth elements. For example, each MW of wind requires up to 42 kg of neodymium and 3000 of 

copper to hit the needed IPCC target of 75-80% of global electricity generated as renewable by 2050. As 

previously stated, many nations and stakeholders are starting to indicate concern over resource security as 

core mineral remain dominated by several unstable nations such as South Africa and the Democratic 

Republic of the Congo or restricted due to geopolitical tensions such as China. For example the European 

Union received 40% of cobalt from the Congo, 34% of its copper and 41% of lithium from Chile, 97% of other 

rare earth minerals from China and 79% of platinum from South Africa. 

 

More and more areas of the oceans including ISA contracts for over 1,300,000 km2 of ocean clearly indicate 

that certain governments and industry believe in the potential of seabed mining as among the new blue 

economy frontiers. This is illustrated in Figure 3.15. Not just the high seas but national governments such as 

South Africa, Namibia, Sudan, Saudi Arabia, the Cook Islands, Fiji, Japan, New Zealand, Solomon Islands, 

Tonga and Vanuatu have all provided national research/exploration permits, although some have 
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subsequently considered moratoriums. Other seabed mining developments include the June 2020 public 

affirmation of the Cook Islands to endorse seabed mining. 

 

Figure 3.15: Global Seabed Mining Areas of Interest and Stakeholders October 2020 

 

Source: ISA 2020 

 

Areas of global seabed interest have included the Indian Ocean Ridge, the mid-Atlantic Ridge and TAG 

hydrothermal field in the Atlantic Ocean, Ecuador’s Galapagos Ridge and Mexico, Canada’s Middle Valley 

and Explorer Ridge, Africa’s Benguela Current Region and New Zealand’s Chatham Rise/Kernadec Arc. 

Others include Saudi Arabia/Sudan’s Red Sea Atlantis II Deep and Japan’s Okinawa Trough.  Other areas 

in the Pacific Ocean include the Clarion-Clipperton Fracture Zone, Tonga’s Lau Basin, Fiji’s North Basin, 

Papua New Guinea’s Manus Basin and the East Pacific Rise.  Yet many of these areas have yet to be fully 

surveyed for impacts along with full intensive surveys (Beaulieu, Graedel and Hannington 2017).  

 

Socioeconomic opportunities that arose from Namibian offshore mining included 161 jobs possibly created 

from constructing De Beer’s new marine Mining Vessel AMV including education and skills development. 

Other diamond marine mining gains included a Green Passport certified, more eco-sustainable vessel 

following IMO guidelines including those for Ship Recycling. It aims to improve current production volumes 



171 
 

by 35% or 500,000 carats each year; yielding greater wages, profits, tax revenue, exports and foreign 

exchange. De Beers invested over US$ 468,000,000 or $7 billion Namibian dollars in its future. It aims to 

generate $N2 billion in taxes and royalties to the Namibian government each year. If the moratorium ever is 

rescinded, Namibian Marine Phosphates aimed to employ 450 Namibians and add $N 3,200,000,000 in 

investment for the Sandpiper project and aims of $N 730,000,000 in tax revenue each year. 

 

Other potential benefits include the LLNP project also stalled, aimed for N$ 24,000,000,000 with employment 

of around 2000 – 3000 Namibians (directly and indirectly) in the Lüderitz region.  In addition, local, regional 

and national contractors would be required to provide services such as legal, financial, security, transport, 

catering, mechanical, fuel supply, spares, electrical and port related activities. When operational the project 

would contribute N$ 50,0000,0000 per year in royalties, contribute N$ 3000,000,000 per year to GDP and 

generate taxes of N$ 500 Mill per year after debt return as well as PAYE tax on a payroll of 2000 employees. 

At a project level, if it were to be implemented, Gecko anticipates employing over 178 people, with annual 

revenues of approximately N$ 670,000,000, and contributing taxes and royalties of over N$ 63,000,000. 

 

Despite having one of the largest known phosphate resources in the world, Namibia still imports the majority 

of the fertilizer products needed to underpin its agricultural industry, most of which comes from South African 

manufacturers. According to Namibian Marine Phosphates, an industry-based Socio-Economic Study 

compiled in 2018 for establishing a phosphate industry in Namibia, circulated within Government, 

independently demonstrates that the potential economic benefits of establishing a fully integrated phosphate 

industry alongside the existing marine diamond mining and fishing industries, if developed back in 2012, 

could by 2016 have contributed N$14,700,000,000 to Gross Domestic Product (9% contribution to GDP), 

N$11,300,000,000 to Gross National Income and N$18,700,000,000 in export revenue. This would have 

directly and indirectly supported around 51,593 in combination with the other projects proposed above; 

significant for a population around 2,000,000 people. 

