Duct Insulation 101: Fundamentals and Basics
By Darrell Peil

As buildings grow more complex and energy standards tighten, duct insulation plays
a larger role in system performance.

Without ductinsulation, energy losses are 85%-90%* higher for the duct system,
condensation can drip, temperature control is more difficult, and microbial growth
becomes routine—raising ownership and management costs.

Ductinsulation is an easy, cost-effective energy control measure that is often
overlooked. With many new entrants to mechanical systems design, a basic
introduction to ductinsulation, its uses, and impacts is timely.

What is Duct Insulation?

Ductinsulation is a thermal and acoustic energy control medium supplied in sheets
of varying thicknesses, widths and lengths. Installers fit sheets to square,
rectangular, or round ducts at fabrication, pre-installation, or in place. Most is applied
externally; special duct liner insulation is designed and tested for prolonged
airstream contact on internal duct surfaces.

Ductinsulation functions passively, with no ongoing energy input, offering short-term
payback and long-term performance. Guidance appears in ASHRAE’s Handbook of
Fundamentals (Ch. 8 — Sound and Vibration; Ch. 23 — Insulation for Mechanical
Systems) and Handbook — HVAC Applications (Ch. 49 — Noise and Vibration



Control), maintained by ASHRAE TC 1.8 (Mechanical Systems Insulation) and TC
2.6 (Sound and Vibration).

Ducts insulated in practice are made of steel, copper, aluminum, stainless steel,
fiber-reinforced plastic (FRP), or flexible polymer materials. They range from
high-pressure, high-velocity industrial systems to low-pressure, low velocity
residential systems. Reported extremes include a 26-foot diameter ventilation shaft
and specialized 2-inch diameter high-pressure ducts.

Why Use Duct Insulation?
There are many reasons for using duct insulation. The primary reasons are:
e Slow heat loss or gain. Reducing heat transfer conserves energy and helps
maintain process temperature ranges.

« Economical facility operations. Lower energy use for heating/cooling air
reduces utility costs.

« Condensation control on cooled/chilled air ducts. Proper thickness keeps
exterior surfaces above dewpoint; an effective vapor retarder is required.

« Acoustical control. Some materials also limit sound transmission from
high-velocity air or duct movement, improving occupied-space acoustics.

+ Fire safety. Most ductinsulation has low flame spread and smoke generation
to limit fire/smoke transport through duct pathways and plenum spaces.
High-temperature insulation on commercial kitchen exhaust ducts helps
contain grease fires.

The secondary reasons are:

« Personnel protection/safety. Adequate insulation lowers surface
temperatures on hot ducts to mitigate burn hazards.

« Carbon sequestration/decarbonization. By reducing operating energy,

insulation directly lowers operational carbon emissions (2025 Handbook of
Fundamentals).

Types of Materials Used to Produce Duct Insulation



Many types of material are used to make ductinsulation. Common materials include:
+ Mineral fiber (fiberglass/glass fiber and rock/slag fiber)
+ Other mineral-based products (cellularfoamed glass, calcium silicate, alkaline
earth silicate)
« Synthetic rubber expanded foams (mostly closed-cell; some open-cell)
« Other polymer foams (expanded/extruded polystyrene, polyisocyanurate,
polyolefin, phenolic, melamine)

Each material has characteristics suited to specific conditions; proper application
understanding is essential for selection.

Basic Forms of Duct Insulation
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Flexible Wrap on Rectanglular Duct Flexible Wrap on Oval Rigid Board on Rectangular Duct

Most products are factory-formed sheets (rigid or flexible) in standard thicknesses,
widths and lengths. Available sheet sizes determine how much piecing is needed to
create a complete insulation envelope. Duct insulation materials may be supplied
with or without factory-applied vapor retarder facings depending on the needs of the
project.

Key Performance Properties
Each material type has an ASTM specification (in North America) and standardized
tests to validate key properties. Key properties include:
« Thermal conductivity: Heat flow through material at a given mean temperature
(ASTM C177 or C518).



« Continuous service/usage temperature range: Upper limit via ASTM C411; no
standardized lower limit (producer-determined). Intermittent “spike”
temperatures are not standardized; use continuous service temperature.

« Water and water vapor transport: Water vapor transmission (ASTM E96);
water vapor sorption of unfaced mineral fiber insulation (ASTM C1104); liquid
retention by immersion (ASTM C1763).

e Sound control: Sound absorption (ASTM C423) and sound transmission
reduction through duct systems (ASTM C477).

« Fire response: Flame spread/smoke developed (ASTM E84; typical
requirements 25/50); non-combustibility screening (ASTM 136); specialized
tests for fire-containment duct systems. UL 181 and NFPA 90A/90B require
25/50 indices. Note: E84 yields numerical indices, not pass/fail.

