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Ambient solutions, controls and components.•
Advanced liquid cooling solutions and components.•
Water efficiency innovation and recycling/desalination.•
Thermal equipment, transmission and consulting for data center waste heat recovery.•
Power and power infrastructure supply chain.•
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How heat, humidity and water use 
minimization could drive data center 
cooling, power demand and stocks
The choice of technologies to cool data centers, as well 
as cooling technology innovation, is likely to center 
around growing compute density and increasing 
necessity to minimize water and power consumption in 
pursuit of both operator efficiency and support from 
policymakers and/or local communities. We see elevated 
attention on data centers in areas with local resource 
constraints and/or high ambient temperatures -- which 
our analysis indicates could represent ~56%/55% of 
expected global/US capacity adds through 2035. In these 
areas, heat rejection cooling technologies that virtually 
eliminate or minimize ongoing water intake can come 
with a tradeoff of ~25%-45% greater power 
consumption, even as industry is focused on innovations 
that can minimize both water and power intensity.   

In this report, we consider how ambient temperatures/humidity levels along with the 
water/power tradeoff could drive the choice for white space and gray space cooling technology 
selection and implications to both data center power demand and stocks of the cooling supply 
chain. We highlight 41 global Buy-rated stocks in the data center cooling/power supply chain 
that we believe could see tailwinds, levered to: 

https://blogs.nvidia.com/blog/liquid-cooling-ai-factories/
https://blogs.nvidia.com/blog/liquid-cooling-ai-factories/
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Why heat/humidity/drought where data centers are built impacts stock performance 
 
 

Ambient conditions — heat, humidity and drought — where data centers are being 
built are increasingly a driver of both stock performance and innovation. Higher 
heat, humidity and drought risks limit cooling technology selection optionality for data 
centers and requires greater power demand in affected regions where minimizing direct 
water demand is a priority.  

Our analysis suggests that 56%/55% of new global/US data centers are set to be n

built in areas with elevated physical risk to heat, humidity and/or drought.  

Based on our analysis of data center location and type, we expect that 43% of new n

data center capacity will deploy white space direct-to-chip or immersion 
cooling inside the data center. Separately, we expect 56% of new data center 
capacity will deploy gray space chillers, adiabatic systems or mechanical cooling 
back-up to transfer heat to the outside.  

This drives power usage effectiveness (PUE) higher by 11 pp in the US which n

represents a 0.3% annual impact to total US power demand growth through 
2030. 

We see four key investment/stock impacts:  

Cooling technology selection impacts select Industrials stocks based on their 1.
exposure. We highlight Celestica, Jabil, nVent, Vertiv, Parker-Hannifin, Comfort 
Systems, Carel, Schneider Electric, Delta Electronics, AVC, Hitachi, Kstar, Auras 
and Envicool, among 23 exposed Buy-rated stocks.  

The need to minimize direct water consumption — particularly in the US — 1.
raises overall power consumption, bullish for stocks of the power supply chain. 
We highlight Xcel, Sempra, NRG, Vistra, Quanta Services, Prysmian and Fujikura.  

The prioritization of easing/minimizing consumption of water supplies used for 2.
human/agricultural intake creates opportunities for advanced water solutions 
and potential new use cases for brackish water supply. We highlight Legence, 
Xylem, Veralto, WaterBridge Infrastructure and Organo. 

Increased focus on minimizing not only water use but power use as well 3.
increases likelihood of innovations. We highlight NVDA for its Rubin gen servers. 

We believe the Physical environment is a 7th P driving AI/data center power 
growth/constraints, complementing Pervasiveness, Productivity, Price, Policy, Parts and 
People. 

13 July 2026   2

Goldman Sachs GS SUSTAIN: Reliability

https://publishing.gs.com/content/research/en/reports/2025/09/10/c522d001-f639-489c-a517-852b40c89e61.html
https://publishing.gs.com/content/research/en/reports/2025/09/10/c522d001-f639-489c-a517-852b40c89e61.html
https://publishing.gs.com/content/research/en/reports/2025/09/10/c522d001-f639-489c-a517-852b40c89e61.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/10/4a81d027-c545-4570-94d9-6452639e5573.html
https://blogs.nvidia.com/blog/liquid-cooling-ai-factories/
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html
https://publishing.gs.com/content/research/en/reports/2026/02/23/4419c312-a4b8-4c6d-bce7-42d08f934b5c.html


 

Data center cooling is shifting from a standardized infrastructure design into a 
site‑specific optimization decision, increasingly dictated by the interaction of 
compute intensity, power and water constraints, ambient conditions, and heat 
recovery potential. As AI‑driven demand scales, cooling is emerging as a key 
determinant of cost, efficiency, and deployability, with infrastructure choices directly 
impacting both operating economics (power/water costs) and the ability to bring 
capacity online in constrained regions where community pushback could emerge or has 
emerged. We believe four questions are becoming increasingly important for data center 
operators and regulators, and driving investment tailwinds across verticals that could 
help address these emerging bottlenecks. 

How dense are the data center racks? This will help to drive choice of white space 1.
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(inside the data center) cooling, with hyperscaler data centers almost entirely likely 
to deploy liquid cooling.  

What is the ambient temperature and humidity? High ambient temperatures and 2.
humidity limit gray space (heat transfer outside the data center) cooling flexibility to 
technologies that consume more power. 

What are local constraints to water or power? Data centers in areas without high 3.
temperatures/humidity have flexibility to choose technologies that tradeoff between 
higher power/limited water consumption and lower power/higher water 
consumption.   

Are there local users that could consume data center waste heat? The availability 4.
of thermal infrastructure and nearby heat demand (e.g., district heating networks, 
industrial users, agriculture) determines whether waste heat can be economically 
captured and reused. 

Building on white space data center liquid cooling analysis by our TMT team, this report 
focuses on Questions 2 and 3, applying our framework of physical risk to extreme 
temperatures, water stress and heat stress to forecast gray space data center 
cooling technology deployment and implications to power consumption. From our 
analysis we have four takeaways:  

56%/55% of global/US data center capacity we expect to come online in 2026-35 1.
are in areas with elevated risk of extreme temperatures, water stress and heat stress 
— likely driving mechanic/air-cooled gray space solution deployment that comes 
with higher power use. 

Our analysis implies that the ambient impact on data center cooling technology 2.
selection could drive a +5 pp./+11 pp. global/US increase in power needs (higher 
power usage effectiveness, or PUE) by 2035 before taking into account potential 
efficiency innovations. An +11 pp. impact to US PUE could add 60-70 TWh of data 
center power demand by 2035, adding 0.3 pp growth to US power demand CAGR in 
2026-2030. Globally, all else equal, this would increase PUE of data centers from 
~1.36 today toward ~1.41 by 2035 in our baseline case, with sensitivity ranging from 
~1.30 (under high white space liquid cooling adoption) to ~1.47 (under low 
adoption). 

We see tailwinds for cooling technology deployment that prioritizes minimizing 3.
water use — liquid cooling inside the data center and dry cooling/air chillers outside 
the data center. We expect ~43% of new data center capacity through 2035 will 
deploy direct-to-chip or immersion liquid cooling in the white space, 
disproportionately via direct-to-chip because of lower cost. Our analysis suggests 
~56% of planned capacity is located in ambient‑challenged regions, increasing 
reliance on air‑cooled chillers and other mechanical cooling solutions in the gray 
space where water use minimization is a priority, to support performance during 
drought or periods of thermal stress. 

We highlight 41 Buy-rated stocks among a broader data center cooling ecosystem.  4.
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Exhibit 1: Example of data center cooling infrastructure: Direct to Chip (white space) + Air-cooled system (gray space) 

 
 

Source: Goldman Sachs Global Investment Research

 

Exhibit 2: We see rack density, local resource constraint and ambient conditions to drive differentiations of data center 
cooling infrasctructure 

 

We caveat that the cooling configurations shown in this exhibit represent likely pathways based under each conditions and should not be interpreted as the only 
feasible solutions. 

 

Source: Goldman Sachs Global Investment Research
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Stock implications from data center ambient conditions 
 
 

Stocks that could see tailwinds from ambient conditions-driven cooling technology 
selection. We highlight 41 Buy-rated stocks levered to the cooling technology selection 
and water use minimization priority in regions facing extreme temperatures, water stress 
and heat stress. 

 

Ambient solutions, controls and components 
We highlight 14 Buy‑rated stocks globally, with Vertiv (VRT.N), nVent Electric (NVT.N), 
Parker-Hannifin (PH.N), Comfort Systems (FIX), Schneider Electric (SCHN.PA), 
Envicool (002837.SZ), Carel (CRLI.MI), Jabil (JBL.N), Celestica (CLS.TO), Hitachi 
(6501.T) and Delta Electronics (2308.TW) delivering above‑sector-peer corporate 
returns. Among the others, we also highlight Carrier (CARR.N) and Johnson Controls 
(JCI.N). 

Advanced liquid cooling solutions and components 
We highlight 17 Buy‑rated stocks globally, Celestica (CLS.TO), Xylem (XYL.N), Jabil 
(JBL.N), nVent Electric (NVT.N), Schneider Electric (SCHN.PA), Vertiv (VRT.N), Carel 
(CRLI.MI), Hitachi (6501.T), Delta Electronics (2308.TW), AVC (3017.TW), Shenzhen 
Kstar (002518.SZ), Auras (3324.TW) and Envicool (002837.SZ) delivering 
above‑sector-peer corporate returns. 

Water efficiency innovation and supply diversification 
We highlight 10 Buy‑rated stocks globally, with Xylem (XYL.N), Veralto (VLTO.N), 
Legence (LGN.OQ), WaterBridge Infrastructure (WBI.N) and Organo (6368.T) 
delivering above‑sector-peer corporate returns. 

 

Exhibit 3: We see five verticals that could see tailwinds from cooling pathway differentiation 
to mitigate ambient constraints, power vs. water trade-off, and power demand/waste heat 
debate 

 
 

Source: Goldman Sachs Global Investment Research
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Thermal equipment, transmission and consulting  
We highlight 7 Buy‑rated stocks globally, with AECOM (ACM.N), Legence (LGN.OQ), 
Siemens Energy (ENR1n.DE), Schneider Electric (SCHN.PA) and Mitsubishi Electric 
(6503.T) delivering above‑sector-peer corporate returns. 

Power generation, distribution and transmission supply chain  
With data center site selection and ambient conditions likely to result in higher power 
demand (0.3% annual growth in US power demand), this continues to be a tailwind for 
the power generation, distribution, transmission and E&C/industrial-related supply 
chain. We highlight 7 Buy-rated stocks levered to power demand growth in the US, 
where we expect the priority of water minimization and resulting greater power demand 
to be most robust. Among these, Xcel Energy (XEL.N), Vistra (VST.N), NRG (NRG.N), 
Quanta Services (PWR.N) and Fujikura (5803.T) have above-sector-peer corporate 
returns.  

