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Editor’s Foreword

High-altitude garments are specialized apparel designed to protect
individuals in extreme cold, low-pressure and high-wind environments
found at elevated altitudes. These garments are engineered systems that
manage body temperature, wick moisture and provide critical protection
against the harsh elements, enabling mountaineers, scientists and
military personnel to operate safely and effectively in some of the planet’s
most unforgiving conditions.

Modern high-altitude garments typically comprise multiple layers, each
serving a specific function: a moisture-wicking base layer, insulating mid-
layers and a durable, waterproof and windproof outer shell. The benefits
include superior thermal insulation, breathability to prevent overheating
and moisture buildup, lightweight design for ease of movement and robust
protection against abrasion and tears. Latest developments in this field
are incorporating advanced materials for greater warmth-to-weight ratios,
phase-change materials for adaptive temperature regulation and smart
textiles with integrated sensors to monitor vital signs or environmental
conditions.

The domestic and international markets for high-altitude garments are
driven by a growing interest in adventure tourism, expanding scientific
research in extreme environments and the ongoing demand from military
and rescue operations. The segment is experiencing steady growth,
particularly in regions with active mountaineering communities. However,
the industry faces significant challenges due to the high cost associated
with research, development and specialized manufacturing processes
required to produce these high-performance materials.

Changing customer preferences are increasingly leaning towards lighter,
more packable and versatile garments that offer multi-season functionality.
There’s also a rising demand for custom-fit solutions and aesthetically
pleasing designs that don’t compromise on technical performance.
Latest technology plays a crucial role in meeting these demands, with
advancements in seamless construction techniques and improved
closure systems enhancing both functionality and user experience.

Sustainability and environmental concerns are paramount in the high-
altitude garment industry, given the sensitive ecosystems where these
products are used. The push for a circular economy model, involving
garment recycling programs and designing for longevity, aims to reduce
waste and ensure that the pursuit of high-altitude adventures doesn'’t
come at an undue cost to the planet.

In this edition of Sports Textiles dedicated to High Altitude Garmets, we
have deliberated upon the underlying products and innovations, global
markets analysis and technological advancements. Happy reading...



Contents

0

12

Focus Product:
High Altitude Garments

COMFORT AND CONFIDENCE
AT HIGH ALTITUDE

Market Analysis:
High Altitude Garments

SNAPSHOT: GLOBAL TRADE

WOVEN HIGH ALTITUDE GARMENTS
GLOBAL IMPORTS TRENDS (HS CODE 6201)
GLOBAL EXPORTS TRENDS (HS CODE 6201)
INDIAN EXPORT TRENDS (HS CODE 6201)
GLOBAL IMPORTS TRENDS (HS CODE 6202)
GLOBAL EXPORTS TRENDS (HS CODE 6202)
INDIAN EXPORT TRENDS (HS CODE 6202)

SNAPSHOT: GLOBAL TRADE

KNITTED HIGH ALTITUDE GARMENTS
GLOBAL IMPORTS TRENDS (HS CODE 6101)
GLOBAL EXPORTS TRENDS (HS CODE 6101)
INDIAN EXPORT TRENDS (HS CODE 6101)
GLOBAL IMPORTS TRENDS (HS CODE 6102)
GLOBAL EXPORTS TRENDS (HS CODE 6102)
INDIAN EXPORT TRENDS (HS CODE 6102)

MARKET WATCH
INDIAN EXPORT POTENTIAL

04

26
27
29
31
33
35
37

39
50

Technology Junction

INSULATION INNOVATION

HOLLOW FIBER FOR MOUNTAINEERING
REVOLUTIONARY BREATH OF WARMTH
AEROGEL FABRIC

State at Glance
BIHAR

56

60




,..;:.;.-,-.Q}'ff Radeecal

NONW(I\IIEN TECH ASIA
o EXCLUSIVE EXHIBITION ON
NONWOVEN & HYGIENE TECHNOLOGY

06 - 07- 08 @ YasHoBHOOM

Convention Center (1ICC)

NOVEMBER 2025 Sector 25, Dwarka, New Delhi, India

THE SMART CHOICE

for Modern Industries:

RESERVE

Strategic Alliance Supported By Concurrent Event
Partner

TBD | OUEN 0% ... 2. .. | Hygienexam

NNNNNNNNNNNNNNNNNNN
TEXTILE BUSINESS DIGEST. WOVENS ASSOCIATION Hygiene Technology & Products

™ +91 91734 40725

sales@nonwoventechasia.com
www.nonwoventechasia.com




COMFORT AND GONFIDENGCE

_ AT HIGH ALTITUDE

High-altitude garments are a sophisticated system
of clothing designed to protect individuals from the

extreme environmental conditions found at high
elevations, characterized by intense cold, strong winds,
and potential for significant moisture.

