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Annual meeting agenda: If it works, will it matter
Day 1: Technology

▸Team updates

▸Technical Keynotes

▸Group Picture

▸Poster session 

Day 2: Making it matter

▸Data Center Leaders

▸Manufacturing

▸Operators

▸Maturation partners
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WHERE ARE WE TODAY AND A FORWARD VIEW
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You know when you are on the cutting edge when words to describe 
the size of the problem you are computing don’t exist…
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Exa

Zetta

Yotta

Your opportunity here
?? 1027

William Daly, NVIDIA, NASEM 
AI Workshop, 11/4/2024



Sector Growth and Chip Growth > kW
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Insatiable demand for computing
ChatGPT/AI and solving large problems increasing 
global data center and high-density chipset demand

https://www.apple.com/newsroom/2022/03/apple-unveils-m1-ultra-the-
worlds-most-powerful-chip-for-a-personal-computer/

Consequence: More performance? More transistors.. Larger silicon, more power
Future? >1000W per chip

The rise of more powerful >1kW chipsets
eUAV is currently the limit of lithography
as a result; chip are getting bigger and use more power

Nvidia co-founder and CEO Jensen Huang held up the 
new Blackwell GPU chip, left, to compare to its 
predecessor, H100, "Hopper."



Compute landscape is changing
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HPC

Enterprise

Rack Power
Density [kW/Rack]

# Nodes

Market Volume

High Density, Custom
Compute Intense

Liq. Cooling

Low Density, Large volume OEM
Latency-network intensity 

–Air cooling



AI is realizing a new scale of computing – ask to DOE 120GW+

7December 20, 2024

HPC

Enterprise

Rack Power
Density [kW/Rack]

# Nodes

Market Volume

High Density, Custom
Compute Intense

Liq. Cooling

Low Density, Large volume OEM
Latency-network intensity 

–Air cooling

AI training
and inferencing

High Density + Scale!
Yotta+



Computing at scale requires Extreme Performance & Availability

8December 20, 2024

https://www.flyawaydesigns.com/blogs/news/product-review-the-best-way-to-get-your-toddler-to-sleep-on-the-plane

with 100,000 compute nodes – how do we get to 
>1E-6-1E9 reliability for computing. Bring servers 
home safely(to end of their economic life)!

No catastrophic failure mode allowed

Is Tier 3, 99.982% availability still enough?

Airplanes – 50+ years record
of bringing people home safely

Design for 1/1E-9 hrs. safety.



COOLERCHIPS INTRODUCTION
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ARPA-E Workshop COOLERCHIPS

Keeping the Status-Quo…

Without ARPA-e intervention, the industry will prefer 
simple, well understood cooling methods 
(keep refrigerated air for as long as possible) even if they 
use large amounts of energy

▸ There was a prominent view that energy efficiency is 
less important than uptime. “Energy is Cheap!”

▸ “Net zero matters, not energy efficiency” 
– Poll B response (offset with renewables)

▸ “One only goes to liquid or two-phase if they have to” 
– Poll B response

… Will only scale so much

The power density is trending up. The case temperature is 
trending down. These two trends in combination will 
significantly increase the required energy to cool.

▸ "Average power density of 2030 Rack will be 100-200 kW“ 
– Poll B Response

▸ A technology solution is needed
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New Technology Concepts Have Emerged to Re-Imagine Cooling
Variety of complementary technology paths and philosophies exist to re-imagine cooling of electronics and 
achieve a leap in performance….  …while still achieving solutions with high potential uptime and similar cost.

11
McLinden, M., Brown, J., Brignoli, R. et al. Limited options for low-
global-warming-potential refrigerants. Nat Commun 8, 14476 (2017).

Advancing Dielectric Coolants
and technology solutions

(program req: GWP<10, OHP) PFas

Fluids or coatings that allow for 
efficient heat transfer of electronics

i.e. Immersion 2.0

Exploring different
materials for cooling helps TIM

i.e. Additive or cast CTE-matched, 
high thermal conductivity

ceramics like ALN, SiC, AlSiC
For coldplates of the future

Bukhari, Mohabattul & Hashmi, M.s.J. & Brabazon, Dermot. (2012). 
Evaluation on Metal Matrix Composite of CuSiC as Candidate for 
Thermal Management Materials in Electronics Packaging. 

When we design Fluids in 3D….
Heat Transfer Coefficient 

-Single Phase 5.0
-Two-Phase 5.0
-Immersion 5.0
-Passive Devices 5.0
-Air impingement 5.0

But make it reliable!
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“Climate change, including severe weather events, threatens the 
functionality of data centers that are critical to connecting computing and 
network infrastructure that power our everyday lives,” said U.S. Secretary of 
Energy Jennifer M. Granholm. “DOE is funding projects that will ensure the 
continued operation of these facilities while reducing the associated 
carbon emissions to beat climate change and reach our clean energy 
future.”Cooling Operations Optimized 

for Leaps in Energy, Reliability, 
and Carbon Hyperefficiency for 

Information Processing Systems



Program Structure
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Technical Scope A: Secondary Loop 
Chip (and other devices) surface to facility supply by any 
means, but meeting potential program technical, 
operational and cost requirements

- DLC 5.0, immersion 5.0, advanced next gen concepts.