 

Exhibit 4: We highlight 41 Buy‑rated stocks globally across the data center cooling ecosystem 

 

Bolded font denotes stock with >50%ile CROCI versus global GICS2 peers 
 

Source: Goldman Sachs Global Investment Research
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Four key questions that govern data center cooling technology selection 
 
 

(1) How dense are the data center racks? 
Compute and Rack density remains the primary driver of white space cooling 
infrastructure, dictating the transition path from conventional air cooling systems 
(CRAC/CRAH) to hybrid solutions (RDHx/Sidecar) and ultimately to liquid cooling. 
At lower densities (<20 kW/rack), air cooling remains sufficient and cost effective, but as 
workloads move into the 20-50 kW range, Rear Door Heat Exchanger (RDHx) becomes 
necessary to handle incremental thermal loads. Beyond ~50 kW/rack — typical for 
hyperscale AI clusters — air systems reach their physical limits, making liquid cooling 
(direct to chip or immersion) essential. This is consistent with our global TMT team’s view 
that AI-driven demand structurally accelerates adoption of advanced liquid cooling 
solutions, raising the technical and capital intensity of new builds. The team modeled 
40% penetration rate of Direct to Chip (D2C) liquid cooling for AI training servers 
shipment by 2027. 

(2) What is the ambient temperature and humidity? 
Ambient Conditions are emerging as a binding constraint that further limits cooling 
pathways and drives regional divergence. We note 56% of new data center capacity 
(2026-2035) is being built in ambient‑challenged regions, where peak summer 
temperatures (>40°C) compress heat rejection efficiency and tropical humidity 
(~75%-90% relative humidity) reduces the effectiveness of evaporation-based cooling. 
In our view, this creates a structural split: hot/humid regions (i.e. ASEAN, parts of India) 
skew toward high‑ambient air‑cooled chillers, while hot/arid regions (Middle East, U.S. 
Southwest) would require adiabatic or additional mechanic assist during summer peak. 
Before taking into account future innovations, ambient-driven cooling technology 
selection could increase global/US data center power usage effectiveness (PUE) by +5 
pp./+11 pp. through 2035 based on our analysis. We see supportive tailwinds for 
high-ambient/efficiency chiller models, adiabatic systems, precise 
temperature/humidity control, and hybrid cooling architectures, as well as cooling 
OEM/ODM and engineering contractors with market leading exposures in 
ambient-challenged regions. 

(3) What are local constraints to water or power?  
Power vs. Water trade‑off and community constraints/priorities is becoming key for 
data centers that have flexibility in gray space cooling design, with clear 
implications for power and water usage effectiveness (PUE/WUE) and capex. 
Conventional data center setups highlight a structural dilemma: 

Gray space: Evaporative systems deliver lower PUE (~1.3-1.5) but high water n

intensity (~1.5-2.5 L/kWh WUE), while air‑cooled systems offer near‑zero WUE but 
at higher PUE (~1.6-1.8), effectively shifting water usage upstream to the power 
system, in our view.  

White space: More advanced solutions such as rear door heat exchanger (RDHx) n

and liquid cooling compress both metrics (~1.2-1.4 PUE and near‑zero WUE), albeit 
at 2x-3x (RDHx) and 5x-20x (liquid) the capex relative to a 1x CRAC/CRAH baseline. 
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Because white space liquid cooling enables higher outlet temperatures n

(~45°C-60°C), passive dry cooling becomes increasingly viable in areas that are not 
at risk of high ambient temperatures/humidity; this comes without a material energy 
penalty, partially decoupling the trade‑off.  

We therefore see supportive tailwinds for liquid cooling, as it directly addresses the core 
constraint by decoupling the power/water tradeoff and enabling more efficient scaling of high 
density data centers. In cases where liquid cooling is not deployed, we see a parallel 
investment cycle in water technologies, focused on improving water usage effectiveness in 
evaporation systems (e.g., higher cycles of concentration, treatment chemicals) and diversifying 
supply (e.g., wastewater reuse, desalination), as operators seek to manage tightening water 
constraints without compromising capacity build out. 

(4) Are there local users that could consume data center waste heat? 
Waste heat is emerging as an underappreciated asset, with potential to be 
increasingly unlocked by the quality and scalability of thermal output from liquid 
cooling adoption. Liquid cooling materially improves waste heat quality by enabling 
higher outlet temperatures, unlocking a meaningful pool of reusable thermal energy. We 
estimate ~260 TWh of high‑grade waste heat could be mobilized globally by 2030 — 
equivalent to Australia’s annual power demand or the output of >30 nuclear reactors. 
We see early cases of waste heat reuse emerging across Europe (district heating 
networks) and the US (industrial and agricultural co‑location), though scaling 
deployment will likely require building local demand — ranging from residential, 
commercial, and industrial use cases. Beyond circularity, heat capture could potentially 
also address rising community concerns around local heat build‑up and environmental 
impact by reducing ambient thermal discharge. We see heat pumps, thermal systems, 
and engineering/integration services as key enablers to unlock the waste heat potential.
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Data Center Cooling: The power versus water trade-off 
 
 

We believe liquid cooling solutions will increasingly be the base case for white space 
cooling inside hyperscaler data centers, which our TMT team estimates 40% 
penetration rate of Direct to Chip (D2C) liquid cooling for AI training servers 
shipment by 2027. We expect data center operators — hyperscalers in particular — will 
prioritize water minimization, driving: (a) dry cooling solutions for ambient heat rejection 
where climate conditions warrant to improve water usage effectiveness; or (b) sourcing 
alternative water supply for existing data centers that deploy evaporative heat rejection. 
However, we do not expect the priority of water-over-power to be ubiquitous. For 
example, China is prioritizing energy efficiency by mandating maximum allowed PUE 
(1.25) for new-build data centers, which in some areas could potentially lead to greater 
water consumption for cooling. Together these priorities support investment 
opportunities levered to: (a) advanced liquid cooling; (b) water efficiency innovation; and 
(c) water recycling/desalination. We highlight 26 Buy-rated stocks. 

Detailing the power-water tradeoff 
The global data center buildout is accelerating rapidly alongside surging demand 
for AI and cloud infrastructure, but the key constraint is shifting: while power 
availability remains critical, water usage is emerging as an even more critical 
community priority. For data centers, water plays a critical role to efficiently dissipate 
heat from increasingly dense, power-intensive servers, particularly as traditional cooling 
systems rely on evaporation or heat exchange to maintain performance. Unlike power 
supply, which can often be expanded through grid investment over time, water is locally 
constrained, highly visible to communities, and already under stress in many regions.  

In Phoenix, analysis by Ceres in 2025 projected water demand from data center cooling 
alone to grow ~870% (from ~385 mn to >3.7 bn gallons annually — year not provided) 
as planned capacity comes online. This increase is occurring in a region where major 
reservoirs remain <40% full, highlighting an escalating conflict, where large data centers 
— consuming up to ~5 mn gallons per day — are increasingly competing with 
municipalities, agriculture, and other existing users for scarce water resources. We note 
that 385 mn / 3.7 bn gallons of annual water consumption would be equivalent to 2% / 
17% of water consumption from Phoenix golf courses in 2024 based on data from the 
Arizona Department of Water Resources.  

As water increasingly becomes a binding constraint, cooling technology is emerging 
as a critical investment variable. At the core is the interaction between: 

“White space” infrastructure — the cooling loop inside the data hall, that moves heat n

out of servers, including server racks, air cooling systems (CRAC/CRAH) or direct 
liquid cooling systems (direct-to-chip, immersion); and 

“Gray space” infrastructure — the primary loop that rejects heat externally via n

cooling towers, chillers, dry coolers and associated water and thermal systems. 

This interface directly sets the water-versus-power dilemma: Evaporative gray space 
solutions minimize electricity usage but are water‑intensive and increasingly exposed to 
permitting and community risks, while air‑cooled systems reduce water dependency at 
the cost of higher electricity demand to power massive fans and compressors. As rack 
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densities climb, next generation white space cooling (e.g., direct-to-chip and immersion) 
becomes a key enabler, in our view, as they would allow operators to run at higher 
temperatures with greater cooling efficiencies. In Exhibit 5, we highlight the ranges of 
PUE (Power Usage Effectiveness) and WUE (Water Usage Effectiveness) among different 
white space and gray space cooling infrastructures. Notable takeaways include: 

Legacy CRAC/CRAH = Lowest cost, but structurally inefficient. Conventional n

white space air cooling systems (CRAC/CRAH) sit at the lowest end of the efficiency 
frontier, as they force a clear tradeoff between power and water: when paired with 
gray space evaporative system, they achieve lower PUE (~1.4) but at high water 
intensity (~1.8 L/kWh), whereas air‑cooled configurations reduce water usage to 
near zero but raise PUE to 1.8. In practice, operators are not reducing system‑wide 
water usage, but shifting it from on‑site consumption to electricity use, which in turn 
drives water demand off‑site through power generation (Exhibit 10). That being said, 
we note that air cooling systems remain dominant in smaller/legacy sites given less 
initial capex required and operational simplicity, compared to liquid cooling. 

Rear door heat exchangers (RDHx) = the “upgrade sweet spot” for efficiency and n

densification. By removing heat directly at the rack level, RDHx improves white 
space cooling efficiency by reducing airflow requirements and avoiding room‑level 
overcooling, while supporting higher rack densities without full liquid conversion. 
Crucially, this higher thermal efficiency reduces the overall cooling load, which in 
turn narrows the power/water tradeoff — allowing operators to achieve similar 
performance with lower incremental reliance on either power (air‑cooled systems) 
or water (evaporative cooling) for heat rejection. This positions RDHx as the 
preferred retrofit pathway, offering a more balanced outcome across power, water, 
and performance, with a 2x-3x capex uplift versus CRAC/CRAH. 

