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WHAT ARE YOUR SERVERS BREATHING? INSIDE 
THE NEW SCIENCE OF AIRFLOW MANAGEMENT 
The data center industry is transforming at a pace 
few could have imagined. Artificial intelligence, high-
performance computing, and GPU-driven workloads 
aren’t just bending the rules of infrastructure design; 
they’re rewriting them entirely. While many might call 
this moment a transformation, it’s clear our industry is 
in the midst of something more; it’s a true renaissance 
of the data center. 

The result? A new class of facilities built to sustain 
unprecedented density, performance, and power.

For decades, airflow was an afterthought, a 
background function managed by filters, fans, and 
maintenance schedules. But that era is over. As racks 
surge from 10 kW to well over 100 kW, the air itself 
has become a design variable. Dust, turbulence, and 
contamination now translate directly into thermal 
inefficiency, hardware degradation, and mounting 
operational risk. The question is no longer how we 
cool, but what our servers are actually breathing.

This special report explores how the convergence 
of air and liquid cooling, intelligent environmental 
monitoring, and continuous airflow management 
is redefining performance in AI-ready data centers. 
It introduces the emerging science of “airflow 
intelligence,” a new discipline linking clean air to 
uptime, sustainability, and cost control. Through data, 
design insights, and real-world examples, it reveals how 
forward-thinking operators and partners like Promera 
are creating cleaner, more efficient environments that 
enable modern infrastructure to thrive.

Because in the age of AI and extreme density, success 
isn’t just about staying cool; it’s about breathing clean.

The Hidden Cost of Dirty Air:  
How Contamination Threatens AI and HPC Data Centers

INTRODUCTION
The modern data center stands at the intersection 
of exponential digital growth and physical limitation. 
Artificial intelligence (AI), high-performance computing 
(HPC), and data-intensive analytics have redefined 
what it means to design, power, and sustain critical 
infrastructure. The transformation is no longer 
incremental. Because of physics and new infrastructure 
requirements, the changes in our facilities are now 
structural. Every aspect of facility engineering, from 
electrical distribution to the path that air takes across 
a GPU blade, is being rewritten in real time.

Nowhere is this change more visible, or more urgent, 
than in cooling and airflow. In just one year, global 
data center power consumption surged to 7.4 gW in 
2023, a 55 percent increase over the previous year. 
The U.S. Department of Energy estimates that data 
centers accounted for 4.4% of total U.S. electricity 

A Breakdown of Energy Consumption by
Different Components of a Data Center

Cooling
System

Server &
Storage

Lighting

Power
Conversion

Network
HardwareSource: ieeexplore.ieee.org

50%

3%

11%

26%

10%

https://promerasolutions.com/


The Hidden Cost of Dirty Air: How Contamination Threatens AI and HPC Data Centers

© 2026  Data Center Frontier 4

consumption in 2023 and may reach 6.7 to 12% by 
2028. Within the facility itself, cooling now represents 
roughly half of total energy use, up from 43 percent 
a decade ago. And still, demand continues to climb.

 According to the 2026 AFCOM State of the Data Center 
Report, the average rack density has already reached 
27 kW, more than tripling in less than five years and 
representing a 69% year-over-year jump in average 
rack density. Further, nearly 70% percent of operators 
expect further increases as AI and HPC workloads 
expand. Yet 85% of the world’s data centers continue 
to rely primarily on air to remove heat. The same air 
that once moved gently across low-density racks is 
now being forced through concentrated clusters of 
GPUs, drawing 60 to 100 kW, or even more, per rack.

The implications are profound. Airflow patterns once 
considered “good enough” can now create turbulence, 
recirculation, and contamination that degrade 
performance, drive up energy costs, and shorten 
the lifespan of multimillion-dollar compute assets. 
Dust, pressure differentials, and hot-spot formation 
are no longer minor maintenance issues; they are 
operational risk factors.

This paper examines how the physics of computing 
have changed and what it means for the air inside 
modern facilities. It explores why airflow, filtration, and 
environmental management have become strategic 
disciplines on par with power design and cooling 
technology. Because in a world where performance and 
uptime hinge on density, efficiency, and precision, the 
most critical question data center leaders can ask may 
be the simplest one: What are your servers breathing?

