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© 2025 Chevron 2How the Internet Travels Across Oceans - The New York Times

750.000 miles

https://www.nytimes.com/interactive/2019/03/10/technology/internet-cables-oceans.html
https://www.nytimes.com/interactive/2019/03/10/technology/internet-cables-oceans.html
https://www.nytimes.com/interactive/2019/03/10/technology/internet-cables-oceans.html





© 2025 Chevron 3What Is a Data Center? - Cisco

Data Centers - Introduction

https://www.cisco.com/c/en/us/solutions/data-center-virtualization/what-is-a-data-center.html#:%7E:text=At%20its%20simplest%2C%20a%20data,%2C%20and%20application%2Ddelivery%20controllers.
https://www.cisco.com/c/en/us/solutions/data-center-virtualization/what-is-a-data-center.html#:%7E:text=At%20its%20simplest%2C%20a%20data,%2C%20and%20application%2Ddelivery%20controllers.
https://www.cisco.com/c/en/us/solutions/data-center-virtualization/what-is-a-data-center.html#:%7E:text=At%20its%20simplest%2C%20a%20data,%2C%20and%20application%2Ddelivery%20controllers.
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Data Centers – Interesting Figures

215 Data Center Stats (June-2025)

https://brightlio.com/data-center-stats/
https://brightlio.com/data-center-stats/
https://brightlio.com/data-center-stats/
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Data Centers – AI Example

ChatGPT Energy Consumption Visualized - BEUK

https://www.businessenergyuk.com/knowledge-hub/chatgpt-energy-consumption-visualized/
https://www.businessenergyuk.com/knowledge-hub/chatgpt-energy-consumption-visualized/
https://www.businessenergyuk.com/knowledge-hub/chatgpt-energy-consumption-visualized/
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Data Centers – Basic Water/Air Cooled Design

How to Build an AI Data Center - by Brian PotterA crescente densidade computacional nos racks do data center: o impacto da IA - CryptoID

https://www.construction-physics.com/p/how-to-build-an-ai-data-center
https://www.construction-physics.com/p/how-to-build-an-ai-data-center
https://www.construction-physics.com/p/how-to-build-an-ai-data-center
https://cryptoid.com.br/criptografia-identificacao-digital-id-biometria/a-crescente-densidade-computacional-nos-racks-do-data-center-o-impacto-da-ia/
https://cryptoid.com.br/criptografia-identificacao-digital-id-biometria/a-crescente-densidade-computacional-nos-racks-do-data-center-o-impacto-da-ia/
https://cryptoid.com.br/criptografia-identificacao-digital-id-biometria/a-crescente-densidade-computacional-nos-racks-do-data-center-o-impacto-da-ia/
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Data Centers – Cooling Methods

Data Centre Cooling and its CFD Modeling · CFD Flow Engineering

Full Immersion

Liquid cooled chip

Air cooled

Cryogenic cooled chip

https://cfdflowengineering.com/data-centre-cooling-and-its-cfd-modeling/
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Data Centers – Comparison

Air Cooled

Mechanism:
Uses fans to push air over components, transferring heat to the air, which 
is then expelled from the system. 
Efficiency:
Generally, less efficient than liquid cooling, requiring more energy to 
maintain desired temperatures, especially in high-density environments. 
Density:
Limited by the ability of air to dissipate heat, resulting in lower computing 
density. 
Cost:
Typically, lower upfront cost but potentially higher long-term operating 
costs due to energy consumption. 

Immersion Cooling

Mechanism:
Submerges components in a dielectric liquid that directly absorbs heat, 
which is then circulated to a heat exchanger for cooling. 
Efficiency:
Highly efficient, with dielectric liquids having a much higher heat capacity 
than air, allowing for more effective heat dissipation and reduced energy 
consumption. 
Density:
Enables higher computing density due to the superior heat dissipation of 
liquids, allowing for closer component spacing. 
Cost:
Can have a higher upfront cost but potentially lower long-term operating 
costs due to reduced energy consumption and potentially lower 
maintenance costs. 

Data Center Cooling Systems - Benefits, Differences and Comparisons - Park Place Technologies

https://www.parkplacetechnologies.com/blog/data-center-cooling-systems-benefits-comparisons/
https://www.parkplacetechnologies.com/blog/data-center-cooling-systems-benefits-comparisons/
https://www.parkplacetechnologies.com/blog/data-center-cooling-systems-benefits-comparisons/
https://www.parkplacetechnologies.com/blog/data-center-cooling-systems-benefits-comparisons/
https://www.parkplacetechnologies.com/blog/data-center-cooling-systems-benefits-comparisons/
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Data Centers - Comparison

Data Center Cooling Systems - Benefits, Differences and Comparisons - Park Place Technologies

61% savings in cooling power
Less space required for the same computing

https://www.parkplacetechnologies.com/blog/data-center-cooling-systems-benefits-comparisons/
https://www.parkplacetechnologies.com/blog/data-center-cooling-systems-benefits-comparisons/
https://www.parkplacetechnologies.com/blog/data-center-cooling-systems-benefits-comparisons/
https://www.parkplacetechnologies.com/blog/data-center-cooling-systems-benefits-comparisons/
https://www.parkplacetechnologies.com/blog/data-center-cooling-systems-benefits-comparisons/
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Data Centers – Work Temperature

