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EXECUTIVE SUMMARY  

The report discusses the economic, technical and environmental challenges of seabed 

mineral exploration and exploitation as well as exploration and exploitation for gas 

hydrates. It covers current technical approaches, practical experience and 

environmental policies, reviewing and analyzing the processes of potential 

development of these resources. Mitigating measures and recommendations are 

suggested. The aspects discussed include technology needs for resource exploration and 

exploitation, suggestions for sound environmental management,  and linkages with the 

United Nations (UN) Sustainable Development Goals (SDGs).  The report provides a 

set of recommendations to facilitate the development of seabed mineral resources and 

gas hydrates in an environmentally sustainable way. 

Deep Sea Mining (DSM) 

China has a major stake in the sustainable use of the oceans. The huge reserves of 

mineral resources found on the deep seabed may be of great significance to China's 

economic development as well as to the strategic reserve of mineral resources.  

Seabed mineral deposits are categorised into four resource types: 

¶ Polymetallic Sulphides (PMS), which are associated with hydrothermal vents, 

and which host minerals including copper, gold, silver and zinc.  

¶ Polymetallic Nodules (PMN), that sit freely on sediment on the ocean floor at 

great depths in the oceanôs abyssal plains, and which host minerals including 

manganese, cobalt, nickel and rare earth elements.  

¶ Cobalt-rich Ferromanganese Crusts (CRC), which are associated with thin 

ridges of crusts usually found on seamounts or mid-ocean ridges, and which 

host minerals including cobalt, iron, manganese, nickel and rare earth elements.  

¶ Rare Earth Elements (REE), which may be found in deep-sea sediment muds, 

but are also present in the resource types above.   

To date, 30 deep-sea mineral exploration contracts have been issued by the International 

Seabed Authority (ISA) for resources beyond national jurisdiction, including 7 for PMS, 

18 for PMN and 5 for CRC, covering a total area of approx. 1.397 million km2. Chinese 

State-sponsored companies hold 5 of these contracts (PMS, PMN and CRC): the most 

out of any of 168 member States of the ISA. 

Seabed mining will require cutting (PMS, CRC), collecting (PMN) or dredging (REE 

muds) technology, and a rise-and-lift and return water system. Engineers are currently 

working to develop such machines, which need to be capable of enduring harsh 

operating conditions at high depths and high pressures. It is likely that for all forms of 
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seafloor mining, the entire mining system will be portable and can be moved from mine 

site to mine site.  

Natural Gas Hydrates (NGH) 

Gas hydrates are widely distributed in most of the world's marine deep-water areas 

(~99%) and permafrost sedimentary environments (~1%). The amount of gas stored in 

the worldôs hydrate accumulations is significant but estimates are highly uncertain.  

In gas hydrates deposits the methane is trapped as a solid form and cannot flow freely 

in the geological formation. Methane recovery from gas hydrates has not yet entered 

commercial scale, but some field production tests have been carried out, both on- and 

offshore. Although significant progresses have been made so far for understanding the 

occurrence, distribution and characteristics of gas hydrate, longer duration production 

tests under a wider range of reservoir conditions are required in order to fully assess the 

resource potential of NGH.  

There are a significant number of technological challenges related to both exploration 

and exploitation of NGH resources which are currently not solved. In addition to the 

general need to understand the ecosystem in the area, NGH exploitation also comes 

with strong environmental risks such as increased risk of seabed landslides and huge 

amounts of methane released into the water column and atmosphere. 

Environmental Management and Environmental Challenges 

Ocean health is vital to the wellbeing of humanity. Ocean health is currently under 

threat and it is imperative that a future exploitation of deep sea minerals and NGH can 

be carried out without causing significant environmental harm. States are required by 

international law to manage the environmental impacts of any seabed mineral activities. 

International rules, standards and guidelines for seabed mining are currently under 

negotiation at the international level (at the ISA). Sound environmental management in 

DSM will involve the use of numerous tools that are already in use in other industries, 

including impact assessment, ecosystem-based management, adaptive management, 

risk assessment and management, and continuous improvement.  