ADDRESSING THE LIMITATIONS OF  
AIR-BASED SYSTEMS
Air has carried the thermal load of our industry 
for decades. But while it feels like it has happened 
overnight, AI has exposed its limits. The result is a spike 
in turbulence, recirculation, and particulate loading, 
all of which raise inlet temperatures, erode heat-sink 
efficiency, and shorten the life of very expensive gear. 

At the same time, 34% of operators say their current 
cooling is inadequate, even as most facilities still rely 
on air to remove the majority of heat. The industry’s 
response reflects this pressure: To support higher 
density, leaders are prioritizing improving airflow 
(51%), adopting new sensors for visibility (38%), and 
accelerating liquid adoption (implemented by 19%, 
with 36% planning deployments in the next 12 to 
24 months).

Why did we hit the wall so fast?  
Three forces arrived almost at once: 

1.	 A step-change in rack power from AI/HPC clusters 
	 (not linear growth, but a jump);
2.	 Cloud repatriation and edge build-outs pushing  
	 more workload back into colocation (colo) and  
	 enterprise rooms;
3.	 Supply-chain and power constraints that delayed   
	 full-scale retrofits, forcing legacy air systems to  
	 “stretch” beyond their design intent. In practical  
	 terms, that means more hotspots, filter differentials  
	 rising sooner than planned, and airflow paths that  
	 no longer match the way GPU trays ingest and  
	 exhaust air.
 
New requirements are emerging for AI-era airflow 
systems. Beyond hot/cold aisle discipline, operators 
are specifying:

•	 Measured air quality across white space 
(particulate, differential pressure, and gaseous 
contaminants) tied into DCIM/BCMS alarms, not just 
facility-level PM counts.

•	 Airflow visualization and sensing at the rack/row 
level to validate containment, prevent short-
circuiting, and tune fan curves.

•	 Filter strategy modernization (e.g., higher-
performance media with lifecycle tracking) to 
maintain low ΔP as densities rise.

•	 Hybrid thermal designs that treat air as a managed 
resource alongside liquid (e.g., rear-door heat 
exchangers and direct-to-chip), so the remaining air 
loop stays clean, laminar, and efficient.
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an active design constraint. The modern facility must 
now treat airflow the way it treats power distribution 
or cooling topology: as a living, monitored system that 
determines the health of every server within it.

This is where the story begins: the very way servers 
breathe has changed forever.

AI Performance = Compute Density ÷  
(Thermal Resistance + Contamination Load)

Thermal resistance is directly influenced by airflow 
quality. When air is clean, properly filtered, and 
well-directed, thermal resistance remains low, inlet 
temperatures stay stable, and GPUs operate at 
sustained peak performance. When air is dirty, the 
contamination load increases. Dust accumulation 
raises thermal resistance, causing:

•	 Inlet temperatures to rise. 
•	 Fan speeds to accelerate.
•	 Energy consumption to increase. 
•	 GPUs to begin to throttle. 
•	 Component wear to accelerate. 
 
In high-density AI environments, where each rack 
may contain hundreds of thousands of dollars in 
hardware, these impacts compound quickly. Clean 
air sustains throughput, efficiency, and uptime. Dirty 
air quietly drives higher operating costs, performance 
degradation, and outage risk.

THE AI-DRIVEN EVOLUTION
The industry is accelerating faster than at any  
point in its history. Average rack densities have  
risen dramatically.

Bottom line: Even as liquid expands, what your servers 
breathe still determines performance, uptime, and 
total cost. The new standard is continuous, data-
driven airflow — intelligence, designing, measuring, 
and maintaining the air itself.

As power, density, and environmental expectations 
continue to rise, air is no longer a passive element; it’s 

A decade ago, rack power densities in most data 
centers hovered around 4-5 kW per cabinet. In 1988, 
the average rack density of a Microsoft rack was about 
1 kW/rack.

Today, averages have moved into the 10-15 kW range, 
with forward forecasts projecting 30-50 kW per rack by 
2027 and even 60-120 kW per rack in AI-driven facilities. 
This dramatic shift is driven by the convergence of 
GPU-intensive AI training and inference clusters, 
dense HPC deployments, and the repatriation of key 
workloads into enterprise and colo sites. 

At the same time, the global average rack density in 
traditional environments remains around 12-13 kW, 
while hyperscale sites are already reporting averages 
above 30 kW, signaling a major divergence in how air 
must be managed. 