Advanced liquid cooling = shifts the frontier for AI infrastructures. White space n

liquid cooling technologies like direct-to-chip and immersion solutions materially 
compress both power and water intensity (PUE ~1.2-1.4, near zero WUE without 
evaporation) by enabling high temperature heat rejection (~50°C-60°C), sufficient 
for passive dry coolers to replace chillers for heat rejection in ideal ambient 
environments. This could effectively mitigate the trade off between water and 
power. However, capex ramps sharply versus CRAC/CRAH (5x-8x for direct-to-chip 
and 10x-20x for immersion), confining adoption to hyperscale and AI deployments 
where density, power constraints, and permitting risks justify the economics. Given 
the increased growth coming from hyperscaler/AI data centers likely to use liquid 
cooling, there is significant industry attention on innovating to reduce the need for 
chillers — with NVIDIA recently detailing that its Rubin generation infrastructure can 
be supported by dry coolers in favorable climates.   
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Exhibit 5: Gray space cooling options to reject heat from the data center into the ambient 
environment come with a power versus water trade-off  
Power usage effectiveness (PUE) and water usage effectiveness (WUE) of different white/gray space 
cooling solution combinations 
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*Immersion cooling enables higher outlet temperatures (~50°C-60°C or above), allowing dry coolers to reject heat directly to 
ambient air without the need for chillers or evaporative towers 

 

Source: University of Texas Energy Institute, Goldman Sachs Global Investment Research

 

Exhibit 6: More advanced white space liquid cooling 
technologies come with higher initial capex to suit the 
compute needs for hyperscale data centers 
Capex of various white space cooling technologies as multiplier 
of conventional air cooling systems (CRAC/CRAH) baseline 

 

Exhibit 7: Trading lower WUE for higher PUE could 
potentially shift data center water consumption from 
onsite cooling to upstream power generation facilities 
indirectly 
US power sector water consumption intensity by generation 
source and weighted average water intensity (L/kWh) 
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Source: University of Texas Energy Institute, Goldman Sachs Global Investment 
Research

 

Renewables — i.e. solar, wind and battery storage — consume nearly zero 
water 

 

Source: EIA, Goldman Sachs Global Investment Research
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Hyperscalers water stewardship, commitment and progress 
While the U.S. industry average data center WUE stands at ~1.8 L/kWh, hyperscaler 
disclosures in Exhibit 9 point to a structurally more efficient operating model, with 
WUE typically in the ~0.1-0.5 L/kWh ranges for Meta, AWS and Microsoft. We see 
the gap underscores both technology advantage (more advanced cooling architectures) 
and site/operational optimization, reinforcing that scale players are already at 
advantaged levels of water intensity. We continue to expect further improvement on 
water efficiency, as hyperscalers continue to adopt advanced cooling design and scale 
replenishment initiatives:  

Google (GOOGL, Buy): Google’s freshwater consumption increased 34% YoY to 11 n

billion gallons in 2025. The company notes that water use is mainly for direct 
operational input for data center cooling systems, while there are also indirect water 
impacts embedded in electricity generation and supply chains. Google disclosed 
that it has already replenished >7 bn gallons of water in 2025 and is scaling toward 
~20 bn by 2030, while selectively deploying air cooled systems in water-stressed 
regions.  

Meta (META, Buy): Meta’s water positive strategy is targeting 100% replenishment n

rate in medium stress watersheds and 200% in high stress regions by 2030. The 
company disclosed that its nationwide water restoration projects returned ~1.6 bn 
gallons of water in 2024. 

Amazon (AMZN, Buy): AWS also targets to be water positive by 2030 (53% n

achieved as of 2024). The company expects to return ~5 bn gallons annually through 
replenishment initiatives, while driving operational efficiency via leak detection, 
recycled water use, and real‑time monitoring.  

Microsoft (MSFT, Buy): Microsoft highlighted innovation and digitalization as core n

to its water initiatives, with monitoring platform launched with Ecolab. The company 
also focuses on supply diversification via non-potable water solutions (e.g., 

 

Exhibit 8: Scale of water, power, physical footprint and 
noise impact of various gray space cooling design 

 

Exhibit 9: Hyperscalers’ reported data center PUE and 
WUE vary, as did the yoy trend in 2024 versus 2023 
Average water usage effectiveness (y-axis, L/kWh) and power 
usage effectiveness (x-axis, total facility power to IT equipment 
power) of hyperscalers’ data centers 
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Source: SPX Cooling, Goldman Sachs Global Investment Research

 
 

Source: Company data, Goldman Sachs Global Investment Research
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reclaimed and rainwater), including zero freshwater cooling in select geographies. 

Indirect water consumption from power generation facilities 
Indirect water consumption from power generation can be greater than direct 
cooling water use, particularly where data centers are powered by water intensive 
sources such as coal or nuclear. Under the U.S. grid average, indirect water 
consumption intensity for cooling ranges from ~1.4-3.4 L/kWh, pending on the adoption 
of white/gray space infrastructure, with indirect portion accounting for roughly half of 
the total footprint when evaporative solutions are paired. Shifting from gray space 
evaporative to air‑cooled systems while deploying white space direct-to-chip liquid 
cooling reduces total water consumption intensity by ~1.0 L/kWh when assuming 
power sourcing is consistent with the US average, but the ultimate magnitude of the 
benefit is highly dependent on the underlying electricity source on the margin. The 
reduction is largest when paired with relatively water‑efficient generation such as 
natural gas combined cycle (~1.1/kWh reduction), versus ~0.9 L/kWh for nuclear 
and ~0.8 L/kWh for coal. There is minimal water consumption from renewable (solar 
+ wind) power paired with battery storage, translating to a more significant 
potential cumulative impact if round-the-clock renewable power-focused solutions 
are deployed.  
 

Exhibit 10: Direct and indirect water consumption intensity (L/kWh) of each white space + 
gray space cooling technologies and power source 

 
 

Source: EIA, University of Texas Energy Institute, Goldman Sachs Global Investment Research
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China Data Centers: National PUE targets mandating energy efficiency 
China is mandating below 1.25 PUE for new-build data centers. Under the 15th Five‑Year Plan (2026–
2030), data centers are a strategic priority for China, with a dual emphasis on energy efficiency and 
renewable integration. Targets introduced since 2024 require nationwide data center utilization rates 
above 60% and average PUE below 1.5 by 2025, while new built hyperscale facilities must achieve a PUE of 
1.25 or lower, with projects in national computing hubs (Exhibit 11) subject to an even stricter 1.20 PUE 
threshold. In our view, achieving these efficiency levels will likely require or even necessitate broader 
adoption of advanced liquid cooling in the white space. 

The regulatory focus on PUE also has implications for gray space cooling design that prioritize power 
over water. To meet increasingly stringent efficiency requirements, we expect data center operators in 
China are likely to favor dry coolers and introduce free cooling where ambient conditions allow, 
supplemented by adiabatic assist during peak temperature periods. Unlike in the US where water is causing 
increasing scrutiny, evaporative cooling towers and water‑cooled chillers are likely to be preferred over 
air‑cooled chillers given their superior energy efficiency. As a result, PUE targets in China may increasingly 
shift the optimization towards energy efficiency over water, where operators would accept higher water 
consumption to achieve lower energy intensity. We note that according to China’s green data center 
standard, ~0.7 L/kWh WUE is generally considered as best‑in‑class, while ~1.5 L/kWh WUE often serves as 
an upper threshold. 

Together, this could increase debates over risks of water depletion where data center growth 
coincides with regional water stress, intensifying competition with industrial, agricultural, and 
residential demand. China Water Risk estimates that four of China’s eight national computing hubs — 
Jing‑Jin‑Ji, the Yangtze River Delta, Ningxia, and Gansu — are already exposed to high or extremely high 
water stress. In our view, this could further support the investment case for water efficiency solutions, 
water recycling and, in coastal areas, desalination. 
 

Exhibit 11: Map of China’s key data center hubs and 10 
clusters 

 
 

Source: Data compiled by Goldman Sachs Global Investment Research
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Investment and stock implications 
We see the power versus water trade-off of cooling emerging as a new potential 
bottleneck in data center scaling, supporting two of the five verticals we highlighted in 
Exhibit 3, where solutions either reduce water intensity or expand supply. 

Advanced liquid cooling solutions and components 
Advanced cooling & materials: Companies exposed to liquid cooling n

(direct‑to‑chip, immersion) and enabling components (cold plates, pumps, 
connectors, thermal management systems) are best positioned as rack density 
structurally rises and as demand for more efficient solutions becomes critical for 
license to operate. In parallel, advanced materials (e.g., synthetic diamond, 
high‑conductivity substrates, phase‑change materials) offer incremental upside by 
improving heat transfer and reducing overall cooling load — effectively lowering 
both PUE and WUE. 

Water efficiency innovation and supply diversification 
Water recycling & desalination: As water becomes a gating constraint on data n

center cooling — particularly for existing evaporative systems — solutions that 
expand usable water supply (e.g., desalination, wastewater reuse, and industrial 
water infrastructure) become increasingly important. We expect greater adoption of 
these technologies, driven by increasing data center demand and rising community 
pushback over water usage, enabling operators to meet water targets while 
sustaining cooling efficiency. As our Japan Chemicals team discussed in its June 2026 
report, Toray Industries (3402.T): IR Day: Collaboration between tech and sales - 
MTP growth strategy for fibers, water treatment, AI/semiconductors, Toray’s 
management highlighted data centers as a growing opportunity for its water 
treatment business, citing increasing adoption of wastewater reuse and alternative 
water sourcing among major hyperscale operators. 

Water efficiency chemicals & process optimization: Incremental solutions such as n

water treatment chemicals, scale inhibitors, and cycle‑of‑concentration 
management allow operators to reuse water more times before discharge, reducing 
total intake without major capex changes. While less visible than cooling hardware, 
these are often the fastest‑adopted and highest‑return solutions, particularly in 
legacy or retrofit environments. 

We highlight 26 Buy-rated stocks.  
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Exhibit 12: We highlight 26 Buy-rated stocks globally with exposures to advance liquid cooling solutions and components 
for data centers, and cooling water efficiency and supply diversification solutions 

RIC Company Name Domicile SUSTAIN secto
Market 

Cap 
(U$bn)

CROCI
FY1-3 
%ile

Sales 
growth
FY2-3 
%ile

Upside 
to 

Target 
Price

Water 
Efficiency 
Innovation

Water Supply 
Solutions Thematic Relevance

2308.TW Delta Electronics Taiwan Tech 
Hardware 159.4 84% 98% 139% Y - - Provides liquid cooling solutions, CDUs, and precision thermal 

systems for AI and HPC deployments.

5801.T Furukawa 
Electric Japan Capital Goods 16.2 18% 81% 93% Y - - Designs micro-channel cold plates for direct-to-chip cooling, along 

with thermal solutions for photonics systems.

002518.SZ Shenzhen Kstar Mainland 
China Capital Goods 3.5 86% 88% 63% Y - - Manufactures modular containerised data centres, integrating 

air/liquid cooling systems and UPS infrastructure.

LGN.OQ Legence United 
States

Engineering & 
Construction 8.0 97% 63% 51% - Y - Provides engineering, design, and implementation services for 

thermal systems and water-efficient infrastructure in data centres.

3017.TW AVC Taiwan Tech 
Hardware 29.6 94% 59% 50% Y - - Produces server cooling components, including fans, vapor 

chambers, server enclosures, racks, cold plates, and CDUs.

