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EXECUTIVE SUMMARY

The transition to a low carbon economy will be mineral- and metal-intensive. At the same
time, mining and metals production is currently a source of greenhouse gas emissions,
contributing to climate change.

The climate impacts of deep sea and terrestrial mining vary hugely

Deep sea mining companies claim that mining polymetallic nodules could provide a low
carbon alternative to terrestrially mined metals. However, this report has found that the
results of the three current studies comparing the cradle-to-gate (nodule-to-commodity)
climate impact of deep sea and terrestrial mining vary hugely, estimating that polymetallic
nodules could have a higher or lower climate impact than land ores.

In addition, two out of the three studies were funded and supported by deep sea mining
companies: Paulikas et al's 2020 research paper' was funded by The Metals Company
(formerly DeepGreen Metals) and Alvarenga et al.'s 2022 study? was funded by Global Sea
Mineral Resources. For example, Paulikas et al.'s paper excluded 95% of polymetallic nodules’
manganese content from its lifecycle assessment study, along with the associated climate
impact. Not only does this significantly reduce the estimated climate impact of polymetallic
nodules, it would also not be economically feasible to exclude any metal content from nodule
production given the cost of deep sea mining operations.?

Such uncertainty in results is not a good enough basis for making decisions about the future
of deep sea mining. Additionally, considering the high cost of deep sea mining operations,
any metals produced are likely to be premium-priced products that will not displace the bulk
of terrestrial production, and the associated climate impact.

Metallurgical processing is a universal emissions hotspot

Over 70% of greenhouse gas emissions for both land ores and polymetallic nodules
come from energy and fossil fuel-intensive metallurgical processing. The proposed
metallurgical processing of nodules is currently similar to that of land ores. Consequently,
the severity of climate impact is less dependent on whether ores come from the deep sea or
land and is more dependent on the properties of processing: mainly the sources of fuel and
electricity used, process efficiency and processing technique.

Reducing the climate impact of both land and deep sea ores therefore requires investment in
technologies such as electrification with renewable power sources and low carbon processing
routes such as hydrometallurgy, which remove or reduce the use of fossil fuels.
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The unknown impact on ocean carbon stocks and sequestration

Marine sediments are estimated to be the largest pool of sediment/soil carbon stocks in the
world and are an important part of the global carbon cycle.

Although less than 1% of gross primary production on Earth makes it to the seafloor,>® organic
carbon buried in ocean sediments can be stored there for thousands to millions of years, if
left undisturbed.”® Deep sea mining vehicles kicking up sediment plumes could result in an
estimated 172.5 tonnes of carbon being disturbed every year for every km? mined.’

Only 13.9 kg of carbon per km? is sequestered every year in the Clarion-Clipperton Zone,™
which is 0.00804%?2 of the quantity of seafloor carbon disturbed by collector vehicles per year.
Sediment plumes caused by mining machinery could also impact carbon sequestration
services taking place in ocean waters by blocking sunlight and reducing photosynthesis,
although this has not been quantified. By removing nodules and the fauna which depend
on them, deep sea mining could also impact the carbon sequestration services associated
with fauna. The effect of these carbon services has not yet been calculated, but considering
nodules take tens of millions of years to form,'" the loss of these ecosystem services ca
by deep sea mining would essentially be permanent.

CALL TO ACTION

Deep sea mining still has a significant climate impact and could expose financial
institutions to substantial policy, regulatory and reputational risks.

Financial institutions should therefore support a moratorium on deep
sea mining.

Instead of investing in deep sea mining, financial institutions could support the
decarbonisation of terrestrial mining and metals production.

13.9kg vs 172.5 tonnes
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INTRODUCTION

The transition to a low carbon economy will be mineral- and metal-intensive. At the same
time, mining and metals production is currently a source of greenhouse gas emissions. These
sectors must therefore decarbonise to meet future demand without contributing to climate
change.