 

Potential ocean/blue economic benefits and opportunities have been identified from the seabed/offshore 

mining sector as identified previously. These also include the chance to improve employment, training, 

upskilling, technology, research and development or understanding of deep sea areas with access to survey 

information. It may provide sufficient income from mining royalties and license concessions to help fund the 

implementation of no-take zones and other marine protected areas on a long-term continuous basis. The 
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lack of regulations may incentivise greater investment given exploration rights can be worth over $80,000 per 

permit.  Namibia identified a potential 2000 jobs could be created from the marine phosphate mining industry. 

Existing research has argued that it can provide access to rare metals and minerals necessary to accelerate 

the transition towards renewable energy simultaneously. Yet the surge in projected market demand could 

also be partially obtained through greater recycling and integration into the principles of the circular economy. 

If seabed mining were to be pursued it could help in providing phosphates, cobalt, polymetallic nodules, 

lithium and other core elements needed for electronics, digital technology related to the 4th Industrial 

Revolution or the transition towards economy decarbonisation and marine or land renewable energy; 

provided however the associated local, cumulative and transboundary risks could be contained and 

mitigated. It is highly advised however to consider adequate ecological, geophysical and socioeconomic cost-

benefit analysis and stakeholder consultation. Regular scientific surveys, ongoing monitoring and evaluation 

of impacts needs to be undertaken. 

 

If the seabed mining sector were to be considered for Namibia and other nations it would be advised to 

continue to encourage marine exploration and mining activities, such as diamonds, oil and gas, including 

deep seabed mining, while minimizing and managing the risks that these activities pose to marine 

ecosystems and communities. This would need to take a precautionary approach on marine mining, and 

exercise the highest degree of caution before authorization of such activities to avoid irreversible damage to 

the marine ecosystem In particular, governments, the ISA, contractors and other stakeholders are urgently 

advised to take measures such as specific Strategic Environmental Assessment (SEA) before mining is 

conducted, and ensure that appropriate social and environmental safeguards are in place before any new 

marine mining is conducted They need to conduct appropriate studies to ensure balance in the trade-off 

between marine mining and the benefits of sustainable harvesting of living marine resources which they 

displace, including estimation of losses in ecosystem services. 

 

In 2017 the ISA conducted initial workshops to try and interest African nations to consider the prospects of 

seabed mining and marine mineral resources off Africa’s Continental Shelf (ISA 2017). It conducted an initial 

workshop in Kampala Uganda for over 60 stakeholders to promote greater awareness and interest in the 

sector. It advised the need for specialist training, policies, capacity building, scientific research facilities and 

support/sponsorship to participate more thoroughly and inclusively in the ISA. African Centres of Excellence 

could focus on policy formation, seabed geology, exploration, marine spatial planning and development 
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However, subsequent activities and progress in this sector appear to have stalled. The need to consider 

potential public-private and international partnerships in collaboration was also briefly touched upon. More 

workshops, training opportunities and technical assistance were also urgently advocated for along with 

sharing information and experiences. 

 

There is also a surge of demand projected for rare earth metals which may require being satiated. However, 

those opposed to seabed mining indicate the need to determine the extent to which the circular economy, 

reduce, recycle, renew; greater resource efficiency, technology and sustainability; recreating and configuring 

product design can ensure sustainability or not. More stakeholders are expressing concern and interest in 

lifeforms even on inactive vents and their value such as one example of an interactive storybook to raise 

awareness of anglerfish, jellyfish, siphonophores and other core species (Baker et al 2019). It proposed the 

need to consider reuse and recycling from existing electronic waste; upgrade products less frequently and 

consume less resources. The entire circular economy and integration into thee formal/informal economy 

combined with improvements inn marine environmental education/ecological literacy would need to be 

upstreamed in many nations. The concept of extended producer responsibility for a product’s end of life/entire 

lifecycle is starting to become a more popular concept in certain developed countries. More penalties and 

incentives could be provided for converting users to recycling rare earth metals and other products including 

higher costs on virgin materials.  