« Dimensional characteristics: Thickness accuracy is critical to performance
(ASTM C167 or C303 for factory-formed products). Field-applied flexible
wraps may not achieve design thickness and should be verified in the field.

This is not an exhaustive list but covers basic properties for performance and safety.

Sizing

Standard thicknesses range from Yz inches to more than 4 inches. Greater
thicknesses may be built up in multiple layers. For extreme hot or cold systems,
multi-layer construction may be required to avoid thermal leaks. Thicknesses
typically change in 2z inch increments.

Basic Installation Practices — Warm
Warm or hot installations apply to systems operating above ambient temperature.
For these systems:
« Focus on minimizing heat loss and achieving a clean finish.
« Vapor retarder sealing is less critical than for cold systems.
« Ductsupports are commonly encased; best practice uses
high-compressive-strength insulation inserts between duct and support to
reduce energy losses and vibration transmission.

Basic Installation Practices — Cold
Cold installations apply to systems operating below ambient temperature. For these
systems:
« Focus on limiting heat gain, condensation control, and finish quality.
« Vapor retarder integrity is critical; incorporate vapor stops per currentindustry
guidance.
« Factory-applied vapor retarder facings must be fully sealed; avoid stapling
that penetrates the retarder.

« Ensure smooth transitions and complete vapor retarder continuity at all joints
and seams.



Smooth transitions, completed vapor retarder

« Fittings (e.g. elbows, tees) must receive full design thickness via proper field

fabrication.

« Do notencase duct supports within the insulation envelope- This practice
reduces the formation of condensation from cold duct supports and avoids
openings in the system that allow water vapor into the insulation system,

__destroying the installation.
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Duct suppo ide of insulation envelope

Key Problem Spots

Most duct insulation systems perform well, but common issues still occur. These
include over-compressing blanketinsulations (reducing R-value), overstated product
claims, and uncertainty over correct duct liner installation.

Completing vapor retarder systems on cold work (including sealing factory facings
and both longitudinal and circumferential seams) is time-intensive but essential.
Maintaining full-thickness insulation at fittings and properly detailing
supports/hangers are frequent concerns.

For hot systems, gaps at fittings cause hot spots, finish deformation and/or
discoloration, and increased heat loss. Design discussions commonly center on

Classified as Internal and General Business



thickness and product selections, conflicting specifications, and space allowances for
ductinsulation required by Standard 90.1.

Recent Developments
It is often said that there is nothing new in the duct insulation market. This is not the
case. This is still an active market segment. Just some of the developments that
have been brought to market in recent years:

+ New vapor retarder facings with polymer film surfacing

« Plant-based binders for mineral fiber

+ Increased recycled contentin fiberglass via updated formulations and

equipment
« New vapor retarder and finishing materials
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Flexible laminated pressure sensitive field-applied vapor barrier applied over board insulation
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Standards addressing IAQ/IEQ impacts
Alternative materials for duct insulation
Expanded size offerings

Resources
Many industry publications and organizations provide information on ductinsulation
and installation.

Trade Associations/Societies:



American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE) — https://www.ashrae.org/

ASTM International — https://www.astm.org/

National Insulation Association (NIA) — https://insulation.org/resources/

North American Insulation Manufacturers Association (NAIMA)
— https://insulationinstitute.org/tools-resources/

Publications and tools:

ASHRAE Handbook of Fundamentals — https://www.ashrae.org/technical-
resources/ashrae-handbook/ashrae-handbook-online

North American Commercial and Industrial Insulation Standards Manual
(Midwest Insulation Contractors Association)
— https://micainsulation.org/aws/DBX/pt/sp/MICA standards

A Guide to Insulated HVAC Systems (North American Insulation
Manufacturers Association) — https://insulationinstitute.org/wp-
content/uploads/2016/01/AH121.pdf

Tech Notes: Duct Insulation — Do it Right the First Time (North American
Insulation Manufacturers Association) — https://insulationinstitute.org/wp-
content/uploads/2016/01/AH147.pdf

3E Plus Thickness Calculator — https://www.3eplus.org/

This is an introduction to duct insulation system design and installation. Many books
cover the topic in depth, and union insulation mechanics train for years in best
practices. The subject is broad and its impacts significant; these fundamentals and
resources will help guide further study.

As codes evolve and systems become more demanding, insulation remains one of
the most practical ways to improve efficiency and reliability. The materials,
standards, and installation methods continue to advance, giving designers and
contractors more options than ever.

*NAIMA 3E Plus Insulation Calculator