In short, air was once the quiet partner of cooling 
systems; now, it’s being pushed into a role it was never 
built for, and the physics of how servers breathe, draw, 
and expel that air has changed forever.

REDEFINING THE THERMAL EQUATION: WHAT AI 
MEANS FOR COOLING, AIRFLOW, AND EFFICIENCY
For decades, the thermal equation in data centers was 
simple: Cooling Capacity ≥ Heat Load. In the AI era, that 
equation is no longer sufficient. Today, performance 
is better expressed as:

Section 1 – The Changing Physics of Air:  
How Servers Breathe in the Age of AI

https://landvalues.acres.com/10-key-data-center-stats
https://www.jll.com/en-us/insights/market-outlook/global-data-centers
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What was once adequate airflow for Exchange 
or SQL workloads now struggles to keep pace 
with GPU clusters drawing 60-100 kW per rack 
and even 600 kW for NVIDIA systems emerging  
on the horizon.

Legacy Designs vs. Modern Reality:
Traditional raised-floor environments were built 
for predictability. CRAC and CRAH units pressurized 
underfloor plenums. Perforated tiles delivered 
conditioned air at measured rates. Hot-aisle and cold-
aisle containment reduced mixing. Those systems 
worked when racks averaged 5 to 10 kW and intake 
tolerances were forgiving. 

Today’s AI infrastructure demands something very 
different:

•	 Higher intake air velocity
•	 Lower tolerance for particulate accumulation
•	 Tighter thermal thresholds
•	 Reduced margin for airflow imbalance 

In GPU environments, even slight recirculation or 
contamination buildup can elevate inlet temperatures 
enough to trigger throttling. Unlike legacy CPU 
workloads, AI clusters operate near sustained peak 
utilization. There is little idle time for systems to recover. 

The result is a widening gap between legacy airflow 
assumptions and modern compute behavior. 

The question is no longer whether sufficient airflow 
exists. The question is whether that airflow is clean, 
controlled, and engineered for AI-scale intensity.

The Humanization of Infrastructure:
While it might sound strange, it helps to think about 
it this way: Servers breathe.

They inhale intake air, pass it across heat sinks and 
high-speed components, and exhale concentrated 
heat. In a low-density environment, breathing was 
shallow and forgiving. In an AI facility, breathing is 
heavy, constant, and forceful. 

When air quality degrades, so does the server’s ability 
to breathe efficiently.

Dust accumulation increases thermal resistance. 
Corrosion impacts connectors and network interfaces. 
Turbulence disrupts predictable flow patterns. Fans 
spin faster to compensate, increasing energy draw 
and mechanical wear. 

Every data center leader should ask: “When was the 
last time I checked what my servers were breathing?”

Economic Impact of Air Quality:
This is not just an engineering concern. It is a financial one. 
 
In modern AI clusters:

•	 Individual GPUs can cost $30,000 to $40,000 per 
unit.

•	 A single rack can represent hundreds of thousands 
of dollars in compute assets.

•	 Downtime events frequently exceed six figures  in 
direct cost.

 
Contamination-driven airflow inefficiency creates 
cascading effects. 

Increased fan speeds raise energy consumption. 
Elevated inlet temperatures reduce component 
lifespan. Thermal throttling degrades performance. 
Environmental instability increases outage risk. 

Even modest increases in inlet temperature caused 
by restricted or dirty airflow can measurably reduce 
equipment longevity over time. 

Air quality has become a multiplier on risk.

The physics of air have changed, whether we have 
fully acknowledged it or not. AI workloads are denser, 
hotter, and far less forgiving than the systems that 
defined the previous generation of data centers. 
What once felt like a facilities concern has become 
a compute concern. Air is no longer just the medium 
that carries heat away; it is an active variable shaping 
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By the early 2000s, data center airflow was a solved 
equation, or so it seemed. Raised floors, CRAC units, 
and perforated tiles delivered predictable results 
for predictable workloads. Five-kilowatt racks were 
considered dense, and “good airflow” meant little 
more than maintaining a balanced hot- and cold-aisle 
configuration. For two decades, that model worked.

Then came GPUs, high-density compute trays, and AI 
workloads that inhaled power and air at unprecedented 
rates. The same airflow strategies that once stabilized 
data halls now expose their limitations. As rack power 
climbs past 40, 60, and even 100 kW, the velocity and 
turbulence of air change drastically, creating micro-
pockets of contamination and recirculation that legacy 
containment systems were never designed to handle.

