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AI and Ocean Degradation

Submerged Data Centers
• Underwater server farms are being deployed to reduce land use and visual impact.
• These facilities use ocean water for cooling, but generate localized heat plumes that alter 

ocean temperature and stratification.

Thermal Fallout: Ocean Heat Dumping
• Heat envelopes from submerged centers raise local seawater temperatures by 1.5-3°C, with 

effects measurable over 500 meters.
• In low-circulation areas (fjords, bays), heat persists, causing thermal layering and disrupting 

marine life processes like larval dispersal and phytoplankton succession.
• Coral bleaching risk increases due to repeated exposure to heat pulses (“thermal memory”).

Ecological Disruptions
• Artificial heat destabilizes local thermoclines, reducing oxygen and nutrient movement.
• Suppressed phytoplankton productivity and altered zooplankton/fish recruitment cycles 

observed near data centers in the Mediterranean, Yellow Sea, and Gulf of Mexico.
• Risk of regional deoxygenation and creation of new marine dead zones in infrastructure-dense 

corridors.

Mitigation and Regulatory Challenges
• Passive cooling (thermal fins, diffusion grates) is often inadequate in low-current zones.
• Active cooling (pumped circulation, thermoelectric exchangers) increases power use and may 

harm marine life (via noise, brine discharge).
• EU proposed mandatory environmental impact assessments and thermal plume modeling 

(June 2025), but global regulations are lacking.
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AI in Oceans
• Positive: AI tools help monitor illegal fishing, coral health, and 

marine mammal migrations (e.g., Global Fishing Watch, CoralNet, 
smart buoys).

• Negative: These tools require large compute clusters, increasing 
infrastructure-driven ocean stress.

Wider Infrastructure Impacts
• Over 600 U.S. hyperscale data centers are near estuaries/reefs, 

causing habitat salinization and temperature rise.
• Aquifer withdrawals and heated discharge disrupt coastal 

ecosystems, especially in California, Florida, Gulf Coast.
• Both coastal and submerged centers can trigger coral bleaching, 

harmful algal blooms, and fish larvae declines.

Submerged Data Infrastructure
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Global Cable Expansion and Ecological Hotspots
• 1.3 million km of active submarine cables (2025), with 400,000 km added for AI infrastructure.
• Routes increasingly cross coral reefs, hydrothermal vents, and cold seeps,
• disrupting fragile ecosystems.

Seabed Scarring from Installation
• Mechanical plowing/jetting buries cables 2m deep, creating:
◦ 1 km sediment plumes reducing benthic fauna for 18+ months.
◦ 60% biomass decline in trench zones (e.g., Clarion-Clipperton Zone).

• Hydrothermal vent communities near cables show 40% population drops in shrimp/tube 
worms.

Acoustic and Electromagnetic Pollution
• 120,000 repeaters emit low-frequency EMFs and mid-frequency noise, causing:
◦ Blue whale migration shifts (20 km detours).
◦ Disoriented diving in sea turtles and elevated cortisol in dolphins.

• Repair ships exacerbate noise, disrupting squid communication and fish behavior.

Habitat Fragmentation and Disease
• Coral reefs: 35% mortality spike near trenches (Gulf of Thailand); 

3× disease rates within 1.5 km.
• Seagrass: 50% coverage loss in high-current zones (Andaman 

Sea).
• Hydrothermal vents: Species extinction risks due to cable 

intersections (IUCN 2025 Red List).

Regulatory Gaps
• 88% of projects lack ecological assessments; no UN treaty 

mandates disclosure.
• “Blue infrastructure” insurance pilots (e.g., Lloyd’s) emerging but 

face adoption barriers.
• Burying cables reduces EMFs but causes seabed disturbance; 

rapid recolonization possible in stable areas.

Submarine Fiber-Optic Cables 
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Rapid Growth of Offshore Energy for AI
• AI compute demand is driving a major expansion of offshore wind farms, tidal energy arrays, 

and floating nuclear platforms to power submerged and coastal data centers.
• As of June 2025:
• 35+ GW of offshore wind capacity directly contracted to AI data centers (North Sea, South 

China Sea, U.S. Atlantic).
• Tidal arrays piloted in Bay of Fundy, Strait of Gibraltar, Seto Inland Sea (often with AI-powered 

energy balancing).
• Floating nuclear stations off Japan and Norway supply up to 1.2 GW, but lack 

decommissioning and radiation response protocols.