The core of this system revolves around layering, with
each layer serving a specific function. The base layer,
typically made of moisture-wicking materials like merino
wool or synthetic fabrics, works to keep the skin dry by
drawing sweat away. The mid-layer, providing thermal
insulation, utilizes materials like fleece, down, or
synthetic fills to trap body heat and maintain warmth. The
outer shell, constructed from waterproof and windproof
materials such as Gore-Tex, acts as a barrier against the
elements. Beyond these fundamental layers, a variety of
specialized garments are essential for comprehensive
protection. Insulated jackets and parkas provide
maximum warmth in extremely cold conditions, while
waterproof and insulated trousers protect the legs.
Gloves and mittens, often used in layered systems, are
crucial for protecting the extremities, and headwear
like beanies and balaclavas prevent heat loss from
the head and face. Specialized footwear, such as
insulated, waterproof boots compatible with crampons,
provides stability and protection on rugged terrain.
Modern technological advancements have also led
to the development of electrically heated garments,
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particularly used in military applications, enhancing
warmth in extreme cold. Therefore, a complete high-
altitude garment system encompasses a range of
meticulously designed pieces, each playing a critical
role in ensuring survival, comfort, and functionality in
these challenging environments.

These include insulated jackets and parkas for
maximum warmth, insulated and waterproof trousers,
and crucial extremity protection such as layered glove
systems, mittens, and appropriate headwear like
beanies and balaclavas. Furthermore, high altitude
footwear, such as insulated, waterproof boots that are
crampon compatible, are critical. Added to this, modern
technology has increased the use of electrically heated
garments, especially in military applications. Thus, a
complete high-altitude clothing system encompasses a
range of meticulously designed garments, each playing
a vital role in ensuring survival and comfort in these
challenging environments.




Key considerations for high-altitude garments

Layering

The "layering system" is crucial, allowing for adaptability
to changing temperatures and activity levels.

Materials

Fabrics must be chosen for their thermal insulation,
moisture-wicking, and wind/water resistance.

Functionality

Garments should allow for freedom of movement and be
durable enough to withstand harsh conditions.

— —

Five Layering System in High Altitude Garment

1. Base Layer

2. Sporting Layer

3. Fleece Layer

4. Down Layer — synthetic, mid-weight and box-wall
down

5. Gore-Tex® Layer

The unforgiving environment of high altitudes presents a
unique set of challenges for adventurers, mountaineers,
and explorers. Thin air, plummeting temperatures,
relentless winds, and the potential for rapid weather
changes demand specialized gear that prioritizes
safety, performance, and comfort. Among the most
crucial pieces of equipment are high-altitude garment
s, engineered with specific features to withstand
these extreme conditions. Let's delve into the key
characteristics that define these essential layers of
protection.

One of the most critical aspects of high-altitude wear
is superior thermal insulation with minimal bulk.
At extreme elevations, temperatures can plummet
drastically, and maintaining core body temperature
is paramount to prevent hypothermia. Advanced
insulation materials, such as high-loft down or cutting-
edge synthetics like Prim aloft, are strategically
incorporated to trap maximum warmth without the need
for thick, cumbersome layers. This is where innovative
technologies like aerogel are making significant strides,
offering exceptionalinsulation in remarkably thin profiles,
enhancing mobility and reducing overall weight.
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Speaking of weight, lightweight design is another non-
negotiable feature. Every gram count when ascending
a mountain or trekking through challenging terrain for
extended periods. Lighter garments reduce fatigue,
improve agility, and allow for more efficient movement.
Manufacturers achieve this through the careful selection
of lightweight yet durable fabrics and the optimization of
garment construction.

The principle of space efficiency goes hand-in-hand
with  minimal bulk. High-altitude expeditions often
require carrying significant amounts of gear. Garments
that provide exceptional warmth without excessive
volume allow for better packing and organization within
a backpack, maximizing available space for other
essential supplies.