JBL.N Jabil United 
States

Tech 
Hardware 34.6 67% 33% 46% Y - - Manufactures and integrates liquid‑cooled, high‑power server 

racks and cooling subsystems.

3324.TWO Auras 
Technology Taiwan Tech 

Hardware 2.7 83% 76% 39% Y - -
Produces fans, heat sinks, and vapor chambers, supporting 
thermal management for servers and elevated operating 
temperatures.

6407.T CKD Corp Japan Capital Goods 3.0 32% 78% 38% Parts - -
Produces high-purity PTFE valves compatible with dielectric fluids 
and deionised water, used in immersion and liquid cooling 
systems.

6501.T Hitachi Japan Capital Goods 131.8 50% 60% 34% Y - -
Provides HVAC hardware i.e. centrifugal chillers and advanced 
liquid immersion/water-cooling technologies for AI and hyperscale 
facilities.

3402.T Toray Industries Japan Chemicals 10.7 13% 49% 33% - - Y Supplies reverse osmosis and ultrafiltration membranes used in 
zero-liquid-discharge (ZLD) and water reuse systems.

CLS.TO Celestica Inc Canada Tech 
Hardware 41.4 85% 83% 32% Y - - Develops liquid-cooled server platforms, switches, and integrated 

CDUs used in AI compute deployments.

FLEX.OQ Flex United 
States

Tech 
Hardware 49.8 40% 20% 30% Y - - Manufactures and integrates liquid‑cooled servers, racks, and 

cooling assemblies for hyperscale AI platforms.

J.N Jacobs United 
States

Prodessional 
Services 14.9 33% 46% 27% - Y -

Provides engineering and design services for hyperscale data 
centers, specializing in water sourcing, industrial wastewater 
recycling, and advanced cooling infrastructure

XYL.N Xylem United 
States Capital Goods 28.8 75% 16% 26% Parts - Y Supplies pumps for chilled-water loops and heat exchangers for 

indoor CDUs, alongside water treatment and recycling systems.

JCI.N Johnson 
Controls Ireland Capital Goods 87.1 34% 40% 25% Y - - Offers coolant distribution units (CDUs) and direct-to-chip liquid 

cooling systems designed to support high-density AI workloads.

6368.T Organo Japan Capital Goods 4.5 58% 75% 23% - - Y Supplies ultrapure water (UPW) treatment systems, used in high-
purity cooling loops and semiconductor environments.

VLTO.N Veralto United 
States

Multi-industry 
Services 22.8 77% 39% 22% - - Y

Provides water treatment solutions for data centers, focusing on 
minimizing water usage for D2C and traditional cooling 
infrastructure.

3407.T Asahi Kasei Japan Chemicals 15.7 32% 23% 21% - Y - Provides membrane technologies for water filtration and specialty 
polymers used in chemically resistant cooling system components.

CRLI.MI Carel Industries Italy Capital Goods 3.7 56% 70% 19% Y - - Provides controllers, sensors, and expansion valves for CRAC 
units and chillers and actively expands into liquid cooling solutions

SCHN.PA Schneider 
Electric France Capital Goods 177.6 51% 64% 19% Y - - Provides CDUs, liquid cooling infrastructure, and cooling 

management software for high‑density AI racks.

NVT.N nVent United 
Kingdom Capital Goods 26.0 63% 76% 19% Y - - Provides liquid cooling enclosures, manifolds, and fluid 

management components for rack‑level cooling.

002837.SZ Shenzhen 
Envicool

Mainland 
China Capital Goods 13.8 93% 96% 15% Y - - Supplies liquid cooling systems, cold plates, CDUs, and thermal 

management solutions for AI data centers.

6254.T Nomura Micro 
Science Japan Capital Goods 1.1 23% 98% 15% - - Y Provides high-purity water systems required for contamination-free 

cooling and electronics applications.

VRT.N Vertiv United 
States Capital Goods 122.5 96% 77% 10% Y - - Supplies CDUs, liquid cooling systems, and integrated thermal 

management infrastructure for hyperscale data centers.

6370.T Kurita Water Japan Capital Goods 6.6 33% 37% 10% - - Y
Supplies water treatment chemicals, including inhibitors and 
biocides, used to manage scaling, corrosion, and fouling in cooling 
systems.

WBI.N WaterBridge 
Infrastructure

United 
States

Utilities - 
Water 4.2 69% 94% 7% - - Y Repurposing oilfield produced water to supply cooling 

infrastructure for AI data centers.

Cooling Water Solutions
Data Center 
Advanced 

Liquid 
Cooling

 

Market data priced as of 07/10/2026 close 
 

Source: Bloomberg, Refinitiv Eikon, Goldman Sachs Global Investment Research
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Ambient conditions: Key factor for US and EM data center capex, power/water use flexibility 
 
 

We expect ~56%/55% of global/US new data center capacity through 2035 to be 
built in areas with higher physical risk of extreme temperatures, humidity and/or 
drought, which will likely continue to drive demand for chillers and adiabatic 
solutions, even as innovations to reduce chiller usage to minimize both water and 
power use will likely continue. We highlight 14 Buy-rated stocks exposed to smart 
cooling and ambient resilient cooling solutions. 

Ambient conditions where data centers are being built and PUE/cooling 
impact  
We believe ambient conditions will not only be critical to determining cooling 
design by setting heat rejection efficiency, but also increasingly require incremental 
solutions like advanced materials or adiabatic assist to sustain performance. As 
temperatures rise or humidity increases, the thermal gradient between the data center 
and ambient air narrows, reducing the effectiveness of both air and liquid based heat 
rejection. This forces greater reliance on mechanical cooling — in the sacrifice of energy 
efficiency — and/or pushes operators toward higher performance thermal pathways in 
the white space (e.g., immersion liquid cooling, high conductivity materials) to sustain 
efficiency.  

In hot and arid regions (e.g., Middle East, U.S. Arizona), extreme peak temperature 
is the binding constraint. While low humidity initially supports evaporation-based 
cooling, water resource constraints would force data center operators under greater 
regulatory scrutiny. In addition, once ambient temperatures exceed ~45°C, the 
temperature differential becomes insufficient for efficient heat rejection, limiting the 
effectiveness of dry cooling, even with direct to chip cooling adopted in the white space. 
At this point, we see operators to embrace three pathways: (1) introduce adiabatic 
assist (water misting) to support dry coolers during peak conditions, (2) set up 
additional mechanic chillers, or (3) enable higher operating temperatures (>60°C) 
through higher‑conductivity materials (e.g., synthetic diamond) or most advanced 
liquid cooling architectures such as multi‑phase immersion. We note that adiabatic 
systems would mostly operate in dry mode for the majority of the year, switching to wet 
mode only during peak summer conditions (i.e. 60-90 days in wet mode for US 
south-west), with annualized WUE remaining relatively contained at ~0.3–0.4 L/kWh. 

In tropical regions (e.g., Hong Kong, ASEAN, Miami area and parts of India), the 
constraint shifts to persistently high humidity, which fundamentally limits the 
effectiveness of evaporative cooling. Once relative humidity rises into the ~75%-90% 
range, the air’s capacity to absorb additional moisture declines sharply, reducing cooling 
tower performance and in some conditions rendering it ineffective. At the same time, 
high wet‑bulb temperatures also impair dry cooling efficiency, creating a “double 
constraint” where neither approach performs optimally. As a result, operators often 
default to air‑cooled chillers as the most reliable baseline, adopting high-ambient and 
efficiency models at premiums, while increasingly integrating liquid cooling in the white 
space and hybridized gray space systems to offset efficiency losses. 
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Ambient profiles of planned data centers globally 
A meaningful share of upcoming data center capacity is being deployed in ambient 
challenged regions, with ~56% of global build out (2026-2035) exposed to a 
combination of water stress, humid heat stress, and frequent extreme summer peak, per 
our analysis (Exhibit 14). The exposure is particularly pronounced in the Middle East 
(100% of new capacity) and Asia Pacific (89% of new capacity), where heat/drought, 
and sustained peak summer temperatures overlap. We expect operators in those regions 
are more likely to deploy high‑ambient air‑cooled chillers, which could carry higher 
energy intensity, alongside incremental solutions such as gray space adiabatic assist to 
maintain performance.  

We expect ambient factors could increasingly feed through into system-level power 
efficiency, with regions facing greater ambient stress already operating at 
structurally higher PUE levels relative to more temperate markets. As a larger share 
of global capacity is deployed into these conditions, we see modest upward pressure on 
global weighted average PUE, driven by greater reliance on mechanical cooling and 
reduced effectiveness of passive solutions. Our analysis suggests global PUE could rise 
from ~1.36 today to ~1.41 under the baseline scenario by 2035. Importantly, the 
sensitivity to white space cooling pathway choice remains significant: under higher liquid 
cooling adoption, global PUE could improve toward ~1.30, while under lower adoption it 
could deteriorate toward ~1.47, highlighting that white space liquid cooling penetration 
would act as a key swing factor in offsetting the efficiency drag from ambient 
constraints.  

 

Exhibit 13: Microsoft data center cooling methods based on the climate of the region 

 

Used with permission from Microsoft. 
 

Source: Microsoft
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Exhibit 14: 49% of global data center new capacity is located in areas facing ambient 
challenges including drought, humid heat stress and frequent summer extreme 
temperatures 
% of data center new-build capacity (2026-2035) facing ambient challenges 
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European data centers are less exposed to above physical risks; we measure physical risks under 2020 baseline scenario 
 

Source: World Bank, 451 Research Datacenter KnowledgeBase, S&P Global Market Intelligence, Goldman Sachs Global 
Investment Research

 

Exhibit 15: As a result, we expect potential increase of 
data center PUE globally, as operators shifting towards 
gray space cooling solutions that could mitigate ambient 
challenges at higher power cost 
Weighted average PUE of global data centers, baseline case 

 

Exhibit 16: Sensitivity of global weighted average data 
center PUE based on the level of white space liquid cooling 
adoption 
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Source: 451 Research Datacenter KnowledgeBase, S&P Global Market 
Intelligence, Goldman Sachs Global Investment Research

 
 

Source: 451 Research Datacenter KnowledgeBase, S&P Global Market 
Intelligence, Goldman Sachs Global Investment Research

How white space cooling innovation could address gray space challenges 
According to NVIDIA, its Rubin‑generation AI infrastructure could achieve 100% liquid cooling across the 
entire system, operating with coolant temperatures up to ~45°C, which enables closed‑loop operation with 
near zero water use and minimal reliance on chillers. In NVIDIA’s view, this higher‑temperature architecture 
allows heat to be rejected via dry coolers for most of the year, significantly reducing both cooling energy 
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Investment and stock implications 
We see supportive tailwinds to both white/gray space cooling verticals as ambient 
conditions increasingly shift infrastructure design, forcing operators to move away from 
standardized architectures toward solutions that extend operating envelopes and 
optimize performance under heat and humidity constraints. 