Improving Thermal Performance in Data Centers Based on Numerical Simulations

15C 18 C 27C 32,2C

Raise the Temperature | ENERGY STAR

64.4F (18C) 65.4F (18.5C) 

https://www.mdpi.com/2075-5309/14/5/1416
https://www.energystar.gov/products/data_center_equipment/5-simple-ways-avoid-energy-waste-your-data-center/raise-temperature
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Data Centers – Work Temperature

A chilling proposition? How cryogenic chip cooling could aid data center efficiency - DCD The future is frozen: cryogenic CMOS for high-performance computing - ScienceDirect

https://www.datacenterdynamics.com/en/analysis/a-chilling-proposition-how-cryogenic-chip-cooling-could-aid-data-center-efficiency/
https://www.datacenterdynamics.com/en/analysis/a-chilling-proposition-how-cryogenic-chip-cooling-could-aid-data-center-efficiency/
https://www.datacenterdynamics.com/en/analysis/a-chilling-proposition-how-cryogenic-chip-cooling-could-aid-data-center-efficiency/
https://www.sciencedirect.com/science/article/pii/S270947232300045X#bib4
https://www.sciencedirect.com/science/article/pii/S270947232300045X#bib4
https://www.sciencedirect.com/science/article/pii/S270947232300045X#bib4
https://www.sciencedirect.com/science/article/pii/S270947232300045X#bib4
https://www.sciencedirect.com/science/article/pii/S270947232300045X#bib4
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Data Centers – Global Temperature

Global Temperature Anomalies from 1880 to 2023

https://www.youtube.com/watch?v=b42jdyhA6YI
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Data Centers – News From Brazil

Brazil’s Data Center Industry to Benefit from Policy Support

https://www.fitchratings.com/research/corporate-finance/brazils-data-center-industry-to-benefit-from-policy-support-15-05-2025#:%7E:text=Brazil%20has%20emerged%20as%20Latin,to%20reduce%20their%20carbon%20footprints.
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Data Centers – Fluids and Properties

Cooling Fluids

Dielectric Fluids

Mineral Oils such as GRII/GRIII

PolyAlphaOlephin - PAO

Esters

Silicon oils

Synthetic fluorocarbons

Glycols and Water 

Others

Water 

Thermal Properties:

High Thermal Conductivity: This helps the fluid efficiently transfer heat away from components, 
preventing overheating.

High Flash Point: A high flash point is important for safety, as it indicates the temperature at which 
the fluid will ignite.

Good Thermal Stability: The fluid should maintain its properties over a wide temperature range.

Other Important Properties:

Low Viscosity: Lower viscosity allows for better flow and cooling, especially in applications like 
Electrical Discharge Machining (EDM). 

Non-Flammability: Minimizing the risk of fire hazards is crucial. 

Low Toxicity: The fluid should be safe for operators and the environment. 

Chemical Stability: The fluid should not react with other materials in the system. 

Material Compatibility: The fluid should not corrode or degrade the materials it comes into contact 
with. 

Cost: The cost of the fluid is an important factor in its overall suitability. 

Water Absorption: Low water absorption is important to maintain insulating properties. 

Environmental Impact: Biodegradability and other environmental factors should be considered. 

Source: AI generatedDielectric Fluid - an overview | ScienceDirect Topics

https://www.sciencedirect.com/topics/engineering/dielectric-fluid
https://www.sciencedirect.com/topics/engineering/dielectric-fluid
https://www.sciencedirect.com/topics/engineering/dielectric-fluid
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Data Centers - Specification

https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf

https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
https://www.opencompute.org/documents/ocp-base-specification-for-immersion-fluids-20221201-pdf#:%7E:text=Immersion%20technology%20is%20an%20efficient%20cooling%20solution%20with%20the%20potential%20of%20%7E100%25%20heat%20reuse.&text=This%20fluid%20specification%20targets%20the%20development%20of,low%20flammability%2C%20and%20with%20long%20operational%20lifetime.
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Data Centers – Fluid Market

Liquid Cooling | Liquid Cooling Options for Data Centers | Vertiv Immersion Cooling Fluids Market Size, Growth, Trends and Forecast

https://www.vertiv.com/en-latam/solutions/learn-about/liquid-cooling-options-for-data-centers/
https://www.globalinsightservices.com/reports/immersion-cooling-fluids-market/
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Data center immersion cooling market definition & value chain

Role: Formulate immersion 
coolants based on data centers 

cooling needs

Products: Immersion Coolants 
formulate using base oil & 

performance enhancing additives

Data Centers 
Providers Data Centers UsersImmersion Coolants 

Suppliers

Immersion Cooling 
Integrated System 

Suppliers

• Shell
• 3M
• Solvay
• Castrol
• Fuchs
• MIVOLT

• Parsa
• Bostom 

Limited
• Warkin Equip
• Schneider
• Hennig Inc

• Dell
• Exellyn
• Gigabytes
• Kelvion

• Rittal Gmbh
• Network 

Techlab
• IT Renew

• GRC
• Submer
• Asperitas
• Liquidstack
• Fujitsu
• Midas Green

• Liquid Cool
• DUC
• Exascaler
• Iceotops
• Cooler 

Masters

• Google
• Microsoft
• Apple
• Meta

• Intel
• Lenovo
• CGG
• VSC

Role: Design & manufacture 
integrated cooling system for 

data centers

Products: Cooling system 
compatible with immersion 

cooling technology

Role: Manufacture data centers 
based on computing needs

Products: Servers & data 
centers

Role: Operate data centers as 
per end-user applications & 

computing needs

Products: Complete data 
centers built with integrated 

cooling system

Ex
am

pl
es
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Thank you!
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