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01. FOREWORD BY THE CEO

A Paradigm Shift in Middle Eastern Thermodynamics
To the Engineering and Procurement Leaders of the Middle East,

The rapid transformation of the Middle East—from the expansion of the Qatar North Field to
the futuristic vision of Saudi Arabia’s NEOM—represents the pinnacle of human
engineering. However, these mega-projects are being built in one of the most hostile
thermodynamic environments on Earth.
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For decades, the industry has relied on "bulk insulation" standards developed in the
mid-20th century. But in a world where ambient desert temperatures hit 55°C, where
coastal humidity triggers catastrophic Corrosion Under Insulation (CUI), and where Al data
centers and Green Hydrogen plants demand unprecedented thermal precision, legacy
materials are no longer sufficient. They have become operational liabilities.

At Hebei Woqin, we don't just manufacture materials; we engineer Thermal Armor.

Our journey began with a commitment to bring aerospace-grade Silica Aerogel and
Vacuum Insulation technology to the front lines of industrial engineering. We recognized
that in the Middle East, Space is Profit, and Thermal Integrity is Safety. Whether it is
reclaiming sellable floor space in a Riyadh skyscraper, preventing lethal air liquefaction in a
liquid hydrogen facility, or slashing the total installed cost (TIC) of a 100km pipeline, our
mission is to provide the absolute physical limit of thermal resistance.

This Master Guide is the culmination of years of on-site data, rigorous ASTM/ISO laboratory
testing, and deep collaboration with global EPC partners. It is designed to be your definitive
technical blueprint for navigating the thermodynamic challenges of the next decade.

We invite you to stop viewing insulation as a commodity and start viewing it as a strategic
asset.

Ruibin An CEO, Hebei Woqin Trading Co., Ltd. The Source for Advanced Thermal Armor

02. HOW TO USE THIS MASTER GUIDE

Navigating the All-Scenario Defense Matrix

This Master Guide is structured as a cross-disciplinary technical resource. To optimize your
reading time, please refer to the specific sections relevant to your professional focus:

If You Are A... Focus Areas & Critical Chapters Strategic Value
Piping & Part 1, Chapters 1-2: CUI Pathology, Eradicate the CUI
Corrosion ESCC Prevention, and 99.7% maintenance loop and extend
Engineer Hydrophobicity. asset lifespan to 20+ years.
Cryogenic & Part 2, Chapter 4: -253°C LH2 Ensure absolute safety in the
Hydrogen Defense, BOG Suppression, and LOx || world's most volatile energy
Specialist Enrichment Prevention. environments.
. .. |[Part 2, Chapter 5 & Part 3, Chapter 1: Reduce structural steel
Structural & Civil ) . -
Enaineer Slashing Tower Wind Drag and tonnage and civil works costs
9 Reducing Excavation CAPEX. via volume compression.
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If You Are A... Focus Areas & Critical Chapters Strategic Value
Architect & Part 3, Chapter 1: VIP Floor Space Maximize sellable "carpet
Facade Reclamation and Aero-tape ™ Thermal area" and achieve LEED
Consultant Breaks. Platinum U-values.

Minimize Total Installed Cost
(TIC) by slashing OOG freight
and cladding CAPEX.

Procurement & | Part 1, Chapter 7: The TIC Equation
Project Director | and Shattering the Unit Price lllusion.

HSE & Fire Safet All Chapters: Class A1 Guarantee non-toxic,
. y Non-Combustibility, RoHS/REACH inorganic fire defense for
Officer : :
Compliance, and Zero-Dust Protocols. high-value assets.

03. TECHNICAL GLOSSARY & STANDARDS REFERENCE

Decoding the Language of Advanced Thermal Mastery

To ensure absolute clarity across global engineering teams, the following terms and
standards are utilized throughout this guide:

Aero-tape™: Hebei Woqin’s proprietary aerogel thermal break tape, specifically
engineered with Double-Sided Aluminum Foil Encapsulation (foil-wrapped
aerogel core with adhesive on one side) to serve as a 100% vapor barrier.

ASTM C692: The international "Gold Standard" for evaluating the influence of
thermal insulation on External Stress Corrosion Cracking (ESCC) of stainless
steel. (Woqin Aerogel: Zero Cracking recorded).

ASTM C871: Standard test method for chemical analysis of thermal insulation for
Leachable Chloride lons. (Woqin Aerogel: < 20 ppm, minimizing corrosion risk).

BOG (Boil-Off Gas): The evaporated gas resulting from heat gain in cryogenic
liquids (LNG/LHZ2). Reducing BOG is the primary financial metric for cryogenic
insulation performance.

CUI (Corrosion Under Insulation): A severe form of localized corrosion occurring
on the surface of insulated metal components, typically triggered by moisture trapped
within legacy materials.

ESCC (External Stress Corrosion Cracking): Catastrophic cracking of austenitic

stainless steels due to the combined action of tensile stress and a corrosive
environment (specifically chlorides).

Hebei Woqin Trading Co., Ltd. The Source for Advanced Thermal Armor
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LOx Enrichment: A lethal safety hazard where ambient air liquefies against -253°C
pipes. Oxygen liquefies first, creating a highly explosive, oxygen-rich liquid layer.

0OO0G (Out-of-Gauge): Cargo that exceeds the standard dimensions of a shipping
container, triggering massive freight penalties.

PUE (Power Usage Effectiveness): The ratio of total energy used by a data center
to the energy delivered to IT equipment.

