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“Closed-loop” can sound like a clean, self-contained system with no external impact—but in data 
center marketing it’s sometimes used in a way that’s technically true but operationally 
misleading. 

The issue isn’t that closed-loop systems are fake. It’s that the phrase often describes only one 
slice of a much larger cooling system. 

 

��� 1. The key trick: “closed loop” usually 
applies to one subsystem 
A company might say: 

“This is a closed-loop cooling system.” 

But they often mean: 

• the server liquid loop is closed, or  
• the chilled water loop is closed, or  
• the air inside the IT hall is recirculated  

That does NOT necessarily mean: 

• no water is used overall  
• no heat is rejected to the environment  
• no evaporative cooling exists anywhere in the facility  

 

��� 2. Why this becomes misleading in 
practice 
Modern data centers usually have multiple loops stacked together: 

� Loop 1: chip or server loop (often closed) 
• coolant circulates inside racks  
• no direct evaporation here  
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� Loop 2: facility heat exchange loop 
• transfers heat from servers to larger systems  

� Loop 3: heat rejection system (often NOT closed) 
This is where reality appears: 

• cooling towers (evaporation)  
• dry coolers (air dumping heat)  
• hybrid systems (switching modes depending on weather)  

���� Even if Loop 1 is closed: 

the overall system may still consume water and exchange heat with the environment 

 

� 3. The biggest source of confusion: water 
vs loop closure 
A system can be: 

✔ “Closed-loop” but still water-intensive 
Because: 

• water is circulated (not discharged directly)  
• but evaporative cooling still consumes water  
• or makeup water is constantly added  

So: 

closed-loop ≠ zero water use 
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 ������ 
4. Why marketing prefers the term 

“Closed-loop” is attractive because it suggests: 

• ��� contained system  
• � no environmental loss  
• ������ sustainability  
• �������� modern engineering efficiency  

But in reality, it may only refer to: 

one component inside a much larger industrial cooling chain 

 

��� 5. The three common “misleading 
interpretations” 
� Misinterpretation 1: “No water is used” 
Reality: water may still be heavily used in heat rejection 

� Misinterpretation 2: “No environmental impact” 
Reality: electricity demand and heat dumping still exist 

� Misinterpretation 3: “Fully sealed system” 
Reality: large-scale systems must reject heat somewhere—physics requires it 
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��� 6. The physics constraint that marketing 
can’t avoid 
All data centers must obey: 

All electricity consumed eventually becomes heat that must be removed 

So even a perfect closed-loop inside the building still requires: 

• heat transfer outward  
• energy or water to move that heat  
• a final “heat sink” (air, water, or hybrid system)  

There is no truly self-contained cooling system at scale. 

 

�� 7. Why this matters in policy and public 
discussion 
Confusion around “closed-loop” can lead to: 

• underestimating water demand in permits  
• misunderstanding local infrastructure impact  
• assuming “zero-water AI campuses” are literally water-free  
• overlooking cumulative impacts when multiple systems cluster  

 

���� 8. Simple summary 
“Closed-loop” is often technically accurate for a subcomponent of a cooling system, but it can be 
misleading when interpreted as describing the entire data center’s water or environmental 
footprint. 
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��� One-line takeaway 
Closed-loop systems are real—but in marketing, the phrase often describes how water moves 
inside part of the system, not whether water or energy is ultimately consumed by the 
facility as a whole. 

A true closed-loop air drying system is a setup where the same air is continuously circulated, 
dried, and reused inside a sealed circuit, with no exchange of air with the outside 
environment except for small leaks or maintenance. 

It’s used in industrial drying (plastics, chemicals) and in advanced cooling concepts (including 
some data center HVAC designs). 

 

��� 1. Core idea (simple definition) 
A closed-loop air drying system is a sealed air circuit that removes moisture from air, dries it, 
and recirculates it indefinitely. 