 

There remains a need to consider endorsing more marine protected areas and conservation measures along 

with research, to consider how much prosperity versus spinoff and other costs, seabed mining can truly 

deliver and how sustainable it may be (Monaco Blue Initiative 2019). However, if sufficiently invested seabed 

mining royalties may present a novel, unconventional and sustainable financing mechanisms to contribute 

towards preserving marine ecological capital and protected areas. A previous study on my 

www.blueeconomyfuture.org.za website focused more on how a 30% target by 2030 could be attained. The 

ISA could contribute towards financing these marine protected areas in the high seas, via their royalties. 

mining corporations could assist in providing security and forewarning against other vessel poaching, piracy, 

pollution, climate change; natural disasters and other threats for greater security and ocean governance for 

greater security. Greater access to related and scientific data could also assist this. It is also advised that 

other legislation such as the new UN High Seas Treaty for areas beyond national jurisdiction consider 

whether or not to incorporate seabed mining and the implications of it on other marine space usages. More 
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radical opportunities exist to truly understand our oceans and below our surfaces, with sufficient access to 

the scientific information necessary. 

 

Other seabed mining aspects to consider is if seabed mining can provide a viable market substitute and 

improvement upon many terrestrial mining practises or not. One study advises seabed mining enhance not 

only risk mitigation management but notions of corporate social responsibility, environment, social and other 

governance risks more sustainably (Navarre and Lammens 2017). This would reduce adverse externality 

costs as much as possible. Cited examples include Neptune Minerals, Nautilus Minerals, Diamond Fields 

International and Manafa International. In the future more attention will need to be allocated as to whether 

seabed mining can be harmoniously developed without major disputes or conflicts between blue economy 

activities and regional nations or users. Samoa and Wallis and Futuna; along with Vanuatu and New 

Caledonia have been vying over access to resource deposits transcending maritime boundaries. 

 

From 2016 onwards Diamond Fields and Manafa International indicated further commercial interest in the 

Atlantis II project. The EU-SPC are looking to commit to further regional cooperation and institutional capacity 

with the ISA via the Abyssal Initiative. The European Union completed the Raw Materials Initiative in 2008, 

the 12,000,000 euro MIDAS project from 2013-2016 and the 2016 to 2020 Blue Nodules Project, worth over 

8000,000 euros in research funding. 19 European research institutions and mining companies are conducting 

a 15,000,000 euro, Blue Mining Project as an indication of further expressed confidence in the future of 

seabed mining. From 2012 France, IFREMER and ERAMET have been investigating the possibilities of 

seabed bioprospecting in the territory of Wallis and Futuna.  Therefore, options exist if people elect to decide 

that these and other opportunities may outweigh and surpass any ecological and other risks or costs; as 

opposed to certain organisations such as the World Wildlife Fund, which have been vigorously pursuing 

moratoriums and permanent bans on sabed mining. (World Wildlife Fund 2019). These argue for for the need 

to divert towards a true Circular and Blue Economy Age. 
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Chapter 4: Is Seabed Mining Truly The Answer to a Viable Blue Economy and to Mineral Extraction? 

 
In conclusion, of all blue economy activities transforming the future direction of our ecosystems, our 

economies, our coastal communities, heritage, oceans and very relationship or connections, few have proven 

to be more contentious and controversial or less understood then seabed mining. This has not been aided 

by lack of transparency from the industry, the International Seabed Mining Authority Regulators, the lack of 

successful commercialisation examples or case studies and the fundamental research gaps over the true 

implications of seabed mining ecologically, socially, economically, legally, geopolitically, geologically and 

technically. In response to the announcement that 30 ISA contracts have been awarded encompassing over 

1,500,000 square kilometres of oceans; the extensive lucrative marine mineral deposits located but also 

growing concerns in other areas over bans and moratoriums; this research sought to provide an independent 

professional maritime economist perspective towards seabed mining and the blue economy. 

 

This research’s overall objective is to determine if seabed mining is truly the answer to a viable blue economy 

and to mineral extraction. Given the virtually irreversible nature of seabed mining; our limited experience in 

marine ecological rehabilitation, our lack of planetary alternatives and risks such as marine pollution and 

climate change; we have to immediately decide if the developments around us are a truly sustainable and 

popular direction for the future of our planet and blue economies. A detailed analysis is one’s answer to 

overcome existing research gaps and uncertainty, so stakeholders can more independently ascertain for 

themselves if it represents a saviour or plunderer; as portrayed by those in favour and against, Given one’s 

recent appointment as a Lecturer in Marine Resource Management and Economics directly at the University 

of the South Pacific in Fiji since August 2020, one will be directly at the scene of the most concentrated global 

planet locations envisioned for seabed mining. However, it has not only faced investments but its detractors 

and critiques calling for moratoriums and bans from a variety of civic society, researchers, NGO’s and 

religious groups. 

