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Comprehensive view of data center industry 
Our Who Makes the Data Center report and schematic summarizes our research of the 
key suppliers to this fast-growing industry. We highlight 11 major service/equipment 
categories, average content per megawatt (MW), and the top vendors for each category. 

Data centers are a $215bn global market 
We estimate data center capex was $215bn globally in 2023. The majority of this spend 
is for servers, networking and storage ($160bn) with data center infrastructure being an 
important, but smaller, piece ($55bn). For perspective, data center capex represented 
~1% of global fixed capital formation, which includes all private & public sector spending 
on equipment and structures.  

What it costs to build a data center 
We estimate the all-in cost of building a data center to be $38mn/MW. IT equipment 
costs (servers, networking, and storage) are ~$30mn/MW. We note server costs vary 
widely. Given the higher cost of artificial intelligence (AI) semiconductors, AI-focused 
data centers would have higher server costs per MW. Infrastructure equipment costs are 
~$4mn/MW. These include electrical equipment, thermal equipment, and backup 
generators. These costs are closely tied to the planned electrical load of the data center. 
Engineering, construction project management, and other building products are 
~$4mn/MW. 

AI implications: an even faster-growing market 
Data centers were already a fast-growing market. We estimate data centers (measured 
by electrical capacity) grew at an 18% CAGR over 2018-23. AI adoption is poised to 
accelerate this growth meaningfully over coming years. BofA’s US Semis analyst, Vivek 
Arya, forecasts the AI chip market to reach ~$200bn in 2027, up from $44bn in 2023. 
This has positive implications for the broader data center industry. The electrical and 
thermal equipment within a data center is sized for maximum load to ensure reliability 
and uptime. For electrical and thermal equipment manufacturers, AI adoption drives 
faster growth in data center power loads. AI chips require 3-4x more electrical power 
versus traditional CPUs (Central Processing Units). 

Hot topic: rising rack density and liquid cooling 
The increasing power needs of servers, particularly AI servers, are starting to run into a 
limiting factor – data centers’ existing electrical and cooling infrastructure. We focus on 
the transition from air-cooling to liquid-cooling solutions.  
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Exhibit 1: Who Makes the Data Center - 2024 
Estimated capex costs of $38mn per megawatt  

 
Source: BofA Global Research  

BofA GLOBAL RESEARCH 
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$215bn in global data center capex 
We estimate data center capex was $215bn globally in 2023. The majority of this spend 
is for servers, networking, and storage ($160bn) with data center infrastructure being an 
important, but smaller, piece ($55bn). For perspective, data center capex represented 
~1% of global fixed capital formation, which includes all private & public sector spending 
on equipment and structures. 

Exhibit 2: Global data center market (2023) 
Servers represent the majority of the cost to build a data center 

Category Market size ($bn) % of total 
Servers 134 62% 
Networking 20 9% 
Storage 7 3% 
Sub-total: IT equipment 160 74%    
Construction & installation 26 12% 
Electrical 15 7% 
Thermal 7 3% 
Generator 5 2% 
Engineering 3 1% 
Sub-total: infrastructure 55 26%    
Total 215 100% 
Source: BofA Global Research 
Note: Includes replacement/refresh spending. Construction costs includes core & building shell, fire protection, security, racking, and 
other material costs as well as labor costs and contractor profit. Excludes services and software revenue.  

BofA GLOBAL RESEARCH 

Per megawatt costs analysis 
The percentage mix varies from our estimated market size as the total market includes 
replacement/refresh spending. We estimate the all-in cost of building a data center to be 
$38mn per megawatt. 

Exhibit 3: Data center costs per megawatt 
Servers are largest area of data center capex 

Category Cost/MW % of total 
Servers 25,000,000 66% 
Networking 3,600,000 10% 
Storage 1,200,000 3% 
Subtotal IT equipment 29,800,000 79%    
Uninterruptible Power Supplies (UPS) 800,000 2% 
Switchgear 500,000 1% 
Power distribution units (PDUs) & busway 200,000 1% 
Rack PDUs 200,000 1% 
Subtotal electrical equipment 1,700,000 5%    
Computer room air handler (CRAH) 550,000 1% 
Cooling distribution units (CDUs) 400,000 1% 
Chiller (285-ton capacity) 360,000 1% 
Cooling tower 90,000 0% 
Subtotal thermal equipment 1,400,000 4%    
Backup diesel generator 600,000 2%    
Engineering fee 400,000 1% 
General contractor overhead & profit 900,000 2% 
Building costs 1,300,000 3% 
Installation costs 1,500,000 4% 
Subtotal E&C 4,100,000 11%    
Grand total 37,600,000 100% 
Source: BofA Global Research 

