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Abstract

Al is being widely utilized across many industries
and high-powered servers are becoming
commonplace in data centers. The next generation
of Al servers pushes the bounds of computational
power at the cost of increasing power consumption,
requiring the use of liquid cooling. Liquid-cooled
servers will need to work alongside air-cooled IT
equipment, leading to a hybrid environment.

Direct-to-chip and immersion cooling provide great opportunities
for increased heat rejection efficiencies and better parameters for
heat re-use.

Liquid cooling of Al servers does not require a fundamental change to
facility water systems (FWS), but the cooling systems will need to evolve
to support both liquid- and air-cooled requirements that will exist in a
hybrid environment.

Today, new liquid-cooled data centers are being designed and
constructed globally to support the new 2.7 kW NVIDIA Blackwell GB200
GPU and the new 97.2 kW NVL72 liquid-cooled servers.

The increased power demand of Al should also drive the development
of renewable and low-carbon technologies to meet decarbonization
targets. Data center developments will need to focus on increased
usage efficiencies and delivering effective heat reuse.

Intel releases Gaudi2 Al GPU with 600W TDP
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Introduction
Liquid Cooling is Now a Requirement
for Al Data Centers

As the demand for artificial intelligence (Al) and machine learning (ML) applications
continues to grow, the need for powerful and efficient computing infrastructure
becomes paramount. Al servers generate much more heat than their predecessors,
making effective cooling essential to maintain optimal performance, reliability, and
longevity of operation. Liquid cooling solutions are now available to deal with these
new Al server environments, which will impact the facility cooling infrastructure.

This paper examines the options for server liquid cooling, identifies the impact of the
facility water system (FWS) and explores how sustainability can be embraced in the
next evolution of data centers.

The Issue

Data centers are energy-intensive facilities, contributing significantly to greenhouse
gas (GHG) emissions. Studies have estimated that data centers consume up to 1.5%
of global power in 2010. The percentage of global electrical consumption has kept a
steady rate below 2% in the last decade. However, this is because servers had been
quite efficient and the demand for computationally intensive servers had not grown
much. The last few years have already shown a shift in demand as more industries
and services now require more available processing power than ever before. As a
growing share of the mission-critical market begins to be dominated by hyperscale
facilities, more power will be required, and the necessity for efficient IT and cooling
systems will be necessary. 12

Nvidia recently announced the launch of their new Blackwell GPUs in March 2024.
The B100 has a TDP of 700W like its predecessor, the Hopper series H100 and H200.
However, the B200 GPUs have a projected TDP of 1000W. These GPUs will be offered
in a server packaged with the Grace series CPU, the GB200, with a total TDP of 2.7kW.
Nvidia will also be offering a full server rack with the GB200 NVL36 and GB200 NVL72,
the latter projected to have a max TDP of 120kW. These racks only come as liquid-
cooled platforms, as traditional air-cooled racks can no longer transfer the heat at
such dense loads. For comparison, the Ampere GPU was launched in 2020 and had

a TDP of 400W. In just four years, processing power has increased exponentially

as the TDP has more than doubled. This indication concludes that as performance
increases and efficiency is optimized, the power consumption and thermal load are
still increasing. [261271(28]

While liquid cooling will improve efficiency, the substantial increase in power will
increases the carbon footprint.

The Need for Renewable Energy
Offsetting GHG emissions is crucial to mitigating the environmental impact of liquid-
cooled Al data centers.

Disclaimer

The information provided in this paper is an overview of this new technology.

The user is responsible for designing systems that meet the server manufacturer’s
specified requirements.
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What is an Al Server and What Does it Do?
A Billion Calculations in One Second

The key operating features of an Al server are:

» Intensive computational workloads
o Parallel processing

» Data movement and storage

o Dense configurations

o Real-time processing

o Model complexity

The high-performance levels of Al servers require specialized hardware, including
Graphics Processing Units (GPUs) and Tensor Processing Units /Accelerator
applications (TPUs).

GB200 NVL72

36 GRACE CPUs
72 Blackwell GPUs
Fully connected NVLink switch rack
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o GPUs are essential components in Al servers, especially for deep learning tasks.
They excel at parallel processing, which is crucial for training and running
neural networks.