Deep sea mining companies claim that mining polymetallic nodules could provide a low carbon
alternative to terrestrially mined metals. However, it has also attracted significant and growing
opposition, with companies, investors, national governments, scientists and civil society
organizations calling for a moratorium on deep sea mining.'> "3

Purpose, methodology and scope of this report

Considering the potential climate impact caused by deep sea mining, this report aims
to investigate current research on this issue and how it compares to climate risks and
decarbonisation opportunities for terrestrial mining.

This report focuses on the impact of mining polymetallic nodules in the Clarion-Clipperton
Zone (equatorial eastern Pacific), as this has received the most commercial interest to date
and is presently the most likely area to be mined in international waters. The analysis focuses
on academic lifecycle analysis studies in order to maintain comparability between results.

Current research highlights that the vast majority of the climate impact of both land ores
and polymetallic nodules comes from the energy and fossil fuel-intensive metallurgical
processing. Therefore, reducing the climate impact of both land and deep sea ores requires
investment in technologies such as low carbon electrification and the development of low
carbon processing routes and technologies.

The information and recommendations in this report were developed using a bottom-up
approach, grounded in an extensive literature review and primary analysis.

This paper provides a practical working resource for financial institutions to understand
and assess their exposure to the environmental risks associated with deep sea mining. This
report is aimed at financial institutions with potential exposure to deep sea mining activities
and those seeking to support the transition towards a sustainable economy. The overall aim
is to empower investors to better integrate nature, climate and marine ecosystem health into
capital allocation decisions.
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HOW DOES DEEP SEA MINING IMPACT THE CLIMATE?

The climate impact of deep sea mining is under-researched

Academicresearchintothe climateimpact of deep seaminingis currently relatively limited. The
metal ores contained in polymetallic nodules are very different to those found on land, which
can make comparisons challenging.’* There are only three academic studies® that model the
potential cradle-to-gate (nodules-to-commodity) climate impact of ferromanganese, copper,
cobalt and nickel produced from deep sea polymetallic nodules, compared to land ores.

Two of the three studies were funded by and conducted in collaboration with deep sea mining
companies: Paulikas et al.'s 2020 research paper™ was funded by The Metals Company
(formerly DeepGreen Metals) and Alvarenga et al.'s 2022 study'® was funded by Global Sea
Mineral Resources. Only one study - Fritz et al.'s 2023 research paper'” - has no support
(financial or otherwise) from the deep sea mining industry.

Deep sea mining and land ore climate impact estimates vary hugely
The estimated climate impact of producing the full nickel, copper, cobalt and manganese

content from 1 kg of dry polymetallic nodules ranges from 1.371 kg CO,e - 2.03 kg CO,e in
Alvarenga, et al.'s'® and Fritz et al.’s" studies’ respectively - see Figure 1.

Fritz et al. (study models)
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Figure 1: Comparative climate change impact of the cradle-to-gate processing of copper, cobalt, nickel and
ferromanganese from deep sea and terrestrial mining. *Figures from Paulikas et al. were converted from wet

nodules to dry nodules equivalent assuming 23.75% water content based on data from the study.

b Heinrich et al. published a paper in 2020 estimating the climate impact of polymetallic nodule collection and transportation, which will not be
analysed in this paper as it does not cover the most significant sources of emissions from deep sea mining.
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In comparison, these studies estimate that the equivalent metals produced from land ores
would result in a climate impact of 1.47 kg CO,e - 2.87 kg CO_e.

When comparing the climate impact of deep sea and terrestrial mining, the results of these
studies vary hugely, estimating that polymetallic nodules could have up 28% higher? or 76%
lower?! climate impact than land ores. Such a variation in lifecycle assessment results is
not a good enough basis for making decisions about the future of deep sea mining.

It is also important to note that Paulikas et al.'s study assumed only 5%?% of polymetallic
nodules’ manganese content would be processed into a marketable end product, as only
metals currently used for electric vehicle batteries (specifically nickel-manganese-cobalt
(NMC) 811 batteries) were assessed. This excluded 95%% of the production and associated
climate impact of manganese and contributed to a significantly lower overall climate impact
of approximately 0.4105 kg CO,e/kg dry nodule. Given the cost of deep sea mining operations,
it would not be economically feasible to exclude any metal content from polymetallic nodule
production, and a zero-waste value chain is considered essential for making deep sea mining
economically viable.?* This begins to highlight issues with some of the parameters and
assumptions used in these studies, which will be explored throughout this paper.