Climate‑resilient / high‑ambient thermal equipment, controls and components: n

Including high‑ambient air‑cooled chillers, adiabatic systems, humidity control, and 
optimization platforms that manage cooling performance under tropical, peak 
summer, and/or cold conditions. 

OEM (Original Equipment Manufacturer)/ODM (Original Design Manufacturer) n

and engineering contractors with exposure to ambient-challenged markets: 
Manufacturing and integration players particularly exposed to ASEAN, India, and 
Middle East deployments, enabling the rollout of liquid‑ready, high temperature 
qualified platforms in climate constrained regions. 

In Exhibit 17, we highlight 14 Buy-rated stocks exposed to smart cooling and ambient 
resilient cooling solutions. 

Power generation, distribution and transmission supply chain  
With data center site selection and ambient conditions likely to drive PUE higher by 11 
pp in the US, which represents a 0.3% annual impact to total US power demand 
growth through 2030, this could continue to be a tailwind for the power generation, 
distribution, transmission and E&C/industrial-related supply chain. 

US Power Generation: Our US utilities team sees Buy-rated Sempra (SRE.N) and n

Xcel Energy (XEL.N) among regulated utilities as key beneficiaries of the data center 
demand inflection with service territories largely in Texas, California, Colorado, and 
New Mexico. SRE’s Texas subsidiary, Oncor has quantified ~127 GW of load in the 
2026 ERCOT RTP with 289 GW in its broader pipeline. With extreme heat and 
drought conditions in the state, they are starting to see more focus on policy 
mandates for closed-loop cooling systems to protect water supply. For XEL, its 20 
GW+ data center pipeline is also exposed to Texas but also has fast growing data 
center opportunities in Colorado and New Mexico where hyperscalers like Google in 

(historically up to ~40% of data center load) and water consumption. 

Notably, NVIDIA also highlights a key caveat — performance remains highly dependent on geography, with 
chillers still required during peak conditions. As we discussed earlier, we expect such constraint could 
become more pronounced in hotter or more humid environments. In our view, this reinforces the continued 
need for gray space support systems, including adiabatic assist and/or additional mechanic chillers, to 
manage peak thermal loads under challenging ambient conditions. Nevertheless, we still see continued 
white space innovation — enabling higher IT operating temperatures (e.g. advanced materials such as 
diamond cooling and immersion) — can further improve system level efficiency and extend the viability of 
dry cooler pathways which could reduce the upward pressure on PUE in our base case. 
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its service territory have shifted towards air-cooled systems. On the IPPs side, our US 
utilities team sees Vistra (VST.N) and NRG (NRG.N) as highly exposed to the 
dynamics in Texas market where there’s been pushback on water consumption given 
drought conditions in the state where they expect water efficiency to grow in focus 
for the state. 

Distribution, Transmission and E&C: We also highlight Quanta Services (PWR.N) n

for its E&C exposure to US power grid and AI infrastructure. In addition, we highlight 
Prysmian (PRY.MI) and Fujikura (5803.T) that provides power and fibre‑optic cables 
for US grid and data centers. 

 

Exhibit 17: We highlight 14 Buy-rated stocks globally exposed to smart cooling and ambient resilient cooling solutions 

RIC Company Name Domicile SUSTAIN 
sector

Market 
Cap 

(U$bn)

CROCI
FY1-3 
%ile

Sales 
growth
FY2-3 
%ile

Upside 
to 

Target 
Price

Thermal 
Cooling 

Equipment

Cooling 
Controls and 
Components

Thermal 
Management 

Integrator
Thematic Relevance

2308.TW Delta Electronics Taiwan Tech 
Hardware 159.4 84% 98% 139% Y Precision cooling and air‑cooled chillers (RowCool, Smart Cooling) 

for hot‑humid Asian markets

JBL.N Jabil United 
States

Tech 
Hardware 34.6 67% 33% 46% Y Manufactures and integrates liquid‑cooled, high‑temperature 

server racks for ASEAN and India deployments

6501.T Hitachi Japan Capital Goods 131.8 50% 60% 34% Y
Offers High-Ambient Screw Chillers for extreme outdoor 
temperatures, and an ultra-efficient line Centrifugal Chillers 
optimized to maximize PUE

CLS.N Celestica Canada Tech 
Hardware 41.4 85% 83% 32% Y Rack integration and thermal validation for liquid‑cooling‑ready 

platforms in hot‑humid markets (i.e. ASEAN).

FLEX.N Flex United 
States

Tech 
Hardware 49.8 40% 20% 30% Y Manufactures high‑density liquid‑cooled systems and enclosures 

for tropical and high‑ambient deployments

JCI.N Johnson 
Controls Ireland Capital Goods 87.1 34% 40% 25% Y Y High‑ambient chillers (YVAA) with controls (OpenBlue) offerings 

for peak summer optimisation

FIX.N Comfort 
Systems

United 
States Capital Goods 61.8 99% 84% 23% Y

Contractor providing large-scale mechanical, electrical, and 
plumbing services, with a core focus on advanced HVAC 
infrastructure.

CARR.N Carrier Global United 
States Capital Goods 57.6 25% 24% 23% Y High‑ambient air‑cooled chillers (AquaEdge, 30XV/30XBE) with 

adiabatic pre‑cooling for tropical and >40°C environments

CRLI.MI Carel Industries Italy Capital Goods 3.7 56% 70% 19% Y
Adiabatic control systems and humidity management (μRack, 
pCO, HEOS) for hot‑humid environments and condensation 
control

SCHN.PA Schneider 
Electric France Capital Goods 177.6 51% 64% 19% Y Cooling control platforms (EcoStruxure, Uniflair) managing dry vs 

adiabatic vs mechanical optimisation

NVT.N nVent Electric United 
Kingdom Capital Goods 26.0 63% 76% 19% Y Heat tracing systems (Raychem) for freeze protection and 

winterisation of cooling infrastructure

002837.SZ Shenzhen 
Envicool

Mainland 
China Capital Goods 13.8 93% 96% 15% Y Precision cooling systems and air‑cooled chillers (CyberCool, 

CyberMate) for hot‑humid/tropical deployments

PH.N Parker-Hannifin United 
States Capital Goods 121.2 76% 22% 11% Y High‑temperature hoses and connectors (Parflex, quick couplings) 

used in adiabatic and high‑ambient liquid loops

VRT.N Vertiv Holdings United 
States Capital Goods 122.5 96% 77% 10% Y Y

High‑ambient chillers and adiabatic systems (Liebert AFC, DSE) 
with integrated controls for hot‑humid and peak summer 
conditions

Data Center Resilient Cooling

 

Market data priced as of 07/10/2026 close 
 

Source: Bloomberg, Refinitiv Eikon, Goldman Sachs Global Investment Research
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Unlocking waste heat utilization potential 
 
 

Monetizing value for waste heat from data centers is in a relatively early stage but is 
likely to receive greater attention both to balance community concerns and to 
provide increased revenue opportunities for larger data centers. We highlight 7 
Buy-rated stocks that could see upside if we see greater deployment.  

Capturing and monetizing waste heat potential future source of joint 
industry/community benefit 
Data centers fundamentally act as large‑scale energy transformers — converting 
electricity consumed into heat — which creates a structurally growing pool of 
thermal energy as compute demand scales. Every unit of power used by servers is 
ultimately dissipated as heat at the rack and chip level, making data centers one of the 
most concentrated and predictable sources of low‑grade waste heat. Historically, this 
heat has been treated as a by‑product and rejected via cooling infrastructure, but rising 
rack densities and energy costs are driving a shift toward viewing it as a potential 
resource. The challenge remains that much of this heat is produced at relatively low 
temperatures, limiting its direct reuse without additional processing, and constraining 
applications primarily to localized heating use cases. 

The increasing penetration of liquid cooling is a key unlock for scalable heat reuse, 
as it materially raises the temperature and quality of waste heat. Compared to 
traditional air-cooled systems i.e. CRAC/CRAH, which typically deliver ~25°C-35°C 
outlet temperatures, liquid cooling (direct to chip and immersion) can achieve 
~45°C-60°C or higher, bringing the heat into a usable range for district heating, industrial 
processes, or agricultural usage with limited to no need for upgrading. We expect direct 
liquid cooling could potentially unlock ~260 TWh of high grade waste heat potential 
by 2030 globally (Exhibit 18), equivalent to Australia’s annual power demand or the 
annual generation of more than 30 typical nuclear reactors (Exhibit 19). As liquid cooling 
adoption accelerates alongside AI workloads, data centers are increasingly positioned 
not just as energy consumers but as integrated thermal energy hubs, with growing 
relevance in regions that can monetize or regulate waste heat recovery. 

 

 

Exhibit 18: We expect ~260 TWh of high-grade waste heat 
that could be deployed towards local heating networks or 
industrial complex by 2030 from liquid cooling adoption… 
Data center waste heat potential from liquid cooling (TWh) 

 

Exhibit 19: … Equivalent to Australia’s annual power 
consumption or electricity generations from > 30 nuclear 
reactors 
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We also expect waste heat capture emerging as a practical lever to address rising 
community concerns around ambient heat build‑up and urban heat island effects. 
Recent pushback to Utah’s Stratos data center project highlights this dynamic, where 
opposition cited risks that large‑scale data center developments could intensify local 
heat stress alongside water depletion. In this context, redirecting heat into productive 
use reduces thermal discharge to the environment and reframes data centers from heat 
sources into energy suppliers potentially — increasingly important as social license 
becomes a gating factor for new capacity. 

What are the use cases of data center waste heat? 
We see data center waste heat rapidly evolving from a by‑product into a 
monetizable energy stream, with use cases expanding and supporting a structurally 
more circular infrastructure model. However, near term deployment is likely to remain 
highly location and infrastructure dependent, including: (1) nearby and stable 
residential/commercial heat demand, (2) established heat transmission infrastructure, 
and/or (3) co‑located manufacturing facilities that can be direct consumer. Core 
applications of waste heat include district and building heating, industrial processes 
(e.g., preheating water for manufacturing), and domestic hot water supply, all of which 
could directly offset conventional energy demand. We also see higher‑value use cases 
emerging, including absorption cooling (heat‑to‑cooling), agricultural applications 
(greenhouses), and wastewater treatment, with niche expansion into desalination and 
on‑site industrial integration.  

