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Abstracts

Industry Overview and Market Evolution

Thermal management in electronics refers to the suite of technologies, materials, and

components designed to regulate the temperature of electronic systems. As

semiconductor devices have progressed toward smaller nodes and higher power

densities, the 'thermal bottleneck' has become a primary constraint in hardware

performance. Effective thermal management ensures reliability, prevents premature

component failure, and enables high-speed computing by effectively moving heat from

the silicon die to the external environment.

The industry has evolved from simple aluminum heatsinks to complex integrated

systems involving phase-change materials, high-performance vapor chambers, and,

increasingly, liquid cooling manifolds. The rapid rise of Artificial Intelligence (AI) and

High-Performance Computing (HPC) has fundamentally shifted the market's trajectory.

As GPUs and AI accelerators push thermal design power (TDP) toward and beyond

1,000 watts, traditional air cooling is reaching its physical limits, necessitating a

transition to advanced thermal technologies.

By 2026, the global market for Thermal Management in Electronics is estimated to

reach a valuation between 4.4 billion USD and 7.5 billion USD. While the long-term

outlook from 2026 to 2031 remains robust with a projected Compound Annual Growth

Rate (CAGR) of 7.0% to 9.0%, the short-term landscape in 2026 is expected to face

significant headwinds. Specifically, 2026 growth may be constrained to the 5.0% to

7.0% range due to a global helium crisis triggered by geopolitical conflicts in the Middle

East. Helium is essential for the manufacturing and cooling processes of high-

performance chips, and a sustained shortage could lead to order delays for advanced
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thermal solutions and even localized negative growth in the data center

segment.

Market Segmentation by Product Type

The thermal management market is highly fragmented, consisting of multiple layers of

protection and heat transfer components.

Thermal Interface Materials (TIMs): This segment includes Thermal Pads,

Grease, and Conductive Gels. These materials fill the microscopic air gaps

between the heat source (CPU/GPU) and the cooling hardware. High-end TIMs,

such as phase-change materials and liquid metal, are seeing increased adoption

in the enthusiast PC and AI server markets.

Heat Pipes and Vapor Chambers (VC): These are the 'nervous system' of

passive and semi-active cooling. Vapor chambers, in particular, have become

standard in high-end smartphones and flagship GPUs due to their superior

'planar' heat spreading capabilities.

Thermal Diffusion Sheets and Insulation Materials: Graphite sheets and

specialized insulation are used in mobile devices to prevent 'hot spots' on the

device exterior, ensuring user comfort and protecting sensitive components like

batteries.

Liquid Cooling Solutions: Once a niche for supercomputers, liquid cooling (cold

plates and immersion cooling) is moving into the mainstream data center

market. Strategic acquisitions, such as Jabil’s purchase of Mikros Technologies

and Schneider Electric’s controlling interest in Motivair, signal that liquid cooling

is the future of server thermal management.

Others: This includes fans, heatsinks, and advanced active cooling systems like

thermoelectric coolers (TEC).

Applications and Industry Drivers

The demand for thermal management is driven by the diverse needs of the modern

digital and industrial economy.
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Servers and Data Centers: This is the most critical growth engine. The 'AI Arms

Race' requires massive clusters of high-TDP GPUs. Thermal management at

the rack and facility level is no longer an afterthought but a core design

requirement. The shift toward liquid cooling is most pronounced here to manage

the extreme heat of AI 'factories.'

Consumer Electronics: Smartphones, gaming laptops, and foldable devices

require ultra-thin thermal solutions. The push for 5G connectivity and mobile

gaming has made high-performance vapor chambers a staple in the bill of

materials for mid-to-high-end devices.

Automotive Electronics: The electrification of the vehicle (EV) and the rise of

Autonomous Driving (ADAS) have introduced high-power computing into the

automotive environment. Thermal management is critical not just for the

computing modules but also for battery management systems (BMS) and power

inverters.

Communication Equipment: The deployment of 5G base stations, which operate

at higher frequencies and generate significantly more heat than 4G hardware,

has driven a steady demand for ruggedized, outdoor-ready thermal solutions.

Security Monitoring and Others: As security cameras integrate edge-AI for facial

recognition and analytics, their thermal load has increased, requiring better heat

dissipation to ensure 24/7 reliability.

Regional Market Analysis and Trends

The geographical landscape of thermal management follows the global semiconductor

and electronics manufacturing supply chain.

Asia-Pacific: This region dominates the market with an estimated share of 68%

to 78%. Taiwan, China, is the global hub for server and PC thermal components,

home to industry leaders like AVC, Auras, and Jentech. Mainland China serves

as the primary manufacturing base for consumer electronics thermal

components, with companies like Shenzhen FRD and Tanyuan Technology

leading the way. The APAC market is estimated to grow at a CAGR of 7.5% to

9.5%, supported by the concentration of the electronics ecosystem.
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North America: The North American market is characterized by a focus on high-

end R&D and data center infrastructure. The region is home to the world’s

leading cloud service providers (CSPs) who dictate thermal specifications. The

estimated growth rate for North America is between 6.5% and 8.5%, with a

strong emphasis on liquid cooling innovations.