Safe Cooldown Time: The calculated window of time a fluid remains above its pour
point or hydrate formation temperature during an unplanned shutdown.

TIC (Total Installed Cost): The sum of material, logistics (shipping), labor, and
auxiliary components (cladding/steel). Unlike the "Unit Price," TIC represents the true
financial impact on a project.

VIP (Vacuum Insulation Panel): A high-performance panel utilizing a vacuum core

to achieve a thermal conductivity of 0.002 W/(m + K) (center-of-panel) and a 0.007

W/(m « K) system design value (accounting for edge effects).

Hebei Woqin Trading Co., Ltd. The Source for Advanced Thermal Armor
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PART 1: UPSTREAM & HEAVY INDUSTRY

Defeating Coastal Corrosion and Securing Desert Flow Assurance

Chapter 1: Surviving the Persian Gulf — The Pathology of CUl and ESCC

1.1 The "Saltwater Sponge™ Effect in Offshore & Desalination Assets In the global
petrochemical, offshore (FPSO), and thermal desalination (MSF/MED) sectors, no
engineering environment is more destructive than the Persian Gulf and the Red Sea.
Facilities here operate in a lethal crossfire: ambient temperatures exceed 50°C, relative
humidity hovers near 100%, and internal high-pressure steam networks can run at 250°C to
565°C.

Historically, the industry has insulated these critical arteries with mineral wool, calcium
silicate, or polyurethane foams. However, these legacy materials share a fatal
thermodynamic flaw: capillary action. Once their outer aluminum cladding is compromised
by harsh winds or routine maintenance foot traffic, they absorb coastal saltwater,
transforming into "saltwater sponges."

When this saltwater sponge is pressed against a high-temperature steel pipe, it creates a
permanent, boiling corrosive poultice. This triggers catastrophic Corrosion Under
Insulation (CUI) on carbon steel, and External Stress Corrosion Cracking (ESCC) on
austenitic stainless steel, leading to catastrophic leaks, massive performance ratio (PR)
drops in desalination plants, and multi-million-dollar unplanned shutdowns.

1.2 The Aerogel Eradication Strategy: Physical and Chemical Defense Hebei Woqin’s
highly engineered Silica Aerogel Matrix does not merely "slow down" corrosion; it
eradicates the pathway that causes it through a two-front defense mechanism:

Defense Line 1: Absolute Physical Hydrophobicity Tested under GB/T 10299, our
aerogel achieves a staggering 99.7% Hydrophobic Rate. It physically repels liquid water
while remaining vapor-permeable. If the outer cladding is breached, the insulation refuses
to absorb the saltwater, ensuring the underlying steel remains completely dry.

Defense Line 2: Chemical Inertness (The ASTM Gold Standards) CUI is often fueled by
the chemical composition of the insulation itself. To prove our absolute chemical safety,
Hebei Woqin subjected our aerogel to the industry's most rigorous third-party metallurgical
testing:

ASTM C871 (Standard Test Method for Chemical Analysis of Thermal Insulation
for Leachable Chloride lons): Chlorides are the primary catalyst for pitting corrosion.
Testing confirms Woqin Aerogel contains soluble chloride ions at < 20 ppm
(0.0017%), effectively introducing zero corrosive agents to the piping.

Hebei Woqin Trading Co., Ltd. The Source for Advanced Thermal Armor
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ASTM C692 (Standard Test Method for Evaluating the Influence of Thermal
Insulations on ESCC of Austenitic Stainless Steel): In rigorous 28-day drip tests
simulating severe coastal environments, Woqin Aerogel recorded Zero Cracking.
Furthermore, the bare-metal corrosion rate logged was a mere 79 pm/y—drastically
outperforming the global industrial safety baseline of 150 um/y.

DATA HIGHLIGHTS: CHAPTER 1
Hydrophobic Rate: 99.7% (GB/T 10299)
Leachable Chlorides: < 20 ppm (ASTM C871)
ESCC Performance: Zero Cracking (ASTM C692)

Steel Corrosion Rate: 79 um/y (Maximum safety compliance)

Chapter 2: Desert Pipelines & The Mathematics of Flow Assurance

2.1 The 70°C Thermodynamic Battleground Spanning hundreds of kilometers across the
Rub' al Khali (Empty Quarter) and the vast expanses of the Middle East, cross-country oil
and gas pipelines are the arteries of the global energy supply. However, these exposed
steel arteries face brutal day-night temperature swings.

During the day, direct solar radiation bakes the pipeline's exterior to a blistering 80°C. By
midnight, ambient temperatures can plummet below 10°C. This violent 70°C thermal cycling
threatens a pipeline's most critical operational metric: Flow Assurance. If crude oll
temperatures drop below the pour point during a planned or unplanned pump station
shutdown, wax crystallization and hydrate plugs will rapidly form. This leads to catastrophic
"cold restart" failures, requiring exorbitant chemical inhibitors and emergency pigging
operations to resolve.

2.2 Ultimate Thermal Inertia and "Safe Cooldown Time" In cross-country pipeline
engineering, insulation is a flow assurance insurance policy. With an ambient thermal
conductivity of just 0.017 - 0.020 W/(m-K) @ 25°C, Hebei Woqin Aerogel provides
unmatched thermal inertia.

By drastically reducing the rate of heat loss, the aerogel matrix mathematically extends the
"Safe Cooldown Time™" window. In the event of a pump failure, operators have significantly
more hours to resolve the mechanical issue before the internal fluid reaches the critical
hydrate formation temperature. This eliminates the need for oversized heat tracing systems
and excessive chemical dosing, directly slashing operational expenditure (OPEX).

