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Chillers are a critical part of data center cooling infrastructure both in liquid-cooled and
air-cooled environments. They are responsible for creating chilled facility water that then
pumps to CDUs to extract heat from the coolant or to CRAHs to reduce the temperature of
air blowing through the data center. We size this as a ~$8B market in 2026 (fully loaded
cost including installation and ancillaries), but the growth outlook can vary significantly
based on how you think chiller penetration changes. Assuming no such changes (our base
case), we project a ~20% CAGR for the market with 2030 estimated at ~$16.5B.

We often hear debates of when it makes sense to use air-cooled vs. water cooled units. As

a quick primer, both types of chillers operate using a refrigerant cycle, but air-cooled units
reject heat from the refrigerant into ambient air, while water-cooled units reject to another
water loop (either a cooling tower or a dry cooler). Air-cooled units are lower capex, but
much less energy efficient. Water-cooled units need more upfront investment and consume
large quantities of water (if a cooling tower is used), but tend to consume less power for the
same tonnage. So it really is a sensitivity analysis of what you think your operating
conditions and input costs will be when making the decision.

To illustrate this, we looked at how much it would cost to run an 800 ton chiller {roughly 2.5
MW) - assuming it was air-cooled or water-cooled. When the compressor of the chiller ran
24X7, annual operating costs were roughly 25% higher for an air-cooled chiller vs.
a water-cooled unit, implying a ~3 year payback on the cost differential. So water-
cooled units are always better, right?

Itis not that simple. This dynamic can change quite drastically when you take free-
cooling into account. Free-cooling is a when the ambient temperature drops enough for
the data center operator to tone down (and in some cases switch off) the compressor in the
chiller. It's a bit of a misnomer, the cooling isn't entirely free (you still need some power) but
it's a fraction of what you'd need with the compressor running at 100%.

Energy consumption drops significantly for both air-cooled and water-cooled units.
However, water costs stay relatively constant for water-cooled chillers {assuming a cooling
tower is used). So as you spend more time in a free cooling environment, you may
run into a situation where it is actually cheaper to operate an air-cooled chiller vs.

a water-cooled chiller. This could be why we are hearing people talk about air-cooled
chillers gaining share in the market.

We also spent some time benchmarking chiller offerings by key players available or
announced in the market (like we did with our earlier primer on CDUs). We do not find
the differences to be as stark; while there are some variations between companies, and
they all have their own edge, we think these variations in specs are far outweighed by the
overwhelming supply shortage and demand we are seeing for chillers today.

This is the first of our three part series on chillers. In part two, we will discuss “chiller
gate” in more depth and in part three dive into the economics of servicing a chiller unit.

See the Disclosure Appendix of this report for required disclosures, analyst certifications and other www.bernsteinresearch.com
important information. Alternatively, visit our Global Research Disclosure Website.
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BERNSTEIN TICKER TABLE

18 Jun 2026 ™ Adjusted EPS Adjusted P/E (x)
Closing Price Rel.

Ticker Rating Cur Price Target Perf. Cur  2025A 2026E 2027E 2025A  2026E 202VE
TT (Trane) 0 usD 483.40 550.00 (10.5% usD 13.06 1496 1761 37.0 32.3 27.4
CARR (Carrier) M USD 71.81 75.00 (22.9)% usD 257 2.81 3.20 27.9 256 224
ICI {Johnson Controls) 0 usD 144.82 176.00 14.3% usD 3.78 5.06 6.04 38.3 286 24.0
VRT (Vertiv) 0 usD 333.05 416.00 154.0% usD 4.20 6.52 821 79.3 51.1 36.2
SPX 7,500.58

O - Outperform, M - Market-Perform, U - Underperform, NR - Not Rated, CS - Coverage Suspended
Source: Bloomberg, Bernstein estimates and analysis.

INVESTMENT IMPLICATIONS

We rate TT Outperform with a target price of $550.

We rate CARR Market-perform with a target price of $75.
We rate JCl Outperform with a target price of $176.

We rate VRT Outperform with a target price of $416.
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DETAILS

EXHIBIT 1: When should you buy an air-cooled vs. water-cooled chiller?