Protection from the elements is paramount, and moisture
resistance is a crucial feature. Whether it's snow,
rain, or even internal moisture from sweat, dampness
can severely compromise insulation and lead to heat
loss. High-altitude garments often incorporate durable
water repellent (DWR) finishes on outer layers to shed
precipitation.  Furthermore, advanced membrane
technologies offer breathability while preventing water
penetration. For inner layers, moisture-wicking fabrics
are essential to draw sweat away from the skin, keeping
the wearer dry and comfortable. The integration of
engineered hydrophobic materials, such as in aerogel
liners, further enhances resistance to water absorption.

Despite the need for robust protection, flexibility and
comfort cannot be compromised. Mountaineering and
exploration demand a full range of motion for activities
like climbing, skiing, and navigating uneven terrain.
Garments are designed with articulated patterns,
gusseted underarms and crotches, and stretchable

fabrics to allow for unrestricted movement. Soft,
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Hard Shell Jackets

- Focus Product

comfortable inner linings also contribute to overall
wearability during long hours of use.

Wind chill can significantly lower perceived
temperatures, increasing the risk of hypothermia. Wind
jackets act as a barrier, preventing this heat loss. High-
altitude weather can be unpredictable, with strong
winds, rain, and snow occurring even on seemingly
clear days. A wind jacket provides crucial protection
from these elements. By blocking wind and allowing
for breathability, wind jackets help regulate body
temperature, ensuring comfort during physical activity.

Overcoats for high-altitude environments are more than
just warm jackets. They are meticulously engineered
survival tools. These garments prioritize maximum
thermal insulation, often utilizing high-fill-power down
or advanced synthetic materials to trap body heat in
extreme cold. They feature robust, weather-resistant
outer shells, typically constructed from waterproof and
windproof fabrics like Gore-Tex, to shield against biting
winds, snow, and potential rain. Durability is paramount,
with reinforced stitching and rugged materials ensuring
the coat can withstand the harsh, rocky terrain and
demanding conditions. Functionality is also key, with
features like adjustable hoods, secure closures, and
strategically placed pockets for practicality. These
overcoats are designed to accommodate layering,
allowing wearers to adapt to fluctuating temperatures
and activity levels. Essentially, they represent a critical
piece of equipment, providing essential warmth,
protection, and resilience in the face of the severe
challenges posed by high-altitude environments.

*These are heavy-duty, insulated jackets
filled with down feathers, providing
exceptional warmth.

*They are ideal for extremely cold and dry
conditions.

PN

*These use synthetic insulation, which

ed retains warmth even when wet.

*They are a good option for damp or snowy
conditions.

A
: A
*While not always thought of as a

traditional overcoat. A very durable water

proof and wind proof shell, is essential.

When combined with proper mid layers,

this system acts as a very effective

overcoat.

(with layering)

_/

Anoraks are a type of cold-weather jacket, and they
can be quite suitable for high-altitude environments,
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especially when designed with appropriate features.
Historically, anoraks were traditionally made from
materials like caribou or sealskin by Arctic peoples,
providing excellent wind protection. Modern anoraks
designed for high-altitude use typically incorporate
technical fabrics like Gore-Tex or similar waterproof
and windproof materials, ensuring protection against
harsh weather conditions. They often feature a built-in
hood, which is essential for shielding the head and face
from wind and snow. High-quality anoraks designed for
extreme cold also include robust insulation, either down
or synthetic, to trap body heat effectively. The design
often emphasizes a snug fit to minimize heat loss and
allow for layering underneath. Features like adjustable
cuffs, drawstrings, and secure closures are common,
enhancing protection and functionality. While the term
‘anorak” can sometimes be used loosely, true high-
altitude anoraks are designed for rigorous use and offer
a valuable layer of protection in extreme cold and windy
conditions.

While the core function of an anorak remains consistent—
providing wind protection and warmth—there are
variations tailored for specific high-altitude activities
and conditions. Primarily, anoraks for high-altitude
use can be categorized based on their insulation type
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and intended purpose. Down-insulated anoraks offer
exceptional warmth-to-weight ratios, making them ideal
for very cold, dry conditions, and are commonly used
in  mountaineering expeditions. Synthetic-insulated
anoraks, on the other hand, maintain warmth even
when wet, making them suitable for damp or snowy
environments, and are popular for activities like skiing or
snowshoeing. Additionally, anoraks can be differentiated
by their construction and features, such as the inclusion
of reinforced panels for durability, specialized pocket
placements for easy access while wearing a harness,
and variations in hood design to accommodate helmets
or face masks. Lightweight anoraks, focused on wind
protection, are often used as an outer shell in layered
systems, while heavier, more robust anoraks provide
standalone warmth and protection. Therefore, while
not strictly defined categories, variations in insulation,
construction and intended use, create several types of
anoraks appropriate for the varied conditions found in
high altitude environments.