BofA GLOBAL RESEARCH 
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Exhibit 4: IT equipment costs ($mn/MW) 
Servers are the majority of IT equipment capex 

 
Source: BofA Global Research 

BofA GLOBAL RESEARCH 
 

 

 

Exhibit 5: Infrastructure equipment costs ($mn/MW) 
Electrical equipment is largest category of infrastructure capex 

 
Source: BofA Global Research 

BofA GLOBAL RESEARCH 

Vendor shares on broad infrastructure product categories 
Across all electrical products, we estimate Schneider is the share leader in this $15bn 
market. Across all thermal products, we estimate Vertiv is the share leader in this $7bn 
market. 

Exhibit 6: Vendor shares across all electrical equipment 
Schneider is the market share leader 

 
Source: BofA Global Research  

BofA GLOBAL RESEARCH 
 

 

 

Exhibit 7: Vendor shares across all thermal equipment 
Vertiv is the market share leader 

 
Source: BofA Global Research  

BofA GLOBAL RESEARCH 

Data center growth & forecasts 
Exhibit 8: Global data center capacity, 2013-23 
Hyperscale and colocation have driven nearly all the growth since 2013 

 
Source: BofA Global Research 

BofA GLOBAL RESEARCH 

As measured by electrical capacity, we estimate global data centers have grown an 18% 
CAGR since 2023. While corporations continue to run and maintain a significant number 
of data centers, hyperscale and colocation firms have made nearly all the capacity 
additions since 2013. Small colocation companies (e.g., <10 data centers) collectively 
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comprise a meaningful portion of data center space (20-25%). These firms typically own 
smaller sites (e.g., <20 megawatts) outside major markets. 

We find only relatively modest differences in growth by region. Since 2018, EMEA has 
been a relative laggard (14% CAGR), Asia Pac a touch better (20%), and the Americas 
region right in line (18%).  

Exhibit 9: Global data center capacity, 2018-23 
As measured by electrical capacity, data center capacity has grown at an 18% CAGR 

 
Source: BofA Global Research 

BofA GLOBAL RESEARCH 

BofA data center market forecasts 
Exhibit 10: BofA Data Center Market forecast (2022-26E) 
We forecast total data center spending to grow at a 14% CAGR 

($bn) 2022 2023 2024E 2025E 2026E 
'23-26E 

CAGR 
Servers 130 134 151 168 184 11% 
Networking 18 20 22 24 26 9% 
Storage 8 7 7 7 8 5% 
Sub-total: IT equipment 155 160 179 199 218 11%        
Construction & installation 24 26 29 33 38 14% 
Electrical 13 15 18 22 26 20% 

Air-cooling 5 6 8 10 12 24% 
Liquid-cooling 0 1 1 3 6 125% 

Thermal 6 7 9 13 18 39% 
Generators 4 5 6 7 9 20% 
Engineering 2 3 3 3 3 11% 
Sub-total: Infrastructure 49 55 66 79 94 20%        
Total 204 215 245 278 311 13%        
Source: BofA Global Research estimates  

BofA GLOBAL RESEARCH 

We see AI adoption driving a 14% market-wide CAGR over 2023-26E. A few notes by 
category: 

• IT equipment includes a greater portion of spending tied to refresh/replacement 
versus infrastructure-focused categories. For example, Amazon Web Services and 
Google Cloud both put the useful life of servers at six years. This results in a slower 
rate of growth for the market, as a larger portion reflects the installed base versus 
new data center build out. 

• Construction & installation spending is tied both to the square footage of data 
centers and the amount of infrastructure equipment. Rising rack density puts 
downward pressure on the “white space” square footage for IT equipment, but 
increases the square footage of related “grey space” for infrastructure.  

• The Thermal market grows faster due to the additional requirements of higher rack 
densities and hotter AI semiconductors. We view liquid-cooling offerings as largely 
additive to the existing air-cooling market. 

• Electrical market growth is closely tied to the electrical capacity of data centers, 
regardless of square footage or server costs.  
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Engineering 
Design & engineering services generally cost 4.5-6.5% of the infrastructure costs of a 
data center (e.g., excluding IT equipment). Publicly traded US firms covered by our 
colleague Michael Feniger include Jacobs Solutions (J), Fluor (FLR), and AECOM (ACM). 
Amsterdam-based Arcadis (ARCAD NA) is covered by our colleague Himanshu Agarwal. 
These firms are highly diversified among end markets, with data centers representing a 
small percentage of total revenue.  