Europe: Europe is a key market for automotive thermal management and

industrial electronics. With a strong focus on sustainability and energy efficiency,

European demand is leaning toward high-efficiency thermal systems for EVs.

The European market is projected to grow at a rate of 5.5% to 7.5%.

South America and Middle East & Africa (MEA): These regions are emerging

markets, primarily driven by the build-out of telecommunications infrastructure

and localized data centers. Their combined growth rate is estimated at 4.5% to

6.5%.

Value Chain and Industry Structure

The thermal management value chain is a multi-tiered ecosystem that converts raw

materials into highly engineered systems.

Upstream (Raw Materials): The core materials include high-purity copper (for

pipes and VCs), synthetic and natural graphite, silicon resins (for TIMs), and

various chemical coolants. The industry is sensitive to copper prices and the

availability of specialized polymers.

Midstream (Component Manufacturing): This involves precision stamping,

sintering (for VC wicks), and chemical formulation. Manufacturers like Jentech

and Furukawa Electric specialize in the mechanical engineering aspects of heat

transfer.

Downstream (Integration and Assembly): Thermal components are delivered to

OEMs (like Apple, Tesla, or NVIDIA) or EMS providers (like Foxconn or Jabil).

The integration of thermal solutions is increasingly occurring during the

'advanced packaging' stage of semiconductor manufacturing.

Service and Distribution: This includes value-added distributors and engineering

services providers like TTDS, which help OEMs select and integrate the correct
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thermal hardware for specific industrial applications.

Strategic Industrial Movements and Competitive Landscape

The market is currently undergoing a period of intense consolidation and strategic

repositioning, as established players seek to secure technology for the 'Liquid Cooling

Era.'

M&A and Divestitures: The industry landscape has been reshaped by massive

deals. In January 2025, nVent completed the 1.7 billion USD sale of its Thermal

Management business to Brookfield Asset Management, indicating a shift in

how these assets are managed by private equity. Schneider Electric’s 850

million USD acquisition of Motivair and Jabil’s acquisition of Mikros

Technologies represent a strategic 'land grab' for liquid cooling expertise.

Key Players and Their Strengths:

Honeywell and Henkel: These are the leaders in the materials space,

providing the advanced TIMs and gels that are essential for high-

performance interfaces.

Asia Vital Components (AVC) and Auras Technology: These Taiwan,

China-based firms are the 'workhorses' of the global server and PC

cooling market, possessing massive scale and deep relationships with

the major ODMs.

Jentech Precision Industrial: A specialist in high-end heat spreaders and

vapor chambers for the server and automotive segments.

Furukawa Electric and Nidec: Japanese leaders who provide

sophisticated active cooling components, including high-performance

fans and heat pipes.

Boyd: A diversified thermal player known for its comprehensive 'system-

level' thermal engineering across aerospace, medical, and consumer

sectors.

Chinese Specialists: Companies like Suzhou Tianmai, Shenzhen FRD,
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and Zhongshi Weiye have become essential suppliers for the domestic

smartphone and EV supply chains, competing on both cost and rapid

innovation.

Market Opportunities

The AI Infrastructure Supercycle: The transition from air-cooled data centers to

liquid-cooled AI 'factories' is the single largest opportunity. Companies that can

provide reliable, leak-proof cold plates and immersion cooling fluids will see high-

margin growth.

Automotive Electrification: As EVs move toward 800V systems and higher levels

of autonomy, the need for robust, vibration-resistant thermal management for

power electronics and ADAS computers will surge.

5G-Advanced and 6G: The next generations of telecommunications will require

even more localized heat dissipation in space-constrained outdoor units, driving

demand for advanced graphite and phase-change materials.

Sustainable Cooling Solutions: There is a growing market for thermal solutions

that contribute to a lower Power Usage Effectiveness (PUE) in data centers.

This includes 'passive' liquid cooling and systems that allow for heat recovery

and reuse.

Market Challenges and Risks

The 2026 Helium Crisis: A prolonged shortage of helium due to geopolitical

instability in the Middle East poses a significant threat. Helium is critical for the

manufacturing of the high-end chips that drive thermal management demand.

Shortages could lead to supply chain bottlenecks, pushing up costs and causing

project delays in the data center sector.

Raw Material Price Volatility: Spikes in the cost of copper and energy-intensive

synthetic graphite can quickly erode the margins of component manufacturers

who operate on high-volume, low-margin contracts.

Technical Yield Barriers: As vapor chambers become thinner (sub-0.3mm for
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foldable phones), the manufacturing yield decreases. Maintaining profitability

while pushing the boundaries of miniaturization is a constant struggle.

Regulatory Pressure on PFAS: Many cooling fluids and certain thermal materials

are under scrutiny for containing 'forever chemicals' (PFAS). The industry must

invest heavily in developing PFAS-free alternatives before bans come into effect

in Europe and North America.
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