« Some companies, such as Google, custom design TPUs. They are highly efficient for
tensor-based operations commonly found in neural networks.

i
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Training: 720 PFLOPS
Inference: 1,440 PFLOPS

NVL Model Size: 27T params
Multi-Node Bandwidth: 130TB/s
Multi-Node All-Reduce: 260TB/s
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Al servers may incorporate high-performance Central Processing Units (CPUs) to
handle general-purpose computing tasks. However, GPUs and TPUs are often the
primary workhorses for Al workloads. They also incorporate high-capacity random
access memory (RAM) used especially during training. Having both large and quick
storage is a key to the training or inference. It allows one to access and retrieve large
data datasets at record speeds.
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Al servers also incorporate Parallel Processing Architecture, designed to exploit
parallelism, a key characteristic of many Al algorithms. Parallel processing allows
for simultaneous execution of multiple computations, enhancing the speed and
efficiency of Al tasks.

Nvidia announced the details of its new Blackwell GB 200 GPU
chip and the NVL 72 liquid-cooled server. The GB 200 NVL72
consumes 97.2kW. Liquid cooling is now required for the new
generation of GPUs.
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Keeping Them Cool

Thermal Design Power (TDP) is the maximum amount of heat a processor generates.
The maximum TDP of a system determines the heat load. Currently, these new high-
performance GPUs can generate 700 watts of heat per chip, which is seven times more
than conventional CPUs. Thermal design power (TDP) for a traditional high-density
rack can be defined as having a TDP of up to 30 kW. Scientific computational servers
used in research facilities already far exceed the thermal output of enterprise servers.
Based on these numbers, drastic action is required to keep these servers cooled
within their design parameters. Lower-powered versions of these servers are being
arranged to be air cooled but this is not a long-term solution, especially as the TDP*
continues to increase. At the current rate of new commercial and scientific processor
development, we already see rack TDPs exceeding 50 kW. With the exponential
growth in the machine learning industry, we could redefine high-density racks to be
upwards of 200 kW TDP or beyond.

Liquid cooling is not a new technology in the telecommunications space. Liquid was
used to cool the early mainframe computers. The heat needed to be removed from
high-density CPUs, while GPUs require a different treatment scale.

The latest greenfield data centers (and brownfield data centers being retrofitted) are
now being deployed using hybrid cooling systems; low-density racks tend to keep
using the standard air-cooled solution, while high-density racks are moving to liquid
cooling technologies.

I New data centers are being constructed to serve a hybrid
solution, liquid-cooled and air-cooled.

The newer forms of liquid cooling are now being deployed on selected applications
and do not use traditional cooling methodology.

The two main types of liquid-cooled server systems are:

+ Directto chip / cold plate
« Immersion

Direct-to-Chip

Direct-to-chip, also known as cold plate, servers have metal - often copper - plates
attached to the heat-generating electronic components. As the coolant, usually water
or a specialized dielectric fluid with good thermal properties, circulates through
channels or passages within the cold plate, the coolant absorbs the heat generated
by the electronic components and carries it away from the server via a water-based
cooling system.

1. TDP is the maximum amount of heat generated by a computer chip or component that the
cooling system in a computer is designed to dissipate under any workload)

Figure 1. Direct to chip cooling - ZutaCore waterless, two-phase direct-to-chip liquid cooling

Direct-to-chip cooling can capture up to 80% of the total heat production from the
servers, with the remaining 20% needing to be air-cooled.

Immersion cooling comes in two primary forms

Single-Phase Immersion Cooling is a straightforward design where servers are
fully immersed in a dielectric fluid. The dielectric fluid absorbs heat from all the
components while remaining liquid throughout the cooling process. The heated

fluid from the immersion tank is then transferred to the facility water system via a
heat exchanger. The main components in a single-phase immersion cooling system
include the immersion tank (where the servers and dielectric fluid are located), the
Cooling Distribution Unit (CDU), where the heat is transferred to a water circuit, and
the water circuit, composed of the pump set, piping, and cooler. This cooling method
offers several benefits, including capturing 100% of the heat generated by the server,
cost-effectiveness, improved efficiency leading to a Power Usage Effectiveness (PUE)
reduction, and the enablement of high-density rack designs with the possibility of
heat recovery.