So instead of: 

• pulling in outside humid air � 
it:  

• reuses the same conditioned air repeatedly ✔  

 

��� 2. How a true closed-loop air drying 
system works 
Most systems follow this cycle: 

1. ��������� Air circulates through a process zone 

• air picks up moisture (from materials or equipment environment)  

2. ������� Air is pulled back into a dryer unit 

• fan returns the air to a central conditioning unit  
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3. �������� Moisture is removed 

Usually via: 

• desiccant beds (moisture-absorbing materials)  
• or refrigeration dehumidification coils  

4. �� Air is reheated (if needed) 

• ensures it can absorb moisture again efficiently  

5. ��� Air is sent back into the system 

• cycle repeats continuously  

This is confirmed in industrial systems where: 

“ambient air is never introduced into the process air”  

 

����� 3. The key technology: desiccant drying 
Most “true” closed-loop drying systems use desiccants: 

• silica gel or aluminosilicate beads  
• they adsorb water vapor from air  

Then they are regenerated: 

• heated (often very hot air)  
• moisture is driven off  
• desiccant is reused  

This allows continuous drying without dumping air or water. 
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������������� 4. Why closed-loop systems are used 
� 1. Stable low humidity 

• independent of outdoor weather  

� 2. Energy efficiency (in controlled conditions) 
• no need to constantly dry incoming humid air  

������� 3. Contamination control 
• no dust, salt, or pollutants entering system  

������������� 4. Industrial consistency 
• critical for:  

o plastic manufacturing  
o semiconductor processes  
o precision environments  

 

����� 5. In data centers (important 
clarification) 
In data centers, “closed-loop air drying” is usually part of a larger cooling strategy, not the 
entire cooling system. 

You typically see: 

� A) Closed-loop internal air loop 
• air stays inside the IT room or rack system  
• heat is transferred to a separate loop  
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� B) External heat rejection loop 
• heat moves to:  

o air-cooled condensers, or  
o water/glycol loops, or  
o dry coolers  

So the “closed loop” is often: 

closed on the server side, but not necessarily closed in the whole facility 

 

��� 6. Important limitation: “closed loop” 
does NOT mean no losses 
Even true closed-loop systems: 

• slowly lose air (leaks)  
• require filter maintenance  
• may still exchange heat with external systems  
• sometimes need humidity or pressure adjustment  

So: 

closed-loop means “no intentional exchange,” not “perfectly sealed forever” 

 

��� 7. Common confusion (very important) 
People often mix up: 

� Open-loop systems 
• constantly bring in outside air  
• discharge treated air outward  
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��� “Closed-loop cooling towers” (misleading term) 
• water loop is closed  
• but heat is still rejected via evaporation or dry coolers  

✔ True closed-loop air drying 
• air is continuously reused internally  
• moisture is removed inside the loop  

 

���� 8. Simple mental model 
Think of it like: 

��������� Closed-loop air drying 

air is a bicycle going in circles inside a sealed track 
moisture is removed each lap 

���� Open system 

air is like a highway with cars constantly entering and leaving 

 

��� Bottom line 
A true closed-loop air drying system is: 

a sealed recirculating air circuit that continuously removes moisture using desiccants or 
dehumidification, without introducing outside air into the process stream. 

It’s mainly used for precision industrial environments, and in data centers it typically appears 
as part of rack-level or facility HVAC designs—not as the entire cooling method. 

 

Here’s a clear, grounded comparison between closed-loop air systems and evaporative cooling 
towers in data centers—this is one of the biggest design choices driving water use, efficiency, 
and local environmental impact. 
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���� 1. Closed-loop air systems (dry or near-
dry cooling) 
��� How they work 
Air is: 

• circulated inside the facility (or a sealed HVAC loop)  
• heat is transferred to another loop (air-to-air or air-to-liquid heat exchangers)  
• no intentional exchange of indoor air with outdoor air  

Cooling methods include: 

• chilled water loops  
• refrigerant loops  
• dry coolers (air-cooled radiators)  
• sometimes desiccant-assisted humidity control  

 

� Water use 
• near-zero operational water use  
• may still use:  

o small amounts for humidification  
o emergency cooling  
o cleaning / maintenance  