Annual OpEx differential in an 800-ton chiller (air-cooled vs. water-cooled)

Annual Operating costs (water + power)

$0.8M

0.63
$0.6M

$0.4M

$0.0M

¥ free cooling

Breakeven

period (years) 3y

Air-cooled m Water-cooled

If cooling tower needs to be active (which we think it
does) to enable free cooling in a water-cooled chiller,

0.36 water usage makes an air-cooled chiller seem more
’ 0.33 attractive in free-cooling heavy environments
0.2
0.14
502 free cooling 904 free cooling
~11yrs N/A

However, this is based on national averages for power and water costs; reality-will look quite different based on the region of operation

Source: Bernstein Analysis and Estimates
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EXHIBIT 2: Trade-offs by chiller type and regional variation

Low
power
costs

Note: Power cosis are §10.25, $6.26, $6.7, $9.18 per 100 kWh for NoVa, DFW, ATL, ORD from EIA; Wazerc

-

Deciding between air-cooled and water-cooled chillers based on geography

High water costs

Air-cooled
chillers dominate

Depends on how much
cheaper power is vs.
water (or vice versa)

Northern
Virginia
Are you sure you want to
open a data center here?
DFW
High
power
costs
Atlanta
Water-cooled
chillers dominate
Chicago

Low water costs

sts are §12.5, $11. 820, 810 for

MoVa, DFW, ATL, ORD pulled from regional sites (actual industrial rotes may varyl; Numbers by region assume an B00-ton chiller operating

Source: Bernstein Analysis and Estimates, EIA

Ar-cooled
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What is a chiller?

A chiller is a piece of equipment, which, as the name suggests, reduces the temperature of a stream of matter (usually a liquid).
In the context of a data center, chillers are useful not only for liquid cooling (to cool the FWS) but also in air cooled environments
where cold water flows to a CRAH to reduce the temperature of air that flows through it. Any chiller runs through a refrigerant
compression cycle; this has four stages of operation as described below.

Evaporator: The warm liquid that needs to be chilled exchanges heat with cold liquid refrigerant in the chiller. This refrigerant
picks up heat from the warm water and cools it, evaporating in the process.

Compressor: The most energy intensive part of a chiller. A compressor (scroll, screw, centrifugal) compresses the gaseous
refrigerant, increasing its temperature. This is done to create a higher temperature gradient which makes heat transfer easier at
a later stage.

Condenser: The hot, high-pressure, gaseous refrigerant comes into thermal contact with another stream of heat rejection
(usually cool water in the case of a water-cooled chiller or ambient air in the case of an air-cooled chiller). The difference in
temperature between the hot refrigerant and the cool heat sink facilitates heat rejection from the former to the latter. The
refrigerant temperature lowers, and it condenses as a result (reverting to a liquid state).

Expansion valve: High pressure, liquid refrigerant passes through an expansion valve. This rapidly reduces pressure, which in
turn reduces the temperature of the refrigerant (but keeps it in a liquid state). From here, the liquid refrigerant flows back to the
evaporator and the cycle repeats.

EXHIBIT 3: Physics of Chiller Operation

Where do Chillers fit in a data center?

Gas Hot Gas
WarmFWs  p > (2] -
Compressor (most energy intensive
— stage overall) pressurizes refrigerant —
Facility water system brings {which then increases temperature)
heat to the chiller which is - - _—
icked up by the refrigerant Rejection could
P el € Liquid refrigerant absorbs Refrigerant rejects heat and be to cooling
i : heat from FWS loop and tower (for water-
Returning cold water is P condenses to liquid state . |
relevant in both air cooled evaporates to gaseous form cooled) or directly
and liquid cooled configs; 1o amblent air (air
a 88; — — cooled chillers)
can flow to CDU, CRAH, or
to broader HVAC system — —
Expansion valve causes a flash drop in
pressure which cools the refrigerant
Chilled FWS < « (4] «

Cool liguid Hot / warm liguid

o Evaporator oCOmpressor o Condenser o Expansion Valve

Source: Bernstein Analysis

Types of chillers

In general, comparisons are made between two types of chillers - air-cooled and water-cooled. The differences due to how

the condenser rejects heat to the environment; if air is used it is air-cooled, if water is used (either through a dry cooler, or more
commonly a cooling tower) it is water-cooled. There are some performance trade-offs from choosing one type of chiller vs.
another. Air-cooled units are much less energy efficient (~30% worse than water-cooled unit) but have lower up front capex
and do not require any water to operate. In contrast, water cooled chillers are much better at heat transfer to the environment,
so the compressor needs to do less work reducing their energy bill. But they do need water in most cases (although some dry
cooler configurations solve that issue) which can shift the balance (especially in free-cooling environments where power usage
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for both air-cooled and water-cooled chillers drops significantly while water consumption stays relatively constant). We explore
this cost-benefit analysis later in our note.