These engineers plan the electrical, mechanical, cooling, fire protection, and physical 
security systems of the data center. Importantly, they must understand the IT 
infrastructure (e.g., network, routing, storage), which has implications for the physical 
infrastructure requirements.  

Based on a 5-6GW per year of data center growth, we estimate a $2.3-2.8bn market 
size. 

Exhibit 11: Estimated data center engineering firms market share 
We estimate Jacobs is the market leader in a fragmented market 

 
Source: BofA Global Research, Building Design + Construction, company filings  

BofA GLOBAL RESEARCH 

“The facility itself is not really complicated. What is becoming more complicated are the 
power and cooling needs — the water needs. So, that's what our teams are really 
focused in on.” Jacobs Solutions’ CEO Bob Pragada, 5/7/24 

“There are only a few contractors in the country who can really take on these large 
projects. And Fluor is obviously one of those that will be right in the mix for the data 
center build outs that are coming.” Fluor’s CEO David Constable, 8/2/24 

“We have a global scale coverage and long-term relationship with all of the major 
hyperscalers and the win in the quarter was a data center win with one of those clients 
here in the US.” AECOM’s President Lara Poloni, 5/8/24 
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Construction 
Construction firms oversee all aspects of the construction project including project 
management, specialty contractors, material purchasing, equipment rental. These firms 
report lower operating margins, given the large amount of pass-through costs. The 
average operating margin is approximately 4% among publicly traded contractors with 
data center exposure. 

Publicly traded firms include Balfour Beatty and Skanska (BBY LN and SKAB SS, covered 
by our colleague Arnaud Lehmann). There are also smaller, private construction firms 
that specialize in data centers, such as US-based T5 Construction Services and Ireland-
based Mercury Engineering. 

Based on a 5-6GW per year of data center growth, we estimate a $48-57bn market size. 
However, this would include material & equipment pass-through costs. Using an average 
margin of 4%, this implies $1.9-2.3bn of operating profit. 

Exhibit 12: Estimated data center construction firms market share 
We estimate no firm has greater than 10% market share 

 
Source: BofA Global Research, Building Design + Construction, company filings 

BofA GLOBAL RESEARCH 
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Servers 
In 2023, data centers bought ~12mn servers spending $134bn. Servers are the largest 
single product category of data center capex. The median server costs around $7,000, 
but higher-end servers can cost over $100,000 each. 

Exhibit 13: Example of a data center server 
This server contains eight Nvidia H200 Graphics processing units (GPUs) and two Intel CPUs and draws 
3,200 watts 

 
Source: Company website  

BofA GLOBAL RESEARCH 

Original design manufacturers (ODMs) are companies that produce servers to their own 
design. For example, Google’s Tensor Processing Units (TPUs) are custom 
semiconductors and these are put into servers at Google Cloud data centers. Similarly, 
Amazon Web Services has its own custom semiconductors (Graviton) and servers. 
Original equipment manufacturers (OEMs) are companies building server to clients’ 
specifications.  

The largest OEM is Dell Technologies, with an estimated 12% market share of data 
center servers (by revenue).  

Exhibit 14: Estimated data center server market share 
Dell is the largest OEM 

 
Source: BofA Global Research, IDC 
Note: ODM: original design manufacturer. HPE: Hewlett Packard Enterprise Co.  

BofA GLOBAL RESEARCH 
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Networking equipment 
Networking equipment includes several different pieces of equipment. Switches which 
communicate within the data center or local area network. Typically, each rack would 
have a networking switch. Routers handle traffic between buildings, typically using 
internet protocol (IP). Some cloud service providers use “white box” networking switches 
(e.g., manufactured by third parties to their specifications). 

Exhibit 15: Example of routers 
Routers can handle terabytes of data throughput per second 

 
Source: Company website  

BofA GLOBAL RESEARCH 

AI workloads are bandwidth-intensive, connecting hundreds of processors with gigabits 
of throughput. As these AI models grow, the number of GPUs required to process them 
grows, meaning bigger networks are required to interconnect the GPUs.  

We estimate a $20bn market size for networking equipment. Cisco is the market share 
leader, with an estimated 28% market share. 