Two-Phase Immersion Cooling involves the transition of the dielectric liquid from
liquid to vapor as it absorbs heat. The vapor rises to a condenser unit, where it
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Keeping Them Cool

releases heat, condenses back into liquid, and then flows back to the immersion
tank. A water-based cooling system removes the heat rejected by the condenser.
This can give an enhanced heat dissipation due to phase change and efficient cooling
for high-power applications. Note: The refrigerant used in this technology has been
determined to be toxic under US guidelines and is not being utilized. This technology
is expected to advance as alternate refrigerants mitigate health risk issues. 3%

Figure 2. Immersion cooling by Submer

A benefit of immersion cooling is that it captures 100% of the server heat with
minimal air cooling required for the space. The current expectation is that immersion
cooling may not be adopted as widely as direct-to-chip.

However, immersion cooling imposes higher structural loads on the building
structure, which will need to be considered for multi-story buildings.

An overhead support structure is required for the lifts to remove servers from the
immersion tank.

Hybrid cooling

Some hybrid versions of liquid cooling are being deployed in the form of closed
coupled air-to-water heat exchangers and rear door coolers, however, these still
use air as the heat rejection medium and do not harness the full potential of liquid
cooling. These hybrid solutions may well be part of the overall data center cooling
solution but Al servers must be fully liquid-cooled.

Engineering the Cooling
Parameters

The liquid-cooled technologies described above rely on a water-based cooling system
called the Facility Water System (FWS). The FWS is the chilled or cooling water system
operated and controlled by the data center owner, which includes the core of the
mechanical system in a data center, including piping, pump set, valves, sensors,

and coolers. The type and size of coolers (dry cooler, adiabatic cooler, chiller), pump
set and, in general, all the mechanical infrastructure of the Technology Cooling
System (TCS) is the secondary (or tertiary) system containing the water that enters
the servers or the immersion tank. The TCS is usually separated from the FWS by a
cooling distribution unit (CDU) - a heat exchanger and pump unit.

As with current data center design, the FWS can take many forms dependent
on several factors listed below. For FWS serving liquid-cooled servers, the TCS
requirements become a key consideration.

+ Geographic location

+ Environmental conditions

« Water temperatures

+ System size

+ System topology

+ System resilience and thermal ride through

Facility Water System (FWS) Temperature

Liquid-cooled servers can use higher water temperatures than air-cooled systems.
This can be in the order of 40°C (104°F) vs 20°C (68°F) - liquid- vs air-cooled. This
significantly improves heat rejection efficiencies with higher water temperatures
allowing mechanical cooling to be reduced or even eliminated in some climatic zones.
Higher water temperatures also provide better heat reuse potential.

Based on current deployments, liquid cooling temperatures or TCS are around
30-35°C (86-95°F) on-server temperature. This appears to be due to limited long term
test data mainly focused on the following.

+ GPU case temperatures must be reduced as the GPUs become more powerful.
+ Server efficiency with thermal throttling occurring at peak use.

Depending on the GPU specification, the liquid cooling in the immersion tank can

be raised to 50-55°C (112-131°F) in immersion cooling applications. This significantly
extends the range of climatic zones where mechanical cooling can be reduced and/or
eliminated. Adoption of this will be subject to the server manufacturer’s testing.
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Engineering the Cooling

Both methods of server liquid cooling (Direct to Chip and Single-Phase Immersion
Cooling) employ a cooling distribution unit (CDU) to isolate the server cooling from
the primary water system hydraulically. This separation via a water-to-water, or
dielectric fluid-to-water, heat exchanger adds inefficiency to the system and elevates
the on-server cooling water temperature by about 5°C (41°F). This results in a FWS
flow temperature of 25-30°C (77-86°F), not much higher than a modern air-cooled
server chilled water system.

It is most efficient to drive these temperatures as high as possible. However, server
manufacturers have advised that server performance decreases with higher cooling
fluid temperatures, so the cooling engineers may have little or no say in this. There
may well be options for seasonal peak increases in FWS flow temperature to avoid the
need for full mechanical cooling, but this will be user/site-specific.

Based on the above for water-cooled applications, the FWS should be designed for
a 25°C (77°F) flow temperature, but with the flexibility to increase this, as server
technology evolves to accept higher temperatures without impacting performance.

Additional limitations and considerations for FWS temperatures must account for
future IT loads. With higher TDPs, even water temperatures serving the TCS may need
to be lower, 32°C (89.6°F) or even down to 27°C (80.6°F). Performance comes with the
cost of less efficient systems. (32

Another restriction on the FWS is that many facilities will be hybrid with both
air-cooled and liquid-cooled servers. This will lead to decisions regarding the use of
common or separate systems. This has been considered more below.