Hebei Woqin Trading Co., Ltd. The Source for Advanced Thermal Armor
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2.3 Engineered for Extreme Desert Deployment Cross-country deployment requires
materials that can survive harsh trenching, direct burial, and decades of relentless solar
exposure:

Radiation & UV Immunity: To prove its resistance to severe desert solar
degradation, our aerogel was subjected to nuclear-grade Co-60 Gamma Ray testing
(conducted by the Beijing Institute of Atomic Energy). Surviving 2.64 x 10® Gy of
radiation, it exhibited zero deformation, embrittlement, or cracking. It will never age or
brittle under the Middle East sun.

Direct Burial Load Resistance: Tested under a 1 Ton/m? load, the aerogel matrix
exhibits a compressive deformation of only 12.25%. It maintains its structural
thickness and thermal R-value even when directly buried under desert sands or
subjected to heavy maintenance traffic.

DATA HIGHLIGHTS: CHAPTER 2
Thermal Conductivity: 0.017 - 0.020 W/(m-K) @ 25°C

Radiation Resistance: Survives 2.64 x 10° Gy Co-60 Gamma Ray
(Tested by Beijing Institute of Atomic Energy)

Compressive Deformation: 12.25% under 1 Ton/m? load

Core Benefit: Maximizes Safe Cooldown Time & ensures absolute Flow
Assurance.

Chapter 3: Engineering Agility & Logistics Economics — Defeating OOG

Penalties and Turnaround Downtime

3.1 The Modularization Paradox and OOG Freight To avoid the high labor costs and
brutal 50°C working conditions of the Arabian desert, international EPCs pre-fabricate fully
integrated equipment skids in global manufacturing hubs. However, this creates a
"Modularization Paradox." When these skids are insulated with bulky legacy materials
(such as 150mm rock wool or cellular glass), the overall footprint of the piping expands
drastically. This leads to severe pipe clashing within the tight skid frame and frequently
pushes the entire package beyond standard shipping dimensions. This dimensional bloat
triggers massive Out-of-Gauge (OOG) ocean freight penalties, destroying the EPC’s
profit margin before the equipment even leaves the port.

By utilizing Hebei Woqin Aerogel, EPCs can compress the required insulation thickness by
50% to 70%. This ultra-thin profile eliminates pipe clashing and ensures the skid remains

Hebei Woqin Trading Co., Ltd. The Source for Advanced Thermal Armor
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within standard Flat Rack or High Cube container limits, instantly saving hundreds of
thousands of dollars in OOG freight costs.

3.2 Surviving the 10,000 km Sea Voyage Legacy insulation is highly susceptible to
vibration fatigue. During a 45-day ocean transit, traditional mineral wool grinds against the
piping, settling and powdering before it even reaches the Middle East, necessitating
expensive on-site rework. Hebei Woqin’s Aerogel acts as indestructible structural armor.
Tested per the rigorous GB/T 34336-2017 national standard, it boasts a transverse Tensile
Strength of 1255 kPa and a near-zero Vibration Mass Loss Rate of just 0.3%. It survives
rough sea freight and severe onshore transport to guarantee a flawless, "plug-and-play”
deployment at the desert site.

3.3 Rapid Restoration: Emergency TARs and Boeing 777 Agility During an unplanned
brownfield emergency or a scheduled Turnaround (TAR) in an O&G facility, every single
day of downtime bleeds millions of dollars in deferred production. Legacy insulation acts as
a critical-path bottleneck; it is too bulky to air-freight cost-effectively, forcing operators to
wait weeks for sea-freight delivery.

Hebei Woqin has engineered the ultimate rapid-restoration solution: Pre-Formed Aerogel
Shells. Because they are up to 5x thinner and vastly lighter than traditional counterparts,
massive quantities can be packed onto standard air-freight pallets. We enable direct
Boeing 777 air-freight deployment to GCC airports within 48 hours. Furthermore, our
Heat-Melt Treated Aerogel Shells are 100% Zero-Dust. They feature an instant "snap-on"
assembly that requires minimal tools, allowing contracting crews to accelerate installation
speeds by up to 5x, securing rapid facility restoration.

DATA HIGHLIGHTS: CHAPTER 3

Volume Compression: 50% - 70% reduction (Eliminates OOG freight
penalties)

Tensile Strength: 1255 kPa (Tested per GB/T 34336-2017)
Vibration Mass Loss: 0.3% (Immune to sea-freight degradation)
Installation Speed: Up to 5x faster (Zero-dust, snap-on assembly)
[CASE STUDY: OOG Freight Optimization in the GCC]
Client: Top-Tier Asian EPC executing a Saudi Arabian Petrochemical Project.

Challenge: 40 modular skids were classified as Out-of-Gauge (OOG) due to 150mm
legacy mineral wool, incurring a quoted $1.2 Million in breakbulk ocean freight.

The Wogqin Solution: Replaced legacy wool with 40mm Hebei Woqin Aerogel.

Hebei Woqin Trading Co., Ltd. The Source for Advanced Thermal Armor
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Result: Skid volumes compressed by 65%. All 40 skids fit into standard Flat Rack
containers. Ocean freight dropped to $350,000, delivering a net logistics saving of
$850,000 USD before the equipment even reached the port.