Exhibit 16: Estimated data center networking equipment market share 
Cisco is the largest vendor 

 
Source: BofA Global Research, IDC 

BofA GLOBAL RESEARCH 
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Generators 
Typical diesel backup generators cost $300-450,000/MW. Total system costs would 
include fuel tank, fuel pump, and installation costs, which collectively add an additional 
$300-450,000/MW. Generators are typically sized to fully supply the electrical 
consumption of the data center. For example, a 10MW datacenter will typically have 
10MW worth of generator power on site to ensure 99.999% uptime for clients. 

Exhibit 17: Example of a diesel generator 
This generator creates 1.25MW of electricity and consumes 86 gallons of diesel per hour 

 
Source: Company website  

BofA GLOBAL RESEARCH 

Based on a 5-6GW per year of data center growth, we estimate a $4.5-5.5bn market size 
for generator equipment only (excluding ancillary products and installation costs). 
Cummins has given a $6bn market size, but this likely includes aftermarket services. 

Exhibit 18: Estimated data center generator market share 
We estimate Caterpillar is the market leader 

 
Source: BofA Global Research, company filings 

BofA GLOBAL RESEARCH 

    

  

Caterpillar
43%

Cummins
28%

Rolls Royce
19%

Others
10%



 

 Industrials/Multi-Industry | 09 September 2024    11 
 

 

Uninterruptible power supply (UPS) 
Uninterruptible power supply (UPS) provides automated backup electrical power for a 
data center. UPS systems can also perform power conditioning, including voltage 
fluctuations, under- or over-voltage conditions, and frequency variations. We focus on 
the large-scale UPS market, which is most applicable to data centers. 

Exhibit 19: Example of uninterruptible power supply (UPS) 
The UPS contains both batteries and power conditioning equipment 

 
Source: Company website 

BofA GLOBAL RESEARCH 

UPS provide short-term backup power (typically 15-30 minutes) in the event of a power 
failure until the backup generators are up and running. The size of the UPS battery array 
is therefore proportional to the supported data center electrical load.  

We estimate a $7-8bn market size, which includes a significant amount of replacement 
revenue. Data center operators typically replace UPS every 10 years, given increased risk 
of failure after this period. Based on a 5-6GW of data center additions, we estimate the 
new install market size at closer to $4-5bn.  

Exhibit 20: Estimated data center UPS market share 
We estimate Schneider is the market leader 

 
Source: BofA Global Research, company filings 

BofA GLOBAL RESEARCH 
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Switchgear 
Switchgear is equipment that controls, protects, and isolates electrical equipment. 
Common components include switches, fuses, isolators, relays, and circuit breakers. Data 
centers typically have two kinds of switchgear. A set of medium-voltage switchgear for 
the incoming electrical supply from the utility before it goes to the step-down 
transformer. Then a set of low-voltage switchgear before the electrical supply reaches 
the UPS backup batteries. 

Exhibit 21: Example of low-voltage switchgear 
Provides power distribution to data center racks 

 
Source: Company website 

BofA GLOBAL RESEARCH 

Based on a 5-6GW of data center additions, we estimate a $4.0-5.0bn market size. 
Switchgear is ubiquitous throughout electricity distribution and the broader market is 
over $80bn. The broader market is dominated by ABB, Eaton, Legrand, Schneider and 
Siemens. Vertiv acquired its switchgear lineup through the acquisition of E&I 
Engineering (Nov. 2021).  

Exhibit 22: Estimated data center medium- and low-voltage switchgear market share 
We estimate Schneider is the market leader 

 
Source: BofA Global Research, company filings 

BofA GLOBAL RESEARCH 
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Power distribution equipment 
Traditionally, electrical power went from the UPS system to power distribution units 
(PDUs). PDU components typically include circuit breakers, power monitoring panels, 
power metering, and cabling to each rack. PDUs have drawbacks, including taking up 
floor space in the data hall and generating waste heat. 

In high-density data centers, busway is an alternative approach to PDUs. Busway is 
typically mounted overhead, providing power to each rack through plug-in units with 
breakers. The busway draws power directly from low-voltage switchgear. While busway 
takes up less floor space, it is typically more expensive to install and less flexible to 
changes in rack location. 

Exhibit 23: Example of rack power distribution unit 
Provides plugs for servers, storage, and networking equipment inside the rack 

 
Source: Company website  

BofA GLOBAL RESEARCH 

Finally, rack power distribution units (rPDUs) are mounted on the rack itself. rPDUs 
provide outlets to plug in servers, storage, and networking equipment. These are the last 
step in power distribution to IT equipment. In tier 3 and tier 4 data centers, there are 
two rack PDUs for each rack, providing redundancy.  