EXHIBIT 4: Air-cooled vs. Water-cooled Chillers

Chiller type comparison

Water-Cooled

Rejection of heat from the refrigerant

f b f E .
Rejection of heat from refrigerant happens with an additional water-

happens through fans blowing air for

Overview cooled loop and tends to need an
ndensation {visi in the im 4
conde sato_ {vis b,l_e. ‘,t & Imager: accompanying cooling tower,
therefare, chiller is "air" cooled . N -
therefore, chiller is “water” cooled
Energy Lower than water cooled (usually ~1kW / ton of cooling) Usustly ~300+ lower SRergy couts vs. i cooled
efficiency air is less affective than water far heat transfer
Water . Zove; water is not noeded Mateﬁai ?ﬂatet cr.Jrlsumptic_m per ton
consumption of lingifa ling tower is d
Sizin Data center products cap Can go materially higher than air-cooled chillers in size;
i out at =3 - 3.5 MW units. 5+ MW units are very common (if not larger}
$1000 - $1500 per ton of cooling .
- hi
CapEx {all i} for data center seale Lnits 30% higher CapEx vs. air cooled chillers
Overall Driven by both power costs and water costs; generally cheaper 1o
OpEx Laigely deiven by powst costs slone operate v air cooled but “how much” depends on cost of water
Deployment Werks well across retrofit/ greeniield; Pri ily g field-f d (hard to retrofit a cooling tower)

also preferred inenvironments with water scarcity

Source: Bernstein Analysis and Estimates, Company Reports

More as a point of clarification, we would also like to highlight the different types of compressors in chillers. OEMs regularly talk
about scroll vs. screw vs. centrifugal chillers, and it is worth understanding how they differ. Scroll chillers generally do not see
data center applications; they are small, simple, silent units with limited ability to scale. Screw compressors are mid-sized units
and see data center deployment. They are more complex and better at handling variable loads. Finally, centrifugal compressors
see deployment in large scale data center environments; most OEM flagship products launched today are centrifugal chillers.
These are the most complex, and require significant engineering to stand up but also deliver the most cooling power.

EXHIBIT 5- Comparison of compressors

et “

. Two spiral plates trap gas
Operating ! -'I( Y and squeeze them towards
principle '-.k the center which increases

Yme? / temperature and pressure

Uses centrifugal force to
Increase gas velocity, which
is then converted into an
increase intemp. / pressure

.F;:‘-\- Refrigerant fills gaps

4= between two interlocking
W corkscrews; which then
} compresses to increase BT

_— Generally seen with mid-size to large units Upper end for largest deployments
Best fi llest units (200 - 300 t
Size range est for smallest units | ons) {500 - 1500 tons) {>1500 tons)
Simple, compact, easy to maintain Handles tougher conditions / variable loads Highest efficiency and works wellin water-cooled
Commentary and quiet; but has tight operating range and better than scroll; but has more moving erwironments, best for big deployments; higher
not practical to deploy at large tonnages parts and higher complexity to maintain up-front cost + needs he(

Source: Images ‘rom Arlas C ard Engincorirglaarn.com

Most appropriate for data center loads

2 " LE2 )
Source: Bernstein Analysis

How big is the market? .
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We have seen a wide dispersion of market sizes for chillers. Part of it also depends on what you are referencing - just the unit,
or all the ancillary pieces that come with it? We have used a top-down estimate to size the overall market using GW added as a
starting point. While we do have a base / bull / bear case for chillers in the exhibit below, these are based on variation in chiller
penetration (not in terms of GW added). Our approach is as follows.

First, we look at new GW capacity being added each year. This creates a thermal baseline in terms of power consumed. Most of
that power is released from chips, with an additional factor (assumed to be 1.2x in our model) to account for power wastage and
headroom for safety. Next, we assume a cost per ton of $1,500. This is a blend of both air cooled and water cooled chiller capex
and includes the unit, engineering + commissioning + any supporting equipment that is needed {(pumps, cooling towers, etc.).
Finally, we multiply this by the share of GW that are cooled using chillers (75% in 2026 since it is how the majority of cooling
takes place, but with base, bear, and bull cases for chillers based on how that could evolve). We size the fully loaded market for
chillers at ~$8B in 2026, growing to ~$16.5B in 2030 assuming chillers continue to cool the same share of DC compute. In our
bear case, where dry coolers steal share, the number drops to ~$9B, while in the bull case where chillers gain share we size it at
~$20B. This implies annual growth rates of ~20%, <5%, and >25% in the base, bear, and bull cases respectively.