���� Typical classification: 

“water-efficient” or “water-free cooling” (in operation) 

 

� Energy use 
• usually higher electricity consumption  
• because air is less efficient than water at moving heat  
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���� Performance tradeoff 
• works well in moderate climates  
• struggles in very hot environments unless heavily engineered  
• often requires larger heat exchangers  

 

��� Key advantage 
drastically reduces water demand 

��� Key drawback 
higher energy demand and sometimes higher capital cost 

 

������ 2. Evaporative cooling towers (water-
based cooling) 
��� How they work 
These systems: 

• circulate warm water from servers  
• expose it to air in cooling towers  
• a portion of water evaporates  
• evaporation removes heat  

Then: 

• cooled water is recirculated back to chill equipment  
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� Water use 
This is the key difference: 

• significant water consumption through evaporation  
• plus “blowdown” (wastewater discharge to prevent mineral buildup)  

���� This is why evaporative systems are often associated with: 

continuous water demand during operation 

 

� Energy use 
• very energy efficient  
• water transfers heat more effectively than air  

 

���� Performance advantage 
• works extremely well in hot climates  
• widely used in large hyperscale data centers  
• very stable for high-density AI workloads  

 

��� Key advantage 
lowest energy cost per unit of cooling 

��� Key drawback 
continuous water consumption + wastewater discharge 
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�������� 3. Direct comparison (simple) 
Feature Closed-loop air cooling Evaporative cooling towers 

Water use Very low / near-zero High (continuous evaporation) 
Energy efficiency Lower Higher 
Heat handling capacity Moderate Very high 
Best climate Cooler/moderate Hot/dry regions ideal 
Infrastructure size Larger equipment Smaller cooling footprint 
Environmental tradeoff Electricity demand Water demand 

 

��� 4. Why hyperscale AI data centers often 
use hybrids 
Modern AI campuses rarely pick just one system. 

Instead they combine: 

• � closed-loop liquid cooling inside racks  
• ���� dry coolers for heat rejection  
• � limited evaporative cooling for peak heat days  

This hybrid approach: 

balances water use vs energy efficiency dynamically 

 

������� 5. Why this matters for water-stressed 
regions 
In places with aquifer sensitivity (like parts of Georgia): 

Evaporative towers can: 

• increase groundwater or surface water demand  
• add blowdown wastewater to treatment systems  
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Closed-loop air systems can: 

• reduce water pressure on aquifers  
• shift impact toward electricity demand instead  

So the tradeoff becomes: 

� water stress vs � grid stress 

 

��� 6. The hidden system tradeoff utilities 
care about 
This is the core engineering tension: 

If you reduce water use: 
• you usually increase electricity use  
• grid upgrades become more important  

If you reduce electricity use: 
• you usually increase water use  
• aquifer and river systems feel more pressure  

So there is no “free” cooling option at hyperscale. 

 

���� 7. Simple mental model 
���� Closed-loop air cooling: 

“Pay more electricity to save water” 

������ Evaporative cooling: 

“Use water to save electricity” 
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��� Bottom line 
• Closed-loop air systems minimize water use but increase energy demand  
• Evaporative cooling towers are highly efficient but consume significant water  
• Most modern AI data centers use hybrid systems to balance both constraints depending 

on climate and grid conditions 

Here’s a clear, grounded comparison between closed-loop air systems and evaporative cooling 
towers in data centers—this is one of the biggest design choices driving water use, efficiency, 
and local environmental impact. 