Europe provides an example of waste heat scalability for direct heating, where 
infrastructure and policy alignment accelerating deployment. Fortum (FORTUM.HE) 
has effectively transformed an Ericsson (ERIC) data center into a heat production asset, 
using Mitsubishi Electric (6503.T) MEHITS heat pumps to capture server heat and 
upgrade it from low grade levels to ~70°C for direct injection into Kirkkonummi district 
heating network in Finland. The system delivered ~10-15 MWh of heat annually prior 
expansion, covering ~20% of the Kirkkonummi district heat network’s annual heat 
demand, demonstrating how integrated cooling‑heating infrastructure can scale with IT 
load and replace conventional heating sources. Fortum also recently started up waste 
heat capture from two Microsoft data centers in Finland to ultimately meet 40% of 
demand for 250,000 customers. Equinix (EQIX.N) has also demonstrated the scalability 
of data center waste heat reuse in Europe, using heat pumps to upgrade server heat and 
supply district heating networks in France and Finland. 

In the US, emerging projects highlight how waste heat reuse could evolve beyond 
district heating into integrated, multi‑output infrastructure models, particularly in 
regions without established heat networks. One example is the Monarch Cloud 
Campus in West Virginia, where up to 1 GW of hyperscale data centers will be co‑located 
with low carbon hydrogen production and controlled environment agriculture (CEA), 
using waste heat and captured CO2 to supply adjacent greenhouses. The model 
effectively creates a closed‑loop energy system, where data center heat is directly 
monetized by lowering input costs for food production while improving overall energy 
efficiency. More broadly, this reflects a shift toward co‑location strategies in the US, 
where industrial, agricultural, or energy assets are paired with data centers to absorb 
waste heat locally — particularly in rural regions where district heating is less viable. The 
policy backdrop is also evolving, with states such as Virginia introducing legislation to 
promote heat reuse, signaling that regulatory support and infrastructure alignment 
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could accelerate adoption, similar to what has already been observed in Europe. 

Investment and stock implications 
We see supportive tailwinds to verticals including heat pumps and thermal recovery 
equipment, heat distribution and integration components, and engineering design & 
services, which collectively enable the scale up of data center waste heat recovery and 
monetization. 

Heat pumps & thermal recovery systems include water‑sourced heat pumps n

(WSHP), heat pump chillers, condenser heat recovery systems, and hydronic loops 
that capture and upgrade low grade heat to usable levels. 

Distribution & integration components include plate heat exchangers, thermal n

storage tanks, piping networks, district heating interconnections, and absorption 
chillers, that allow operators to transport, store, and utilize heat across different 
applications. 

Engineering design & services that bridge cooling loads, heat demand, and n

infrastructure constraints, providing engineering and consulting services to unlock 
waste heat recovery project economics. 

In Exhibit 20, we highlight 7 Buy-rated stocks that could enable the waste heat recovery 
of data center projects. We do not view these as waste heat pure-plays but rather 
companies with technologies and competencies that could see upside if we see greater 
waste heat monetization.  

 

Exhibit 20: We highlight 7 Buy-rated stocks globally that could enable the waste heat recovery potential of data centers 

RIC Company Name Domicile SUSTAIN 
sector

Market 
Cap 

(U$bn)

CROCI
FY1-3 
%ile

Sales 
growth
FY2-3 
%ile

Upside 
to 

Target 
Price

Heat Pumps, 
Exchangers & 

Mechanical 
Hardwares

Heat 
Transmission 
& Insulation

Engineering & 
Construction 
Integration

Thematic Relevance

ACM.N AECOM United 
States

Engineering & 
Construction 8.8 81% 23% 64% - - Y

Provides engineering, design, and master planning services for 
district energy systems, heat networks, and data center 
integration, including feasibility and system optimisation.

LGN.OQ Legence Corp United 
States

Engineering & 
Construction 8.0 97% 63% 51% - - Y

Provides engineering and system integration services to design 
high-efficiency thermal systems and heat recovery infrastructure, 
including cooling-heat reuse coupling.

ENR1n.DE Siemens 
Energy Germany Capital Goods 149.5 84% 73% 39% Y - -

Supplies heat pumps, grid integration, and energy systems that 
support large-scale heat networks and integration of data center 
waste heat into energy systems.

6503.T Mitsubishi 
Electric Corp Japan Capital Goods 76.3 50% 46% 27% Y - -

Manufactures water-sourced heat pumps and cooling systems that 
capture low-grade data center heat and upgrade it (~30–35°C to 
~60–70°C) for district heating or reuse.

SCHN.PA Schneider 
Electric France Capital Goods 177.6 51% 64% 19% - - Y

Offers data center infrastructure, cooling control systems, and 
energy management software enabling real-time optimisation, 
heat recovery, and integration with district systems.

DOV.N Dover Corp United 
States Capital Goods 29.0 48% 25% 18% Y - -

Supplies fluid management components, including pumps, 
connectors, and thermal management systems, used in liquid 
cooling loops and heat recovery infrastructure.

ROCKb.CO Rockwool A/S Denmark Construction 
Materials 6.7 23% 31% 17% - Y -

Produces insulation materials used in data centres and district 
heating networks, reducing thermal losses and improving 
efficiency of heat transport and reuse.

Data Center Waste Heat Utilisation

 

Market data priced as of 07/10/2026 close 
 

Source: Bloomberg, Refinitiv Eikon, Goldman Sachs Global Investment Research
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Appendix: More on our PUE analysis methodology 
 
 

Power Usage Effectiveness (PUE) assumptions 
Our PUE analysis (Exhibit 15, Exhibit 16) leverages the data center location and 
facility‑level dataset from the S&P 451 Research Datacenter KnowledgeBase to map 
each new build to its likely cooling configuration across both white space and gray space. 
However, we caveat that 451 database captures less facilities for data centers in APAC, 
particularly Greater China. For white space, we assign cooling pathways based on 
disclosed design characteristics and facility type. In addition to data centers that 
explicitly indicate liquid cooling in their design, we assume hyperscale, neocloud, and 
AI‑led facilities also adopt liquid cooling, reflecting their higher rack densities. On this 
basis, we estimate ~43% of upcoming global capacity will deploy liquid cooling, which 
we view as a conservative assumption relative to our TMT team’s forward penetration 
estimates. For gray space, we layer in our physical risk framework using each facility’s 
geographic location in partnership with GS Data Works. Data centers located in high risk 
regions (water stress, heat stress, or frequent extreme temperatures) are assumed to 
require more energy intensive cooling configurations, including greater reliance on 
air‑cooled chillers or additional mechanical chilling to reject heat under constrained 
ambient conditions, effectively resulting in higher PUE. Based on these combined 
assumptions, we assign below PUE parameters — referenced to the study by 
University of Texas at Austin — at the individual data center level, reflecting both 
cooling architecture and local environmental constraints: 

White space (liquid cooling) + Gray Space (high ambient risk location): PUE = n

1.35 

White space (liquid cooling) + Gray Space (low ambient risk location): PUE = 1.15 n

White space (air cooling) + Gray Space (high ambient risk location): PUE = 1.80 n

White space (air cooling) + Gray Space (low ambient risk location): PUE = 1.40 n

To reflect China’s regulatory requirement that new data centers operate at a PUE of no 
more than 1.25, we assign a PUE assumption of 1.25 to all newly built Chinese facilities. 
We note that achieving this PUE level will likely necessitate greater deployment of 
advanced liquid cooling in the white space, particularly for data centers located in 
regions facing ambient challenges. When combined with gray space cooling, this could 
result in relatively higher water intensity in order to keep PUE at or below country 
mandates. 

 

GS Data Works leverages alternative data sources and advanced analysis techniques to create 
unique data-driven insights across Global Investment Research. 

GS Data Works analysis provided by Dan Duggan, Ph.D. and Dhruv Goyal. 
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Data Center ambient constraint screening thresholds 
Water stress: We focus on data center locations classified as High (75%-100% usage of 
available renewable resources) and Extremely High (>100% usage of available renewable 
resources) risk, where water demand already exceeds or materially stretches renewable 
supply. In these environments, evaporative cooling becomes structurally constrained, as 
additional withdrawal amplifies depletion risks and increases exposure to regulatory 
limits and community pushback.  

Heat stress: We focus on data center locations with at least one day in the Red Zone 
(88.0°F-89.9°F WBGT, High Risk) or Black Zone (≥90.0°F WBGT, Extremely High Risk), 
where high temperature and humidity jointly reduce the effectiveness of gray space heat 
rejection. Under these conditions, both evaporative and passive dry cooling efficiency 
deteriorate materially, increasing reliance on mechanical chilling. 

Frequency of extreme temperature: We include data center locations experiencing 
≥20 consecutive days above 95°F (High Risk), including ≥60 days for Extremely High 
Risk, where peak heat exposure is sustained rather than episodic. In these environments, 
cooling systems operate under persistent thermal stress, reducing efficiency and 
increasing baseline power demand.  

The physical risk assumptions come from our January 2024 Adaptation framework. We find risk 
trends to be directionally indicative of environmental stresses while noting that the RCP 8.5 
scenario, a worst-case RCP parameter set, was in May 2026 deemed “implausible, based on 
trends in the costs of renewables, the emergence of climate policy and recent emission trends” 
in a report by the World Climate Research Programme.
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price/dividend (P/D), EV/EBITDA, EV/FCF and EV/Debt Adjusted Cash Flow (DACF) (for financial stocks, only P/E, P/B and P/D), with a higher percentile 
indicating a stock trading at a higher multiple. The Integrated percentile is calculated as the average of the Growth percentile, Financial Returns 
percentile and (100% - Multiple percentile). 

Financial Returns and Multiple use the Goldman Sachs analyst forecasts at the fiscal year-end at least three quarters in the future. Growth uses inputs 
for the fiscal year at least seven quarters in the future compared with the year at least three quarters in the future (on a per-share basis for all metrics). 

For a more detailed description of how we calculate the GS Factor Profile, please contact your GS representative.  

M&A Rank 
Across our global coverage, we examine stocks using an M&A framework, considering both qualitative factors and quantitative factors (which may vary 
across sectors and regions) to incorporate the potential that certain companies could be acquired. We then assign a M&A rank as a means of scoring 
companies under our rated coverage from 1 to 3, with 1 representing high (30%-50%) probability of the company becoming an acquisition target, 2 
representing medium (15%-30%) probability and 3 representing low (0%-15%) probability. For companies ranked 1 or 2, in line with our standard 
departmental guidelines we incorporate an M&A component into our target price. M&A rank of 3 is considered immaterial and therefore does not 
factor into our price target, and may or may not be discussed in research. 

Quantum 
Quantum is Goldman Sachs’ proprietary database providing access to detailed financial statement histories, forecasts and ratios. It can be used for 
in-depth analysis of a single company, or to make comparisons between companies in different sectors and markets.  