Naturally, this model is sensitive to any assumptions you may have (especially GW added which can vary substantially between
sources). The benefit of our approach is that one can relatively easily modify these assumptions and see what the market would
be accordingly.

EXHIBIT 6: Chiller Market Size (Fully loaded) by Scenario
" 2030E 2030E 2030E
car (Bear) (Base) (Buly)

GW added

21GW 40 GW 40 GW 40 GW
inyear'
Multiplier for
headroom 1.2x 1.2x 1.2x 1.2x
Chiller cost per ton
(fully loaded) $1,500 $1,700 $1,700 $1,700
Share of GW cooled —_— 40% ) 75%h 0%
by chillers [94) {Dry caolers dominate} cm.:::‘;::g"f:am (Chittgrs dominate;
v v v v
Data Center Chiller $7.98 $8.9B $16.6B $208
Market Size " (<5% CAGR} {~20% CAGR) {25%* CAGR)

Source: Bernstein Analysis and Estimates, McKinsey Data Center Model (for GW), CSE mag for cost per ton with 3% annual inflation

Air vs. Water ... what's better?

Both air-cooled and water-cooled chillers have clear niches. Generally, air-cooled chillers make more sense when power costs
are low (because they consume more power at a given tonnage vs. water-cooled chillers) or if water costs are high / water is
limited / unavailable. In contrast, water-cooled chillers make sense in water-rich environments / when water costs are low or
when power costs are high (since they are more energy efficient). When running at 100%, the extra cost of using waterin a
water-cooled chiller is more than offset by the savings in power.

However, this dynamic does change when you start to leverage free cooling (especially if you have a water-side economizer). In
this environment, the compressor is switched off / used less, significantly reducing power consumption. But water consumption
from a cooling tower continues, which keeps water costs relatively constant. At very high free cooling ratios, this could mean
that the power savings from using a water-cooled chiller are actually offset by the cost of water. Given the increased focus on

U.S. MULTI INDUSTRY & ELECTRICAL EQUIPMENT BERMNSTEIN SCOCIETE GEMERALE CROUP 7
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water management in data centers (some counties have even capped the amount of water a data center can consume) we think
it could help make the case for air-cooled chillers long-term over water-cooled units. The only exception is when the water-
cooled chiller uses a dry cooler vs. a cooling tower (which JC| now advertises as possible with their new York HT chiller unit,
although this likely comes with higher power costs due to higher lift).

EXHIBIT 7. Water costs can overtake power in modes with high free cooling (assumes use of cooling tower)

Annual OpEx differential in an B00-ton chiller (air-cooled vs. water-cooled)

Annual Operating costs (water + power)

0.63
$0.6M
05 If cooling tower needs to be active (which we think it
does) o enable free cooling in a water-cooled chiller,

o 0.3¢ water usage makes an air-cooled chiller seem more
50.4M o 0.33 attractive in fr ling heavy
0.2
§0.2M 0.14
50.0M
I Ny i i 1 W I
Breakeven
period (years) s 11y iR

However, this is based on national averages for power and water costs; reality-will look quite different based on the region of operation
Source: Bernstein Analysis and Estimates

There is some variation by geography, largely dependent on the ration of power to water costs. In areas like Atlanta, where water
costs seem to be high, air-cooled outperform water cooled chillers with as little as 50% free cooling while in most other key data
center markets in the US, it takes more free cooling before the attractiveness flips. We are hearing from players in the space that
air-cooled chillers are gaining popularity over water-cooled units (although the latter still remains important).

EXHIBIT & Air-cooled vs. Water-cooled; when do you deploy it?

Deciding between air-cooled and water-cooled chillers based on geography

Northern £3 21
Virginia . -
Air-cooled Are you sure you want to
chillers dominate open a data center here? B P

DFW e
o . =] BE

High water costs

n

Low High
power =+ power
costs costs

Atlanta e .
e u =

Depends on how much A t InE T ra

cheaper power is vs.
water [or vice versa)

chillers dominate

Chicago

Low water costs " fresr

Note: Power cost
tova. DFVY_ ATL.

Source: Bernstein Analysis and Estimates, EIA
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We reached our estimates on water consumption using EPA guidelines on cooling towers; ~1.8 gallon per ton-hour of cooling as
evaporation and another ~0.5 gallons per ton-hour for blow down (purge of liquid to eliminate dissolved solids).

EXHIBIT 9: How much water does a water-cooled chiller use?