 

���� 1. Closed-loop air systems (dry or near-
dry cooling) 
��� How they work 
Air is: 

• circulated inside the facility (or a sealed HVAC loop)  
• heat is transferred to another loop (air-to-air or air-to-liquid heat exchangers)  
• no intentional exchange of indoor air with outdoor air  

Cooling methods include: 

• chilled water loops  
• refrigerant loops  
• dry coolers (air-cooled radiators)  
• sometimes desiccant-assisted humidity control  

 

� Water use 
• near-zero operational water use  
• may still use:  

o small amounts for humidification  
o emergency cooling  
o cleaning / maintenance  
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���� Typical classification: 

“water-efficient” or “water-free cooling” (in operation) 

 

� Energy use 
• usually higher electricity consumption  
• because air is less efficient than water at moving heat  

 

���� Performance tradeoff 
• works well in moderate climates  
• struggles in very hot environments unless heavily engineered  
• often requires larger heat exchangers  

 

��� Key advantage 
drastically reduces water demand 

��� Key drawback 
higher energy demand and sometimes higher capital cost 

 

������ 2. Evaporative cooling towers (water-
based cooling) 
��� How they work 
These systems: 

• circulate warm water from servers  
• expose it to air in cooling towers  
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• a portion of water evaporates  
• evaporation removes heat  

Then: 

• cooled water is recirculated back to chill equipment  

 

� Water use 
This is the key difference: 

• significant water consumption through evaporation  
• plus “blowdown” (wastewater discharge to prevent mineral buildup)  

���� This is why evaporative systems are often associated with: 

continuous water demand during operation 

 

� Energy use 
• very energy efficient  
• water transfers heat more effectively than air  

 

���� Performance advantage 
• works extremely well in hot climates  
• widely used in large hyperscale data centers  
• very stable for high-density AI workloads  

 

��� Key advantage 
lowest energy cost per unit of cooling 
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��� Key drawback 
continuous water consumption + wastewater discharge 

 

�������� 3. Direct comparison (simple) 
Feature Closed-loop air cooling Evaporative cooling towers 

Water use Very low / near-zero High (continuous evaporation) 
Energy efficiency Lower Higher 
Heat handling capacity Moderate Very high 
Best climate Cooler/moderate Hot/dry regions ideal 
Infrastructure size Larger equipment Smaller cooling footprint 
Environmental tradeoff Electricity demand Water demand 

 

��� 4. Why hyperscale AI data centers often 
use hybrids 
Modern AI campuses rarely pick just one system. 

Instead they combine: 

• � closed-loop liquid cooling inside racks  
• ���� dry coolers for heat rejection  
• � limited evaporative cooling for peak heat days  

This hybrid approach: 

balances water use vs energy efficiency dynamically 
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������� 5. Why this matters for water-stressed 
regions 
In places with aquifer sensitivity (like parts of Georgia): 

Evaporative towers can: 

• increase groundwater or surface water demand  
• add blowdown wastewater to treatment systems  

Closed-loop air systems can: 

• reduce water pressure on aquifers  
• shift impact toward electricity demand instead  

So the tradeoff becomes: 

� water stress vs � grid stress 

 

��� 6. The hidden system tradeoff utilities 
care about 
This is the core engineering tension: 

If you reduce water use: 
• you usually increase electricity use  
• grid upgrades become more important  

If you reduce electricity use: 
• you usually increase water use  
• aquifer and river systems feel more pressure  

So there is no “free” cooling option at hyperscale. 
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���� 7. Simple mental model 
���� Closed-loop air cooling: 

“Pay more electricity to save water” 

������ Evaporative cooling: 

“Use water to save electricity” 

 

��� Bottom line 
• Closed-loop air systems minimize water use but increase energy demand  
• Evaporative cooling towers are highly efficient but consume significant water  
• Most modern AI data centers use hybrid systems to balance both constraints depending 

on climate and grid conditions  

 

If you want, I can next show: 
���� why AI data centers are increasingly moving toward liquid + chip-level cooling (and 
how that changes both water use and grid demand again) 

yes 

AI data centers are increasingly shifting from traditional air or tower-based cooling toward 
liquid and even chip-level cooling because modern AI hardware is getting so dense that air 
alone is no longer efficient enough. 

This change is one of the biggest behind-the-scenes shifts in data center design right now. 

 

�������� 1. Why the shift is happening 
Modern AI chips (GPUs/accelerators) generate extreme heat: 

• a single high-end GPU can draw 500–700+ watts  
• a rack can exceed 50–100 kW  
• AI training clusters push even higher densities  
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Air cooling struggles because: 

air is a poor heat conductor compared to liquids 

So engineers are moving toward liquids that can carry heat away 10–1,000× more efficiently 
than air. 