There is however a challenge that deep-sea environments in general are little-explored 

and poorly understood. To mitigate that risk, the ISA is also focussing efforts to produce 

óRegional Environmental Management Plansô (óREMPôs) for the geographic regions in 

which there is exploration interest. The purpose of REMPs is to take an integrated ocean 

management approach to ensuring the effective protection of the marine environment 
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in the context of the unique values of each region, and taking into account cumulative 

impacts and competing ocean stressors.  

For a specific project, the relevant ecosystems will need to be assessed and understood 

as part of the exploration phase for each potential mineral resource, and a plan for 

exploitation of the resource needs to include adequate mitigating actions and measures 

to avoid significant environmental harm.  

Governance ï Status and Challenges 

The ISA is the autonomous intergovernmental body which was established by the 

United Nations Convention on the Law of the Sea (UNCLOS) to manage the mineral 

resources of the seabed and ocean floor and subsoil thereof, beyond the limits of 

national jurisdiction (óAreaô) on behalf of mankind as a whole.1 The ISA also has the 

responsibility to protect the marine environment, and to protect human life.2 

Exploration or exploitation of seabed minerals in the Area can only be carried out: 

¶ under a Plan of Work, agreed by way of a contract, with the ISA, 

¶ by States or State-sponsored entities, and 

¶ in compliance with rules set by the ISA. 

The ISA has in place Regulations on prospecting and exploration. Nowadays, the 

activities in the Area are facing a crucial juncture of transition from exploration to 

exploitation, and draft Exploitation Regulations (and subsidiary instruments called 

óStandards and Guidelinesô) are being developed. 

The Law of the People's Republic of China on Exploration for and Exploitation of 

Resources in the Deep Seabed Area (a national Deep Seabed Area Law) was adopted 

on 26 February 2016 and entered into force on 1 May 2016. This is the first Chinese 

law specifically regulating relevant activities conducted in the Area by citizens, legal 

persons or any other organizations of China. Environmental Protection principles and 

measures are well covered in the Deep Seabed Area Law, and stringent rules, standards 

and effective measures regarding the protection of environment are reflected and 

adopted. Since the Deep Seabed Area Law is general in nature and lacks provision on 

regulating activities of exploitation, relevant implementation regulations should be 

developed in the future (which complement the ISAôs regulations on exploitation), in 

order to establish fully Chinaôs domestic legal systems with respect to the Area. 

 
1 UNCLOS, art. 137(2), and Section 1, paragraph 1 of the Annex to the 1994 Agreement provides that 

the Authority is the organization through which States Parties to the Convention shall organize and 

control activities in the Area, particularly with a view to administering the resources of the Area. 
2 UNCLOS, art. 145, art. 146 and annex 3, art. 17 para. 2 (f). 
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Recommendations  

1. Improvement of environmental management system 

Engage with development of environmental rules: China should actively engage 

with ISA regarding development of Regulations, Standards and Guidelines, specifically 

towards environmental baseline, EIA, and EMMP development.  

Further improve national legislation: China may review and update the Deep Seabed 

Area Law in order to comply with the new requirement of the exploitation regulatory 

framework developed by the ISA within the context of the domestic legal system, to 

deal more specifically with future exploitation activities, including financial terms, 

inspection and management, and indemnities to ensure the State is properly protected. 

Based on the assessment China may seek to develop additional regulations to 

supplement the ISA requirements, drawing on the concepts of sound environmental 

management. 

2. Filling gaps in environmental understanding and technology 

Strengthen scientific understanding and develop key technologies: China should 

aim to improve the understanding of, and better assess both the risks and opportunities 

associated with DSM as well as exploitation of NGH. This includes (but is not limited 

to) (1) strengthening environmental data collection in important marine areas to 

improve the understanding of deep-sea ecosystems; (2) developing environmentally 

critical technologies concerning environmental monitoring, EIA, safe operations and 

environmental restoration; (3) actively promoting the development of environmentally 

friendly solutions to key technical problems for exploration, exploitation and 

transportation of deep-sea mineral resources and natural gas hydrates.  

Improve the understanding for NGH: China should aim to improve the 

understanding of, and better assess both the risks and opportunities associated with 

NGH exploitation. 

3. Expanding value chain and promoting circular economy 

Expand value chain: China should seek opportunities for Chinese industry to engage 

at all levels of the DSM value chain, including research, exploration, exploitation, 

equipment manufacturing, technology design and mineral processing.  