Ecological and Social Impacts
• Offshore energy sites increasingly overlap with biodiversity hotspots and fisheries:
• North Sea wind farms disrupt cod and herring migration, reducing fishery yields by 8-12%.
• Tidal-AI hybrids in Gibraltar impact bluefin tuna breeding and dolphin calving.
• South China Sea installations have displaced 10,000+ artisanal fishers and fueled EEZ 

disputes.
• Battery storage and maintenance ports cause:
• Toxic gas releases (e.g., 2025 lithium-ion fire in Norway), prompting new EU safety guidelines.
• Localized seagrass loss and sedimentation from dredging and increased port traffic (Spain, 

Vietnam, Texas).

Governance and Planning Gaps
• No standardized global Marine Spatial Planning (MSP) for digital infrastructure.
• Overlapping jurisdictions (EEZs, transboundary ecosystems, cable corridors) create regulatory 

conflicts.
• UN’s 2025 Ocean Governance Review calls for binding MSP, but implementation is voluntary.
• Few national frameworks require cumulative ecological impact assessments for offshore 

digital infrastructure.

Infrastructure Hazards and Ocean Contamination
• Marine battery arrays and submerged super-capacitors pose 

contamination risks:
• Battery leaks (North Sea, Bohai Gulf, Gulf of Mexico) caused fish 

kills and benthic mortality within 2 km.
• Toxic electrolytes (lithium, cobalt) enter food webs, increasing 

shellfish mortality by 35%.
• Trace metals (lithium, chromium, nickel) from infrastructure 

accumulate in marine life, exceeding EU safety limits.
• Decommissioned platforms often leave hazardous debris; no legal 

mandate for seabed cleanup in international waters.

Offshore AI Power Systems and Energy Infrastructure
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Energy Return on Investment (EROI) and Ecological Tradeoffs
• Offshore wind EROI: 15:1-25:1 ideally, but drops to 10:1 when including full lifecycle costs.
• Tidal arrays: Up to 12% annual fish mortality, disrupt sediment/zooplankton/nutrient cycles.
• Bay of Fundy: 20% phytoplankton reduction from altered currents.
• Floating nuclear: No validated marine radiation dispersion models; risk scenarios insufficiently 

modeled.
• Major cloud providers do not account for oceanic impacts in energy or ESG reporting.

Lifecycle Toxicity: Raw Materials and Manufacturing
• AI hardware relies on nickel, cobalt, rare earths (sourced from both deep-sea mining and 

terrestrial smelting).
• Deep-sea mining (CCZ):
• 14 pilot systems active (June 2025), despite ISA pause.
• 70% drop in megafauna within 1 km of collector tracks; 20% reduction in microbial carbon 

fixation.
• Several endemic species face extinction risk.
• Terrestrial smelting (China, DRC, Indonesia): Acid tailings and heavy metals cause mangrove 

dieback, fishery collapse, and toxic sediment in rivers.

Toxic AI Hardware Production
• AI chip manufacturing releases PFAS, arsenic, phosphorus, solvents.
• Wastewater from fabs (Malaysia, Taiwan) linked to 60% shellfish stock declines, intersex fish, 

and multi-drug-resistant bacteria in marine zones.
• PFAS contamination in aquifers leads to seafood export bans.

• E-Waste Fallout and Ocean Contamination
• AI hardware turnover is rapid; only 18% of global e-waste is recycled.
• E-waste exported to Ghana, Nigeria, India; informal processing releases mercury, lead, 

cadmium into rivers and coasts.
• Cadmium in Lagos Lagoon oysters exceeds FAO limits by 2.5x; mercury in West African tuna 

triggers WHO advisories.
• No binding export controls or marine-specific standards for AI e-waste; corporate ESG reports 

do not distinguish AI hardware impacts.

Offshore AI Power Systems and Energy Infrastructure
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Toxic Materials in AI Hardware
• AI chipsets, PCBs, and data units require hazardous materials that pose severe risks to 

aquatic ecosystems and human health.
• Toxins enter water systems during mining, manufacturing, and disposal, persisting and 

accumulating in marine life.

Contaminants andTheir Impacts
• Gallium Arsenide:
◦ Highly toxic, probable human carcinogen (EPA).
◦ Bioaccumulates in filter feeders (e.g., mussels in Bohai Gulf exceed EU safety limits by 60%).
◦ Causes cellular damage and suppressed reproduction in marine organisms.

• Cobalt: 
◦ Found in groundwater near semiconductor hubs (Penang, Malaysia; Arizona) above WHO 

guidelines.
◦ Leads to heart toxicity in fish and amphibians; detected in estuarine discharge zones.