Based on a 5-6GW of data center additions, we estimate a $2.5-3.5bn market size. 
Similar to UPS, data center operators typically replace rack PDUs every 10 years, given 
increased risk of failure after this period. Based on a 5-6GW of data center additions, we 
estimate the new install market size at closer to $1.8-2.2bn. 

Exhibit 24: Estimated data center power distribution equipment market share 
We estimate Schneider is the market leader 

 
Source: BofA Global Research, company filings  

BofA GLOBAL RESEARCH 
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Chillers 
Exhibit 25: Example of water-cooled centrifugal chiller 
Chills facility water to circulate to computer room air handlers 

 
Source: Company website  

BofA GLOBAL RESEARCH 

Every one megawatt of power supplied to a data center requires approximately 285 tons 
of cooling, similar to the requirements for a 115,000 square foot commercial building. A 
285-ton chiller is roughly $225-250,000. Based on a 5-6GW per year of data center 
growth, we estimate a $1.8-2.2bn market size. 

Exhibit 26: Estimated data center chiller market share 
We estimate JCI is the market leader 

 
Source: BofA Global Research, company filings 

BofA GLOBAL RESEARCH 
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Cooling towers 
In regions with lower humidity, evaporative cooling is a cost-effective way of rejecting 
heat generated inside a data center. We estimate cooling towers costs ~$225,000 on 
average, but these costs vary with size. A single cooling tower can provide heat rejection 
for 3-4 MW of supplied electrical power (e.g., 1,000 tons of cooling). We estimate that 
the cooling tower market for data centers is $0.4-0.6bn. 

Exhibit 27: Example of cooling tower 
This tower is 32 feet high with a cooling capacity of 2,400 tons 

 
Source: Company website  

BofA GLOBAL RESEARCH 

Wet vs dry cooling towers is something to be considered for data centers. Wet cooling 
towers area open-circuit cooling towers where water comes in contact with the ambient 
air. Dry cooling towers are closed circuit cooling towers were there is no direct contact 
between the ambient air and the fluid being cooled. Wet cooling towers are reliable in 
hot ambient temps and have high cooling capacity, however the costs are higher for the 
equipment and installation and the water consumption. Dry towers have lower initial 
maintenance costs and can work in most climate conditions, however there is a lower 
capacity and can’t cool below a certain temperature. 

Exhibit 28: Estimated data center cooling tower market share 
We estimate SPX is the market leader 

 
Source: BofA Global Research, company filings 

BofA GLOBAL RESEARCH 
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Computer room air handling units & other 
Computer room air handling units (CRAHs) use chilled facility water and blow air over a 
radiator. CRAHs are a major part of the thermal equipment located in the “white space” 
of a data center (i.e., where IT equipment is located). Other equipment includes aisle 
containment systems, in-rack cooling fans, and related sensors & controls. 

Exhibit 29: Computer room air handling unit 
CRAHs are typically located around the walls of the data hall 

 
Source: Company filing  

ofA GLOBAL RESEARCH 

We estimate the CRAHs and related equipment is a $4-5bn market. A portion of this 
total market is driven by replacement demand. The market for new construction is likely 
$3-4bn. 

In 2021 Johnson Controls acquired Silent-Aire, a manufacturer of CRAHs and other 
equipment with $0.7bn in revenue. Other large HVAC manufacturers, such as Carrier, 
Trane, and Daikin, also make CRAHs.  

Exhibit 30: Estimated data center CRAH & related equipment market share 
We estimate Vertiv is the market leader 

 
Source: BofA Global Research, company filings 

BofA GLOBAL RESEARCH 
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Hot topic: rack density & liquid cooling 
The Uptime Institute surveys data center operators annually on their facilities’ average 
rack density. The average response has more than doubled since 2017, from less than 
6kW in 2017 to ~12kW in 2023. According to JLL, the typical rack density among 
hyperscale facilities is ~36kW, and expected to continue to rise. Hyperscalers are 
contributing more to the square footage pipeline at likely above-average rack densities. 

Exhibit 31: Average rack density (kW/rack) 
Average rack density has doubled since 2017 to ~12kW/rack 

 
Source: Uptime Institute, BofA Global Research  

BofA GLOBAL RESEARCH 
 

 

 

Exhibit 32: Forecasted rack density by data center type 
Rack density is expected to continue to increase 

 
Source: JLL, BofA Global Research  

BofA GLOBAL RESEARCH 

According to a survey by the Uptime Institute, 85% of data centers operate with 
maximum rack power densities of less than 30kW per rack. Keep in mind this is not an 
average figure – but the maximum rack density in the entire data center. 