The result is not just thermal inefficiency, it’s 
environmental instability. Tiny particulates, corrosion 
byproducts, and unfiltered debris accumulate on heat 
sinks and boards, forming an insulating layer that 
silently erodes performance. It is key to understand 
that even minor contamination can increase fan 
speeds by 10-15%, raise inlet temperatures several 
degrees, and shorten component life cycles. 

In GPU-dense clusters, where a single rack may host 
hundreds of thousands of dollars in hardware, the cost 
of dirty air is no longer trivial; it’s existential.

While liquid and hybrid systems are gaining traction, 
more than 80 percent of the world’s data centers still 

Section 2 – The Acceleration Effect:  
When Data Center Evolution Outpaces Design

rely primarily on air to remove heat. That air is no 
longer a neutral medium; it’s a design variable that 
must be measured, filtered, and managed as precisely 
as power distribution or network latency. 

The question facing operators today is not simply 
whether air cooling can keep up; it’s whether the air 
itself is clean and stable enough to sustain the next 
generation of compute.

AIR UNDER PRESSURE: CONTAMINATION, 
OUTAGES, AND THE NEW RULES OF DENSITY
The industry is expanding faster than at any point 
in its history. What once felt like steady growth now 
feels like compression. Density is rising. AI adoption 
is accelerating. Infrastructure is being stretched in 
ways few facilities were originally designed to handle.

According to the latest AFCOM State of the Data Center 
research, average rack density has climbed to 27 
kW, and 69% of operators expect it to rise even 
further. At the same time, 39% report that their 
current cooling systems are already inadequate 
to meet growing demand.

That statistic alone should give every operator pause. 

Because even as the industry explores liquid cooling 
and hybrid solutions, 64% of data center heat is still 
managed by air. Air remains the dominant thermal 
medium. Yet the conditions under which that air must 
operate have fundamentally changed.

performance, efficiency, and risk. When airflow is clean, 
directed, and engineered, it enables stability at scale. 
When it is turbulent, contaminated, or unmanaged, it 
quietly compounds cost and vulnerability.

Our first section redefined the thermal equation; 
Section 2 confronts the operational consequences. 

Because once we understand how servers breathe in 
the age of AI, the next question becomes unavoidable: 
What happens when the air they breathe is not as 
clean, stable, or controlled as it needs to be?
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Cooling and Airflow at a Crossroads:
Liquid cooling technologies are gaining momentum, 
particularly in AI and HPC environments. But adoption 
is not frictionless. AFCOM data shows that 31% of 
operators cite integration complexity as a barrier, 
another 31% cite cost, and 21% point to skills 
shortages as limiting factors.

The result is a transitional environment. Many facilities 
are layering liquid cooling into legacy air-cooled 
architectures. Hybrid designs are becoming the norm. 

But here is the overlooked reality. Even in liquid-assisted 
environments, air still plays a critical role. It removes 
residual heat, supports surrounding infrastructure, 
and maintains room-level environmental stability. It 
continues to move through plenums, across racks, 
and around containment systems.

When density increases, airflow velocity increases. 
When airflow velocity increases, particulate movement 
increases. When particulate movement increases, 
contamination risk rises. 

Airflow has become more aggressive. The margin for 
environmental imperfection has narrowed.

Supply Chain and Construction Pressure:
Compounding the technical challenge is a strained 
delivery environment. Sixty-six percent of data 
center projects have experienced supply chain 
disruptions, and 15% of those disruptions have 
contributed to outage events.

Compressed construction schedules and component 
delays can create scenarios where environmental 
standards can be compromised. Temporary 
filtration, incomplete containment tuning, or deferred 
maintenance can introduce particulate exposure 
during critical commissioning windows.

As density increases, tolerance for environmental drift 
decreases. 

Pre-commissioning contamination control, filtration 

validation, and airflow verification are becoming essential 
risk mitigation steps rather than optional best practices.

AI Acceleration:
AI deployment is no longer hypothetical. Seventy-
four percent of operators are actively deploying 
AI-capable systems, and 72% predict AI will 
significantly increase their capacity requirements.

This acceleration creates a feedback loop:

•	 More AI requires more density.
•	 More density requires more cooling.
•	 More cooling relies on more airflow.
•	 More airflow increases contamination sensitivity.
 