Disclosures 
Rating and pricing information 
AECOM (Buy, $67.89), AVC (Buy, NT$2,325.00), Alphabet Inc. (Buy, $361.92), Amazon.com Inc. (Buy, $243.62), Asahi Kasei (Buy, ¥1,843), Auras (Buy, 
NT$925.00), CKD (Buy, ¥6,880), Carel Industries SpA (Buy, €28.30), Carrier Global Corp. (Buy, $66.74), Celestica Inc. (Buy, $360.74), Comfort Systems 
USA (Buy, $1,756.09), Delta Electronics (Buy, NT$1,885.00), Dover Corp. (Buy, $211.47), Flex (Buy, $133.37), Fujikura (Buy, ¥4,973), Furukawa Electric 
(Buy, ¥3,531), Hitachi (Buy, ¥4,761), Jabil Circuit Inc. (Buy, $325.21), Jacobs Solutions (Buy, $129.70), Johnson Controls International Plc (Buy, $140.23), 
Kurita Water Industries (Buy, ¥9,011), Legence (Buy, $71.95), Meta Platforms Inc. (Buy, $603.12), Microsoft Corp. (Buy, $383.34), Mitsubishi Electric 
(Buy, ¥5,771), NRG Energy Inc. (Buy, $137.48), Nomura Micro Science (Buy, ¥4,355), Nvidia Corp. (Buy, $204.12), Organo Corp. (Buy, ¥15,410), Parker 
Hannifin Corp. (Buy, $939.13), Quanta Services (Buy, $666.33), Rockwool (Buy, Dkr205.00), Schneider Electric (Buy, €263.80), Sempra (Buy, $95.33), 
Shenzhen Envicool Technology (Buy, Rmb72.12), Shenzhen Kstar Science & Tech (Buy, Rmb41.18), Siemens Energy (Buy, €151.90), Toray Industries (Buy, 
¥1,147), Veralto Corp. (Buy, $91.74), Vertiv Holdings (Buy, $317.81), Vistra Corp. (Buy, $154.82), WaterBridge Infrastructure (Buy, $34.07), Xcel Energy 
Inc. (Buy, $79.62), Xylem Inc. (Buy, $118.62) and nVENT Electric Plc. (Buy, $154.76).  

Distribution of ratings/investment banking relationships 
Goldman Sachs Investment Research global Equity coverage universe 
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As of July 1, 2026, Goldman Sachs Global Investment Research had investment ratings on 3,104 equity securities. Goldman Sachs assigns stocks as Buys 
and Sells on various regional Investment Lists; stocks not so assigned are deemed Neutral. Such assignments equate to Buy, Hold and Sell for the 
purposes of the above disclosure required by the FINRA Rules. See ‘Ratings, Coverage universe and related definitions’ below. The Investment Banking 
Relationships chart reflects the percentage of subject companies within each rating category for whom Goldman Sachs has provided investment 
banking services within the previous twelve months.     

Regulatory disclosures 
Disclosures required by United States laws and regulations 
See company-specific regulatory disclosures above for any of the following disclosures required as to companies referred to in this report: manager or 
co-manager in a pending transaction; 1% or other ownership; compensation for certain services; types of client relationships; managed/co-managed 
public offerings in prior periods; directorships; for equity securities, market making and/or specialist role. Goldman Sachs trades or may trade as a 
principal in debt securities (or in related derivatives) of issuers discussed in this report.  

The following are additional required disclosures: Ownership and material conflicts of interest: Goldman Sachs policy prohibits its analysts, 
professionals reporting to analysts and members of their households from owning securities of any company in the analyst’s area of coverage.  Analyst 
compensation:  Analysts are paid in part based on the profitability of Goldman Sachs, which includes investment banking revenues.  Analyst as officer 
or director: Goldman Sachs policy generally prohibits its analysts, persons reporting to analysts or members of their households from serving as an 
officer, director or advisor of any company in the analyst’s area of coverage.  Non-U.S. Analysts:  Non-U.S. analysts may not be associated persons of 
Goldman Sachs & Co. LLC and therefore may not be subject to FINRA Rule 2241 or FINRA Rule 2242 restrictions on communications with a subject 
company, public appearances and trading in securities covered by the analysts.  

Additional disclosures required under the laws and regulations of jurisdictions other than the United States 
The following disclosures are those required by the jurisdiction indicated, except to the extent already made above pursuant to United States laws and 
regulations. Australia: Goldman Sachs Australia Pty Ltd and its affiliates are not authorised deposit-taking institutions (as that term is defined in the 
Banking Act 1959 (Cth)) in Australia and do not provide banking services, nor carry on a banking business, in Australia. This research, and any access to 
it, is intended only for “wholesale clients” within the meaning of the Australian Corporations Act, unless otherwise agreed by Goldman Sachs. In 
producing research reports, members of Global Investment Research of Goldman Sachs Australia may attend site visits and other meetings hosted by 
the companies and other entities which are the subject of its research reports. In some instances the costs of such site visits or meetings may be met in 
part or in whole by the issuers concerned if Goldman Sachs Australia considers it is appropriate and reasonable in the specific circumstances relating to 
the site visit or meeting. To the extent that the contents of this document contains any financial product advice, it is general advice only and has been 
prepared by Goldman Sachs without taking into account a client’s objectives, financial situation or needs. A client should, before acting on any such 
advice, consider the appropriateness of the advice having regard to the client’s own objectives, financial situation and needs. A copy of certain 
Goldman Sachs Australia and New Zealand disclosure of interests and a copy of Goldman Sachs’ Australian Sell-Side Research Independence Policy 
Statement are available at: https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html.  Brazil: Disclosure information in relation 
to CVM Resolution n. 20 is available at https://www.gs.com/worldwide/brazil/area/gir/index.html. Where applicable, the Brazil-registered analyst 
primarily responsible for the content of this research report, as defined in Article 20 of CVM Resolution n. 20, is the first author named at the beginning 
of this report, unless indicated otherwise at the end of the text.  Canada: This information is being provided to you for information purposes only and is 
not, and under no circumstances should be construed as, an advertisement, offering or solicitation by Goldman Sachs & Co. LLC for purchasers of 
securities in Canada to trade in any Canadian security. Goldman Sachs & Co. LLC is not registered as a dealer in any jurisdiction in Canada under 
applicable Canadian securities laws and generally is not permitted to trade in Canadian securities and may be prohibited from selling certain securities 
and products in certain jurisdictions in Canada. If you wish to trade in any Canadian securities or other products in Canada please contact Goldman 
Sachs Canada Inc., an affiliate of The Goldman Sachs Group Inc., or another registered Canadian dealer.  Hong Kong: Further information on the 
securities of covered companies referred to in this research may be obtained on request from Goldman Sachs (Asia) L.L.C.  India: Further information 
on the subject company or companies referred to in this research may be obtained from Goldman Sachs (India) Securities Private Limited, Research 
Analyst - SEBI Registration Number INH000001493, 10th Floor, Ascent-Worli, Sudam Kalu Ahire Marg, Worli, Mumbai-400 025, India, Corporate 
Identity Number U74140MH2006FTC160634, Phone +91 22 6616 9000, Fax +91 22 6616 9001. Goldman Sachs may beneficially own 1% or more of 
the securities (as such term is defined in clause 2 (h) the Indian Securities Contracts (Regulation) Act, 1956) of the subject company or companies 
referred to in this research report. Registration granted by SEBI and certification from NISM in no way guarantee performance of the intermediary or 
provide any assurance of returns to investors. Goldman Sachs (India) Securities Private Limited compliance officer and investor grievance contact 
details, a copy of the annual compliance audit report and other relevant information and disclosures can be found at this link: 
https://www.goldmansachs.com/worldwide/india/research-analyst.  Japan: See below.  Korea: This research, and any access to it, is intended only for 
“professional investors” within the meaning of the Financial Services and Capital Markets Act, unless otherwise agreed by Goldman Sachs. Further 
information on the subject company or companies referred to in this research may be obtained from Goldman Sachs (Asia) L.L.C., Seoul Branch.  New 
Zealand: Goldman Sachs New Zealand Limited and its affiliates are neither “registered banks” nor “deposit takers” (as defined in the Reserve Bank of 
New Zealand Act 1989) in New Zealand. This research, and any access to it, is intended for “wholesale clients” (as defined in the Financial Advisers Act 
2008) unless otherwise agreed by Goldman Sachs. A copy of certain Goldman Sachs Australia and New Zealand disclosure of interests is available at: 
https://www.goldmansachs.com/disclosures/australia-new-zealand/index.html.  Russia: Research reports distributed in the Russian Federation are not 
advertising as defined in the Russian legislation, but are information and analysis not having product promotion as their main purpose and do not 
provide appraisal within the meaning of the Russian legislation on appraisal activity. Research reports do not constitute a personalized investment 
recommendation as defined in Russian laws and regulations, are not addressed to a specific client, and are prepared without analyzing the financial 
circumstances, investment profiles or risk profiles of clients. Goldman Sachs assumes no responsibility for any investment decisions that may be taken 
by a client or any other person based on this research report.  Singapore: Goldman Sachs (Singapore) Pte. (Company Number: 198602165W), which is 
regulated by the Monetary Authority of Singapore, accepts legal responsibility for this research, and should be contacted with respect to any matters 
arising from, or in connection with, this research.  Taiwan: This material is for reference only and must not be reprinted without permission. Investors 
should carefully consider their own investment risk. Investment results are the responsibility of the individual investor.  United Kingdom: Persons who 
would be categorized as retail clients in the United Kingdom, as such term is defined in the rules of the Financial Conduct Authority, should read this 
research in conjunction with prior Goldman Sachs research on the covered companies referred to herein and should refer to the risk warnings that have 
been sent to them by Goldman Sachs International. A copy of these risks warnings, and a glossary of certain financial terms used in this report, are 
available from Goldman Sachs International on request.   

European Union and United Kingdom: Disclosure information in relation to Article 6 (2) of the European Commission Delegated Regulation (EU) 
(2016/958) supplementing Regulation (EU) No 596/2014 of the European Parliament and of the Council (including as that Delegated Regulation is 
implemented into United Kingdom domestic law and regulation following the United Kingdom’s departure from the European Union and the European 

Rating Distribution Investment Banking Relationships

Buy Hold Sell Buy Hold Sell

Global 50% 34% 16% 65% 59% 43%
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Economic Area) with regard to regulatory technical standards for the technical arrangements for objective presentation of investment 
recommendations or other information recommending or suggesting an investment strategy and for disclosure of particular interests or indications of 
conflicts of interest is available at https://www.gs.com/disclosures/europeanpolicy.html which states the European Policy for Managing Conflicts of 
Interest in Connection with Investment Research.   