The following sections will analyse the differences in estimated climate impact for polymetallic
nodules compared to land ores, and what implications this has for decarbonising mining and
metals more broadly.

Metallurgical processing: the universal climate impact hotspot

80 - 85% of the climate impact of deep sea metals is driven by metallurgical processing: the
energy- and fossil fuel-intensive process of turning polymetallic nodules into metal products.
Atthelower end of thisrange, Paulikas et al.'s*® models estimated pyrometallurgical processing
could make up 80% of the global warming potential of polymetallic nodules, while Alvarenga
et al.’s study estimated this figure could be 80 -85% - see Figure 2.

Paulikas et al. .
Polymetallic Nodules
Alvarenga et al. Scenario B .
(high fossil fuel grid)

Alvarenga et al. Scenario A -
(low-carbon grid)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
% of climate impact

m Nodule collection Metallurgical processing Refining

Figure 2: Climate change impact of deep sea mining by production process. (Source: Paulikas et al.
2020 & Alvarenga et al. 2022)
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Fritz et al.'s study did not disaggregate metallurgical processing and refining but highlighted
that these processes combined would constitute 95% of the climate impact of polymetallic
nodules.

For land-based production of nickel, copper, cobalt and ferromanganese, metallurgical
processing is also the biggest contributor to climate change, making up approximately 70
- 85%2¢27.28. 29 of total cradle-to-gate climate impact. The proposed metallurgical processing
of polymetallic nodules is currently similar to that of land ores. This means that climate
impact is less dependent on whether metals come from the deep sea or land and
is more dependent on the properties of processing: mainly the sources of fuel and
electricity used, process efficiency and processing technique.

Therefore, reducing the climate impact of both land and deep sea ores requires technologies
such as electrification with renewable power sources, and the use of low carbon processing
routes and technologies, based on for example hydrometallurgy.
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DEEP SEA MINING COULD BE WORSE FOR THE CLIMATE
THAN LAND ORES

Fritz et al.'s 2023 study®’ found that the climate impact of producing nickel, cobalt, copper and
ferromanganese from polymetallic nodules could be around 25% higher or lower than that of
equivalent terrestrially mined metals. This is the only study that demonstrated that land ores
could have a lower climate impact than deep sea metals and is also the only research that
was not funded or conducted in collaboration with a deep sea mining company.

This research estimated that polymetallic nodules could produce 2.03 kg CO,e/kg dry nodule,
28% higher climate impact than the equivalent metals produced from land ores (1.47 kg
CO,e/kg dry nodule equivalent) as estimated via the lifecycle assessment software ecoinvent
3.7.1 - see Figure 3.
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Figure 3: Climate impact by metal in kg CO,e/kg dry nodule. (Source: Fritz et al. 2023)

In contrast, deep sea metals had 16% lower climate impact than equivalent terrestrial
production based ondatapublished by metalinstitutes(2.43 kg CO,e/kgdry nodule equivalent),
and 27% lower when compared to the studies’ own modelled terrestrial production emissions
(2.78 kg CO,e/kg dry nodule equivalent).

Comparing three different sources of data to calculate land ore emissions highlights a key
issue: estimated greenhouse gas emissions from terrestrial metal production vary hugely,
as explored in the next section. Fritz et al. developed novel climate impact models using
data from real mines: the Kevitsa sulfide nickel project in Finland (producing nickel, copper
and cobalt), the Murrin Murrin nickel-cobalt project in Australia and the Woodie Woodie
ferromanganese project in Australia.