Chapter 4: Heavy Industry Mastery & The TIC Equation — 800°C Smelters and

True Project ROI

4.1 Aluminum Smelting & The 800°C Sodium Vapor Assault Aluminum smelting is
fundamentally the industry of "solidified electricity," with power accounting for over 30% of
total OPEX in Middle East giants like EGA and Ma'aden. The true thermodynamic
battleground is the backup insulation of the reduction cells, which faces 800°C heat and
lethal sodium vapor. Legacy materials vitrify (turn to glass) and shrink under these
conditions, causing hot spots, thermal bridging, and severe capacity loss.

4.2 S-Class Aerogel: Maximizing Capacity and the 6-Month ROI Hebei Woqin deploys
our Premium S-Grade Aerogel specifically for reduction cells. Backed by ASTM C356
testing, our aerogel exhibits a linear shrinkage of < 0.8% at 649°C for 96 hours. It will
never pull apart at the seams. More importantly, by utilizing an ultra-thin layer of S-Class
aerogel, smelter operators can expand the internal working volume of the steel shell,
directly increasing the liquid aluminum capacity of every single pot. With the combined
energy savings and increased metal yield, the incremental CAPEX achieves a full Return
on Investment (ROI) in less than 6 months. For the remaining 10 years of the cell's
lifespan, those energy savings convert directly into pure profit.

4.3 Shattering the "Unit Price lllusion™ (The TIC Equation) When Middle East
Procurement Directors evaluate insulation solely by the Bill of Materials (BOM) unit price,
they fall into a fatal financial trap: the "Unit Price lllusion.” Traditional mineral wool is
cheap per square meter, but it requires massive hidden CAPEX and OPEX.

Calculating the true Total Installed Cost (TIC) with Hebei Woqin Aerogel reveals the actual
financial impact:

Massive Cladding CAPEX Reduction: Because aerogel is up to 70% thinner, the
outer circumference of the pipe is drastically reduced. This eliminates tons of
expensive Aluminum Jacketing/Cladding and structural steel supports.

Logistics Optimization: Slashed container counts and the elimination of OOG
ocean freight penalties.

Labor & Agility: Pre-formed, zero-dust shells cut expensive desert labor hours and
scaffolding rentals in half.

Hebei Woqin Trading Co., Ltd. The Source for Advanced Thermal Armor
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Aerogel is no longer a premium material; it is the financial baseline for profitable EPC
mega-projects.

DATA HIGHLIGHTS: CHAPTER 4
High-Temp Shrinkage: < 0.8% at 649°C for 96 hrs (ASTM C356)

Aluminum Smelter ROI: < 6 Months (Via energy savings and pot
volume expansion)

TIC Cost Drivers Slashed: OOG Freight, Aluminum Cladding CAPEX,
Labor Hours

Hebei Woqin Trading Co., Ltd. The Source for Advanced Thermal Armor
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PART 2: FUTURE ENERGY & CRYOGENICS
The Absolute Cryogenic Matrix: From -162°C to -253°C

Chapter 1: LNG Terminals (-162°C) — Eradicating "lce Jacking" and Pipe

Clashing

1.1 The 212°C Delta & The Pipe Clashing Crisis In the massive LNG expansion projects
across Qatar and the wider Middle East, engineers are forced to manage a brutal 212°C
temperature delta: Liquefied Natural Gas flows at a cryogenic -162°C, while external pipe
racks bake in the 50°C desert sun.

To achieve target thermal resistance, EPCs traditionally specify up to 300mm of rigid PIR
(Polyisocyanurate) foam, often with a thermal conductivity of only ~0.035 W/(m-K). This
massive thickness causes severe Pipe Clashing on congested racks. To prevent pipes
from touching, structural engineers must increase the entire facility's footprint, driving up
steel CAPEX by millions of dollars.

1.2 The Failure Mechanism: "lce Jacking" Rigid legacy insulation (PIR or Cellular Glass)
is prone to micro-cracking during the violent thermal contraction of LNG cooldown. Ambient
desert humidity penetrates these cracks and freezes instantly. Over time, the expanding ice
acts as a wedge—a phenomenon known as "lce Jacking"—which rips the insulation and
the vapor barrier apart, leading to catastrophic Boil-Off Gas (BOG) losses.

1.3 The S-Grade Aerogel Masterstroke Hebei Woqin’'s Premium S-Grade Cryogenic
Aerogel replaces the 300mm rigid nightmare with an ultra-thin, flexible matrix:

The Absolute Physical Limit: Backed by ASTM C177 / GBI/T 10295, our S-Grade
aerogel achieves a staggering thermal conductivity of 0.010 W/(m-K) @ -165°C
(Based on the latest ASTM C177 testing for Premium S-Grade matrix). It is the
highest thermal resistance commercially available.

Flexibility Over Rigidity: As a flexible blanket, our aerogel accommodates the
thermal contraction of the steel pipe without cracking. It eliminates the root cause of
Ice Jacking, permanently securing the vapor barrier.

Volume Compression: We slash the required insulation thickness by up to 60%,
completely eliminating pipe clashing and reducing the overall structural steel burden
of the terminal.

DATA HIGHLIGHTS: CHAPTER 1

Hebei Woqin Trading Co., Ltd. The Source for Advanced Thermal Armor
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Cryogenic K-Value: 0.010 W/(m-K) @ -165°C (ASTM C177 /| GB/T
10295)

Thickness Reduction: Up to 60% vs. Legacy PIR
Mechanical Property: Zero cracking/shattering under thermal shock
Primary Benefit: Eradicates Ice Jacking & Slashes BOG losses
[CASE STUDY: Piperack Footprint Reduction in Qatar]
Client: Major LNG Expansion Contractor.