Type of Anorak for High Altitude

Lightweight Anoraks (Windshells)
Insulated Anoraks

Expedition Anoraks

Ski Anoraks

Windcheaters, also known as windbreakers, play a
crucial role in high-altitude layering systems, primarily
focusing on wind protection. In these environments,
even moderate temperatures can feel significantly
colder when combined with strong winds. High-altitude
windcheaters are typically lightweight and packable,
designed to be easily carried and deployed when
needed. They are constructed from tightly woven, wind-
resistant fabrics, often treated with a durable water
repellent (DWR) finish to shed light precipitation. While
not intended for heavy rain or prolonged exposure to
wet conditions, they provide a valuable barrier against
wind chill and light snow. These garments are often
designed with features like adjustable hoods, elastic
cuffs, and drawstrings to seal out drafts.

Focus Product -

They are frequently used as an outer layer over insulating
layers like fleece or down jackets, creating a protective
shell against the elements. While they offer minimal
insulation on their own, windcheaters are essential for
maintaining warmth and comfort in windy high-altitude
conditions, preventing heat loss and enhancing the
effectiveness of other layers. Their lightweight and
packable nature makes them a versatile addition to any
high-altitude clothing system.

The design and functionality of a high-altitude
windcheater are carefully considered for optimal
performance. A crucial element is the hood design,
which should be adjustable to fit snugly around the
head, even accommodating a helmet or balaclava,
with some featuring stiffened brims to deflect wind and
snow. The cuffs and hem are designed with elastic cuffs
and adjustable drawstrings to create a secure seal,
effectively preventing wind from entering the garment.
While wind protection is paramount, ventilation
is also important, and some windcheaters include
ventilation zippers or panels to allow moisture vapor
to escape, preventing condensation buildup inside.
Understanding the need for layering, windcheaters
are designed for layering compatibility, intended to
be worn comfortably over insulating layers like fleece
or down jackets without restricting movement or
airflow. Finally, given the unpredictable nature of high-
altitude conditions, packability is a key feature, with
windcheaters designed to be lightweight and easily
stowed in a backpack when not in use.

Windcheaters for high-altitude environments vary
primarily based on their intended use, material, and
features. Lightweight windcheaters, often constructed
from ultralight ripstop nylon, prioritize packability and
minimal weight, serving as an essential outer layer for
wind protection during activities like hiking or climbing
in relatively dry conditions.

More robust windcheaters, designed for harsher
conditions, incorporate heavier-duty fabrics with
enhanced durability and water resistance, suitable for
prolonged exposure to wind and light precipitation.
Technical windcheaters, tailored for mountaineering
or skiing, may include features like helmet-compatible
hoods, reinforced panels for abrasion resistance, and
strategically placed ventilation zippers for temperature
regulation during strenuous activity. Additionally, some

TBD SPORTSTEXTILES
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windcheaters feature insulated linings, providing
a degree of warmth in addition to wind protection,
bridging the gap between a simple windbreaker and a
lightweight insulated jacket. Regardless of type, a high-
altitude windcheater’s core function remains consistent:
to provide a crucial barrier against wind chill, enhancing
the performance of the overall layering system.

Type of Windcheater for High Altitude

Lightweight Wind Shells
Water-Resistant Jackets
Softshell Windcheaters
Hybrid Windcheaters
Parka-Style Windcheaters