• Tantalum:
◦ Mining in Central Africa releases cytotoxic particulates.
◦ Runoff into Lake Kivu causes bioaccumulation and increased cancer risk in local 

populations.
• Lead-based Solders:
◦ Persist in marine sediments, accumulate in benthic fish and mussels (Taiwan’s Hsinchu 

Science Park: 4× EU lead limit).
◦ Cause reproductive toxicity and increasing lead stratification in estuaries.

Industrial Emissions and Chemical Risks
• Chip manufacturing emits PFAS, arsenic, and solvents into rivers near coral habitats (Taiwan, 

Malaysia).
• PFAS detected in 90%+ of semiconductor wastewater globally; South Korea/China aquaculture 

ponds up to 7× WHO limits.
• VOCs (acetone, toluene, xylene) cause liver lesions in fish and endocrine disruption in 

amphibians.
• Export bans on contaminated seafood (e.g., Pearl River Delta shrimp, shellfish).

Toxicology of AI Hardware and Component Manufacturing
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Bioaccumulation and Human Health
• Toxins persist in shellfish, entering marine predators and humans.
• Blood tests show elevated PFAS and arsenic in workers/residents near major fabs.
• 22% rise in birth defects and developmental issues in high-exposure communities (Taiwan, 

Guangdong, 2025).

Environmental Metrics 
• WUE (Water Usage Effectiveness):
• Hyperscale AI facilities: WUE 1.3-1.8; LLM training uses 180,000-250,000 gallons/session.
• Arid region facilities worsen aquifer depletion.
• TWEI (Toxicity-Weighted E-Waste Index):
• Server motherboards: 8× higher toxic burden than smartphones.
• Gallium arsenide and PFAS in chips/boards are most hazardous.
• OCSDR (Ocean Carbon Sink Depletion Rate):
• Planktonic respiration down 18% near East China Sea data hubs.
• Early coral bleaching in AI cooling plume zones.

Spatial and Modeling Tools
• OpenLCA, SimaPro: Track full lifecycle emissions, toxicity, and waste.
• GHG Protocol (Scope 3+): Maps mineral sourcing/disposal, including marine impacts.
• Satellite and blockchain tools monitor aquifer depletion and e-waste trafficking.

Financial and Regulatory Integration
• Oceanic impacts now factored into ROI, CapEx, and ESG models.
• Firms with poor WUE/high TWEI face higher financing costs.
• South Korea, Netherlands include marine degradation in national savings calculations.
• Insurance and investment products increasingly use OCSDR and TWEI scores.

Toxicology of AI Hardware and Component Manufacturing
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Plastic Fallout from AI Hardware Production and Shipping
• AI hardware logistics rely heavily on plastic packaging: bubble wrap, foams, anti-static films, 

and shrink wrap.
• During ocean shipping and at ports, these plastics degrade or are improperly disposed, 

introducing microplastics (HDPE, polystyrene, expanded foams) into marine environments.
• Abrasion from shipping containers and cable reels further releases plastic fragments into the 

sea.
• From 2022-2025, microplastic concentrations at major tech ports (Busan, Singapore, Los 

Angeles, Tema) increased by 32%.
• Near AI logistics hubs, sediment analysis found over 2,500 polymer fragments per square 

meter; >70% of reef fish in affected shipping corridors now ingest plastics.

Ports as Contamination Nodes in the Global South
• Ports in Ghana, Sri Lanka, and Vietnam are major redistribution and informal e-waste 

processing hubs but lack effective containment and filtration infrastructure.
• AI-related cargo through these ports has tripled since 2020, but investment in waste 

infrastructure is under 20% of recommended levels.
• Estuaries near Chennai and Lagos exceed WHO food safety thresholds for synthetic fibers in 

shellfish, with declining harvests and increased disease.
• UNEP’s 2025 watchlist identifies these regions as marine pollution priorities due to 

polymer-linked ecological harm.

Microplastic Accumulation and Marine Impacts
• Microplastic sedimentation has doubled in key ocean basins since 2021, especially near AI 

hardware shipping routes.
• Common polymers: PET, polypropylene, polyimide (used in AI cable insulation and chips).
• Coral polyps and filter feeders near these zones show metabolic suppression, impaired 

reproduction, and higher disease rates.
• Reef recovery is hindered not just by temperature but also by synthetic particle load; 

bioaccumulation of plastics and attached toxins affects multiple trophic levels.

Microplastics, AI Logistics and Ocean Contamination
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Mitigation Technologies and Design Innovations
• Data Center Design Improvements:
◦ Immersion cooling reduces water use by 90% and eliminates runoff.
◦ Closed-loop seawater cooling and district heating reuse (e.g., Stockholm) cut marine 

discharge and plastic piping use.
• Circular Economy Interventions:
◦ Biodegradable algae-based substrates for hardware components reduce marine leachate 

risk.
◦ Refurbishment programs (Japan, UK) double server lifespan, halving shipping and packaging 

waste.
◦ Modular server designs allow upgrades without full replacement, reducing plastic output.
◦ Despite advances, only 18% of global AI hardware waste was recycled in 2024.