The infrastructure stack is under synchronized 
pressure.

Power and Sustainability Challenges:
Thermal stress does not exist in isolation from 
power strategy. Sixty-six percent of operators are 
exploring on-site generation, while 25% already 
cite nuclear as a key clean energy source.

Power availability is becoming strategic. Sustainability 
mandates are tightening. Energy costs are rising. 

When airflow inefficiencies increase fan energy 
draw or reduce cooling system effectiveness, they 
amplify both cost and sustainability pressures. Dirty 
air becomes a hidden contributor to higher PUE and 
elevated operational expense. 

In an environment where every kilowatt matters, 
wasted airflow efficiency is no longer acceptable.

Now, let’s put all of this together and understand 
one key point: THE COMPOUNDING EFFECT OF 
CONTAMINATION 

As rack densities climb, contamination is no longer a 
slow-moving maintenance issue. It becomes a multiplier  
on instability.
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THE ACCELERATION EFFECT DEFINED: JAVON’S PARADOX JUST MET ITS MATCH … AI

1. �Dirty Air, Clean Data: The New Reliability Risk
•	 Contaminants magnify with density. At 40 kW+ racks, 
even small particulate buildups on heat sinks can 
increase thermal resistance by 15-20%, raising 
component temperatures by several degrees Celsius.

•	 Dust, corrosion, and metallic particulates often enter 
through makeup air or aging filters, accelerating 
oxidation on high-voltage boards and GPU connectors.

•	 Contamination isn’t uniform; high-density rooms 
generate micro-turbulence that recirculates particles, 
meaning one rack might fail while the one beside it 
runs clean.

•	 Bad connectors and contamination can also have 
detrimental effects on networking architecture as it 
supports more AI and GPU-driven workloads.

2. �Uptime Under Threat
•	 The Uptime Institute reports that 55% of all data 

center outages exceed $100,000, and 16% surpass 
$1 million, a rising share now linked to cooling or 
environmental faults.

•	 GPU servers running at 80°C+ can throttle or crash 
when even modest airflow obstruction occurs. In a 
multi-GPU chassis, that can mean hundreds of 
thousands in hardware idling because of invisible 
dust or humidity imbalance.

•	 Dirty or mismanaged air increases fan energy draw 
by 10-15%, reducing efficiency and stressing bearings, 
which can create secondary failure modes that lead 
to downtime.

3. �Design Implications for High-Density Facilities
•	 Air pathways are shrinking. GPU trays and dense 
sled designs leave minimal clearance; airflow must 
be laminar, directed, and clean.

•	 Filtration and differential pressure must be actively 
managed; static filter schedules no longer work. Some 
operators are adopting real-time ΔP monitoring tied 
to alerts in their DCIM or BMS.

•	 Containment strategies are being re-engineered. 
Hot-aisle containment with integrated filtration, 
localized clean-air modules near GPU pods, and 
hybrid air-liquid loops rely on pristine ambient air to 
manage the remaining 15-20% heat load.

•	 Material outgassing (from paints, cables, insulation) 
that was tolerable in CPU halls is now a contamination 
vector; hyperscale and AI-specific facilities are 
specifying low-VOC materials and ISO 14644-1 Class 
8 or better standards for white space.

4. �The Cost Curve of Contamination
•	 Every 1°C rise in inlet temperature due to restricted 
or dirty airflow can reduce equipment lifespan by 
4-5%.

•	 Cleaning or retrofitting after contamination costs 
three to five times more than proactive monitoring 
and maintenance.

•	 GPU clusters running 24/7 amplify that downtime 
doesn’t just cost in repairs, it halts model training 
cycles, delaying revenue-generating workloads.

It’s critical to note that air contamination is no longer just a facility hygiene issue. In a high-density world, it’s a performance, financial, 
and design variable. The clean-air standard of the past decade is insufficient for the AI decade ahead. High-density data centers must 
now design with “airflow intelligence” in mind: measured, visualized, and continuously optimized.

At higher densities:
•	 Intake air is drawn in at higher speeds.
•	 Heat sinks accumulate dust more rapidly.
•	 Fans ramp more frequently and operate at higher RPM.
•	 Thermal thresholds tighten.
 
Dust accumulation increases thermal resistance. 
Elevated inlet temperatures drive fan energy 
consumption higher. Localized hotspots trigger throttling 
events. In GPU-dense clusters, this can cascade across 
nodes performing synchronized AI training workloads.