Driving FWS return temperatures as high as 60°C (140°F)
provides options for heat reclaim and using dry coolers instead
of adiabatic cooling or refrigeration.

Heat Rejection

The elevated water temperatures required by both direct-to-chip and immersion
liquid cooling may allow most of the heat to be rejected by dry coolers in temperate
climates. In geographies with higher ambient temperatures, mechanical or adiabatic
/evaporative cooling may still be required, but this will be reduced from the current
chilled water load for air-cooled environments. The deployment of hybrid IT cooling
(air and water) will, however, need to be considered and this may well dictate the heat
rejection requirements.

There are four main types of heat rejection that can be adopted for large scale
data centers.

1. Air cooled chiller with free-cooling coils

2. Dry air coolers with water-cooled chillers

3. Cooling towers / hybrid coolers with water-cooled chillers

4. Cooling towers / hybrid coolers with water-cooled chiller assist

See below for an assessment of where different types of heat rejection can be applied.

Table 1. Water quality guidelines for the FWS and TCS

Climate zone ASHRAE 2021, n=20 Heat rejection for 25°C Heat rejection for 35°C
Max temperatures FWS flow temperature FWS flow temperature
DB/WB (°C)

TROPICAL (EQUATORIAL) 37.9/30.8 ACC ACC

DRY 46.6/26.9 ACC DAC or WCCA

TEMPERATE 41.9/271.7 ACC or WCCA HC/CT

POLAR 10.4/8.8 DAC DAC

Key for above:

o ACC - air cooled chiller with water at 20°C (68°F) mixed to provide 25°C (77°F) floor to the CDU
« DAC+WWC - dry air cooler with water cooled chiller (where water stress applies)

« HC/CT -dry cooler, hybrid cooler cooling tower (closed circuit)

o WCCA - water cooled chilled assist

Heat rejection options are based on the following:

e 5°C(9°F) approach at CDU heat exchanger

e 5°C (9°F) approach for cooling tower or hybrid cooler (wet bulb to water outlet temp)
o Location not under water stress
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Engineering the Cooling

System Size

Data centers can have a vast range of cooling requirements from 1 MW for a
communications switch site to more than 500 MW for a hyperscale campus. A water-
based cooling system needs to be sized and designed to suit the readily available (and
commercially viable) parts focused on the heat rejection and distribution system.

A current typical FWS for a large data center would be between 10-15 MW, with
multiple systems used as required. Systems may be interlinked for phased
deployment or redundancy, but the overall size will usually be capped by the viability
of both the manufacture and installation of the distribution system. A 15 MW FWS
would comprise 8-10 heat rejection units, utilize 600 mm diameter header pipework
with 250 mm diameter concurrently maintainable ring mains.

System sizes may increase with the advent of Al data centers, but the products and
skills needed to deliver large scale FWS may come at a premium.

System Topology, Redundancy, and
Thermal Ride Through

The topology of the FWS will depend on the scale of the installation and the
required redundancy. Most data centers are being constructed to be concurrently
maintainable, which provides a good base framework. The framework can then be
developed to suit any modular / phasing requirements. Additional component or
system redundancy can be added where client specifications require it.

A key aspect of liquid cooling that differs from air cooling is the direct impact on the
water-cooled server resulting from a deviation from the set point. In an air-cooled
data hall, the flooded room and the thermal mass of the hall dampen fluctuation in
the supply air temperatures, usually resulting in a limited impact on the server air
inlet temperatures. If the temperature deviates by 2-3°C (4-5°F), which is normally
within the service level agreement (SLA) range, the server fans ramp up to reject
more heat. In a water-cooled application, the change and rate of change to the water
temperature or flow rate can dramatically impact the server due to the much larger
quantity of heat being rejected. For liquid-cooled servers, thermal stability and
thermal ride through need to be considered very carefully. Providing stable cooling
water flow at a suitable temperature is essential for the continued correct operation
of the servers.

In the event of a mains power failure (or a transfer to emergency power generation
for maintenance purposes), the central heat rejection plant will normally shut down
due to the high-power demand. Other cooling system equipment with smaller
demands, i.e., pumps, CRAHs, and CDUs, would be fed by an uninterrupted power
supply (UPS) and continue to operate. Thermal storage built into the FWS must
provide the ride-through until the heat rejection plant is back online. The time for
power to be reinstated to the plant will vary based on the electrical system topology
but will typically be 2-3 minutes for medium voltage (MV) generation and around

30 seconds for low voltage (LV) generation. Once power is restored, the heat rejection
plant can take 3-4 minutes to get to full capacity and this is the period that will need
to be addressed. (Designers should consider the additional UPS load for operating
CDU Pumps and controllers.)