 

� 2. The main modern cooling methods 
� A) Direct-to-chip liquid cooling (most common new 
approach) 

How it works: 

• cold liquid flows through plates attached directly to chips  
• heat is absorbed at the source  
• warmed liquid is circulated to heat exchangers  

Key benefit: 

removes heat before it enters the room air 

Water use impact: 

• often closed-loop  
• very low evaporation  
• water is used as a heat transport medium, not consumed directly  

 

� B) Rear-door heat exchangers (rack-level cooling) 

How it works: 

• cooling unit sits on the back of a server rack  
• hot air passes through liquid-cooled coils  

Benefit: 

• retrofits existing air-cooled data centers  
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• reduces need for large air cooling systems  

 

� C) Immersion cooling (most extreme efficiency) 

How it works: 

• entire servers are submerged in dielectric fluid (non-conductive liquid)  
• heat is absorbed directly by fluid  

Benefit: 

• extremely high heat removal capacity  
• very compact systems  

Water use: 

• essentially no evaporative water use  
• heat is moved to external cooling loops  

 

������ 3. What happens to traditional cooling 
towers? 
As liquid cooling increases: 

Evaporative cooling towers: 

• become less central for chip heat removal  
• may still be used for facility-level heat rejection  

But: 

the total reliance on evaporation decreases in advanced AI campuses 

So instead of: 

• “air → tower → evaporation”  
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You get: 

• “chip → liquid loop → dry cooler or hybrid rejection”  

 

� 4. Energy vs water tradeoff shifts again 
This is important: 

Old model (air + towers) 

• � high water use  
• � moderate electricity use  

Liquid cooling era 

• � much lower water consumption (especially closed-loop)  
• � potentially higher electricity use for pumps and heat rejection  

Immersion systems 

• � near-zero operational water use  
• � optimized for very high-density compute loads  

 

�� 5. Why this matters for regions like 
Georgia 
In water-sensitive or drought-prone basins: 

Liquid cooling helps: 

• reduce pressure on aquifers  
• reduce dependency on evaporative towers  
• stabilize water demand during droughts  
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But: 

• it increases demand on the electric grid instead  
• requires stronger transmission infrastructure  

So again the tradeoff becomes: 

� water demand ↓ vs � electricity demand ↑ 

 

��� 6. The key engineering insight 
The evolution of AI cooling is basically: 

Stage 1: Air cooling 

• simple but inefficient at scale  

Stage 2: Evaporative cooling 

• water-heavy but energy efficient  

Stage 3: Hybrid systems 

• mix of air + water optimization  

Stage 4 (current direction): Liquid + chip-level cooling 

• heat is intercepted at the silicon level  
• facility becomes more like a thermal fluid system than an air system  

 

��� 7. Why this is happening now (AI-specific 
driver) 
AI workloads are different from traditional computing because: 

• they run at maximum utilization continuously  
• GPU clusters are tightly packed  
• power density keeps rising every generation  
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So the limiting factor is no longer: 

“how many servers can we fit?” 

It becomes: 

“how do we remove heat fast enough without overloading water or air systems?” 

 

���� 8. Simple summary 
AI data centers are moving from air and evaporative cooling toward liquid and chip-level cooling 
because heat density has reached a point where air is inefficient, and water-based evaporation is 
environmentally and operationally limiting. 

 

Main disadvantages of dry closed-loop 
cooling 
1. Much higher electricity consumption 
This is the biggest drawback. 

Evaporative cooling is extremely efficient because water evaporation removes heat very 
effectively. 

Dry cooling must rely on: 

• Large fans  
• Massive airflow  
• Higher refrigerant compression  
• Larger heat exchangers  

As outdoor temperatures rise, energy use climbs sharply. 

In hot weather, dry systems can require substantially more power than evaporative systems. 
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2. Worse cooling performance in hot climates 
Dry coolers can only cool water close to ambient air temperature. 