 

The aims are to therefore aid these and other core stakeholders to effectively understand, prioritise scarce 

resources and help self-determine possible sustainable pathways forward; whether in favour or against it. 

This research therefore delved into a literature review of existing sources in Chapter 2, to clarify the existing 

characteristics of seabed mining; including if stakeholders wished to create and determine an entire supply 

chain. Yet, determining the future appeared not so straightforward given current gaps in international law, 
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the governance and administration of the ISA; and various legal/regulatory frameworks; whether mostly 

neither addressed many of the fundamental risks and uncertainties nor provided for equitable allocation and 

access to benefits. Nor did they appear to provide investors and others interested in the blue economy with 

sufficient certainty as to determine whether or not it was worth committing phenomenal resources and effort. 

These policies neglected to incorporate not only other international conventions and domestic legislation but 

reference and consideration of other blue economy activities and maritime space usages.  

 

The direction of these policies appeared contradictory with neither these policies relating to fisheries, 

aquaculture, marine biotechnology, pollution, harbours, logistics, tourism, marine renewable energy, offshore 

oil and gas and others; nor those sectors considering the extent of seabed mining on current and future 

developments. Only the South Pacific had focused on updating seabed mining legislation most recently; with 

many core nations including the US, Canada, Australia, Japan and others appearing radically obsolescent. 

The ISA have yet to ratify the Environment Code. Setting aside areas zoned for seabed mining appears 

incongruous with Pacific region and international declarations of committing ever more ocean space as 

marine protected areas and reserves to ascertain 30% of Earth’s surfaces by 2030.  

 

If seabed mining is to be favoured; this review urges that various fundamental reforms may become 

necessary to curtail risk and uncertainty. It is essential to consider the site-specific criteria, most updated 

technology, training, policies, case study successes, failures, experiences and risk minimisation/policy 

measure recommendations highlighted in Chapter 2. High lag times exist before benefits materialise. The 

ISA need to restructure to emphasise the environment and resolution of risks with more independent 

oversight of all mining activities, which should involve a detailed Environmental Impact Assessment at all 

exploration and extraction stages.  Scientific data collection needs independent consultants based on pre-

determined standardised indicators. More effective monitoring and evaluation of existing mined and tested 

sites needs to be conducted and complemented with more intense, socioeconomic and environmental 

surveys of deep-water marine systems and species/users. More transparency, accountability and access to 

this data 

 

As previously stated, Categories for compliance monitoring should be state along with transparency and 

accountability. This includes a transparent and open Deep Sea Mining Database. Contractors should publish 

an annual Sustainability Report with pre-set formats. An impartial Ombudsman with appropriate powers 
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would be able to address more public and individual concerns. It also advises the need for more awareness 

programmes. Specific penalties and incentives to encourage compliance could also be detailed. Ensuring 

staff, contractors and other supply chain partners have sufficient qualifications, awareness and training to 

enable compliance is also more likely to ensure any regulation, policy or legal framework actually works along 

with conducting an audit of just which regulations are really necessary and the resources potentially available 

to ensure compliance. 

 

Funding Framework Guidelines if Seabed Mining Were to Occur 

 

Financial options in a funding framework could not only determine the ad valorem, fixed rate royalty or 

commodity specific taxes, price based, exploration and taxes. This proposed funding framework would need  

to consider the following dimensions. 

• The administration and composition of the fund. 

• Access criteria for investors, investments and economic, social, environmental or other activities 
which may contribute to any of the funds below or specifically receive related funds from the accounts. 

• For example these may contribute to options for employment, training, local value chain 
development, community heath, economy and social development 

• Full transparency in the funding process including publicly available Register of titles and funding 
sources. Clear responsibility so that named designated positions are personally responsible for any 
funds and thus liable against any potential fraud, corruption or other offences. 

• Data management and protection measures 

• The establishment of royalties’ funds, the above taxes; ring-fenced bank accounts in the public 
interest determination of tax types and the equivalent institutional capacity to generate such 
requirements. 

•  This also applies for the need for insurance related bank accounts against possible contingencies 
such as marine pollution/environmental damage; bankruptcy and other liability issues. These measures 
are especially critical to avoid a repetition of the Papua New Guinea Solwara incident. Ann 
environmental compensation/site rehabilitation fund could also be established. 