Thermal storage is often via water stored in pressurized, stratified tanks rather than
with vented tanks, which are more common for use in demand shifting applications.
Systems are configured so that the storage tanks are continuously charged when

not in use and will discharge with little or no need to reposition valves to redirect flow.
Circuiting and controls to direct flow from the tank to the return side of the system

to be cooled are necessary after the tank has been utilized to prevent the warmer
water that has accumulated in the tank from being sent to the load. The volume of
stored water required for emergency thermal storage duty depends on the heat
rejection load, minimum average temperature difference during discharge, and the
discharge duration. The thermal storage tank requires careful analysis. The tank must
be properly sized to remove excess heat for potentially extended periods of time. The
system must be piped to operate in a failproof mode.
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Engineering the Cooling

Direct-to-Chip Cooling

The FWS removes heat from the CDU, which includes Figure 3. Typical direct-to-chip cooling schematic
a heat exchanger and pumping system. Treated fluids
are often PG25 (25% glycol and 75% treated water). 3%

Redundant piping and pumps are not shown for clarity. FWS FLOW AND RETURN
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Engineering the Cooling

Immersion Cooling

The FWS removes heat from the Immersion tank heat
exchanger. The dielectric fluid in the immersion tank
cools the servers and chips directly. Redundant piping
and pumps are not shown for clarity.

Figure 4. Immersion cooling schematic
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Engineering the Cooling

Typical CDU

The FWS removes heat from the CDU, which includes Figure 5. Typical CDU schematic pipework
redundant heat exchangers and pumping systems.

Treated fluids are often PG25 (25% glycol and 75%

treated water). Redundant piping and valves are not

shown for clarity.
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Engineering the Cooling

Typical Heat Rejection

A typical heat rejection system would utilize air-cooled
chillers or dry/wetted coolers, depending on the FWS
flow temperature requirement. Some applications may
have heat rejection plants in series or use injection
circuits (as shown later - chiller assist). The heat
rejection element of the FWS does not significantly
differ from a current data center, but the inclusion on
heat exchangers for heat re-use will become much more
widespread.

FWS FLOW
AND RETURN

Figure 6. Typical air-cooled chiller heat rejection schematic
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Engineering the Cooling

Hybrid Solutions

The first deployment of Al data centers is a hybrid
solution of air- and water-cooled server technologies.
Air is still the primary source for most server cooling,
and itis likely that non-Al servers will remain this way
for many years to come. This will result in a hybrid
data center where both air and liquid cooling will be
required.

CRAH/FWU within existing data centers will have been
installed to suit peak cooling loads of 10-15kW per
rack where the upper threshold is around 50kW per
rack. With the addition of Al servers, this will increase
well above the current design loads. As a result of this
fewer racks can be deployed and these will need to be
suitably spaced out to avoid hot spots

In this case when Al servers are introduced gradually,
some CRAH/FWU could be replaced with CDU to cool
the Al servers directly. However, the overall cooling
capacity of a data hall/data center will be limited to
installed infrastructure, which will correlate to the site’s
power availability. Without significant changes to the
infrastructure (both power and cooling), deploying
more Al servers will leave vacant space within the

data halls.

Where new data centers are being designed and
constructed to accommodate Al servers, the use of
return door coolers (RDC) should be considered instead
of CRAH/FWU. The RDC would be attached to the
back of the racks and incorporate a heat exchanger
connected to the FWS and fans (in its active version).
This provides more flexibility as rack loads increase
over time, above what can be supported by CRAH/
FWU, and uses less fan energy than the latter. When
direct-to-chip processors are introduced, the RDC can
work in conjunction with the CDUs. Depending on the
liquid-cooled server requirements, the FWS could be
connected in series between the CRAHs and CDU to
enhance the efficiency of the heat rejection system.

Typically rear door
: Cooler unit

.
.
.
.

------------------

Hybrid Direct-to-Chip and Rear Door Cooling

Figure 7. Direct-to-chip CDU cooling schematic

RACK

RACK

Figure 8. Typical hybrid air-cooled RDC
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Engineering the Cooling

Hybrid Direct-to-Chip
and CRAH/Fan Wall with
Series FWS flow

The FWS removes heat from the CDU. The CDU
includes a heat exchanger and pumping system.
Treated fluids, often PG25 (25% glycol and 75% treated
water). This same FWS serves CRAC (Computer Room
Air Conditioning) units or AHUs (Air Handling Units.
Redundant piping and pumps are not shown for clarity.