Challenge: Severe pipe clashing on a highly congested cryogenic piperack due to
300mm triple-layer PIR specifications.

The Wogqin Solution: Upgraded to 120mm Woqin Premium S-Grade Cryogenic
Aerogel.

Result: Piperack spacing requirements were reduced by 400mm per line. This
completely eliminated the need for a secondary parallel steel structure, shaving an
estimated $1.8 Million USD off the structural steel CAPEX while eradicating Ice
Jacking risks.

Chapter 2: Liquid Hydrogen (LH2) & NEOM - Preventing Air Liquefaction

2.1 The -253°C Thermodynamic Abyss The $8.4 billion NEOM Green Hydrogen project
introduces a thermal challenge exponentially harder than LNG: Liquid Hydrogen (LH2) at
-253°C. Here, the temperature delta to the Saudi desert reaches a staggering 303°C. In this
environment, the margin for engineering error is zero.

2.2 The Lethal Threat of LOx Enrichment At -253°C, if the insulation system suffers even
a minor crack or seal failure, the surrounding ambient air will liquefy. Because oxygen
liquefies at a higher temperature (-183°C) than nitrogen, this creates a dangerous
oxygen-rich liquid layer.

CRITICAL SAFETY HAZARD: LOX ENRICHMENT Liquid Oxygen (LOXx)
dripping onto organic materials (grease, asphalt, or legacy foam binders) forms
a highly unstable, shock-sensitive explosive mixture. In a Liquid Hydrogen
facility, preventing air liquefaction is not just an efficiency requirement; it is a
fundamental life-safety mandate.

Hebei Woqin Trading Co., Ltd. The Source for Advanced Thermal Armor
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2.3 Aerospace-Grade Defense for the Hydrogen Economy Hebei Woqin’s Cryogenic
Aerogel, originally developed for aerospace vacuum and cryogenic service, provides the
ultimate safety shield for LH2 infrastructure:

Seamless Cryogenic Wrapping: With a transverse tensile strength of 1255 kPa,
our blankets allow for tight, seamless wrapping around complex LH2 valves and
flanges. This creates a complete, unbroken thermal armor that prevents ambient air
from ever reaching the -253°C surface, physically blocking LOx formation.

Zero-BOG Performance: By utilizing the ultimate thermal resistance of the silica
matrix, we ensure that heat leak is practically eliminated, protecting the massive
energy investment required to produce and store green hydrogen.

DATA HIGHLIGHTS: CHAPTER 2
Operating Temperature: Down to -253°C (Liquid Hydrogen Service)
Vapor Control: 100% Seamless wrapping to prevent LOx Enrichment
Tensile Strength: 1255 kPa (High-durability for complex geometries)

Safety Rating: Class A1 Non-Combustible (Inorganic Matrix)

Chapter 3: Concentrated Solar Power (CSP) & Slashing Tower Wind Drag

(565°C)

3.1 The 565°C Solar Artery and the Freezing Point Crisis In the vast deserts of the
Middle East, renewable mega-projects like Dubai's Noor Energy 1 and Saudi Arabia's
ACWA Power initiatives rely on Concentrated Solar Power (CSP). The thermodynamic
lifeblood of a CSP plant is molten salt. During peak solar hours, it is heated to a blistering
565°C. However, it carries a fatal vulnerability: if the fluid temperature drops below 220°C,
the molten salt freezes solid, irreparably destroying the entire piping network.

3.2 The Aerodynamic Wind Drag (Wind Load) Penalty To prevent freezing, EPCs
traditionally wrap the pipes in up to 300mm of legacy rock wool. On ground-level pipes, this
is a spatial nuisance; but on a 200-meter-tall central solar tower, it becomes a structural
crisis. Wrapping vertical pipes in massive insulation drastically increases their outer
diameter, creating an enormous surface area that acts like a sail. During Middle Eastern
sandstorms, this aerodynamic Wind Drag (Wind Load) creates severe lateral forces on the
tower. To prevent swaying or structural failure, civil engineers are forced to over-engineer
the tower, adding hundreds of tons of expensive reinforcement steel.

Hebei Woqin Trading Co., Ltd. The Source for Advanced Thermal Armor



THE MIDDLE EAST EXTREME INSULATION MASTER GUIDE an@cn—aerogel. com
3.3 S-Class High-Temp Aerogel: The Structural Savior Hebei Woqin deploys its
Premium S-Grade Aerogel to solve this structural-thermodynamic conflict:

Slashing Structural CAPEX: Achieving a thermal conductivity of 0.088 W/(m-K) at
600°C, our aerogel halves the required insulation thickness. This drastically shrinks
the outer diameter of the vertical piping, minimizing the "sail effect" and slashing the
wind load on the solar tower. This directly translates into massive savings in
structural steel CAPEX.

Cutting Heat Tracing OPEX: Rock wool degrades and shrinks under 565°C heat,
creating thermal bridges that force electric heat tracing systems to work continuously.
Backed by ASTM C356, Woqin aerogel exhibits a linear shrinkage of < 0.8% at
649°C for 96 hours. It never shrinks, permanently locking in the heat and slashing
heat tracing electricity costs.

DATA HIGHLIGHTS: CHAPTER 3
High-Temp Conductivity: 0.088 W/(m-K) @ 600°C
High-Temp Shrinkage: < 0.8% (ASTM C356 at 649°C)

Structural Benefit: 50% thickness reduction slashes tower
aerodynamic Wind Drag.