• The need for seabed mining industry stakeholders, especially licensees to provide accurate and 
audited annual financial statements. 

• The need for investments from any of the above funds to adhere to the UNEP Sustainable Blue 
Finance Principles 

• An online funding register and handbook database identifying potential investor sources who are and 
who are not interested. 

• Greater marketing, communication and awareness is needed for the specific fund.  
 
Forming the Optimal Comprehensive Act for Seabed Mining and the Blue Economy 

 



178 
 

In conclusion this section recommends to incorporate the best elements of global, regional and local marine 

conservation related legislation, guidelines and policies to form the optimal comprehensive Act for Seabed 

Mining and the Blue Economy. 

 

• Act objectives: related to marine conservation under ecosystem based and scientific technical 
management; proactive risk management and the Precautionary Principle/principles of Blue Carbon, 
marine spatial planning; Marine Ecological Capital and Rehabilitation. 

• Objectives to determine the development of a seabed mining industry sector under exploration and 
exploitation; the conditions under which it may be permitted or not. 

• The administrative processes and structures relating to the granting of licenses and concessions; 
the possible creation of a Seabed Mineral Authority or equivalent or not. The development of an 
independent Regulator to provide oversight and Ombudsman entity with full investigatory and 
regulatory powers, including enforcement powers to act against those committing offences and 
responding to public interest and demand 

• The need to establish a properly resourced and empowered management authority based on 
capable decision making, clear rights and responsibilities with the capacity to consider transboundary 
cooperation and coordination with other stakeholders to obtain information; resources and 
enforcement support as needed. 

• Designated powers and responsibilities, capacity to make, amend or repeal regulations. 

• Deliminated boundaries and zone types/purposes based on principles of Marine Spatial Planning as 
above. Need to consider buffer zone implications 

• Site selection criteria. 

• Management, operation and maintenance. All stages of the above industry and sector need to be 
considered from exploration to operation to decommissioning, site closure and mandatory 
requirements for undertaking ecological rehabilitation plans for any activities that do materialise. 

• Risk management and links to other legislation or activities including safety, security, environment, 
water, climate change, cargo, fisheries, tourism, renewable energy, ports, desalination, shipping, 
biotechnology etc. 

• Freedom of financing, lease security and concession, ability to set license and fees; fines for 
infringement and incentives. The time period and extent of exclusive access to resources and area 
needs to be specified. 

• Any related financial, research, administrative or other processes and requirements including specific 
data and reporting requirements need to be specified. 

• Need to ban destructive mining and waste dumping processes; trawling, explosive or dynamite 
fishing; tag fishing/ghost marine equipment to ensure liability outside reserves whilst banning it in the 
reserves. 

• More ecologically sustainable mining methods and techniques could be specified and recommended 
as mandatory or guidelines. 

• Ecological safeguards and risk management measures could be detailed. 

• Access to any scientific/ecological/other data that does not infringe upon commercial contract, 
intellectual property or other legally confidential information from seabed mining exploration and 
prospecting activities should be publicly available. The onus should be on the license title holder to 
identify any explicit benefits, risks, costs and opportunities as practically possible. 
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• The need to continuously update and utilised the latest technological, scientific research and risk 
mitigation measures should be emphasised along with the principles of measures to minimise 
adverse sound, light, waste, species and other ecological effects as much as possible should be 
emphasised. 

• Any legislation needs to consider elements of the UNCLOS, ISA, domestic law and other principles 
as identified in the above sections, whilst ensuring the framework is sufficiently flexible enough to 
change as conditions and circumstances do; whilst robust to ensure protection of the marine 
environment; blue economy and human/other species rights and our cultural legacy. 

• Any seabed mining application or moratorium process needs to involve active identification and 
consultation of related stakeholders and operate on the principle of free, willing and informed 
consent. Stakeholders need to be continuously informed and updated. 

•  It needs to involve full geophysical, socioeconomic, cultural heritage and environmental impact 
assessments regularly conducted at prescribed time period intervals before and during, exploration, 
exploitation. 

• This needs to consider waste management, minimisation and recycling plans related to the circular 
economy. The need to factor in climate change; marine pollution and other full possible risks along 
with emissions reduction and offsetting policies. 

• The requirements for marine scientific research process 

• Transparency and accountability in all governance processes. 