This was compared with generic data for each metal from the ecoinvent database (a key
lifecycle assessment inventory database) and with data from metal commodity associations
(the Nickel Institute®*’, the Cobalt Development Institute®, the International Copper
Association® and the International Manganese Institute3?).
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The climate impact of terrestrial metal production can be affected by the type of deposit,
extraction technologies and techniques and data availability by geography and energy carriers,
to name a few variables.?>*The carbon intensity of the electricity grid has a substantial impact
on the carbon footprint of deep sea and terrestrial metal production. Fritz et al. recalculated
terrestrial and polymetallic nodule production using the Norwegian electricity mix (which has
the lowest carbon intensity in the ecoinvent database at 0.016 kg CO,e/kWh). This reduced
the climate impact of polymetallic nodules by 24% and the terrestrial equivalent by 45% - see
Figure 4.
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Figure 4: Influence of low emissions energy scenario on the climate change impact of terrestrial

and deep sea metals. (Source: Fritz et al. 2023)

Importantly, in this alternative low carbon grid scenario polymetallic nodules have a higher
climate impact (1.55 kg CO,e/kg dry nodules) than land ores (1.52 kg CO,e/kg dry nodules).

How much do emissions estimates for land ores vary?

To highlight the variation in emissions estimates for land ores, Planet Tracker conducted
research into the climate impact of nickel, copper, cobalt and manganese from commodity
associations and academic studies as well as mining companies.

11 relevantacademic or metal commodity association lifecycle assessments were identified for
nickel?” 38 copper3® 4% 41.42 cobalt* 44 and manganese*>#64’ the results of which are summarised
in Figure 5.
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Many studies provided multiple results for different production pathways, ore grades,
product types and electricity sources, and all studies were published from 2016 - 2023.

Manganese

Copper

Nickel

Cobalt

0 5 10 35 20 25 30 35 40 45 50 55 60

kg CO2e/kg metal

Figure 5: A comparison of lifecycle assessments from academic literature and metal commodity

associations.

Figure 5 highlights that climate impact results for manganese and copper were lower than
nickel and cobalt, with an average of 3.7 kg CO,e/kg copper and 5.7 kg CO_,e/kg manganese,
comparedto 13.9 kg CO_e/kg cobalt and 24.9 kg CO,e/kg nickel. This reflects the higher energy
intensity of cobalt and nickel production processes.

The results for manganese and copper were relatively closely distributed, ranging from 0.98
- 7.33 kg CO_e/kg copper and 1.90 - 9.59 kg CO,e/kg manganese. The lower climate impact
results for copper reflect the production of less refined copper products, requiring less energy
and producing lower emissions. The lower climate impact manganese results reflect the use
of higher ore grades which require less energy to refine as well as more extensive use of
renewable energy in metallurgical processing. This highlights the importance of decarbonising
metallurgical processing in reducing the overall climate impact of terrestrial mining.

The climate impact of nickel and cobalt are much more varied, ranging from 7.64 - 59 kg CO, e/
kg nickel and 4 - 28.2 kg CO,e/kg cobalt. The particularly high emissions for nickel are based
on producing nickel matte from nickel pig iron, which requires significantly more electricity
(usually met using coal-fired power plants) than most of today’s typical nickel production.*®
Again, decarbonization through increasing renewable energy use could significantly reduce
the climate impact of this production route.
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Publicly reported greenhouse gas emissions data were collected from eight large mining
companiese for nickel, copper and manganese, from 2016 - 2022, as summarised in Figure 6.
No data was readily available for cobalt, most likely because 98%* of the mineral is produced
as a by-product from large-scale copper and nickel mines.

Manganese ® @ @

Nickel ® o 5.2 @ ® [ )

Copper [ 8

0 5 10 15 20 25 30 35 40
kg CO2e/kg metal

Greenhouse gas emissions scopes @ Scope 1, 2 (market-based) &3 @ Scope 1 &2 (location-based)
Scope 1 &2 (market-based) @ Scope 1,2 (location-based) & 3

Figure 6: A comparison of lifecycle assessments from mining companies.