Exhibit 33: Survey of data centers’ highest rack density  
85% of data centers have maximum rack densities of less than 30kW per rack 

 
Source: Uptime Institute 
Note: Survey of 647 data center managers  

BofA GLOBAL RESEARCH 

AI applications drive higher power & thermal density 
Typical six-foot-tall racks are divided into 42 rack units. In a traditional data center 
layout, the rack would be filled with 21 servers each with two CPUs drawing 160 watts. 
Allowing for 3kW of power for storage, networking, and other items yields a total of 
10kW/rack. 

For the current generation of AI chips, we use Nvidia’s H200 (Hopper architecture). We 
assume five servers, each with eight GPUs and one CPU. Each GPU draws 700 watts, 
with the CPU drawing 350 watts. Allowing for 3kW of power for storage, networking, 
and other items yields a total of 33kW/rack. 

For the next generation of AI chips, we use Nvidia’s GB200 (Blackwell architecture). 
Nvidia has provided a NVL72 rack configuration which includes 18 servers with four 
GPUs and two CPUs per server. Each GPU draws 1,200 watts and each CPU draws 500 
watts. Again, allowing for 3kW of power for storage, networking, and other items yields 
a total of 107kW/rack. 
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Exhibit 34: Comparing rack power density in traditional versus AI applications 
AI racks are ~3-11x the power density versus traditional application 

  Traditional H200 GB200 NVL72 
Rack height (in rack units) 42 42 42 
÷ Server height (in rack units) 2 8 2 
Servers per rack 21 5 18 
x GPUs or CPUs/Server 2 9 6 
GPUs or CPUs/rack 42 45 108 
x Watts/GPU or CPU 160 661 967 
kW/rack for GPUs or CPUs 7 30 104 
kW for storage, networking, etc. 3 3 3 
Total kW/rack 10 33 107 
Source: BofA Global Research 
Notes: H200 server assumed to have 8 H200 GPUs (700 watts)and one CPU (350 watts). GB200 NVL72 has two CPUs (500 watts) and 
four Blackwell GPUs (1,200 watts) per server.  

BofA GLOBAL RESEARCH 

AI to drive more liquid cooling adoption 
Exhibit 35: Thermal design power for chip microarchitectures over time 
Newer chip architectures utilize higher electricity & generate greater heat 

 
Source: BofA Global Research, Dell Technologies, Uptime Institute  

BofA GLOBAL RESEARCH 

The increasing power needs of servers are starting to run into a limiting factor – data 
centers’ existing electrical and cooling infrastructure. The exhibit above shows how 
electrical demand per chip has increased over time. 

85% of data centers operate with maximum rack power densities of less than 30kW per 
rack. There are other changes needed in the data center as infrastructure runs hotter 
(rack-level electrical retrofit; center-wise electrical retrofit). We are focusing on the 
transition to liquid cooling. In this section, we discuss liquid cooling adoption, the 
competitive landscape, and different types of offerings.  

Exhibit 36: Evolving thermal management systems by thermal capacity 
Liquid cooling works for high-density racks of 200kW+  

 
AHU: air handling units; CRAC: Computer room air conditioning 
Source: Vertiv company website, BofA Global Research 
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Breaking down the cooling market 
Traditionally, racks are cooled with air. Per the Dell’Oro Group, ~90% of the data center 
cooling market in 2023 was air-only. The remaining ~10% of the market is liquid cooling. 
Liquid cooling includes direct-to-chip applications, which we estimate is ~9% of the 
total market, and immersion cooling, which would be most of the remaining ~1%.  

Importantly, liquid cooling is additive to existing air-cooling equipment. While liquid 
cooling is transferring heat from the chip itself, other IT equipment and power 
equipment still needs to be air cooled. 

Exhibit 37: Thermal management market size, 2023 
The Dell’Oro Group estimates that the market was worth ~$6.2bn in 2023  

 
Source: Dell’Oro Group, BofA Global Research, Data Center Dynamics 
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Direct-to-chip emerging as preferred choice for industry 
Historically, liquid cooling was used largely for high-performance computing 
applications. Under the absolute right containment and right cooling, air-cooling would 
reach its maximum cooling limit at 60-70kW per rack. We note this would be the 
maximum, not the average.  

Direct-to-chip cooling has been the leading alternative cooling method. Liquid cooling 
solutions can be retrofit into the existing infrastructure with relatively little disruption. 
We think liquid cooling demand among colocation companies is more likely to accelerate 
as AI chip availability broadens out. 