Operational Benefit: Eliminates thermal bridging, minimizing Heat
Tracing OPEX.

Chapter 4: BESS & Solar Farms — Defeating 1000°C Thermal Runaway

4.1 The Desert Powder Keg & Parasitic HVAC Loads Deploying multi-megawatt Battery
Energy Storage Systems (BESS) in the 50°C desert presents a dual thermodynamic threat.
Externally, unshaded solar radiation bakes the steel container, turning it into a "metal oven."
This forces the HVAC system to consume massive amounts of parasitic power just to keep
the ambient temperature safe for the batteries. Internally, a single failing lithium-ion cell can
trigger a Thermal Runaway, generating a directional 1000°C jet fire that rapidly
propagates, destroying the entire multi-million-dollar asset.

4.2 The Dual-Layer Aerogel Defense System Hebei Woqin secures Middle East BESS
infrastructure with a proprietary two-front defense system:

Defense Line 1: External Radiative Cooling We coat the exterior of the BESS
container with our Aerogel Thermal Coating. Tested to ASTM E903, it delivers a
Solar Reflectance of 2 0.90 and a Hemispherical Emittance of 99.5%. It physically
bounces the desert sun back into the atmosphere, drastically dropping internal
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temperatures and slashing HVAC parasitic power consumption before the cooling
units even activate.

Defense Line 2: Internal Jet Fire Blocking (The 1.9 MJ/kg Advantage) Between
the individual battery cells and modules, we insert ultra-thin Aerogel Thermal Pads.
Traditional foams like EPS possess a Combustion Calorific Value of ~40 MJ/kg,
meaning they actively act as fuel during a battery fire. In stark contrast, Woqin
Aerogel is Class A1 Non-Combustible with an incredibly low Calorific Value of just
1.9 MJ/kg. Under rigorous fire testing, it recorded a Furnace Temperature Rise of
only 2°C and a Sustained Burning Time of 0 seconds.

4.3 Restricting the Catastrophe When confronted with a 1000°C jet fire from a ruptured
cell, the Woqin Aerogel barrier will not melt, ignite, or conduct the lethal heat. It acts as an
absolute firewall, restricting the thermal runaway to the single failing cell and saving the
surrounding 99% of your BESS investment.

DATA HIGHLIGHTS: CHAPTER 4

External Defense: Solar Reflectance = 0.90 (ASTM E903 Radiative
Coating)

Internal Defense: Class A1 Non-Combustible Aerogel Pads

Combustion Calorific Value: 1.9 MJ/kg (vs. traditional EPS at ~40
MJ/kg)

Core Benefit: Slashes parasitic HVAC loads & completely restricts
1000°C thermal propagation.
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PART 3: INFRASTRUCTURE & ADVANCED FACILITIES

Visionary Cities & Subterranean Arteries: Reclaiming Real Estate

and Defeating Condensation

Chapter 1: Super-High-Rise Facades & The Real Estate Paradox

1.1 The 50°C Dilemma: U-Values vs. Sellable Area The skyline of the Middle East is
being aggressively redrawn by Saudi Arabia’s Vision 2030 (NEOM) and the UAE’s
relentless vertical expansion. In these high-density, ultra-luxury urban environments, space
is the ultimate premium. Facade engineers designing for these mega-projects face an
impossible contradiction. Summer ambient temperatures exceed 50°C, with solar radiation
pushing exterior metal cladding to a scorching 75°C. To meet strict Estidama Pearl or LEED
U-value mandates, architects traditionally specify up to 200mm of mineral wool. In a
50-story skyscraper, this massive envelope thickness quietly steals thousands of square
meters of interior "carpet area"—costing developers millions of dollars in lost real estate
revenue.

1.2 The Ultimate Space-Saving Envelope: VIP Integration Hebei Woqin redefines the
building envelope by replacing thick bulk materials with our ultra-thin hybrid systems. By
deploying Vacu-Armor™ (Stainless Steel VIP), architects can reduce a 200mm wall
profile down to just 20mm.

Transparent Engineering Data: Unlike standard marketing claims that ignore the
edge effect, our VIPs provide a phenomenal thermal conductivity of 0.002 W/(m-K)
(center-of-panel), translating to a highly reliable 0.007 W/(m-K) (system design
value) when integrated into the facade assembly. This unmatched thermal resistance
instantly recovers massive amounts of usable, premium interior floor space.

1.3 Eradicating Thermal Bridging with Aero-tape™ The aluminum mullions and
transoms in curtain walls act as high-speed highways for heat transfer, causing interior
condensation, mold, and severe energy loss. To completely decouple the exterior heat from
the interior frame without adding bulk, we engineer Aero-tape™ (Aerogel Thermal Break
Tape). Specifically designed as a foil-wrapped aerogel core with adhesive on one side,
this 3mm-to-20mm tape acts as a 100% vapor barrier. It provides instant, flawless adhesion
to metal frames, permanently breaking the thermal bridge.

1.4 The "Green Passport”: RoHS & REACH Compliance Mega-projects demand
flawless sustainability and zero toxicity. Hebei Woqin’s silica aerogel matrix has rigorously
passed European RoHS and REACH testing protocols. It contains zero heavy metals, zero
ozone-depleting substances, and no Substances of Very High Concern (SVHC). This
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provides EPCs and sustainability consultants with the exact "Green Passport" required to
achieve top-tier LEED Platinum certifications.