• AI for AI Efficiency:
◦ Predictive cooling and smart grid scheduling cut energy and hardware turnover, lowering 

e-waste and plastic packaging.
◦ Logistics optimization reduces redundant shipments and packaging, shrinking the marine 

plastic footprint.

AI in Microplastic Detection and Cleanup
• AI enhances detection and mapping of microplastics using satellite, sensor, and lab data, 

achieving up to 95% accuracy.
• Predictive AI models track microplastic movement, enabling targeted cleanup and proactive 

response to pollution events.
• AI-powered cleanup tech has boosted ocean plastic collection efficiency by over 60% in recent 

studies.

Microplastics, AI Logistics and Ocean Contamination
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Offshore E-Waste Dumping 
• Rapid AI infrastructure turnover leads to mass export of obsolete hardware to countries with 

weak environmental controls.
• The Global South (e.g., Ghana, Pakistan, Indonesia) becomes a dumping ground for server 

waste and toxic informal recycling under the guise of “repairable electronics.”
• In Ghana’s Agbogbloshie scrapyard, over 70% of “reusable” AI hardware was found irreparable 

in 2025, violating Basel Convention rules.
• Open-air disassembly exposes workers and local environments to cadmium, lithium, lead, and 

flame retardants, contaminating estuaries and food chains.
• Rivers near informal recycling sites (e.g., Ciliwung, Indonesia) show cadmium levels 2-3× FAO 

toxicity thresholds in shellfish.
• WHO monitoring in 2025 found elevated mercury and lead in children and workers, with spikes 

in thyroid disorders, respiratory issues, and early-onset cancer clusters.

Legal Loopholes and Systemic Failures
• International treaties like the Basel Convention fail to prevent toxic AI waste exports due to 

enforcement gaps and loopholes.
• Firms misclassify waste as donations or repairables, rerouting through intermediaries to avoid 

scrutiny.
• 2025 inspections at West African ports found 70% of “functional” AI hardware was actually 

scrap, with no enforcement action.
• Port authorities lack forensic tools, relying on unverifiable paperwork and “green” 

certifications.
• Blockchain traceability pilots (Japan, EU) aim to improve accountability, but rerouting and lack 

of capacity in developing states remain major barriers.

Environmental Sacrifice Zones and Digital Inequity
• The Global South provides labor, water, and land for disassembly 

and hosting, but receives little economic benefit.
• Floating and off-grid data centers are sited near low-enforcement 

zones or outside national jurisdictions, bypassing regulation.
• Public health studies in Lagos and Accra (2025) show higher rates 

of endocrine disruption and child neurological impairment near 
e-waste zones.

• Communities downstream of AI infrastructure have lowered life 
expectancy and increased aquifer contamination.

• Submerged AI facilities near developing coasts cause biodiversity 
loss, reef bleaching, and pollutant stress.

• Data generated in the Global South is monetized and stored in the 
North, while toxic waste and environmental burden remain local.

Regulatory Blind Spots and Governance Gaps
• Ocean-based AI infrastructure exists in legal limbo, outside clear 

jurisdiction of UNCLOS, national laws, or telecom statutes.
• No binding global requirements for impact assessments of 

offshore digital systems as of June 2025.
• Developers engage in “jurisdiction shopping” to avoid oversight 

and liability.
• The UN’s 2025 Ocean Governance Review recommended binding 

EIAs for marine compute infrastructure, but compliance is 
voluntary.

• ISO 14092 is being revised to address oceanic infrastructure risks, 
but adoption is limited.

Global South Burden and Regulatory Arbitrage

9



AI and Ocean Degradation

Insurance and Legal Exposure
• Insurance markets do not price risks from marine and nearshore AI infrastructure (e.g., 

corrosion, battery rupture, rare-earth leakage).
• No standard underwriting models for submerged AI server failure or ecological fallout.
• Only pilot frameworks (Lloyd’s, Swiss Re) exist for marine digital asset damage; most firms 

avoid coverage obligations due to legal opacity.