Drivers of water usage in a water-cooled chiller

o Evaporated Watet

Loss from evaporation that escapes in the cooling tower;

Uirculated Cookng Water O comediobe-18 gallons per ton-hour of cooling

© Drftioss v
Purge of some liguid to remove dissolved solids that could
\ otherwise impact the efficiency of cooling tower; assumed

Chiller to be ~0.5 gallons per ton-hour of cooling

Assumed to be zero; can be managed by installing drift
Make-Up Watet (3]

eliminators {which we assume DC operators will)
Supply |

Assumes total of ~2.3 gallons per ton-hour of cooling; only
0.5 gallons per ton-hour enter the sewage system

Coohnyg Tower
eﬂmm

Source: EPA, Bernstein Analysis and Estimates

Competitor benchmarking of products

Broadly, we think Trane, JCI, and Carrier all have strong products. On the air-cooled side, JCl and Carrier have announced new
products in 2026 (we have not been able to find anything from Trane). As a result, some metrics (restart time, capacity per
square foot) seem to lag flagship products from competitors (although it is very likely Trane will announce a new product at
some point). Vertiv is taking a different positioning to the market with a trim cooler; it still has a chiller in it but seems to operate
like a dry cooler for most of the time (enabling lower energy costs). Visually, it looks like an air cooled chiller. Vertiv does have a
separate chiller line as well, but we could not find it displayed on their US website.

On the water cooled side, all three major chiller players have their own areas of differentiation. Trane has the biggest product

at 21MW. JCl advertises its lift of 110°F which enables use of a dry cooler even in hot climates and eliminates water usage.
Carrier talks about a short restart time under 3 minutes. Many of these products still do not have full spec sheets available, so we
will need to wait and see before passing a verdict. But given the current market we are in, it really doesn't matter all that much.
These are all great products (unlike with CDUs where we saw meaningful differentiation among Vertiv, Trane, Carrier, JCl) and
given the commentary on demand, we expect these companies to continue to see strong order booking and the broader chiller
space to remain capacity-constrained.

U.S. MULTI INDUSTRY & ELECTRICAL EQUIPMENT BERMNSTEIN SCOCIETE GEMERALE CROUP q



EXHIBIT 10- Comparison of flagship air-cooler chiller specs.

Data Center Chiller Comparison

Air-Cooled

ANIWdING3 T¥IIHLI3T13 9 AHLSNONI ILTAW *S'N
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oL

Company
/ Product T icl
e TCAB850 YDAM
number
Announce Mar 2025 Feb 2026
date
Capacity Upto 3 MW Upto 3.5 MW
Pump type Centrifugal Centrifugal
Bearing type Magnetic Magnetic
Footprint ~5.3 kW/sq. ft ~7.8 KW/sq. it
Free . .
. Compressor assisted Compressor assisted
Cooling
Operating -290C to 54°C -29°C to F)d':C
temp range {Assurned YVAM)
. 100% in 100% in under
Restart time . .
~4 minutes 3 minutes
1. Magnetic Bearing Chiller Available, but not on US website and capacity is 2MW; uses high GWP re‘rigerant

Source: Bernstein Analysis, Company Reports

CARR VRT

CoolLoop

AquaEdge 30CF Trim Cooler’

Feb 2026 Mar 2025

“More than” 3 MW Upto 3MW
Centrifugal Unclear
Magnetic
~7.3 KW/sq. ft
st bestlcimpmesnset Cooling coils
-29°C to 60°C -20°C to 52°C

100% in under
3 minutes
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LL

Company
/ Product

Model
number

Announce
date

Capacity

Pump type

cop

Lift

Free
Cooling

Operating
temp range

Restart time

T

CenTraVac CDHH

Launched in 2020,
but has seen refreshes

Up to 21 MW

Centrifugal

80°F

Yes
fup to 459 of capacity)

100% in
~4 minutes

Source: Bernstein Analysis, Company Reports

EXHIBIT 11: Comparison of flagship water-cooled chiller specs

Data Center Chiller Comparison

Water-Cooled
JCI CARR
York HT AquaEdge 19MV4
Feb 2026 April 2026
~11 MW ~3 MW

Centrifugal Centrifugal
~6.7
110°F
Allows zero water usage
by pairing with dry coolers
Unclear, but

Flash tank economizer
assumed yes

Up to 55°C

100% in under
2.5 minutes

The authors would like to thank Bhavik Kotecha for his contributions to this note.

VRT

While Vertiv seems to have
a water-cooled chiller, we
do not see it advertised on
the North America website
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