Promote circular economy: Chinaôs DSM policies should proactively support the 

intentions described in SDG #12, where the ambition of creating a circular economy is 
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embedded in the design from the beginning of the design and concept phase and that 

ñallò collected materials are fully utilized while waste streams are minimised. In 

addition, should NGH exploitation be deemed environmentally and economically 

feasible, China should promote the development of carbon capture and storage to 

accompany the development of hydrate extraction technologies that enable NGH to 

become a ñbridge fuelò towards a low carbon future.  

4. Creation of cooperative and transparent mechanisms and platforms 

Enhance data sharing: Seabed mineral contractors should be encouraged to share 

widely through globally and publicly accessible databases all environmental data 

acquired through DSM research programmes. China should play a leading role in 

establishing good practice for quality control, data sharing and transparency. 

Conduct cooperation: China should strengthen international cooperation, especially 

bilateral and multilateral cooperation and exchanges, including jointly contributing to 

the development of cooperation mechanisms and platforms, jointly building open 

markets, and jointly promoting marine technology exchanges. 

5. Enhancement of leadership towards the ISA and active support of the UN SDGs 

Support the UN SDGs: China should actively relate to the UN SDGs when further 

maturing the business case for DSM, such as contribution towards # 14 - life below 

water and #5 - gender equality in education and training for DSM professionals within 

geology, engineering and environmental technology. 

Enhance of leadership: China should continue to initiatives to strengthen ISA as a 

regulator, and actively engage with ISA, such as to take opportunities for convening 

group discussions as well as take active leadership both within thematic groups and in 

its geographic group (Asia-Pacific); to show the leadership around a good model for 

State sponsorship, to establish a network for consultations and informing of its national 

positions on DSM. 

Support REMP process: China should support a standardised, transparent and 

consultative REMP process at the ISA. This should include the establishment of a 

network of biologically representative, fully protected no-mining zones 

Conclusion 

Global ocean health is under threat from pollution, waste, climate change, loss of 

biodiversity and an over exploitation of its natural resources. To be able to harvest even 
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more from the ocean in the future we need to take better care of it than we currently do.  

The nascent DSM sector has reached a crucial juncture of transition from exploration 

to exploitation, and the regulatory framework is still not complete. Establishing such a 

new industry will require a joint effort and a collaborative ñpartnership for the SDG 

goalsò to succeed in establishing a sustainable industry, and also to achieve the 

principles laid out in UNCLOS, which include the designation of the seabed minerals 

of the Area as óthe common heritage of mankindô3, and the objective that any economic 

benefits from mining in the Area should be shared equitably.4 

There are still many significant knowledge gaps related to the ecosystems that might be 

affected from deep-sea minerals exploitation, as well as the technology that could be 

used in mining operations. Between operators and interested parties, there should be 

focus on collaboration to carry out studies to reduce the environmental risk as well as 

sharing of data and experience to ensure the industry is reflective of best environmental 

practice and continuous improvement. 

  

 
3 UNCLOS, art. 136; 1994 Agreement, Preamble, para. 2. 
4 UNCLOS, art. 140. 
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1 INTRODUCTION  

 

The Special Policy Study on Global Ocean Governance and Ecological Civilization 

(Ocean Governance SPS) is a task of China Council for International Cooperation on 

Environment and Development (CCICED). It focuses on the study of core issues related 

to comprehensive ocean governance from perspectives of marine ecological civilization 

and marine ecosystem protection. Task Team #6 of Seabed Resources Extraction, 

belonging to the Ocean Governance SPS, focuses on the study of marine ecosystem 

protection and marine ecological governance during the processes of seabed mining. 