DATA HIGHLIGHTS: CHAPTER 1

VIP Thermal Conductivity: 0.002 W/(m * K) (Center) / 0.007 W/(m * K)
(System)

Facade Thickness Reduction: From 200mm to 20mm (Reclaiming
massive sellable area)

Thermal Break Tape: Foil-wrapped aerogel core with adhesive on one
side (Aero-tape™)

Sustainability Certifications: RoHS & REACH Compliant (Zero SVHC)

Chapter 2: District Cooling (DC) Networks & Slashing Excavation CAPEX

2.1 The "Fire and Ice” Underground Network Below the 50°C streets of Dubai and
Riyadh, District Cooling (DC) networks pump millions of tons of chilled water at 5°C. This
severe 45°C thermal delta, combined with the Middle East's notoriously high coastal water
tables, creates a catastrophic environment for underground piping. Traditional
Polyurethane (PUR) foam relies entirely on a High-Density Polyethylene (HDPE) outer
jacket to stay dry. In the harsh trenching environment, this jacket is frequently scratched or
ruptured by backhoes or rocky backfill. Once breached, the PUR acts as a sponge, soaking
up groundwater. The insulation value plummets, chiller plants are forced to overwork, and
the underground pipe rapidly falls victim to severe Corrosion Under Insulation (CUI).

2.2 Absolute Moisture Defense Hebei Woqin’s Aerogel Blanket secures District Cooling
networks by addressing the root cause of subterranean failure. Tested per the GB/T 10299
standard, our aerogel achieves a 99.7% Hydrophobic Rate. Even if the outer HDPE jacket
is completely destroyed during installation, the aerogel matrix physically repels groundwater.
It ensures the 5°C chilled water line never sweats, permanently eradicating underground
CUI and ensuring the thermal resistance never degrades over a 20-year lifespan.

2.3 Slashing Civil Excavation CAPEX (The TIC Advantage) In urban district cooling, the
true cost is not the pipe—it is the dirt. Because aerogel achieves the required thermal
resistance at half the thickness of PUR foam, the outer diameter of the entire pipe assembly
is drastically reduced. In congested urban centers, laying a thinner pipe means excavating
significantly narrower and shallower trenches. This directly slashes the massive civil works
CAPEX associated with urban excavation, backfilling, asphalt repaving, and traffic
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disruption. Evaluating District Cooling through the Total Installed Cost (TIC) lens makes
aerogel the undisputed economic choice.

DATA HIGHLIGHTS: CHAPTER 2
Hydrophobic Rate: 99.7% (Tested per GB/T 10299)
Thermal Performance: Immune to groundwater degradation

Civil Engineering Benefit: Reduced pipe OD slashes trench
excavation volume and backfill costs

Lifespan Extension: Eliminates underground CUI, extending asset life
to 20+ years

Chapter 3: High-Tech Facilities & E-Houses — Eradicating Parasitic Loads

3.1 Hyperscale Al Data Centers & The PUE Black Hole

In the race to build the ultimate Al infrastructure, Middle Eastern cloud providers face a
thermodynamic nightmare. Inside the server room, next-generation GPU clusters are
pushing 30kW+ per rack. Outside, the ambient temperature routinely breaches 50°C, with
direct solar radiation pushing metal roof surfaces to 75°C.

Due to this severe thermal intrusion, the average Power Usage Effectiveness (PUE) for
GCC data centers skyrockets to 1.82—meaning for every megawatt consumed by servers,
nearly another megawatt is wasted purely on cooling.

3.2 Zero-Dust Aerogel & A1 Fire Defense

To break this PUE black hole, facility designers must completely isolate the building
envelope without contaminating the servers.

Zero-Dust Cleanroom Compliance: Traditional fiberglass sheds micro-particles that
destroy sensitive GPU cooling fans. Hebei Woqin’s Aerogel Blanket is inherently
stable, ensuring compliance with strict ISO 14644-1 cleanroom standards.

Ultimate Fire Armor: Backed by rigorous EN 13501-1 testing, our aerogel achieved
a Furnace Temperature Rise of just 2°C and an incredibly low Combustion Calorific
Value of 1.9 MJ/kg. Classified as Class A1 Non-Combustible, it protects
irreplaceable IT assets from catastrophic facility fires without emitting toxic smoke.
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3.3 Remote E-Houses & Defeating the "Metal Oven"

Deep in the off-grid mining sectors, modified steel containers are deployed as
mission-critical switchrooms (E-Houses). Under the relentless desert sun, the exterior steel
skin rapidly spikes to 90°C. Internal insulation alone cannot stop this "metal oven" effect,
leading to the thermal tripping of Variable Frequency Drives (VFDs) and massive diesel
consumption by oversized HVAC units.

3.4 Radiative Cooling Coating (ASTM E903)

The most efficient way to cool an off-grid container is to prevent the heat from ever entering
the steel. We coat the exterior with our Aerogel Thermal Coating.

Tested to the international ASTM E903 standard, the coating delivers a Solar Reflectance
of 2 0.90 and a Hemispherical Emittance of 99.5%. It physically bounces the desert sun
back into the atmosphere, dropping internal temperatures by up to 15°C before the HVAC
even turns on. Furthermore, its ultra-high bond strength of 1.1 MPa ensures it survives
severe abrasive sandstorms without delaminating.

DATA HIGHLIGHTS: CHAPTER 3
Radiative Cooling: Solar Reflectance = 0.90 (Tested per ASTM E903)
IT Asset Protection: Zero-Dust (ISO 14644-1 compliant)
Combustion Value: 1.9 MJ/kg (Class A1 Non-Combustible)

Core Benefit: Slashes PUE in Data Centers & HVAC OPEX in Remote
Switchrooms.