Figure 9. Immersion tank schematic
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Engineering the Cooling

Hybrid Heat Rejection
with Chiller Assist
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Engineering the Cooling

Energy for Cooling Equipment

As described above, higher water temperatures would lead to more efficient heat
rejection, lower running costs and reduced carbon emissions. The water-cooled
server requirements currently limit this scope but there are other benefits:

1. Water-cooled servers remove much of the fan cooling, equating to 10-15% of the
overall computing power.

2. The omission of computer room air handler (CRAH) or fan wall units (FWU) can save
5-10% overall power.

Overall, using water-cooled servers will provide efficiency benefits and, as these are
being used on high-power deployments, the savings will be significant.

There is still little integration between the IT systems and the cooling and there are
opportunities for a proactive approach that would provide further energy savings.
This would only apply to owner operators who have control over the IT systems. An
evolving metric, TUE (Total-power Usage Effectiveness), could provide

a more holistic approach to efficient data usage. >

Water Quality

Liquid cooling to Al servers requires high-quality fluid to provide reliable operation

as well as effective heat rejection. The current server arrangements all use cooling
distribution units or similar heat exchangers that hydraulically separate the facility
water system (FWS) from the server /technology cooling system (TCS). The latter have
their own downstream filtration system.

The FWS must align with the following, which is standard quality for a sealed cooling
system but with enhanced filtering to protect the heat exchangers.

Liquid Cooling Guidelines for Datacom Equipment Centers
Second edition (ASHRAE 2014)

o ApHbetween7and?9.

e Consistent benzotriazole (BTA) concentration or other corrosion inhibitor.

« Regular use of a deionization filter is needed, after which BTA replenishment to the
recommended concentration will be necessary.

o The water should be filtered to remove solid particles with sizes 10 microns and
larger or at a minimum of the smallest passage in the system.
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The table below shows the differences between the facility water system (FWS) and
the technology cooling system (TCS). This paper is based on the FWS and TCS being

downstream of the CDU.

Table 2. Water quality guidelines for the FWS and TCS

Parameter FWS TCS
(Table 5.3 ASHRAE 2014) (Table 6.2 ASHRAE 2014)
pH 7to9 8.0t0 9.5
Corrosion inhibitor(s) Required Required
Biocide — Required
Sulfide <10 ppm <1l ppm
Sulfate <100ppm <10ppm
Chloride <50 ppm <5 ppm
Bacteria <1,000 CFUs/mL <100 CFUs/mL
Total hardness (as CaCos) <200 ppm <20 ppm
Conductivity — 0.2 to 20 microhmo/cm
Total suspended solids — <3 ppm
Residue after evaporation <500 ppm <50 ppm

Turbidity

<20 NTU (Nephelometric)

<20 NTU (Nephelometric)

Filtration levels are also key to liquid cooling to servers with in-line

duplex strainers required on the final feed to CDUs. The strainer mesh

will be sized to suit the specific application and will be around 500

microns (mesh size 35).

The “open commute project” provides updated recommendations
from water quality experts. 33 Water quality guidelines are shown on

the following page.
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Table 3. “Open commute project” water quality guidelines
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Parameter Performance Notes
Total Suspended Solids (TSS) <5ppm Normally should not be present and ideally should be close to 0. There should be no visible solids.
Total Dissolved Solids (TDS) <1000 ppm Related to conductivity and may increase with water treatment chemistry. Establish baseline after treatment and track

after treatment, then monitor rate of rise

changes over time.

Conductivity uS/cm or pmhos/cm

<1,500 uS/cm @25°C
after treatment, then monitor rate of rise.

Related to TDS. Addition of chemicals can affect conductivity. Baseline prior to and after treatment. If conductivity
rises during operation, analyze to determine the cause, and take corrective action. Temperature dependent.

Corrosion byproducts/lonsmonitor
rate of rise.