Disclosure Gaps and ESG Distortion
• AI firms receive inflated ESG scores because marine degradation, toxic discharge, and 

freshwater depletion are excluded from standard metrics.
• ESG frameworks focus on energy/carbon, omitting water use, PFAS, and microplastic fallout.
• Shareholder resolutions in 2025 targeted major tech firms for omitting water and toxicity 

disclosures.
• S&P found tech firms with poor water transparency face 22% higher green bond costs.
• Investors are pushing for inclusion of TWEI (Toxicity-Weighted E-Waste Index) and OCSDR 

(Ocean Carbon Sink Depletion Rate) in ESG reporting; procurement algorithms now flag firms 
operating in e-waste sacrifice zones as high-risk.

Global South Burden and Regulatory Arbitrage
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Inflated ESG Ratings and Disclosure Failures
• Many AI firms receive top ESG scores despite significant ecological impacts (thermal 

pollution, microplastics, toxic e-waste, water depletion) due to flaws in disclosure and rating 
frameworks.

• Most ESG systems use single materiality, focusing on risks to the firm (like climate or labor) 
but ignoring risks caused by the firm, especially marine degradation and toxic runoff.

• Self-reported disclosures emphasize carbon and diversity, omitting freshwater use, e-waste, 
and heat discharge.

• In 2025, firms with ongoing PFAS discharges or e-waste exports to Southeast Asia and West 
Africa still held AAA ESG ratings, as marine impacts are not factored into ESG algorithms.

• Audit of MSCI and Sustainalytics: Over 60% of AI firms with high marine/waste toxicity scored 
above industry average, masking real-world harm.

Lifecycle, Marine, and E-Waste Blind Spots
• ESG scoring rarely accounts for the full lifecycle of AI hardware, from mineral extraction to 

disposal.
• Focus remains on Scope 1 and 2 emissions (direct and purchased energy), while Scope 3+ 

impacts (embedded toxicity, offshore e-waste, water depletion) are ignored.
• A single hyperscale AI training run emits over 1.2 million kg CO₂-equivalent and uses 

200,000-250,000 gallons of water (figures absent from most ESG reports).
• Metrics like TWEI (Toxicity-Weighted E-Waste Index) and OCSDR (Ocean Carbon Sink 

Depletion Rate) are not required in U.S. SEC guidance.
• Irreversible marine damage (e.g., reef destruction, aquifer stress) is unreported, shielding 

AI-linked planetary harm from scrutiny.

Misalignment with Sustainable Development Goals (SDGs)
• Tech firms claim alignment with SDGs (especially SDG 9 and 13), but often undermine SDG 

14.1 (Life Below Water) through marine pollution and habitat damage.
• “SDG-positive” ESG portfolios still include companies linked to deep-sea mining, 

PFAS-contaminated fabs, and plastic fiber dispersal.
• UNEP (2025) flagged “false SDG alignment” as a reputational and investment risk, citing lack 

of site-level marine impact metrics.

Reform Pathways and Disclosure Corrections
• The shift to double materiality is advancing in the EU, ASEAN, and 

New Zealand, requiring disclosure of both financial and ecological 
risks.

• New ESG frameworks are integrating TWEI and OCSDR to account 
for toxicity and ocean degradation per unit of infrastructure.

• France and Germany are piloting import restrictions on AI 
hardware lacking traceable mineral sourcing or certified waste 
disposal.

• South Korea and New Zealand offer tax credits for firms with low 
WUE (Water Usage Effectiveness) and TWEI.

• The UN is negotiating a binding Ocean-Safe Digital Infrastructure 
Protocol for mandatory marine disclosures on offshore tech 
assets.

Finance and Market Leverage
• Green bond eligibility now favors circular waste flows, marine-safe 

cooling, and closed-loop water reuse.
• Credit rating agencies are testing models that downgrade 

countries hosting marine-toxic tech infrastructure without 
mitigation.

• High TWEI or OCSDR scores can restrict access to green bonds 
and sustainability-linked loans.

• S&P (2025): AI firms lacking comprehensive water/waste 
disclosures face a 22% higher cost of capital in green bond 
markets.

Greenwashing in the AI Sector and Market Transformation
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Corporate Verification Tools and Real-Time Monitoring
• Leading firms are piloting “ocean-friendly” programs: closed-loop cooling, thermal discharge 

modeling, and biodiversity-linked financing.
• Planetary dashboards overlay AI infrastructure with coral reef zones, aquifer maps, and 

fisheries collapse indicators.
• Blockchain tools (e.g., CircuChain, OceanLedger) trace mineral sourcing and waste streams 

for transparency.
• Satellite thermal anomaly systems (ESA, NOAA, NASA) now monitor offshore compute 

platforms for unreported discharges and marine zone breaches.
• Firms unable to credibly track/report their marine footprint face escalating penalties, public 

backlash, and exclusion from sustainability investment pools.

Greenwashing in the AI Sector and Market Transformation

12