Exhibit 38: In-row or floor-mounted CDUs 
Positioned at the end of a row and serving multiple racks 

 
Source: Company presentation  
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Exhibit 39: In-rack CDU 
Mounted inside the rack and serving one rack 

 
Source: Company presses release 
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Existing racks can be retrofit for liquid cooling by adding cold plates and connecting to 
the plates with couplings and tubing. Heat is transferred from the chip to the cold plate 
and into the fluid, which is then circulated back to a cooling distribution unit (CDU). Most 
liquid cooling systems use two cooling loops: a primary cooling loop (also known as an 
external loop) and secondary cooling loop (also known as an internal loop). A CDU is used 
to thermally couple the external and internal loops. Heat is transferred from the internal 
loop to the external loop within the CDU. The CDU external loop connects to the data 
center infrastructure. The CDU internal loop connects to the piping and manifolds. 

Direct-to-chip
9%

Immersion/Other
1%

Air Cooling
90%
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Exhibit 40: Different cooling mechanisms and max capacity  
Direct to chip (D2C) cooling can handle >110kW per rack, according to Data Center Dynamics sources  

 Air Cooling D2C Immersion  
  Single Phase Two Phase Single Phase Two Phase 

Max per rack 60-70kW 110+kW > single phase 150-170kW > single phase 

Method Air, fans 

Cold plate, 
propylene-glycol, 

refrigerant  

Freezer chest, 
dielectric fluid 

Dielectric fluid 
(PFAS) 

Source: Data Center Dynamics, BofA Global Research 
BofA GLOBAL RESEARCH 

Rear-door heat exchangers 
Rear-door heat exchangers help manage densities from 20kW to ~75kW. The 
technologies do not bring liquid directly to the server, but the infrastructure is similar to 
direct liquid cooling. Passive or active heat exchangers replace the rear door of the IT 
equipment rack with a liquid heat exchanger. Passive heat exchangers use server fans 
that remove heated air through a liquid-filled coil in the rear door of the rack. The coil 
then absorbs the heat before the air goes into the data center. Active heat exchangers 
also have fans that pull air through the coils.  

Exhibit 41: Active rear-door heat exchanger 
Positioned at the back of a rack with chilled water and fans 

 
Source: Company presentation 
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Exhibit 42: Immersion cooling tank 
Servers are placed inside and surrounded by cooling fluid 

 
Source: Company presentation 
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What’s in liquid cooling?  
A liquid cooling system includes:  

• A CDU, which isolates a fluid loop from the rest of the cooling system. This is 
typically a single enclosure with all parts integrated within it. A CDU provides 
temperature control, flow control, pressure control, fluid treatment, and heat 
exchange and isolation. The CDU takes the heat from the fluid loop and exchanges it 
out of the system. It also must isolate the fluid in the loop from the rest of the 
cooling system. 

• A redundant pump system (e.g., one more pump than needed) with filtration for the 
cooling fluid. 

• A heat exchanger, responsible for passing the heat to a secondary cooling loop. 

• A controller, with autonomically and autonomously will control the pump system and 
gather information from different sensors. 
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Exhibit 43: List of CDU manufacturers 
Includes manufacturers of both in-rack and in-row/floor-mounted CDUs 

CDU manufacturers 
Boyd Envicool Motivair 

Chilldyne Hon Hai (Foxxconn/Ingrasys) nVent 
Coolcentric Kaori Rittal 

Cool IT LiteOn Schneider 
Delta Electronics LiquidStack Stulz 

DCX Modine / Airedale Vertiv 

Source: BofA Global Research 
BofA GLOBAL RESEARCH 

Immersion cooling 
Single-phase cooling immersion cooling uses a pump to circulate coolant around 
immersed server racks. In two-phase cooling, server heat turns the coolant into vapor, 
which then rises, condenses through coils, and returns. Both methods result in better 
power usage effectiveness (PUE) ratios. 

Technically, there is ~2GW of capacity using immersion cooling, but the majority relates 
to crypto mining versus cloud, colocation, or enterprise data centers. One major barrier 
to adoption is that immersion cooling voids the chip OEM warranty. Another barrier is 
the immersion fluid itself. Immersion cooling involves chemistry with Per- and 
polyfluoroalkyl substances (PFAS). 3M (MMM) announced it would exit production of its 
~$1.6bn in sales PFAS manufacturing back in December 2022, with official phaseout by 
the end of 2025. While Illinois Tool Works (ITW) and others offers alternatives to Novec 
fluid, we still see some reluctance from data center operators to adopt immersion. 