Company greenhouse gas emissions data shows similar trends to the results of the academic
and commodity association studies. Again, nickel has the broadest range of emissions, from
4.4 - 37.7 kg CO,e/kg nickel, with average emissions across the sample at 18.5 kg CO_e/kg
nickel. Vale's Long Harbour nickel refinery*® in Newfoundland, Canada, provided the lowest
carbon nickel of the sample, produced using hydrometallurgical processing which does not
require energy- and coal-intensive smelting and smokestacks. Once more, this highlights the
need to develop low carbon production technologies, with Vale investing USD 200 million to
transform the facility.’

Company greenhouse gas emissions for copper were also widely distributed, ranging from
1.2 - 24.3 kg CO,e/kg copper, with average emissions of 4.3 kg CO,e/kg copper. The lowest
carbon copper production is reported by BHP>? which has invested heavily in renewable
energy power purchasing agreements to reduce the carbon-intensity of its electricity supply.>3

Company climate impact data for manganese was relatively closely distributed, ranging from

0.045 - 3.2 kg CO,e/kg manganese. The lowest climate impact was for manganese ore, which
did not include downstream processing emissions.

C Copper data was collected from: Codelco, Glencore, Nornickel, Vale and BHP. Nickel data was collected from: Glencore, Nornickel, Vale, BHP

and Eramet. Manganese data was collected from: Vale, South32, Assmang and Eramet.
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DEEP SEA MINING-FUNDED STUDIES HAVE SIGNIFICANT
LIMITATIONS

Paulikasetal.*®published alife cycle assessmentstudy onthe climateimpact of deep seamining
in 2020, funded by deep sea mining company The Metals Company (formerly DeepGreen
Metals) which also provided data and expertise for the research. The study estimated that to
produce 1 billion electric vehicle batteries by 2047, deep sea mining would emit 445 metric
megatons (Mt) of CO.,e, 76% less than the equivalent land ores - see Figure 7. However,
the research has several key limitations, which reduced the estimated CO, emissions for
polymetallic nodule production or increased the estimated emissions for terrestrially mined
metals.
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Figure 7: Total estimated global warming potential for 1 billion electric vehicles by 2047.

(Source: Paulikas et al. 2020).

Not assessing the whole polymetallic nodule

As highlighted earlier in this report, Paulikas et al.'s study only considered the metals used
for nickel-manganese-cobalt (NMC) 811 batteries, excluding 95% of polymetallic nodule’s
manganese content, and the associated climate impact. This is particularly important as
manganese (or ferromanganese) smelting is particularly carbon-intensive, estimated to
contribute 55%° of the overall climate impact of polymetallic nodule production, due to the
use of coal as a reducing agent. It would not be economically feasible to exclude any metal
content from polymetallic nodule production given the cost of deep sea mining.®

Different electricity scenarios for polymetallic nodule and land ore
production

Paulikas et al.'s study also assumed that onshore polymetallic nodule processing electricity
demand would be fully provided by hydropower. As discussed earlier in this report, this is
the most energy-and carbon-intensive phase of the polymetallic nodule production process,
and a zero-carbon energy source therefore significantly reduces the climate footprint of the
metals produced.
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This assumption is countered by The Metals Company’'s own pre-feasibility study of a
commercial scale plant in India,® a country in which hydropower is projected to remain
below 20% of the total electricity mix until 2030.%° Ensuring low carbon electricity sources
for processing polymetallic nodules is feasible, but this is equally true for terrestrial metals
production. Increasing the use of low or zero carbon energy has been identified as key
measure for reducing the carbon footprint of terrestrial metals, but Paulikas et al.'s study did
not consider an equivalent 100% renewable energy-based scenario for land ores.

Alvarenga et al.%" published a comparative life cycle assessment in 2022 funded by Global
Sea Mineral Resources, a company exclusively involved in deep sea mining. This research
addressed some of the limitations of Paulikas et al.'s study by assessing two undisclosed real
country's electricity grid mixes to estimate emissions from polymetallic nodule production.
Scenario A modelled production in a country located 4,010 km from the deep sea mining area
(the Clarion-Clipperton Zone), but with a low carbon electricity grid (85% hydropower, 6%
natural gas, 4% coal and lignite, 2% wind, 3% other). Scenario B modelled a country closer to
the mine site (2,000 km away), but with a more carbon intensive electricity grid (55% natural
gas, 15% hydropower, 13% coal and lignite, 10% oil, 4% nuclear and 3% other).

