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Semiconductor Exhaust Management System Summary

Product and Industry Overview

The Semiconductor Exhaust Management System is an absolutely critical infrastructure
component within the modern high-technology manufacturing landscape. In the intricate
and highly sensitive semiconductor manufacturing process, the exhaust management
system serves as the core of the fab's Environmental Pollution Control (EPC)
framework. Wafer fabrication, advanced packaging, and display manufacturing involve
hundreds of sequential process steps, including Chemical Vapor Deposition (CVD),
Atomic Layer Deposition (ALD), dry etching, wet etching, photolithography, and ion
implantation. These highly specialized processes rely heavily on a vast array of
specialty gases and liquid chemicals. Consequently, they generate complex exhaust
streams containing toxic, highly corrosive, flammable, pyrophoric, and greenhouse
gases, alongside fine particulate matter and Volatile Organic Compounds (VOCS).

A highly reliable Semiconductor Exhaust Management System is engineered to capture,
treat, and safely neutralize these hazardous byproducts before they are released into
the atmosphere, ensuring strict compliance with global environmental regulations and
safeguarding the health of fab personnel. The architecture of these systems typically
involves a dual-layered approach: Point-of-Use (POU) abatement systems located
directly adjacent to the process tools in the sub-fab, and large-scale centralized
scrubbing systems that manage the facility's total bulk emissions, including acidic,
alkaline, and VOC-laden air streams.

The vitality of this industry is inextricably linked to the capital expenditure (CapEx)
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cycles of global semiconductor foundries, memory manufacturers, and display
panel producers. As the global semiconductor supply chain undergoes a massive
geographic restructuring to ensure geopolitical resilience, the demand for sophisticated
exhaust management systems is experiencing an unprecedented surge. Leading
semiconductor manufacturers are executing monumental expansion plans across
various continents. A prime example of this aggressive expansion is observed in the
United States. As of January 16, 2026, the main building of TSMC's second factory (the
P2 facility) in Arizona has been officially completed, with the company strategically
planning to launch mass production in the second half of 2027. Demonstrating the long-
term scale of this geographic expansion, the construction of a third wafer fab on the
Arizona campus has already been initiated. Furthermore, the regulatory and
administrative groundwork continues to advance, as construction permits for a fourth
wafer fab and the site's first advanced packaging facility are currently in the application
phase. These mega-fabs require immense, highly customized environmental control
architectures to handle the rigorous demands of advanced node manufacturing.

Simultaneously, massive investments are being deployed in traditional semiconductor
strongholds to fortify local ecosystems. On October 24, 2024, Japan Advanced
Semiconductor Manufacturing (JASM) officially signed a facility establishment
agreement with Kikuyo-machi. The new Kumamoto Fab 2 is pre-scheduled for
operational activation in December 2027. This state-of-the-art facility will primarily focus
on the mass production of advanced 6-nanometer logic chips, backed by a staggering
total investment of approximately 13.9 billion USD. Facilities operating at the
6-nanometer node and below utilize extreme ultraviolet (EUV) lithography and complex
deposition techniques that generate highly specific exhaust profiles, thereby requiring
next-generation abatement technologies. The parallel development of massive logic
fabs, memory fabs, and advanced packaging plants across the globe solidifies the
Semiconductor Exhaust Management System as an indispensable and rapidly growing
sector within the global high-tech industrial base.

Market Size and Growth Forecast

Driven by the relentless global demand for advanced semiconductors, artificial
intelligence (Al) infrastructure, automotive electronics, and strict environmental
compliance mandates, the market is poised for robust structural growth.

Estimated Market Size (2026): The global Semiconductor Exhaust Management
System market size is estimated to be in the range of 2.8 billion USD to 3.6
billion USD.
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Estimated Compound Annual Growth Rate (CAGR): From the forecast period of
2026 to 2031, the market is projected to expand at an estimated CAGR ranging
from 8.0% to 10.0%.

Application Segmentation Analysis

The demand for exhaust management systems is highly diversified across several high-
technology manufacturing sectors, each presenting unique chemical profiles and
volume requirements.