• Identifying and requiring all stakeholders to adhere to the Precautionary Principle, the Polluter Pays 
Principle in the extent of personal and professional liability, Marine Spatial Planning and the Common 
Heritage of Humankind should be enshrined in legislation and policies. Serious and Transboundary 
Risk Harm need to be specified and avoided as much as practically possible 

• The need to specify and require local training and skills development; workplans along with adhering 
to occupational health and safety. 

• Applications need to respect and consider equitable access to resources including traditional and 
indigenous usages, respecting marine protected area boundaries and preserving cultural heritage 
where practically possible. 

• Freedom over selling/procuring assets and properties/pay supply chain on time without the rigorous 
onus of centralised government procurement policies inhibiting development of MPA’s or their 
extension or their effectiveness. 

• Links to fisheries, aquaculture and other blue economy areas or opportunities 

• Ocean sovereignty and governance; creation of marine protected areas and private reserves. 

• Marine spatial planning and functional zoning/integrated coastal zone management 

• Links to blue carbon expansion and preserving 

• Preserving of marine biodiversity and ecosystems; Regulated introduction and exploitation of rare 
and exotic species sustainably. 

• Education, research and training including establishing youth and other volunteer/professional 
rangers and guides. 

• Specific ring-fenced budgetary resources provided for long and short term maintenance, potential 
expansions/construction and 15-20% for contingencies. 

• Environmental, water/ocean impact assessments for certain activities with a maximum specified time 
period. The need to identify risks including transboundary risks and possible mitigation measures 

• Research, information; marketing, commercialisation and all value chain issues.  

• Trade regulation, exports and provision of financial, investment, research and other incentives. 
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• Resolving market barriers to entry -competition; infrastructure and standards; 

• Issues over access to marine resources including genetic, licensing requirements of fisheries, marine 
renewable energy, biotechnology, aquaculture and ecotourism conditional upon following related 
laws and regulations outside no take zones 

• Need to consider traditional existing rights and customs where ecologically sustainable and 
responsible in use; based on historic/current tradition and precedent. 

• Need to factor in local experience. 

• The need to minimise adverse externality costs as much as possible. 

• Need to consider resilience and vulnerability of resources and the MPA 

• A suitable enforcement, regulatory and independent oversight/appeals authority 

• The extent of public participation and consultation in the process 

• Avoiding of marine threats -issues of Polluter Pays Principle, carbon footprint offsetting, and 
company liability. Risk management. Need to ensure recycling where possible, reduction of bycatch 
and related waste and the principle of ensuring the circular economy wherever possible. 

• Issues over resources as climate change develops; monitoring for changing socioeconomic, 
environment, climate and oceanographic/population and coastal development conditions. 

• The need to conduct socioeconomic, technical and resource need along with environmental and 
climate change projection risk assessments/stakeholder requirements. 

• Need to protect marine cultural and geological heritage; rare/endemic species via no take zones. 

• Need to provide training and institutional capacity 

• Links to other policies and supporting legislation. 

• Links to international legislation, targets and goals including SDG’s, Aichi 11, 30% by 2030 

• Specific prescribed legal and other penalties for violations and the question of liability -extending to 
terrestrial, marine and coastal risks based on the violator paying back the full ecological/economic 
value for any damaged resource.  

• Need to establish effective law enforcement, monitoring and evaluation regularly and provision for 
updating regulations/management processes. 

• Companies need to provide evidence of due diligence, legal and compliance monitoring strategies 
along with annual Sustainability Reports. 

• The possible provision of Awards and other incentives as motivation 

• Regular publishing of progress towards pre-determined targets or objectives and transparent 
accountability for decision making 

• The resolution of disputes and appeals process 
 
 

Past examples of best practise in Chapter 2 can be identified by former seabed mining successes and 

evidence where benefits either materialised or pledged. These included Namibia, South Africa and Papua 

New Guinea (Solwara). These emphasised the need to consider ecological risk reducing measures; involve 

local ownership and management as a proportion of equity; provide social, community, legal, economic and 

other developments and procurement. Local participation, capacity building and awareness of the risks and 

benefits may be the only accurate mechanism to ensure it can actually work. Various risk reduction areas for 

the marine environment extend to technology, species relocation.  impact avoidance mechanisms including 
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stripwise mining -via alternate zones to enhance benthic fauna recolonisation rates; mandatory waste 

recycling and avoidance of core fishery/biodiversity sensitive areas.  Minimisation measures include fuel 

reduction, avoiding mining at the congregation of myriad species, utilising the most sophisticated technology, 

screening and then returning unneeded sediments. It may incorporate mandatory ecological site rehabilitation 

following mining activities. 