The study found that the low carbon intensity electricity grid scenario resulted in a lower
overall climate impact (1.371 kg CO,e/kg dry nodule) compared to the higher carbon intensive
electricity grid scenario (1.832 kg CO,e/kg dry nodule) - see Figure 8. The research highlights
the importance of renewable energy in reducing the climate impact of deep sea mining, but
as already stated, the same is true for terrestrial mining.

Scenario B 1.832
(high fossil fuel grid) :
Scenario A
(|OW-Carb0n grld) _ 1’ 371
0 0.5 1

1.5 2 25
kg COze/kg dry nodule

m Polymetallic nodules Copper  m Nickel Cobalt m Ferromanganese

Figure 8: Comparative climate change performance of copper, cobalt, nickel and ferromanganese from
the deep sea and land-based mining systems (all values are in function of one tonne of dry nodules).

(Source: Alvarenga et al., 2022)
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Novel processing techniques for polymetallic nodules

Beyond decarbonising electricity supply, another decarbonisation route for metals processing
is the development of processing routes and techniques that reduce or remove the need for
coal as a reducing agent. Alvarenga et al.'s study found that the climate impact of metals
sourced from polymetallicnodules could be 16 -38% lower than their land-based counterparts,
based on the use of a novel lower-carbon hydrometallurgical refining process - see Figure 8
above. However, as highlighted earlier in this report, hydrometallurgical processing is being
developed as a major decarbonisation lever in terrestrial metal production, for example at
Vale's Long Harbour nickel refinery®? in Newfoundland, Canada. However, this study does not
consider an equivalent hydrometallurgical processing route for land ores.

Estimating the impact of terrestrial mining on carbon sequestration

Terrestrial mining can impact carbon stocks and sequestration services in two key ways:

1) carbon is released when soil and vegetation is removed to develop mines and supporting
infrastructure and;

2) pollution from mining can damage surrounding habitats, releasing carbon and impacting
their future ability to sequester carbon.

No published estimates have been found of terrestrial mining's impact on carbon stocks and
sequestration, so Paulikas et al.'s study represents a novel attempt to estimate this.

Paulikas et al. estimated that 2.53 metric gigatonnes (Gt) of stored carbon could be at risk of
being released from terrestrial mining of copper, cobalt, nickel and manganese required to
produce 1 billion electric vehicle batteries by 2047.

This is the equivalent to 9.3 metric Gt CO, when exposure to air, oxidation and microbial
metabolism are taken into account. The study also estimates that 0.56 metric Gt of carbon,
or 2.1 metric Gt of CO, could have been sequestered over 100 years had terrestrial mining
not occurred.

Itis not possible to fully evaluate Paulikas et al.'s estimates for carbon stocks and sequestration
services at risk, as there is not a detailed enough breakdown of assumptions and calculations.
However, calculating the unweighted climate impact of terrestrial metals that Paulika’s et al. used
to calculate a comparable climate impact to polymetallic nodules (based on the price of metals)
gives an indication of how this has impacted the study results. The estimated climate impact of
carbon stocks and sequestration at risk from terrestrial mining contribute a significantly higher
unweighted climate impact than the two other comparable studies - see Figure 9.
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Figure 9: Comparison of the unweighted climate impact of terrestrial metals from studies on the climate

impact of deep sea mining. (Source: Paulikas et al., 2020; Alvarenga et al., 2022 and; Fritz et al., 2023)

The unknown impact on ocean carbon sequestration

Marine sediments are estimated to be the largest pool of sediment/soil carbon stocks in the
world and are an important part of the global carbon cycle.®®* Marine sediments currently
store an estimated 2,322 Gt of carbon in the top 1m of sediments®, 1.75 times greater than
the top 1 metre of terrestrial soils.®> 79% of ocean sediment carbon is estimated to be stored
in abyssal plains or basin zones, such as the Clarion-Clipperton Zone.%® Although less than 1%
of gross primary production? on Earth makes it to the seafloor®” % organic carbon buried in
ocean sediments can be stored there for thousands to millions of years, if left undisturbed.57°
However, deep sea mining could make these once semi-permanent carbon stocks vulnerable
to remineralization, the process via which they could re-enter the atmosphere and exacerbate
future climate change.