These are the most minimalist type, focusing on wind
protection with minimal bulk and weight. They are
ideal for activities where weight and packability are
paramount, such as trail running, hiking, or climbing
in moderate conditions. They often lack significant
insulation or waterproofing, prioritizing wind resistance
and breathability. They serve as an excellent outer layer
in a layered system when conditions are windy but not
extremely cold or wet. Wind protection and light water
resistance, often incorporating a DWR finish or a lightly
waterproof membrane. Lightweight shells, suitable
for more demanding conditions and activities like
mountaineering or backcountry skiing. The features like
reinforced panels, adjustable hoods, and more durable
zippers. When encountering variable conditions with
potential for light rain or snow. Softshell jackets offer
a combination of wind resistance, breathability, and
some insulation. These windcheaters combine different
material and design aspects to optimize the garment for
specific activities.
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Wind Jacket is primarily designed to protect against
wind, a critical factor in high-altitude environments where
wind chill can drastically lower perceived temperatures.
These jackets are typically lightweight and packable,
making them easy to carry and deploy when needed.
High-altitude wind jackets are constructed from tightly
woven fabrics, such as ripstop nylon or polyester, which
effectively block wind penetration. Often, these fabrics
are treated with a Durable Water Repellent (DWR) finish
to provide some resistance against light precipitation,
such as drizzle or snow flurries. While they offer minimal
insulation on their own, wind jackets serve as an essential
outer layer in a layering system, preventing wind from
stripping away the warmth trapped by insulating layers
like fleece or down. Features like adjustable hoods,
elastic cuffs, and drawstrings at the hem are common,
ensuring a snug fit and preventing drafts. Some wind
jackets also incorporate ventilation features, such as
zippered underarm vents, to allow for temperature
regulation during physical activity. In essence, a wind
jacket is a lightweight, wind-resistant shell that plays
a vital role in maintaining comfort and preventing heat
loss in high-altitude conditions.

While the core function of a wind jacket remains focused
on wind protection, variations exist to cater to specific
high-altitude needs. Ultralight Wind Jackets ideal for
activities where weight is critical, such as hiking or trail
running. Technical Wind Jackets is designed for more
demanding activities like mountaineering or climbing.
They feature more durable fabrics, reinforced seams,
and features like helmet-compatible hoods. Wind
Jackets with Light Insulation incorporate a thin layer of
insulation, providing a bit of extra warmth in addition to
wind protection. Water-Resistant Wind Jackets prioritize
wind protection, but also have a higher level of water
resistance then standard wind jackets.



Parka vs. Puffer

A parka is a long, insulated jacket designed for extreme
cold, offering substantial warmth and weather protection.
insulated

Characteristically, it features a protective,
hood, often trimmed with
real or faux fur. While
typically extending past
the hip, parkas can reach
ankle length for maximum
coverage, with longer
styles incorporating
side snaps or zippers
for improved mobility. Their roomier fit accommodates
additional insulation, enhancing warmth in frigid
conditions.

High-quality parkas prioritize durability and weather
protection, typically crafted from waterproof and
breathable nylon or polyester blends, sometimes
enhanced with cotton or faille for added softness.
Insulation is crucial, with premium parkas often utilizing
high-fill Responsible Down Standard (RDS) goose down,
potentially blended with recycled polyester for increased
durability and weather resistance. To maximize warmth,
features like silver or gold reflective linings (e.g., Omni-
Heat™ or Omni-Heat™ Infinity) are incorporated,
alongside advanced waterproofing technologies such
as OutDry™ Extreme. The combination of durable outer
shell fabrics, high-quality insulation, and reflective
linings ensures that these parkas deliver exceptional
warmth and protection in extreme winter conditions.

Finding the right parka is all about what you need.
Heading into extreme winter conditions? You'll want a
long, waterproof parka with tons of insulation and a big
hood to keep you totally covered. But if you're mostly
navigating city streets or staying active in milder temps,
a shorter parka made with natural fabrics and lighter
insulation will be just right.

For high-altitude environments, the ideal parka
prioritizes maximum protection against extreme cold
and harsh conditions. An extra-long, waterproof parka
with heavy insulation and a substantial, protective hood
is essential for those facing prolonged exposure to
frigid temperatures and severe weather. These features
provide vital warmth and shielding against wind, snow,
and potential precipitation. Conversely, lighter, shorter
parkas designed for milder urban winters or active
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pursuits are unsuitable for high altitudes. Instead, focus
on parkas constructed with durable, technical fabrics,
high-fill insulation, and features like reinforced seams
and adjustable closures to withstand the demanding
conditions encountered
at high elevations.

Puffer jackets, generally
lighter and often with
synthetic insulation, offer
superior breathability
and faster drying times,
making them suitable for moderate-intensity activities.
However, in extreme cold, the robust insulation and
windproof/waterproof outer layer of a parka are
paramount. To address potential breathability concerns,
high-altitude parkas often incorporate ventilation
features like pit zips, allowing for temperature regulation
during periods of exertion. While parkas prioritize
maximum warmth and weather protection, the inclusion
of ventilation mechanisms ensures that they remain
adaptable to varying activity levels, minimizing moisture
buildup and maintaining a comfortable internal climate
in demanding high-altitude environments.
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