TFT-LCD (Thin-Film Transistor Liquid Crystal Display):

The TFT-LCD sector represents a mature but volumetrically massive application
segment for exhaust management. The manufacturing of these displays involves the
processing of extremely large glass substrates (frequently Gen 8.5 and Gen 10.5 fabs).
The primary environmental challenge in TFT-LCD manufacturing stems from the
massive Chemical Vapor Deposition (CVD) and dry etching processes required to
deposit and pattern silicon and insulating layers over vast surface areas. These
processes consume massive quantities of fluorinated greenhouse gases and specialty
chemicals, generating significant volumes of acidic gases, particulate matter, and global
warming potential (GWP) gases. Exhaust management systems deployed in TFT-LCD
facilities are characterized by their colossal scale. They require massive centralized wet
scrubbers, heavy-duty industrial fans, and expansive ductwork networks capable of
processing millions of cubic meters of air per hour. While the capacity expansion in
traditional TFT-LCD has stabilized compared to previous decades, the continuous need
for system retrofitting, maintenance, media replacement, and energy-efficiency
upgrades sustains a highly lucrative secondary market for equipment providers.

AMOLED (Active-Matrix Organic Light-Emitting Diode):

The AMOLED market is experiencing sustained growth, driven by the pervasive
adoption of high-resolution, flexible displays in premium smartphones, wearable
technologies, tablets, and increasingly, automotive display interfaces. AMOLED
manufacturing introduces a distinctly different set of exhaust management challenges
compared to traditional LCDs. The core of AMOLED production relies on the vacuum
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thermal evaporation or precise deposition of highly sensitive organic materials, followed
by rigorous thin-film encapsulation (TFE) to protect the organic layers from moisture and
oxygen degradation. These specific manufacturing steps generate distinct Volatile
Organic Compounds (VOCSs), organic exhaust streams, and fine particulate matter.
Consequently, exhaust management systems for AMOLED fabs must feature highly
sophisticated VOC abatement technologies, such as rotor concentrators paired with
regenerative thermal oxidizers (RTO) or direct-fired thermal oxidizers. Furthermore, the
extreme sensitivity of AMOLED production to airborne molecular contamination (AMC)
requires the integration of advanced chemical filtration systems within the fab's general
air makeup and exhaust loops, ensuring absolute environmental purity.

Others (Wafer Fabrication, Advanced Packaging, IC Substrates, Compound
Semiconductors):

This broader category represents the most dynamic, technologically demanding, and
capital-intensive segment of the market. Wafer fabrication (encompassing advanced
logic, DRAM, and NAND memory) is the primary engine of industry growth. As
integrated circuits scale down to the Angstrom era (e.g., 2nm and below) and transition
to 3D transistor architectures like Gate-All-Around (GAA), the sheer number of
manufacturing steps multiplies exponentially. Each additional layer of deposition and
etching increases the total volume and complexity of the exhaust stream. Furthermore,
the rapid evolution of Advanced Packaging (such as 2.5D, 3D IC, CoWoS, and hybrid
bonding) has transformed backend operations from clean, assembly-centric tasks into
complex chemical processes that heavily utilize electroplating, photoresist stripping, and
deep reactive-ion etching. These advanced packaging facilities now require
sophisticated liquid and gas exhaust management systems nearly identical in
complexity to front-end wafer fabs. Additionally, the proliferation of compound
semiconductors (Silicon Carbide and Gallium Nitride) for electric vehicles and
renewable energy applications introduces new abatement challenges, requiring exhaust
systems capable of neutralizing unique epitaxial byproducts and high-temperature
process emissions safely.

Regional Market Dynamics
The geographical distribution of the exhaust management market is undergoing a

historic realignment, driven by unprecedented government incentive programs aimed at
securing local semiconductor supply chains.
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North America (Estimated CAGR: 8.5% - 11.0%):

The North American market is experiencing an aggressive renaissance in
semiconductor manufacturing, heavily catalyzed by the US CHIPS and Science Act.
The region is witnessing an influx of massive mega-fab construction projects across
states like Arizona, Texas, Ohio, and New York. The monumental developments at the
TSMC Arizona campus—including the completed main structure of the P2 facility as of
January 2026, the commencement of the third fab, and the ongoing permitting for a
fourth fab and advanced packaging plant—serve as the ultimate catalyst for the regional
exhaust equipment market. U.S. environmental regulations overseen by the EPA are
exceptionally stringent, particularly concerning the emission of fluorinated greenhouse
gases and newly regulated substances like PFAS (per- and polyfluoroalkyl substances).
This strict regulatory environment forces fabs to invest in the highest tier of abatement
technology, driving immense value growth in the North American exhaust management
market.