 

These case study successes affirmed that one major benefit of seabed mining may offer the chance to charter 

the Abyssal Depths and far more of the ocean territory that remains currently unknown. This could provide 

private sector funding not just for Marine Protected Areas but contributing to the fundamental gaps in our 

knowledge about the last terrestrial frontier that exists as true mysteries to explore. European experiences 

identified the need for more stakeholder participation, awareness and involvement/coordination. Industry 

observed the primary barrier to further mining was hindered by public and individual opposition, especially 

legal challenges. Insufficient research on the location of resources, their commercial viability and current 

technology limits were also selected as obstacles to vaporise. Many finance sources were also not directed 

to support the sector. South Pacific examples indicated extensive returns could be obtained for comparatively 

minimal outlay from nations with limited resources and that industry were receptive and motivated. If properly 

structured it could provide significant income diversification. Any subsequent economic impact analysis 

needs to consider multi-criteria and life cycle costing approaches, environmental design and other aspects, 

aside from a detailed cost-benefit analysis. 

 

However, existing case study failures highlighted significant ecological costs; conflicts and issues where 

stakeholders were not consulted or adequate research and risk mitigation measures were not pursued. This 

has resulted in subsequent moratoriums across the Namibia Sandpiper Project, Solwara I in PNG, Fiji, 

Vanuatu and other areas. Species and marine ecosystem recovery have yet to be certain and ascertained 

as yet. Several of these reports however invariably are limited in their impact by focusing selectively on 

generic impacts and would be more convincing if specific instances, species and locations were empirically 

recorded, observed and quoted. Species extinction rates unprecedented in recorded human history, under 

climate change and other biodiversity causes may be even more accelerated if seabed mining is not 

responsibly determined, managed or thoroughly researched.  Deep Sea marine biological habitats are still 

comparatively really insufficiently understood and mapped. Knowledge gaps exist for long-term assessments 

on many projected impacts such as cyanobacteria from mining waste being dumped illegally in violation of 
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international law. A significant time lag exists before many benefits may directly accrue, in contrast to other 

blue economy activities. 

 

Core lessons need to be present from the bankruptcy and failure of Solwara so that nations avoid subsequent 

liability and other extensive costs if they elect for seabed mining. It also remains paramount to consider cost-

efficient, technologically sophisticated and externality cost decreasing production and operation processes 

throughout a project’s lifecycle. Not only ecological but health, safety, underwater heritage, social, economic 

and other possible opportunity costs need to be considered. Many individuals, policymakers, businesses and 

communities remain ignorant over costs and benefits, with few examples of empirical mining and impacts 

both for commercial exploitation and exploration. More data and other areas need to be considered. Current 

locations centre around certain small areas -the South Pacific Clarion-Clipperton Zone, mid-Atlantic Ridge, 

Benguela Current region, Red Sea and a few others. There is a need to learn more from shallow and 

terrestrial mining best practises and disasters; to favour more underwater exploration and research 

cooperation/transparent access to data; especially for core indicators.  

 

Chapter 3 provided an overview of how technologically and cost-effective seabed mining increasingly 

became over its history. Prospects have risen but others have become increasingly more vocal in their 

dissent. The ISA, EU and others have specifically focused in Europe, Africa and the Clarion-Clipperton Zone 

South Pacific, although aside from Japan, the Middle East and Central Indian Ocean/India; many regions 

and nations remain comparatively ignorant over seabed mining. At least 30 stakeholders have prominent ISA 

contracts and an extensive market exists based on global demand for rare earth minerals. However, these 

zones, especially among the Clarion-Clipperton Zone with seamounts, hydrothermal vents and other ocean 

features also have rare, less understood benthic and other communities as less fathomable denizens. Over 

1,500,000 km2 have been conceded in the largest private transfer of ocean territory in history to around 30 

companies/entities. 

 

Seabed mining can provide dramatic lucrative advantages including economic royalties, employment, 

income, exports, tax revenue; scientific research; training; legal policy advise; access to technology and skills 

and other socioeconomic/community developed to small island emerging states and those with few other 

income sources in a COVID-19 world. It can aid other nations to obtain resource security and help towards 

the transition of decarbonisation, electronics and marine/land renewable energy. There is a need to consider 
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alternative competing uses and priorities, however. Its champions argue that it will avoid many of the perils 

and ecological issues of terrestrial mining which jeopardise land ecosystems and occupy immense areas 

seldom effectively rehabilitated. Sufficient technology advances and experience can provide solutions to 

minimise or avert many of the ecological costs expected from mining. 