d The amount of chemical energy, typically expressed as carbon biomass, that primary producers like plants, algae and bacteria create in a given
amount of time.
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Mining polymetallic nodules could impact carbon sequestration in several key ways:

1) stored carbon could be released from seabed sediment disturbed during nodule collection;

2) carbon sequestration services (on the seabed and in the water column) could be disrupted
during nodule collection and;

3) dissolved carbon could be released from riser water brought up from the deep sea

Aswithland ores, no published estimates of deep sea mining’'s impact on carbon sequestration
were found, so Paulikas et al.'s study represents a novel attempt to estimate the current and
future impact of mining on carbon stocks and sequestration.

Disturbing deep sea carbon stocks and sequestration services

Deep sea mining machinery is expected to compact, remove and redeposit sea floor sediment,
creating sediment plumes which could spread hundreds to thousands of kilometers in the
water column.” This could result in an estimated 172.5 tonnes of carbon being disturbed
every year for every km? mined.”?

Only 13.9 kg of carbon per km? is sequestered every year in the Clarion-Clipperton Zone,”

which is 0.00804%¢ of the quantity of seafloor carbon disturbed by collector vehicles per year
- see Table 1.

Table 1: Comparing the carbon sequestered in the seabed versus the sediment plume.

I Source / Comments

Quantity of seafloor carbon disturbed by collector 172.5 Based on Orcutt et al., 2020.7*
vehicles (tonnes of carbon per km2 per year)

Average carbon sequestered in the seabed in the 0.0139 Based onYu et al., 2023.7°

CCZ (tonnes per km? per year)

Average carbon sequestered as a % of carbon 0.008% Based on the two numbers
disturbed above.

Proportion of carbon in benthic plume estimated 92-99% Based on Paulikas et al., 20207°
to settle back onto the seafloor and Mufoz-Royo et al., 2022.”

However, it is not known how much of this carbon could be remineralised by microbes and
make its way into the atmosphere. Due to the geological time scale of deep sea ocean currents
it could take decades to hundreds of years for sediment plumes from deep sea mining to
make it to the surface.” The organic matter in which carbon in stored in marine sediments
is also highly processed, making it unlikely to be released via microbial remineralization.”

Based on a 2021 field study, researchers at MIT estimated that 92 - 98% of the sediment
plume would either settle back down or remain within two meters of the seafloor after
several hours, with no indication of the proportion that could settle back down over a
longer time period.8® Paulikas et al.'s study claimed that “99% of the suspended material
would resettle back to the bottom within one-two months and 1 - 100km”, referencing a
2017 study by Jones et al.,®but this assertation or any such similar statement is not present
in Jones et al.'s study, which was confirmed in writing by its lead author.2?

13.9kg vs 172.5 tonnes
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Deep sea mining sediment plumes could affect carbon sequestration in
ocean waters

A deep sea mining vessel could release up to 120,000 tonnes of sediment into the ocean’s
water column per year,®#which could increase water turbidity (cloudiness). If released in
the sunlit zone where phytoplankton live, this could reduce light penetration, lowering
photosynthesis rate which ultimately impacts carbon sequestration in the waters above the
Clarion-Clipperton Zone - see Figure 10.
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Figure 10: Mole concentration of phytoplankton by column depth and by month in the area of

the Clarion-Clipperton Zone where deep-sea mining may occur, expressed as carbon in sea water
across the water, in mmol/m? (Source: Planet Tracker, based on Copernicus and ISA Data).