 

The Task Team #6 Report addresses the economic, technical and environmental 

challenges of seabed mineral exploration and exploitation, introduces the current 

technical approaches, practical experience and environmental policies, and reviews and 

analyzes the processes of development. In terms of the Chinese governmentôs 

development of seabed mineral resouces, the report examines challenges presented, 

puts forward some countermeasures and recommendations, including: future 

technology fields of resource exploration and exploitation, solutions of environmental 

issues during seabed mining activities, priorities in technology development and 

engineering, and involvement of China in the development and management of 

international seabed resources. The report also discusses the linkages with the United 

Nations (UN) Sustainable Development Goals (SDGs) and the importance of ocean 

health. Recommendations include elements that will promote cooperation among 

governments, social organizations, Non-Government Organisations (NGOs) and 

private sectors, and provide a basis for the future sustainable development of deep-sea 

mineral resources. 
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An unnamed sulfide structure at Longqi 

vent field on the SWIR (2015) 
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2 DEEP SEA MINING (DSM)  

2.1 Introduction  

China has a major stake in the sustainable use of the oceans. First, the huge reserves of 

seabed mineral resources are of great significance to China's economic development as 

well as the strategic reserve of mineral resources. China has put the ñopening up more 

space for the blue economyò into the outline of the 13rd Five-Year Plan for the National 

Social and Economic Development Plan and invested heavily in the development of 

marine infrastructure and technology. China carried out a successful gas hydrate 

production test in the South China Sea. China has currently exploration contracts for 

five mining areas in the Area Beyond National Jurisdiction (ABNJ), and is a country 

with all types of resource and the largest size of mining areas in the world. 

To date, 30 deep-sea mineral exploration contracts have been issued by the International 

Seabed Authroity (ISA) for resources beyond national jurisdiction, including 7 for 

polymetallic sulphides (PMS), 18 for polymetallic nodules (PMN) and 5 for cobalt-rich 

ferromanganese crusts (CRC), with a total area of about 1.397 million km2.  

2.2 Seafloor Resource Types 

2.2.1 Polymetallic Sulphide (PMS)  

PMS deposits are predominantly found on mid-ocean ridges, and also occur along 

volcanic arcs and at backarc spreading centers. PMS are usually rich in metallic 

elements such as iron (Fe), copper (Cu), zinc (Zn), gold (Au) and silver (Ag), and can 

be accumulated in large deposits of several million tonnes in certain geological 

environments. The global PMS resource is estimated to contain approx. 600 million 

tonnes of ore. 

PMS deposits are associated with hydrothermal vents on the seafloor, and sites are 

usually described as either óactiveô (venting), or óinactiveô / óextinctô (not venting) 

(Figure 2-1). Active sulphide deposits usually consist of a óblack smokerô chimney 

complex on top of a sulphide mound (ISA, 2002). It has been widely established that 

circulating seawater is the principal carrier of metals and sulphur which are leached out 

of the zone below the seafloor. Precipitation of sulphides at and beneath the seafloor 

takes place in response to mixing of the high temperature (up to 400°C) metal-rich 

hydrothermal seawater fluid with ambient seawater (ISA, 2002).  

 



 DEEP SEA MINIG (DSM)  

 10 

Figure 2-1 Distribution map and photos of PMS (red box), CRC (brown box) and 

PMN (white box) as well as megafauna. The photos from the Chinese surveys. 

It is estimated that PMS deposits discovered to date range in resource size up to approx. 

5 million tonnes, and often carry high concentrations of copper, zinc, and lead in 

addition to gold and silver. PMS deposits are typically extremely small in geographic 

size (usually less than 10 hectares), compared to both analogous terrestrial deposits, and 

deposits of other seafloor mineral types.  Due to the high concentration of base and 

precious metals, seafloor PMS deposits have attracted the interest of the international 

mining industry.  

2.2.2 Cobalt-Rich Ferromanganese Crust (CRC) 

CRC, so named due to their major constituents of iron (Fe) and manganese (Mn) form 

on seamounts, ridges and plateaus in areas where prevailing currents prevent the 

deposition of unconsolidated sediments. In addition to the major constituents above, 

crusts can also contain numerous other minor and trace elements including cobalt, 

nickel, copper and rare earth elements (REE) (Zhang, 2014). The crusts form over 

millions of years as minerals precipitate from seawater to form crusts on rocky surfaces, 

ranging in thickness from less than 1mm to approximately 260 mm (SPC, 2013a). The 

crusts form in a range of water depths from less than 400 m to in excess of 5,000 m. 

The manganese, cobalt and nickel decrease in concentration with increasing water 

depths, while, iron, copper and REE increase in content with increasing water depth. 

Since the former have a higher metal market potential than the latter, the shallow-water 








































































































