Technical Scope B: Secondary + Primary loop
System-level approach, “All-in-One” Edge data center

- Self contained, locate anywhere
- EDGE / low latency
- Minimal/no water
- High compute density

Scope C: Tools for modeling of system Energy, CO2 footprint, reliability and Cost 

Scope D: Testing Infrastructure

Aviv, Meggers, Ida
https://www.holcimfoundation.org/projects/hydroculus-cooling

Timeframe 2023-2026 POC: peter.debock@hq.doe.gov

mailto:peter.debock@hq.doe.gov


PROGRAM TARGETS AND TIMELINE
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Category A chip to supply
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Ready for high power: 1000 W chip 
coolant only 10°C below chip surface

Energy Efficient: True cooling power 
(no fans included like PUE) <3% 
secondary loop <5% data center level
even in extreme hot/humid 
environment (so that a single design 
can be deployed anywhere)

Ready for high density: Compute rack 
and CDU 80kW/m3 is approximately ~ 
> 3kW/U or >126kW/42Urack

Reliability: System reliability 
engineering to equal or exceed air
cooling reliability

Economical: Beat or exceed current
air cooled payback and IRR business
case

All metrics must be met in a single design



Category B modular data centers
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Ready for high density: 20kW/m3 is 
approximately ~ > 1MW/ISO40 
container

Reliability: System reliability 
engineering to equal or exceed air
cooling reliability

Economical: Beat or exceed current
air cooled payback and IRR business
case

All metrics must be met in a single design

Energy Efficient: True cooling power 
(no fans included like PUE<5% at 
modular data center level
even in extreme hot/humid 
environment (so that a single design 
can be deployed anywhere)



Category C tools innovation D testing & facilities 
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Program Timeline - Focus
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Nov’23
Denver
kickoff

Dec’24
1st Annual

May’24
ARPA-E
Summit

March’25
ARPA-E
Summit

Q4’25
2nd Annual

Go-No/Go: Key 
Component de-
risking,
Single Server 
Prototype 
& reliability 
system model

Experimental Validation at server level and models at rack and full system 
level at power density ≥80kW/m3 and ambient conditions specified in Table 
2 of the FOA that: 
• Thermal Performance: Experimental validation that the developed 

system can achieve an interim thermal resistance  of ≤0.015 K/W and 
path presented to meet ≤ 0.01 K/W FOA target.

• Energy: Experimental validation that secondary cooling loop power 
can meet < 3% IT load and model that overall system can meet < 5% IT 
load for system meeting.

• System Availability: Established availability system model. Availability 
system model projecting > 95% system availability per annum for 
economic life period of system as is and path on how to achieve > 
99.982% availability at end of project.

• Availability Physics: Availability pareto chart. Identify top 5 
interactions that are availability system bottlenecks. Physics of 
failure modes identified and relevant parameters (i.e. activation 
energy or other) experimentally validated with > 100 hours of testing.

Detailed Design 
Review 
full performance 
targets

Detailed design review showing through modeling that the key components 
meet the following performance targets listed below:
1. Thermal Resistance, chip surface-to-facility coolant, of ≤ 0.01 K/W 

Total cooling power of secondary loop including all ancillary 
equipment (CDUs, pumps, heat exchangers, etc.) ≤ 3.00 % IT load and 
total cooling power to reject all heat to ambient ≤ 5.00 % IT load 
(estimated by simulation) (at power density ≥ 80kW/m3 and ambient 
conditions specified in Table 2).

2. Economic model showing path to system payback of <1 year.
 
Reliability system model demonstrating path to 99.982% system reliability 
(potentially, via simulations from Cat C model)

Technology
on server

Technology
on rack

Q4’26
2nd Annual



Annual meeting agenda: If it works, will it matter
Day 1: Technology

▸Team updates

▸Technical Keynotes

▸Group Picture

▸Poster session 

COOLERCHIPS is not only about 
heat transfer, it’s a cooling system 
program

Day 2: Making it matter

▸Data Center Leaders

▸Manufacturing

▸Operators

▸Maturation partners

Do you know where you need to end to 
raise investment? What is success? 
What is your target?
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LOOKING FORWARD
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Words of advice
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‣ Be inspired,.. Inspire your team

‣ This is a dynamic industry – connect & learn

‣ Think about the system – what are you not good at?

‣ What will an operator think about your technology?

‣ What value do you deliver to the data center?

‣ ARPA-E efforts are unique: Use COOLERCHIPS 
community

It is our privilege to work with you. Thank you.



https://arpa-e.energy.gov
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http://www.arpa-e.energy.gov/
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