The economic implications are significant. Modern 
AI racks are very expensive. Downtime events 
routinely exceed six figures in direct financial impact. 
Contamination-related airflow inefficiencies may 
not cause immediate failure, but they quietly erode 
performance margins until instability emerges.

Air quality is no longer cosmetic. It is operational 
insurance.

https://www.ashrae.org/File Library/Technical Resources/Bookstore/ASHRAE_TC0909_Power_White_Paper_22_June_2016_REVISED.pd
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Section 3 – A New Way for Data Centers to Breathe
The workloads shaping our digital future bear little 
resemblance to those of the past. AI, HPC, and real-time 
analytics have shattered the boundaries of traditional 
design, driving densities and power consumption to 
levels that would have been unthinkable a decade 
ago. A single rack that once housed a few CPUs now 
supports clusters of GPUs, drawing tens of kilowatts 
and running nonstop.

But as compute power surges, the physics of airflow 
have become a defining constraint. Legacy cooling 
systems were never designed to handle this much 
intensity from heat, turbulence, and particulate 
movement. Every new watt of density increases not 
only thermal load but also environmental stress, 
amplifying the impact of dust, corrosion, and airflow 
imbalance. Traditional hot- and cold-aisle designs, 
built for predictability, now struggle to keep pace 
with workloads that inhale air differently, respond to 
temperature fluctuations faster, and fail harder when 
conditions drift even slightly out of range.

The next generation of data centers must go beyond 
simply “keeping cool.” Here’s the crazy part: They 
must engineer the air itself. Meaning treating airflow, 
cleanliness, and pressure as active performance variables. 

In this new model, clean, directed, and intelligently 
managed air is no longer an operational detail; it’s 
a source of resilience, efficiency, and competitive 
advantage.

FROM MAINTENANCE TO MANAGEMENT:  
THE RISE OF AIRFLOW INTELLIGENCE
The pressure points outlined in Section 2 reveal a 
hard truth: Airflow can no longer be treated as a periodic 
maintenance task. 

In AI and HPC environments, the air loop has become 
a critical system that must be measured, managed, 
and optimized continuously. 

The industry is moving from reactive cleaning to 
predictive airflow management.

In legacy facilities, contamination control often 
followed a schedule. Filters were replaced on 
cadence. White space cleaning occurred quarterly or 
annually. Thermal performance was evaluated only 
when alarms were triggered. That approach worked 
when density margins were wide and workloads 
were forgiving. 

The data is clear. Density is rising. AI adoption is 
accelerating. Air remains the dominant cooling medium 
in most facilities. And yet the environmental conditions 
surrounding that air are becoming more volatile, more 
sensitive, and more consequential.

The industry cannot outgrow this challenge by adding 
capacity alone. More CRAC units, larger chillers, or 
incremental retrofits will not solve a fundamentally 
changing airflow equation. When contamination risk 
increases, when thermal margins narrow, and when 
GPU clusters operate at sustained peak utilization, 
reactive maintenance is no longer sufficient.

What is required now is intentional airflow engineering. 
Not just cooling systems, but clean air systems. Not 
just filtration, but measurable contamination control. 
Not just containment, but visibility into how air actually 
moves through high-density environments.

In this section, we exposed the pressure points 
created by AI acceleration. Section 3 explores the 
path forward. Because in a world where air remains 
central to thermal management, the real competitive 
advantage lies in designing facilities that do not just 
move air but understand it.



The Hidden Cost of Dirty Air: How Contamination Threatens AI and HPC Data Centers

© 2026  Data Center Frontier 11

AI infrastructure has erased those margins.

GPU clusters operate at sustained peak utilization. 
High-density racks draw aggressive intake volumes. 
Turbulence redistributes particulates unevenly. 
Minor environmental shifts can have measurable 
performance consequences. In this environment, 
airflow must be treated like power distribution or 
network resilience. It requires visibility, validation, 
and continuous oversight. 

This is the rise of airflow intelligence.
 
From Reactive to Predictive Airflow:
Modern airflow management begins before a facility 
goes live. Pre-commissioning contamination control 
has become a foundational step in protecting AI 
infrastructure. Promera’s Pre-Commissioning Services 
focus on ensuring new builds are contamination-free, 
airflow pathways are optimized, and filtration systems 
are validated before high-density systems are energized.