 

However, disadvantages include that nothing prevents many MPA’s or ecologically sensitive areas being 

targeted. The European Commission Blue Mining Project wishes to focus on underwater technology and 

mineral mining technology to reach depths up to 6000 metres. It claims to focus on the technology available 

and extent of resilience. Major ecological costs have been identified from existing research sites and projects 

as well as future areas. Examples include waste, emissions, sediment plume suffocation, biomass and 

biodiversity/species loss and mortality, light, sound, vibrations, burying, smothering, pollution, risk of 

accidents and spills, collisions, loss of marine ecological heritage and usages of competing space by other 

blue economy activities. Natural species processes including reproduction, nutrition, shelter and migration 

may be immensely disturbed and water, carbon, nutrient and other cycles disrupted. Destructive methods 

should be prohibited. Uncertain impact and opportunity costs may interfere with other blue economy sector 

benefits such as fisheries and tourism. 

 

Seabed mining not only has significant environmental risks but has high upfront and market entry costs, 

highly risky before investors are anticipated to acquire substantial rates of return on investment in contrast to 

other sectors. Other risks include uncertainty over public and policymaker responses and the extent to which 

support exists; the implications of transboundary and cumulative risks. Additional factors include those linked 

to climate change; fisheries; technology and economic cycles including fluctuating commodity prices and 

various marine environment/climate/oceanographic processes. How ecosystems will react and the extent of 

their adaptive capacity also remains uncertain. Ecological rehabilitation has yet to be proven as effective for 

seabed mining sites or incidents. The Precautionary Principle has to become more integral and 

comprehensively applied including understanding all related benefits, costs, risks, opportunities, mitigation 

measures and alternatives along with clear uncertainty and adaptation solutions. Continuous and 

independent monitoring and evaluation of effects remains critical. Changing behaviour and converting to the 

circular economy/recycling and process efficiency may not always prove to be effective, nor can changing 

behaviour permanently. 
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Forthcoming opportunities include potential to tap into the technological innovations of the 4 th Industrial 

Revolution. It could directly link to Seabed 2030 and possibilities to extend awareness of our marine areas 

via the future of scientific research and underwater exploration. It has direct market prospects given myriad 

applications of rare earth minerals. To be truly effective, the extent to which the seabed mining industry offers 

opportunities overwhelmingly depends upon future progress in the green/circular economy and 

developments in recycling, process efficiency and consumer awareness/changes in behaviour and attitude. 

Ocean renewable energy also offers market options. More marine protected areas to preserve ecological 

capital are imperative to preserve marine ecosystem services. Full cost-benefit and impact-cost analysis 

assessments therefore become increasingly necessary to proceed but can be highly expensive to undertake. 

 

Recommendations 

o There is a need for local, regional and international cooperation, information, expertise and expert 

sharing/joint exercises to coordinate responses to potential pollution/oil spill incidents. This includes 

possibly collaborating with others in partnership. 

o There is also a stakeholder need for policy certainty, stability and incentives. Drilling is expensive and 

projects can have high initial barrier costs to entry and lead/development times. Internal politics and fiscal 

constraints of government has delayed implementation. 

• ·Developing the sector has required stakeholder transboundary cooperation and growth in expressions 

of interest for oil and gas but not deep- water mining, despite COVID. There is a need for further research 

to understand the sectoral socioeconomic and environmental risks and opportunities to establish a 

sustainable blue ocean economy. More coordination, communication, information sharing and 

cooperation in response exercises is necessary, whilst preserving comparative independence of 

regulations, incentives and other responses. 

 

However, seabed mining needs to consider the above elements to determine the extent to which it can reflect 

the future. Although convincing evidence exists that the ultimate costs may be too prohibitive to process and 

accept; supporting the need for more research; monitoring of existing projects and even possible bans or 

moratoriums; this report provides guidelines and solutions if seabed mining is to reflect an aureal future for 

the global blue economy. This links to maximising the benefits; taking measures to reduce the costs and 

risks; favouring the opportunities and embracing sound independent research; policies; best practise 

examples and learning from project failures. The more active stakeholder education, awareness; participation 

and involvement; the more effective the ultimate solution will be for this paradoxical challenge; to determine 

whether it can be compatible with developing other blue economy areas. Is it capable to protecting as many 

of the oceans as possible, such as 30% by 2030.  
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