Even if the sediment plume is released deeper than the sunlit zone (which seems to be

the planned approach of e.g. The Metals Company, bar any accident), it could still impact
carbon sequestration as sediment particles could interfere with the slow vertical flux of
carbon-rich material.® Polymetallic nodule mining in particular produces sediment plumes
which can spread especially far® due to the fine natural sediment on the abyssal sea floor,
with particles typically less than 10pm in diameter.® It is expected to take around 1 year for
a 10pm particle to settle 3,000m in depth and travel thousands of kilometres laterally.?’
While the severity of this impact is not yet known, it is of concern for many scientists.2®

Disrupting polymetallic nodules’ carbon sequestration services

Current research indicates that the fauna in polymetallic nodule regions play an important
role in carbon cycling, storage and fixation, although the mechanics of this are not well
understood.?*9%9192 Qver half of the species living in the Pacific abyssal plains depend on
nodules to exist,*® so deep sea mining is likely to impact these carbon services by removing
nodules. The effect of these carbon services has not yet been quantified, but considering
nodules take tens of millions of years to form,* the loss of these ecosystem and carbon cycle
services caused by deep sea mining would essentially be permanent.
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CONCLUSIONS

This report has found that the results of current studies comparing the climate impact of
deep sea and terrestrial mining vary hugely, estimating that polymetallic nodules could have
a higher or lower climate impact than land ores. Such a variation in results is not an acceptable
basis for making decisions about the future of deep sea mining.

Over 70% of greenhouse gas emissions for both land ores and polymetallic nodules come
from energy and fossil fuel-intensive metallurgical processing. The proposed metallurgical
processing of nodules is currently similar to that of land ores. Consequently, the severity of
climate impact is less dependent on whether ores come from the deep sea or land and is
more dependent on the properties of processing: mainly the sources of fuel and electricity
used, process efficiency and technique.

Therefore, reducing the climate impact of both land and deep sea ores requires investmentin
technologies such as electrification with renewable power sources, lower-carbon processing
routes, such as hydrometallurgy, which remove or reduce the use of fossil fuels.

There is also a risk that deep sea mining could transform the Clarion-Clipperton Zone from
a carbon sink to a carbon source by disturbing carbon contained in sediments. Sediment
plumes caused by mining machinery could impact carbon sequestration services taking place
in ocean waters by blocking sunlight and reducing photosynthesis. By removing nodules and
the fauna which depend on them, deep sea mining could also effectively permanently remove
the carbon sequestration services associated with fauna.

CALL TO ACTION

Deep sea mining would have a significant climate impact and could expose financial
institutions to significant policy, regulatory and reputational risks.

Financial institutions should therefore support a moratorium on deep
sea mining.

Instead of investing in deep sea mining, financial institutions could support the
decarbonisation of terrestrial mining and metals production. Opportunities to support
a blue economy include: seafood traceability,’ greater efficiency of marine
protected areas,t a blue recovery bond to reverse overfishing," greater monitoring
of fishing fleets,' sustainable feeds for aquaculture, regenerative aquaculturek or
greater recycling of shipping and fishing vessels.!

See Planet Tracker’s report: How to Trace USD 600 Billion.

See Planet Tracker's report: Rewarding Conservation Efficiency in Marine Protected Areas.
See Planet Tracker's report: Can Blue Bonds Finance a Fish Recovery?

See Planet Tracker's report: Bonding with Observers.

See Planet Tracker’s report: Bonds for Ponds.

x'— — T oa -

See Planet Tracker's report: Avoiding Aquafailure.
| See Planet Tracker’s blog: Beached, not Stranded.



https://www.noseabedmining.org/
https://www.noseabedmining.org/
https://planet-tracker.org/wp-content/uploads/2022/09/How-to-Trace-USD600-billion.pdf
https://planet-tracker.org/wp-content/uploads/2022/03/2022_02_28_IUCN_Green_List_Bond_for_MPAs_Presentation.pdf
https://planet-tracker.org/wp-content/uploads/2021/11/Ocean-Recovery.pdf
https://planet-tracker.org/wp-content/uploads/2021/07/Observers-Briefing-Paper.pdf
https://planet-tracker.org/wp-content/uploads/2021/08/1.BondsforPonds.pdf
https://planet-tracker.org/aquafailure/
https://planet-tracker.org/beached-not-stranded/
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