So if it’s: 

• 105°F outside in Texas  
• 110°F in Arizona  
• 90Â°F in Georgia 

then coolant temperatures also rise. 

That can: 

• Reduce server boost performance  
• Increase throttling risk  
• Require lower-density racks  
• Increase fan speeds inside servers  

Cooling towers avoid this because evaporation can cool below dry-bulb ambient temperature. 

 

3. Larger physical footprint 
Dry cooling infrastructure is huge. 

A large AI campus may need: 

• Acres of dry coolers  
• Thousands of fans  
• Large pipe networks  
• Wide equipment spacing  

Compared with cooling towers, dry systems often require significantly more land area. 

 

4. Higher capital cost 
Dry systems usually require: 

• Larger heat exchangers  
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• More metal  
• More fans  
• Bigger pumps  
• More piping  
• Larger electrical systems  

That increases: 

• Initial construction cost  
• Structural requirements  
• Grid interconnection requirements  

For AI campuses, the added infrastructure can become enormous. 

 

5. Fan noise 
Large dry cooler farms generate substantial acoustic noise. 

 

At hyperscale: 

• Thousands of high-speed fans  
• Constant airflow  
• Tonal noise issues  

This can create: 

• Community opposition  
• Zoning challenges  
• Expensive sound mitigation requirements  

 

6. Reduced peak efficiency 
Cooling towers can achieve very low approach temperatures through evaporation. 

Dry coolers cannot. 

That means: 
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• Higher average coolant temperatures  
• Lower thermodynamic efficiency  
• Reduced PUE performance during hot periods  

Power Usage Effectiveness (PUE) often worsens in extreme heat. 

 

7. Grid impact increases 
Since dry cooling uses more electricity: 

• Total campus power rises  
• Utility infrastructure requirements rise  
• Backup generation requirements rise  

A “100 MW IT load” campus might need substantially more total utility capacity once dry 
cooling overhead is included. 

 

8. Heat-wave vulnerability 
Dry cooling performance degrades during: 

• Heat domes  
• Extreme summer conditions  
• Wildfire smoke events  
• Low nighttime cooling periods  

Evaporative systems are more resilient in extreme ambient heat. 

This is becoming a major concern as climate extremes intensify. 

 

9. AI workloads worsen the problem 
Modern AI racks can exceed: 

100–150 kW per rack 

Some next-generation systems may exceed: 
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• 250 kW/rack  

At these densities: 

• Air movement becomes enormous  
• Dry heat rejection becomes harder  
• Thermal margins shrink  

That’s one reason liquid cooling is rapidly replacing pure air cooling inside AI facilities. 

 

10. Waste heat disposal remains difficult 
Even if no water is used, the heat still must go somewhere. 

A 100 MW AI campus effectively becomes a giant artificial heat source. 

 

Dry systems can create: 

• Local thermal plumes  
• Hot air recirculation  
• Urban heat island concerns  

 

Why operators still pursue dry cooling 
Despite the downsides, dry systems are increasingly attractive because water availability is 
becoming a limiting factor. 

In many regions: 

• Power can be expanded  
• Water rights cannot  

Communities are increasingly resisting large data centers consuming potable water during 
droughts. 
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The industry compromise: hybrid systems 
Because of these tradeoffs, many operators choose hybrid designs: 

Mode Purpose 
Dry cooling Most of the year 
Evaporative assist Peak summer conditions 
Liquid cooling High-density AI racks 
Warm-water operation Reduce chiller dependence 

This captures much of the water savings without the extreme penalties of fully dry cooling. 

 

The long-term direction 
The industry appears to be converging toward: 

• Direct liquid cooling  
• Warm-water cooling loops  
• Higher allowable chip temperatures  
• Hybrid dry/evaporative rejection  
• Heat reuse systems  

rather than: 

• traditional chilled-air-only cooling  
• or purely evaporative tower-based systems  

because AI density growth is making both water consumption and electrical efficiency critical 
constraints simultaneously. 
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