Cuions:<0.2 ppm
Feions:<0.1 ppm

Baseline metal ions using Inductively Coupled Plasma (ICP) Lab test for soluble ions including iron (none expected),
and copper should be less than 0.1 ppm at fill. If any metal ions are high in the fill water, consider remediation in the
treatment plan. Investigate the cause of any metal ion increases over time (e.g., Cu ions > 0.2 ppm).

pH

Fill: 8.5-10.5
Operational: 7.5-10.5

Optional buffer (e.g., with borate) to maintain higher pH. Operating above a pH of 9.5 may reduce biocide additions.

Total hardness
Total Ca /Mg as CaCO;,

<30 ppm

High hardness values indicate the use of poor makeup water quality

Turbidity

<5 Nephelometric Turbidity Unit (NTU)

Lab test. The measure of particles in a fluid that affect the clarity of water. Fill should be clean and the quality should
not deteriorate. There should be no visible discoloration or opacity.

Microbiological control - bacteria

Fill: <1 Colony Forming Unit (CFU)/ml,
Operational: <100 CFU/mlUnit (NTU)

Fill with sterilized water with no detectable bacteria present. Use test methods for detection down to 1 CFU/ml
or better. Other technology can be used for tracking microbial activity on site as long as the correlation can be
established with conventional plate count enumeration.

Corrosion Inhibitor:
Azoles (e.g., tolytriazole-TTA or
other azole products)

>100 ppm or per treatment plan

For corrosion protection of copper and yellow metals. Azoles levels increased due to high surface to volume ratio.
Other corrosion inhibitor, e.g., molybdate is not expected. Use only if required. Do not use nitrites (potential nutrients
for microbes).

Dispersant polymer

5-20 ppm (typical range, if required by
treatment plan)

<50 ppm if 304 or 321 stainless steel (SS) present

Chloride

<50 ppm if 304 or 321 stainless steel (SS)
present

Confirm Chloride level compatibility with all SS in the system. Chloride must be low if 304 or 321 SS is used. Chlorides
can concentrate in the system. Chloride may also require more azole and may interact with molybdate.
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Sustainable Energy Solutions

Sustainability is already a key driver in data center design and operation, and this
will become even more important as the power demand for Al servers continues to
grow. Tetra Tech will publish a follow-up paper on “Sustainable Energy Solutions” to
cover both low- and no-carbon technologies.

Focus of this Green Paper

This paper will:

» Analyze the GHG emissions associated with liquid-cooled Al data centers.
« Explore effective carbon offset strategies.

« Provide recommendations for achieving carbon neutrality.

Key takeaways:

« Understand the magnitude of power requirements for new liquid-cooled
Al data centers.

o Heat reclaim opportunities from liquid-cooled Al data centers.

» Diverse offset options exist but require careful evaluation.

o Achieving carbon neutrality is possible but demands a strategic approach.

One specific feature of adopting liquid cooling will be better opportunities for heat
reuse. The increased water temperatures will reduce the uplift requirements from
heat pumps, which should be included in all new heat rejection systems. A big
challenge for this technology is finding a local user, which will become a factor for
future developments.

There are approximately 8,000 data centers globally, consuming
over 2% of the global energy. With the increased cooling demand
from liquid-cooled Al data centers, reclaiming heat and utilizing
green and renewable energy will be a requirement. Tetra Tech
High Performance Buildings Group is publishing a follow-up ‘Green
Paper’ on Sustainable Solutions for Liquid-Cooled Al Data Centers.
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Summary
Taking the Heat Out of Al

With the dramatic increase in the deployment and use of Al, an uptake in
liquid-cooled servers is expected in 2024. As Al server power continues to
rise, liquid cooling will be required across many data centers.

The cold plate vs immersion debate will gather pace as liquid cooling
deployment increases and the server manufacturers will have a big say in
the outcome.

For cooling engineers, both provide a similar challenge of removing
substantial amounts of heat, but the final server cooling technology has
a limited impact on the FWS. Both systems currently need water with an
optimum (on server) temperature of around 30°C (86°F), requiring FWS
flow temperature at circa 25°C (77°F). The key will be to design flexibility
into the FWS along with the necessary resilience and thermal ride-
through capabilities.

The bigger engineering challenge, and FWS design decisions, will be for
hybrid cooling arrangements that need to support both air and liquid-
cooled servers. To allow for future increases in Al server loads, facilities
must include much more flexibility in the FWS design, along with more
space for future heat rejection and the corresponding flexibility in the
electrical infrastructure. This is where cooling system development now
needs to focus.

Our job as engineers continues to be to reject this heat as effectively
and efficiently as possible but also look much closer at opportunities to
re-use heat wherever possible.
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