Asia-Pacific (Estimated CAGR: 8.0% - 10.3%):

The Asia-Pacific region remains the undisputed epicenter of global semiconductor
manufacturing and consumes the absolute majority of exhaust management systems
worldwide. Taiwan, China continues to be the dominant hub for advanced logic
manufacturing and cutting-edge packaging technologies, operating the densest clusters
of mega-fabs globally and driving relentless demand for localized Environmental
Pollution Control solutions. Concurrently, Japan is aggressively executing a
semiconductor revival strategy. The massive investments in Kyushu, widely known as
‘Silicon Island,’ are perfectly exemplified by JASM's Kumamoto Fab 2, which will
activate its 6nm lines in December 2027 following a 13.9 billion USD investment. South
Korea continues to pour immense capital into colossal memory semiconductor clusters,
requiring continuous build-outs of massive exhaust infrastructure. Furthermore,
mainland China is relentlessly expanding its mature node foundry capacity and local
display panel manufacturing footprint, providing a vast and rapidly growing market for
domestic and international exhaust system integrators.

Europe (Estimated CAGR: 7.5% - 9.5%):

The European market is expanding steadily, supported by the European Chips Act,
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which aims to double the region's share of global semiconductor production. Significant
foreign direct investments from global IDMs and foundries are resulting in new fab
constructions in nations like Germany and France, focusing on automotive chips, power
electronics, and advanced logic. Europe possesses some of the most rigorous
environmental and sustainability framewaorks in the world. Consequently, exhaust
management systems deployed in this region must not only achieve near-zero emission
targets but also demonstrate industry-leading energy efficiency, minimal water
consumption, and reduced reliance on fossil fuels for thermal abatement processes.

South America (Estimated CAGR: 4.0% - 6.0%):

The South American market represents a smaller, niche segment within the global
landscape. Growth in this region is primarily driven by specialized outsourced
semiconductor assembly and test (OSAT) facilities and automotive electronics
manufacturing. While the volume of exhaust equipment required is lower than in major
foundry hubs, there is a steady demand for localized VOC abatement and standard
scrubber systems to support regional technology manufacturing and assembly
operations.

Middle East and Africa (MEA) (Estimated CAGR: 6.0% - 8.0%):

The MEA region is experiencing accelerated growth, anchored primarily by established
semiconductor mega-fabs in Israel, which continues to be a crucial R&D and high-
volume manufacturing center for global microprocessors. Additionally, nations in the
Gulf, such as the UAE and Saudi Arabia, are actively exploring substantial investments
in advanced technology ecosystems, Al infrastructure, and semiconductor
manufacturing as part of broader economic diversification strategies. These emerging
tech hubs are expected to integrate state-of-the-art environmental control systems as
they build out greenfield semiconductor and microelectronics facilities.

Industry and Value Chain Analysis
The value chain for Semiconductor Exhaust Management Systems is highly specialized,
characterized by immense barriers to entry, stringent quality controls, and a reliance on

advanced materials science.

Upstream Suppliers (Raw Materials and Components):
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The foundation of the value chain consists of suppliers providing highly specialized raw
materials and precision components. Given the highly corrosive nature of
semiconductor exhaust (which often contains hydrofluoric acid, hydrochloric acid, and
reactive halogens), the construction of exhaust ducts, scrubber vessels, and abatement
chambers requires advanced materials. These include high-grade stainless steel alloys,
specialized fluoropolymer coatings (like PTFE and PFA), and corrosion-resistant
fiberglass-reinforced plastics (FRP). Additionally, the upstream sector supplies critical
electromechanical components such as heavy-duty industrial blowers, variable
frequency drives (VFDs), sophisticated programmable logic controllers (PLCs), high-
temperature burners, and precision gas monitoring sensors capable of detecting
emissions at parts-per-billion (ppb) levels.