Pros and Cons Part I: Liquid-to-air or liquid-to-liquid?  
There are three main ways to reject heat from a server. Below we show the differences 
between existing heat rejection systems and dedicated heat rejection systems. The 
reject heat-to-air in IT space (closed loop heat rejection) utilizes a liquid-to-air CDU. The 
other two formats of heat rejection utilize liquid-to-liquid CDUs. The most energy 
efficient heat rejection system would be rejecting heat to an independent water system, 
which makes the most sense for large-scale AI server deployments. The closed loop heat 
rejection is costly for large scale deployments, but the investment is much smaller and 
the time to deployment is smaller.  

Exhibit 44: Existing heat rejection systems vs. dedicated heat rejection systems  
Below we overview the different kinds of cooling 

 Existing heat rejection system Dedicated heat rejection system 
What is it:  Reject heat to air in IT space Reject heat to facility water systems Reject heat to independent water systems 
Description:  The liquid loop is a self-contained system within the IT 

space. The heat in the IT room is eventually rejected to 
the outdoors by the existing air-cooling infrastructure.  

The IT fluid loop is an isolated loop fed off a chilled or 
condenser water loop. The server heat is transferred 
from the IT fluid loop to the facility loop via the CDU 
heat exchanger. The heat is then rejected outdoors or 
reused for other purposes.  

Liquid-to-liquid CDU optimizes temperature and flow of 
the IT fluid loop and heat rejection loops without 
constraints imposed by shared air-cooled heat rejection 
system. A dry cooler provides water for liquid-cooling, 
while a free-cooling chiller provides low-chilled water 
temperature for air cooling. 
  

CDU type: Liquid-to-air Liquid-to-liquid  Liquid-to-liquid  
Cost: Costly for large-scale deployments Better for mid to large-sized deployments for data 

centers with chiller plants  

More efficient for significant liquid-cooled server 
deployments 

Time to 
deployment:  

No chilled or condenser water necessary, uses existing 
heat rejection system 

Uses existing heat rejection system , but needs site 
installation work (CDU connection to facility water 
systems, TCS piping to racks)   

Requires additional facility-level piping system with 
longest deployment time. But implementation does not 
disrupt the existing cooling system 

Energy efficiency: Less More  High (very rarely requires mechanical cooling)  

Source: BofA Global Research, Schneider Energy Whitepaper 
BofA GLOBAL RESEARCH 

Pros and Cons Part II: Rack mounted or floor mounted?  
Below, we show the advantages and disadvantages of a rack-mounted solution as 
opposed to a floor-mounted solution. An in-rack solution has the CDU within the IT rack 
space, typically mounted at the bottom of the rack. The CDU includes a pumping unit, 
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filtration, and controls. Heat is transferred to the data center air via a fan-assisted rear-
door heat exchanger (liquid to air) or to a facility loop via a liquid-to-liquid heat 
exchanger.  

A floor-mounted CDU is dedicated to a row or multiple rows of racks, sharing an IT fluid 
loop. This can be placed at the end of the row or further away from the cluster. Similar 
to the in-rack unit, heat is transferred to the data center either via a fan-assisted rear-
door heat exchanger (liquid to air) or to a facility loop via a liquid-to-liquid heat 
exchanger.  

Exhibit 45: In-the-rack vs. outside-the-rack solution 
Pros and cons for rack-mounted vs. floor-mounted solutions 

 Rack Mounted Floor Mounted 
Rack Capacity: 1 CDU per rack CDU cools rows or multiple rows of racks 
Loops: 1 IT fluid loop per rack Rows or multiple rows of racks share 1 IT fluid loop 
Usage: <10 liquid-cooled racks >10 liquid-cooled racks 
Space: Occupies IT rack space Does not occupy IT rack space 
Time to deployment: Faster to implement (no redesign) Slower to implement 
Cost: Higher cost per kW IT load for large deployments Lower cost per kW IT load for large deployments 
Densities for liquid-to-air: 20-40kW 60kW 
Densities for liquid-to-liquid: 40-60kW >300kW  
Risk of failure Potential failure modes are limited to 1 rack All racks on a single loop can become susceptible to failure 

Source: BofA Global Research, Schneider Energy Whitepaper  
BofA GLOBAL RESEARCH 
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securities. None of BofAS any of its affiliates or their research analysts has any authority whatsoever to make any representation or warranty on behalf of the issuer(s). BofA Global Research 
policy prohibits research personnel from disclosing a recommendation, investment rating, or investment thesis for review by an issuer prior to the publication of a research report containing 
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