Japan: Goldman Sachs Japan Co., Ltd. is a Financial Instrument Dealer registered with the Kanto Financial Bureau under registration number Kinsho 69, 
and a member of Japan Securities Dealers Association, Financial Futures Association of Japan Type II Financial Instruments Firms Association, and 
Investment Management Association of Japan. Sales and purchase of equities are subject to commission pre-determined with clients plus consumption 
tax. See company-specific disclosures as to any applicable disclosures required by Japanese stock exchanges, the Japanese Securities Dealers 
Association or the Japanese Securities Finance Company.   

Ratings, coverage universe and related definitions 
Buy (B), Neutral (N), Sell (S) Analysts recommend stocks as Buys or Sells for inclusion on various regional Investment Lists. Being assigned a Buy or Sell 
on an Investment List is determined by a stock’s total return potential relative to its coverage universe. Any stock not assigned as a Buy or a Sell on an 
Investment List with an active rating (i.e., a  stock that is not Rating Suspended, Not Rated, Early-Stage Biotech, Coverage Suspended or Not Covered), is 
deemed Neutral. Each region manages Regional Conviction Lists, which are selected from Buy rated stocks on the respective region’s Investment Lists 
and represent investment recommendations focused on the size of the total return potential and/or the likelihood of the realization of the return across 
their respective areas of coverage.  The addition or removal of stocks from such Conviction Lists are managed by the Investment Review Committee or 
other designated committee in each respective region and do not represent a change in the analysts’ investment rating for such stocks.    

Total return potential represents the upside or downside differential between the current share price and the price target, including all paid or 
anticipated dividends, expected during the time horizon associated with the price target. Price targets are required for all covered stocks. The total 
return potential, price target and associated time horizon are stated in each report adding or reiterating an Investment List membership.  

Coverage Universe: A list of all stocks in each coverage universe is available by primary analyst, stock and coverage universe at 
https://www.gs.com/research/hedge.html.    

Not Rated (NR). The investment rating, target price and earnings estimates (where relevant) are removed pursuant to Goldman Sachs policy when 
Goldman Sachs is acting in an advisory capacity in a merger or in a strategic transaction involving this company, when there are legal, regulatory or 
policy constraints due to Goldman Sachs’ involvement in a transaction, and in certain other circumstances. Early-Stage Biotech (ES). An investment 
rating and a target price are not assigned pursuant to Goldman Sachs policy when this company has neither a drug, treatment or medical device that 
has passed a Phase II clinical trial nor a license to distribute a post-Phase II drug, treatment or medical device.  Rating Suspended (RS). Goldman Sachs 
Research has suspended the investment rating and price target for this stock, because there is not a sufficient fundamental basis for determining an 
investment rating or target price. The previous investment rating and target price, if any, are no longer in effect for this stock and should not be relied 
upon.  Coverage Suspended (CS). Goldman Sachs has suspended coverage of this company.  Not Covered (NC). Goldman Sachs does not cover this 
company.  

Global product; distributing entities 
Goldman Sachs Global Investment Research produces and distributes research products for clients of Goldman Sachs on a global basis. Analysts based 
in Goldman Sachs offices around the world produce research on industries and companies, and research on macroeconomics, currencies, commodities 
and portfolio strategy. This research is disseminated in Australia by Goldman Sachs Australia Pty Ltd (ABN 21 006 797 897); in Brazil by Goldman Sachs 
do Brasil Corretora de Títulos e Valores Mobiliários S.A.; Public Communication Channel Goldman Sachs Brazil: 0800 727 5764 and / or 
contatogoldmanbrasil@gs.com. Available Weekdays (except holidays), from 9am to 6pm. Canal de Comunicação com o Público Goldman Sachs Brasil: 
0800 727 5764 e/ou contatogoldmanbrasil@gs.com. Horário de funcionamento: segunda-feira à sexta-feira (exceto feriados), das 9h às 18h; in Canada 
by Goldman Sachs & Co. LLC; in Hong Kong by Goldman Sachs (Asia) L.L.C.; in India by Goldman Sachs (India) Securities Private Ltd.; in Japan by 
Goldman Sachs Japan Co., Ltd.; in the Republic of Korea by Goldman Sachs (Asia) L.L.C., Seoul Branch; in New Zealand by Goldman Sachs New Zealand 
Limited; in Russia by OOO Goldman Sachs; in Singapore by Goldman Sachs (Singapore) Pte. (Company Number: 198602165W); and in the United States 
of America by Goldman Sachs & Co. LLC. Goldman Sachs International has approved this research in connection with its distribution in the United 
Kingdom.  

Goldman Sachs International (“GSI”), authorised by the Prudential Regulation Authority (“PRA”) and regulated by the Financial Conduct Authority 
(“FCA”) and the PRA, has approved this research in connection with its distribution in the United Kingdom. 

European Economic Area: Goldman Sachs Bank Europe SE (“GSBE”) is a credit institution incorporated in Germany and, within the Single Supervisory 
Mechanism, subject to direct prudential supervision by the European Central Bank and in other respects supervised by German Federal Financial 
Supervisory Authority (Bundesanstalt für Finanzdienstleistungsaufsicht, BaFin) and Deutsche Bundesbank and disseminates research within the 
European Economic Area.  

General disclosures 
This research is for our clients only. Other than disclosures relating to Goldman Sachs, this research is based on current public information that we 
consider reliable, but we do not represent it is accurate or complete, and it should not be relied on as such. The information, opinions, estimates and 
forecasts contained herein are as of the date hereof and are subject to change without prior notification. We seek to update our research as 
appropriate, but various regulations may prevent us from doing so. Other than certain industry reports published on a periodic basis, the large majority 
of reports are published at irregular intervals as appropriate in the analyst’s judgment. 

Goldman Sachs conducts a global full-service, integrated investment banking, investment management, and brokerage business. We have investment 
banking and other business relationships with a substantial percentage of the companies covered by Global Investment Research. Goldman Sachs & Co. 
LLC, the United States broker dealer, is a member of SIPC (https://www.sipc.org).  

Our salespeople, traders, and other professionals may provide oral or written market commentary or trading strategies to our clients and principal 
trading desks that reflect opinions that are contrary to the opinions expressed in this research. Our asset management area, principal trading desks and 
investing businesses may make investment decisions that are inconsistent with the recommendations or views expressed in this research. 

The analysts named in this report may have from time to time discussed with our clients, including Goldman Sachs salespersons and traders, or may 
discuss in this report, trading strategies that reference catalysts or events that may have a near-term impact on the market price of the equity securities 
discussed in this report, which impact may be directionally counter to the analyst’s published price target expectations for such stocks. Any such 
trading strategies are distinct from and do not affect the analyst’s fundamental equity rating for such stocks, which rating reflects a stock’s return 
potential relative to its coverage universe as described herein. 

We and our affiliates, officers, directors, and employees will from time to time have long or short positions in, act as principal in, and buy or sell, the 
securities or derivatives, if any, referred to in this research, unless otherwise prohibited by regulation or Goldman Sachs policy.  
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The views attributed to third party presenters at Goldman Sachs arranged conferences, including individuals from other parts of Goldman Sachs, do not 
necessarily reflect those of Global Investment Research and are not an official view of Goldman Sachs. 

Any third party referenced herein, including any salespeople, traders and other professionals or members of their household, may have positions in the 
products mentioned that are inconsistent with the views expressed by analysts named in this report. 

This research is not an offer to sell or the solicitation of an offer to buy any security in any jurisdiction where such an offer or solicitation would be illegal. 
It does not constitute a personal recommendation or take into account the particular investment objectives, financial situations, or needs of individual 
clients. Clients should consider whether any advice or recommendation in this research is suitable for their particular circumstances and, if appropriate, 
seek professional advice, including tax advice. The price and value of investments referred to in this research and the income from them may fluctuate. 
Past performance is not a guide to future performance, future returns are not guaranteed, and a loss of original capital may occur. Fluctuations in 
exchange rates could have adverse effects on the value or price of, or income derived from, certain investments.  

Certain transactions, including those involving futures, options, and other derivatives, give rise to substantial risk and are not suitable for all investors. 
Investors should review current options and futures disclosure documents which are available from Goldman Sachs sales representatives or at 
https://www.theocc.com/about/publications/character-risks.jsp and https://www.goldmansachs.com/disclosures/cftc_fcm_disclosures. Transaction 
costs may be significant in option strategies calling for multiple purchase and sales of options such as spreads. Supporting documentation will be 
supplied upon request.  

Differing Levels of Service provided by Global Investment Research: The level and types of services provided to you by Goldman Sachs Global 
Investment Research may vary as compared to that provided to internal and other external clients of GS, depending on various factors including your 
individual preferences as to the frequency and manner of receiving communication, your risk profile and investment focus and perspective (e.g., 
marketwide, sector specific, long term, short term), the size and scope of your overall client relationship with GS, and legal and regulatory constraints.  
As an example, certain clients may request to receive notifications when research on specific securities is published, and certain clients may request 
that specific data underlying analysts’ fundamental analysis available on our internal client websites be delivered to them electronically through data 
feeds or otherwise. No change to an analyst’s fundamental research views (e.g., ratings, price targets, or material changes to earnings estimates for 
equity securities), will be communicated to any client prior to inclusion of such information in a research report broadly disseminated through 
electronic publication to our internal client websites or through other means, as necessary, to all clients who are entitled to receive such reports. 

All research reports are disseminated and available to all clients simultaneously through electronic publication to our internal client websites. Not all 
research content is redistributed to our clients or available to third-party aggregators, nor is Goldman Sachs responsible for the redistribution of our 
research by third party aggregators. For research, models or other data related to one or more securities, markets or asset classes (including related 
services) that may be available to you, please contact your GS representative or go to https://research.gs.com. 

Disclosure information is also available at https://www.gs.com/research/hedge.html or from Research Compliance, 200 West Street, New York, NY 
10282. 

© 2026 Goldman Sachs.  

You are permitted to store, display, analyze, modify, reformat, and print the information made available to you via this service only for your own use.  
You may not resell or reverse engineer this information to calculate or develop any index for disclosure and/or marketing or create any other derivative 
works or commercial product(s), data or offering(s) without the express written consent of Goldman Sachs. You are not permitted to publish, transmit, 
or otherwise reproduce this information, in whole or in part, in any format to any third party without the express written consent of Goldman Sachs. 
This foregoing restriction includes, without limitation, using, extracting, downloading or retrieving this information, in whole or in part, to train or 
finetune a machine learning or artificial intelligence system, or to provide or reproduce this information, in whole or in part, as a prompt or input to any 
such system. 
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