That early intervention matters. Once GPU racks are 
installed and workloads are deployed, correcting 
airborne contamination becomes more complex and 
more expensive. 

Installation and Product Solutions extends this 
engineering mindset into deployment. Airflow 
design, filtration optimization, environmental controls 
integration, and performance-focused infrastructure 
upgrades must be addressed during installation rather 
than retrofitted after issues emerge. This includes 
airflow visualization tools, filtration strategies, EC fan 
upgrades, and controls optimization that align cooling 
performance with real-world airflow behavior.

But design and commissioning are only the beginning.

AI facilities require continuous environmental 
validation. Ongoing Maintenance Services programs 
shift the focus from periodic cleaning to sustained 
contamination management. Rather than responding 
to visible buildup or thermal alarms, operators 

can adopt structured contamination control, filter 
optimization, and airflow monitoring practices that 
protect performance margins over time. 

This is the transition from maintenance to management. 
 
Efficiency and Longevity:
Clean airflow is not just about uptime. It is directly 
tied to efficiency, sustainability, and capital protection.

When airflow is clean and properly directed:

•	 Thermal resistance remains low.
•	 Fan energy consumption stabilizes.
•	 Cooling systems operate closer to design efficiency.
•	 Component lifespan extends.
 
Even small environmental deviations can carry 
measurable cost. A 2°C rise in inlet temperature 
due to contaminated filters or airflow imbalance can 
reduce GPU performance efficiency by 3-5%. It can also 
increase failure probability over time. In environments 
where a single outage may exceed $100,000 in direct 
impact, these incremental losses compound quickly.

Clean air protects CAPEX. It protects performance. 
It supports sustainability goals by reducing wasted 
energy from overcompensating cooling systems. 

Air quality has become a financial variable.

Education, Not Sales:
The goal of airflow intelligence is not to introduce 
complexity. It is to introduce clarity.

Modern AI environments demand partners who 
understand engineering, environmental science, and 
sustainability in equal measure. Organizations like 
Promera exemplify this shift. They combine contamination 
control, airflow optimization, lifecycle services, and data-
driven analysis to help facilities breathe smarter.

The message is not that cleaning is new. The message 
is that airflow management is now strategic. 
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The air that moves through a high-density data 
center influences performance, longevity, energy 
consumption, and outage risk. Managing that air 
intentionally is no longer optional.

MODERN SOLUTIONS IN PRACTICE: 
ENGINEERING THE AIR LOOP
If airflow is now a performance variable, it must be 
engineered like one. 

Modern AI facilities cannot rely on static airflow 
assumptions. They require visibility into how air 
actually behaves and a framework to continuously 
manage it. Engineering the air loop means moving from 
periodic cleaning to integrated airflow intelligence.

What Modern Airflow Management Includes
1. Airflow Visualization and Optimization
Tools such as EkkoSense, a Promera partner, enable:

•	 Real-time thermal mapping and 3D airflow modeling
•	 Identification of recirculation zones and pressure 
imbalances

•	 Validation of containment performance
•	 Data-driven cooling optimization
 
Airflow becomes measurable rather than assumed.

2. Lifecycle-Based Contamination Control
Promera applies contamination control across the full 
data center lifecycle:

•	 Pre-Commissioning Services (PCS) ensure new 
builds are contamination-free and airflow-validated 
before AI systems go live.

•	 Ongoing Maintenance Services (OMS) shift from 
reactive cleaning to structured, continuous 
contamination management.

•	 Installation and Product Solutions (IPS) integrate 
filtration strategies, aisle containment coupled with EC 
fan upgrades, and airflow controls during deployment.

 

This approach transforms maintenance into predictive 
environmental control.

3. Expertise Across Facility Types
Promera supports:

•	 Hyperscale facilities, where scalable and repeatable 
protocols protect high-density AI ecosystems

•	 Colocation environments, where contamination 
control supports SLA compliance and cross-tenant 
protection

•	 Enterprise data centers, where environmental 
management aligns with security and business 
continuity strategies

•	 Edge deployments, where right-sized services 
maintain performance in constrained or remote sites

 
The industry is moving beyond reactive cleaning 
toward engineered airflow intelligence. This is the 
strategic shift. 