Chapter 4: Cold Chain Logistics & Reclaiming 20% Payload

4.1 The 70°C Delta & The Cold Chain Paradox

Navigating a refrigerated semi-trailer (Reefer) across the Saudi desert requires maintaining
a strict -20°C interior against a 50°C exterior. Historically, manufacturers achieved this 70°C
delta by thickening the Polyurethane (PUR) foam walls. This creates the "Cold Chain
Paradox": the thicker your insulation, the less cargo you can carry. Legacy foam frequently
devours up to 20% of a trailer’s payload capacity.

4.2 Space-Saving Magic: Stainless Steel VIPs
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Hebei Woqin shatters the paradox by integrating Vacu-Armor™ (Stainless Steel
Encapsulated VIP) into the reefer walls. Delivering the absolute physical limit of thermal
resistance at 0.002 W/(m-K) (center-of-panel, with a 0.007 W/m-K system value), VIPs
are up to 10x more efficient than PUR foam. This allows reefer manufacturers to
drastically thin the trailer walls, instantly boosting the revenue per trip. Furthermore, VIPs
never suffer from the "thermal fade" (off-gassing) that plagues aging PUR foam, slashing
diesel consumption for the Transport Refrigeration Unit (TRU).

4.3 Structural Durability & Acoustic Dampening

To address concerns regarding VIP fragility in heavy-duty logistics, Vacu-Armor™ is
engineered for extreme industrial stress. It boasts a compressive strength of 118 kPa,
easily supporting heavy forklift traffic during loading operations. Additionally, verified by
rigorous Tsinghua University Acoustic Testing, the nanoporous core acts as a structural
sound-dampening shield, protecting sensitive TRU equipment from destructive road
vibration fatigue.

DATA HIGHLIGHTS: CHAPTER 4
VIP Thermal Conductivity: 0.002 W/(m-K) (Center-of-panel)
Compressive Strength: 118 kPa (Forklift traffic resilient)
Acoustic Dampening: Verified by Tsinghua University Acoustic Test

Logistics Benefit: Recovers up to 20% cargo payload volume.

Chapter 5: Marine Excellence — Superyacht A-60 Armor and Acoustic Silence

5.1 The Thermodynamic Conflict in Naval Architecture

In the elite shipyards of Dubai and Abu Dhabi, packing massive twin diesel engines into
confined engine rooms—often directly below ultra-luxury VIP cabins—creates severe
thermodynamic conflicts. Ambient engine room temperatures easily exceed 50°C, with
exhaust manifolds reaching 500°C.

Shipyards traditionally rely on thick slabs of marine rock wool. This bulk insulation devours
valuable Gross Tonnage and slowly degrades under marine vibration, allowing radiant heat
to create an "oven under the floor" effect in the VIP cabins above, driving up the HVAC
"Hotel Load."

5.2 The Ultra-Thin A-60 Aerogel Masterstroke

Hebei Woqin’s Marine-Grade Aerogel Blanket reclaims this critical interior volume. Fully
certified under the IMO 2010 FTP Code, SOLAS, and holding CCS approval, it achieves
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the required thermal and A-60 fire boundaries at a fraction of the thickness of traditional
materials.

Not only does it block radiant heat to slash the HVAC hotel load, but it is also completely
compliant with RoHS and REACH standards, ensuring zero toxic off-gassing for the
ultimate "Green Luxury" experience.

5.3 A-60 Marine Insulation Benchmark: Aerogel vs. Rock Wool

To clearly demonstrate the spatial and weight advantages, the table below compares
standard A-60 Class Division configurations:

Traditional . . .
Perform_ance Marine Rock Hebei Wogin Marine The Aerogel Advantage
Metric Aerogel
Wool
Tvbical A-60 Reclaims 40mm-85mm of
yp! 50mm — 100mm 10mm - 15mm VIP cabin space per
Thickness
bulkhead.
System Weight / ng.h (Absorbs . . Increases vessel speed &
moisture over Ultra-Lightweight .
Tonnage ) fuel efficiency.
time)
Vibration & Powders and Zero Settlin el\ll'?nnaonpeor:’ﬁ uzgqr: tr:;s
Acoustic Stability | settles over time 9 P ontly damp
engine noise.
Combustion & May emit binder Zero Organic Smoke || Class A1 Inorganic Matrix.
Smoke smoke

CONCLUSION TO THE MASTER GUIDE

The Ultimate Engineering Shift

From the subterranean chilled water networks of Dubai to the -253°C liquid hydrogen lines
of NEOM, and up to the 565°C solar towers piercing the desert sky, spatial constraints and
thermal extremes define the modern Middle East.

For decades, the engineering world compromised. We accepted massive structural steel
burdens, paid exorbitant OOG ocean freight penalties, and sacrificed valuable real estate
just to accommodate the sheer bulk of outdated insulation.

That era is over.

Hebei Woqin’s advanced thermal armor—whether flexible Silica Aerogel Blankets,
structural Vacuum Insulation Panels (VIPs), or Radiative Coatings—proves that EPCs no
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longer have to sacrifice space to achieve absolute thermal mastery. We have calculated the
ROI, shattered the Unit Price lllusion, and secured the certifications.

The thermodynamics have been solved. The only question remaining is: Will your next
mega-project be weighed down by the past, or armored for the future?

[END OF MASTER WHITEPAPER]

URL: www.cn-aerogel.com

Email: an@cn-aerogel.com
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