Midstream Integration and Manufacturing (System Providers):

The midstream encompasses the core manufacturers and integrators of the exhaust
management systems. This stage involves deep engineering expertise. Midstream
players must design bespoke architectures tailored to the specific process layout of
each fab. Operations here include the computational fluid dynamics (CFD) modeling of
airflow, the manufacturing of Point-of-Use (POU) burn-wet or plasma abatement units,
the assembly of massive centralized wet and dry scrubbers, and the integration of VOC
rotor concentrators. Midstream companies serve as the crucial bridge between
environmental science and industrial manufacturing, ensuring that the integration of
hardware and control software operates flawlessly to prevent fab downtime.

Downstream End-Users (Fabs and Manufacturing Facilities):

The downstream sector consists of the ultimate consumers: semiconductor foundries,
Integrated Device Manufacturers (IDMs), memory manufacturers, advanced OSATS,
and display panel manufacturers (TFT-LCD/AMOLED). These entities deploy the
exhaust systems within their vast sub-fabs and facility rooftops. For downstream users,
the exhaust management system is not merely an accessory but a critical license to
operate; failure in the exhaust system leads to immediate tool shutdowns, massive yield
losses, and severe regulatory penalties.

Post-Sales Lifecycle Services:
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A critical, highly profitable, and recurring revenue stream within the value chain is the
post-sales service sector. Exhaust management systems require rigorous 24/7
monitoring and maintenance. Service teams perform routine replacements of scrubbing
media, chemical filter change-outs, thermal chamber decoking, and predictive
maintenance of blowers. As fabs undergo continuous process upgrades, service
providers also execute crucial system retrofits and capacity expansions to handle new
chemical recipes.

Key Market Players

The global market features a mix of specialized international environmental engineering
firms and highly entrenched regional integrators, each bringing distinct technological
capabilities to the fab ecosystem.

Verantis Environmental Solutions Group:

Verantis is a globally recognized engineering and manufacturing company specializing
in comprehensive environmental control and scrubbing technologies. In the high-tech
sector, the company is highly regarded for its robust centralized scrubber systems,
advanced aerosol removal technologies, and heavy-duty FRP exhaust fans. Verantis
leverages decades of industrial environmental engineering experience to provide highly
reliable, large-scale bulk exhaust management solutions that are essential for handling
the immense volumetric airflows of modern semiconductor and display mega-fabs.

Uangyih-Tech Industrial Co Ltd:

Based in Taiwan, China, Uangyih-Tech is a prominent player deeply embedded in the
core of the global semiconductor foundry ecosystem. The company specializes in
turnkey Environmental Pollution Control (EPC) solutions, cleanroom engineering, and
comprehensive fab facility integration. Benefiting from its geographic proximity to the
world's most advanced logic foundries, Uangyih-Tech has developed a profound
understanding of the stringent exhaust requirements of cutting-edge nodes and
advanced packaging facilities, offering tailored exhaust ducting, scrubbing solutions,
and total facility hook-up services.
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Kanken Techno Co Ltd:

Kanken Techno is a premier Japanese technology company commanding immense
respect in the semiconductor abatement sector. The company is renowned for its highly
sophisticated Point-of-Use (POU) abatement technologies, particularly its direct-burn
thermal oxidizers, electrically heated abatement systems, and VOC treatment platforms.
With a strong engineering heritage, Kanken Techno systems are deeply integrated into
the Japanese semiconductor supply chain and are crucial for neutralizing the severe
greenhouse gases used in advanced etching and CVD processes. The company is well-
positioned to support the aggressive expansion of semiconductor manufacturing in
Japan, such as the JASM Kumamoto facilities.

Desiccant Technology Corporation:

Desiccant Technology Corporation possesses highly specialized expertise in precise
environmental control, specifically focusing on advanced VOC abatement and extreme
humidity management. The company is a leader in the deployment of zeolite rotor
concentrator systems, which are instrumental in capturing and treating low-
concentration, high-volume VOC emissions. Their technologies are absolutely
indispensable in AMOLED manufacturing, cleanroom makeup air handling, and
advanced semiconductor processes where even microscopic organic airborne
molecular contamination (AMC) can cause catastrophic yield degradation.