Modern airflow management is not about keeping a 
room clean. It is about:

•	 Reducing thermal resistance
•	 Stabilizing inlet temperatures
•	 Lowering fan energy consumption
•	 Extending GPU and component lifespan
•	 Protecting CAPEX and uptime
 
Engineering the air loop means treating airflow as 
infrastructure, not housekeeping. It means measuring 
it, validating it, and optimizing it continuously. It means 
recognizing that in high-density AI environments, the 
quality of air directly influences compute performance, 
operational efficiency, and financial risk. 

Section 4 moves from theory to evidence. Because 
in AI-ready facilities across hyperscale, colocation, 
enterprise, and edge environments, the proof is 
already in the air.



The Hidden Cost of Dirty Air: How Contamination Threatens AI and HPC Data Centers

© 2026  Data Center Frontier 13

Theory matters. Data matters. But in high-density AI 
environments, results matter most. 

The following anonymized example reflects a real-
world deployment model increasingly common across 
AI-driven facilities.

Client Type: Large AI colocation provider.
 
Challenge: Rising GPU and network system failures 
traced to particulate contamination and turbulent 
airflow in mixed liquid-air systems. 

Approach: The operator adopted a structured airflow 
intelligence strategy:

•	 Immediate mobilization of a large team of trained 
cleaning technicians.

•	 Deployment of air scrubbers to bring positive 
pressure into the data halls during construction.

•	 Integration of Promera’s continuous air quality 
monitoring to ensure compliance. 

Results: 
•	 Accelerated deployment of server and network 
hardware.

•	 Contamination-related GPU and network system 
failures reduced significantly.

IF YOUR GPU COULD TALK:  
THEY’D ASK FOR CLEANER AIR.
The lessons from these deployments are clear: 
Clean, intelligently managed air is more than a 
maintenance standard. For leaders taking aim at an 
AI market, it’s a performance strategy. Across AI and 
HPC environments, facilities that treat airflow as a 
living system are realizing tangible gains in efficiency, 
uptime, and hardware longevity. The path forward isn’t 
just about cooling the next generation of compute; it’s 
about creating ecosystems that breathe with purpose, 
precision, and awareness.

As the industry races toward ever-higher densities and 
faster innovation cycles, one truth remains constant: 
Every watt of power, every GPU, and every model 
trained depend on the invisible medium surrounding 
them. The future of digital infrastructure will belong to 
those who don’t just build for power and performance, 
but who understand and engineer the air itself.

Section 4 – Proof is in the Air:  
Real-World Results from AI-Ready Facilities
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The data center has always been a study in balance: 
between heat and cold, performance and efficiency, 
growth and sustainability. But AI has shifted that 
equilibrium. Workloads are now heavier, faster, and 
more continuous than ever before. Power densities 
that once seemed extreme have become the new 
normal. The rules of airflow, once predictable, are 
being rewritten in real time.

As this transformation unfolds, one principle stands 
out: Airflow is no longer a background process; it’s 
an active ingredient of performance. 

Clean, measured, intelligently managed air determines 
how long equipment lasts, how efficiently energy 
is used, and how consistently systems stay online. 
In a world where AI clusters can cost millions and 
downtime is measured in lost opportunity, ignoring 
what your servers breathe is no longer an option.

The path forward begins with awareness and a clear 
understanding that contamination, turbulence, 
and stagnation are measurable, preventable, and 
manageable. The next step is visibility: real-time data 

on airflow patterns, particulate counts, and pressure 
differentials that reveal how effectively your facility 
moves and cleans the air. From there, optimization 
follows naturally, integrating monitoring, filtration, 
and maintenance into a continuous performance loop 
rather than a reactive service cycle.

Partners like Promera are demonstrating what this 
evolution looks like in practice. Through advanced 
airflow visualization, contamination control, and 
ongoing maintenance programs, operators can 
quantify the ROI of clean air. The end results are 
reduced fan energy, longer component lifespans, and 
fewer unplanned outages. The result is a facility that 
doesn’t just cool, it breathes.

Getting started is simpler than it sounds. Begin with 
the question this report was built around: “What are 
your servers breathing?”

Then, measure it. Model it. Manage it proactively. 
Because the next generation of AI infrastructure won’t 
just depend on power, chips, or cooling systems, it will 
depend on the quality of the air that connects them all.

Final Thoughts and Getting Started

https://promerasolutions.com/