Shanghai Shengjian Technology Co Ltd:

Operating as a dominant force within mainland China, Shanghai Shengjian Technology
has experienced explosive growth in tandem with the rapid expansion of the domestic
semiconductor and display panel industries. The company provides massive,
centralized exhaust management systems, advanced wet scrubbers, and
comprehensive fab facility engineering. With a deep localization strategy, Shengjian
Technology dominates the supply of bulk exhaust infrastructure for domestic mature
node foundries, memory plants, and massive TFT-LCD facilities, leveraging strong
regional supply chains and rapid localized engineering support.

TanHou Engineering Co Ltd:
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TanHou Engineering is a vital facility integration and engineering services provider
operating extensively across the Asia-Pacific region. The company specializes in the
critical 'hook-up' phase of fab construction, connecting complex semiconductor process
tools to the sub-fab exhaust mains, chemical delivery systems, and power grids. Their
expertise in precision piping, exhaust duct installation, and system integration ensures
that the highly sensitive abatement equipment functions seamlessly in harmony with the
ultra-clean fab environment.

Market Opportunities

Proliferation of Advanced Semiconductor Nodes and Advanced Packaging:

The relentless march of Moore's Law toward 2nm and Angstrom-era nodes presents
massive opportunities for the exhaust management sector. Advanced lithography (EUV)
and novel deposition techniques require entirely new chemistries and precursor
materials, many of which are highly reactive or toxic. The abatement of these new
chemical signatures requires complete redesigns of Point-of-Use abatement tools,
driving a massive replacement and upgrade cycle. Furthermore, the explosive growth of
Advanced Packaging (driven by Al accelerators and high-performance computing)
requires foundries to build entirely new fab-like cleanrooms dedicated to packaging,
effectively doubling the addressable market for EPC systems within a single integrated
process chain.

Unprecedented Geopolitical Reshoring and FDI:

The global push for supply chain sovereignty has unleashed a wave of greenfield fab
construction across the US, Europe, and Japan. Governments are deploying hundreds
of billions of dollars in subsidies through various 'Chips Acts.' Every new mega-fab
constructed as a result of these geopolitical mandates requires a ground-up installation
of massive centralized exhaust systems and hundreds of localized abatement tools,
creating a historic, multi-year pipeline of high-value capital equipment orders for
environmental system providers.

Green Fab Initiatives and Net-Zero Commitments:

Global semiconductor manufacturers have committed to aggressive Environmental,
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Social, and Governance (ESG) mandates, with many pledging to reach Net-Zero
emissions by 2050. Legacy abatement systems frequently utilize natural gas burners
that consume massive amounts of fossil fuels and generate secondary CO2 and NOx
emissions. This creates a massive market opportunity for the development and
deployment of next-generation, electrically heated abatement systems, plasma
scrubbers, and highly energy-efficient heat recovery systems that align with the
industry's strict decarbonization trajectories.

Market Challenges

Escalating Capital Expenditures and Integration Complexity:

As the volume and toxicity of fab emissions increase, the engineering complexity and
material costs of exhaust management systems are skyrocketing. The necessity to use
exotic, highly corrosion-resistant alloys and premium fluoropolymers significantly inflates
the manufacturing costs of abatement tools. For system integrators, managing the
massive upfront CapEx while maintaining profitability amid volatile global supply chain
disruptions represents a continuous operational challenge. Furthermore, integrating
these massive, complex systems into the highly constrained physical footprint of a
modern fab's sub-fab requires immense logistical precision.

Rapidly Evolving and Stringent Environmental Regulations:

The semiconductor industry operates under the constant scrutiny of global
environmental protection agencies. Regulations regarding allowable emission
thresholds are constantly being tightened. A major emerging challenge is the global
regulatory crackdown on PFAS (forever chemicals), which are heavily used in
semiconductor cooling and etching processes. Exhaust system manufacturers face the
daunting technological challenge of developing new abatement methods capable of
safely destroying highly stable fluorinated compounds without generating toxic
secondary byproducts, requiring massive continuous investments in R&D.

Severe Space Constraints in Fab Sub-Fabs:

Modern 300mm mega-fabs are incredibly dense facilities. The sub-fab—the floor
immediately beneath the cleanroom where the exhaust, chemical, and vacuum support
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equipment is housed—is facing severe spatial limitations. As process tools require more
support equipment, exhaust management providers are challenged to design systems
with radically reduced physical footprints while simultaneously increasing their
destruction and removal efficiency (DRE) and volumetric capacity.
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