Definition

Building insulation refers to the materials and techniques used to reduce heat
transfer between the interior and exterior of a building. Its main purpose is to
Improve energy efficiency by maintaining desired indoor temperatures, reducing
the need for heating in winter and cooling in summer. Insulation also helps with
soundproofing, moisture control, and enhancing overall comfort within the
building.

Common insulation materials include fiberglass, foam board, cellulose, and
mineral wool. It can be applied in walls, roofs, floors, and around windows and
doors.

There are several types of building insulation, classified based on
material and form. Here are the main types:

1. Blanket Insulation (Batts and Rolls)

« Material: Usually fiberglass, but also mineral wool, cotton, or plastic fibers.
« Use: Common in walls, ceilings, attics, and floors.
« Pros: Easy to install, cost-effective.




Fiberglass Insulation Material

Fiberglass insulation material is known for its economical, effective, and versatile
role. It is made up of glass fibers obtained from recycled glass materials. The fibers
are bonded with one another using specialized (thermosetting) resin to build an
efficient insulating material. Fiberglass is resistant to thermal conductivity because,
as air is a poor conductor of heat, it traps air molecules within its matrix and
creates small air pockets to diminish heat flow. Insulating material is widely opted
for insulation in residential and commercial buildings and has a variety of
advantages.

Characteristics of Fiberglass Insulation:
o Itis fire-resistant and does not require additional additives.
o Itis not useful in excessively hot climates.
o It has R-value from R-2.8 to R-3.5.

o Itis non-combustible and does not melt.

Advantages of Fiberglass Insulation:
o It has a high thermal resistance value (R-value).

o Itisadurable and versatile material and is easily cast into batts, rolls, sheets,
and loose fills.

o It is cost-effective and easy to install.
o It prevents mold and mildew growth.

o Itis environment-friendly and sustainable.



Mineral Wool Insulation Material

Mineral Wool Insulation is divided into two types. One is rock wool; this material
Is obtained from minerals like basalt and diabase. The second type is slag wool,
which is produced from blast furnace slag obtained from steel mills. The building
insulation material is synthesized by melting different raw materials at high
temperatures and fanning the molten minerals into fibers.

Characteristics of Mineral Wool Insulation:
o It contains up to 75% of post-industrial recycled material.
o Itis anon-flammable material with fire-resistant qualities.
o It has an R-value ranging from R-2.8 to R-3.5.
o It does not melt, and it is non-combustible.

Advantages of Mineral Wool Insulation:
o Itisachemically stable compound and does not degrade over time.

o It can also be used as a sound-absorbing material because it has excellent
sound-absorbing properties.

o It offers high thermal resistance and reduces the transfer of heat through the
walls, ceiling, and floors of a building.

o Itisadurable and flexible material that can be easily drawn into blankets (batts
and rolls), loose-fill, blown-in, and fiber insulation.



2. Foam Board Insulation (Rigid Panels)

o

. Material: Polystyrene, polyisocyanurate , or polyurethane.
. Use: Basement walls, exterior walls, and roofs.
« Pros: High insulating value with minimal thickness.

Polystyrene Insulation Material

Polystyrene insulation material is a product of synthetic and highly processed
petrochemicals with fire resistant properties. It can be drawn into a variety of
shapes and thicknesses, depending on the requirements. Polystyrene is a colorless
and transparent material, and it is used in rigid foam to provide stability.

There are three kinds of polystyrene insulation:-

Molded Expanded Polystyrene (MEPS): It is a versatile material that offers
high resistance against moisture and heat. Material can be used as foam boards
and small foam beads.

Expanded Polystyrene (EPS): It is a lightweight, durable, and strong material
suitable for thermal insulation in buildings. It can be easily molded into boards,
blocks, or any other shape.

Extruded Polystyrene (XPS): It has high compressive strength and offers
strong resistance against heat movement. It is suitable for low-grade roofing,
wall, and ceiling insulation.



Characteristics of Polystyrene Insulation:

o Itisavailable in loose-fill form, concrete block, insulating concrete form,
structural insulating panel, and foam board.

o Expanded Polystyrene (EPS) has a thermal resistance (R-value) of R-4, and
XEP has an R-value of R-5.5.

o Itis prone to thermal drifting and aging.
o It uses material that can accumulate static electricity.

Advantages of Polystyrene Insulation:

o It has excellent waterproof properties.
o Itis durable and lightweight.
o It is suitable for both sound and thermal insulation.

o Itiseasy to install.

Polyisocyanurate Insulation Material

Polyisocyanurate, also known as polyiso, is a thermoset plastic with a closed-cell
molecular structure. Many properties of polyiso match those of polyurethane. The
material consists of hydrochlorofluorocarbon-free gases to provide it with a
foamed structure. Polyiso is prone to thermal drift and aging (with time, gases with
low conductivity escape out and the place left is filled by air; this is known as
thermal drift). This is the reason why foil and plastic facings are applied to
strengthen materials’ life and durability.

Characteristics of Polyisocyanurate:

o Itis available in foam board/rigid foam, sprayed foam, laminated insulation
panels, and structural insulated panels.

o It has great compatibility with roofing systems, including built-up roofs, single-
ply membranes, and modified bitumen systems.

o Itis a fire-resistant material that contributes to safety against fire damage.
o It has a closed-cell structure that offers high thermal resistivity.



Advantages of Polyisocyanurate:
It is lightweight and durable. Makes it easy to install.

It is a versatile material and is used in a variety of places, like walls, roofs,
ceilings, and floors, for thermal insulation.

It provides resistance against moisture.

It has a high compressive strength.

3. Spray Foam Insulation

. Material: Polyurethane or isocyanate and resin mixture.
. Use: Walls, ceilings, attics, and crawlspaces.
. Pros: Seals gaps and cracks effectively; high R-value.




Polyurethane Insulation Material

Polyurethane, also known as PU, is a multifaceted material with high thermal
resistivity. The material provides excellent protection against heat transfer between
the interior and exterior of a building. Polyurethane is available in two forms,
closed-cell foam and open-cell foam. The closed-cell foam consists of high-density
molecules filled with non-HCFC gas; this allows the foam to expand properly and
enhances its thermal resistivity. The open-cell foams do not have high-density
molecules and are only filled with air. The spongy texture of open-cell foams is
due to the air present in the material. Other varieties of polyurethane use carbon
dioxide gas.

Characteristics of Polyurethane Insulation:
o It contains gas with low conductivity in its molecules.
o It has an R-value of R-6.3 per inch.
o It can be used with a layer of foil and plastic facing to strengthen its longevity.

o Itisavailable in liquid sprayed foam and rigid foam board.

Advantages of Polyurethane Insulation:

o Itis a multifaceted material available in rigid foam board, spray foam and foam
panels.

o It offers an effective air barrier against heat transfer.
o It has high compressive strength and durability.

o It contains good adhesive properties, allowing it to bond tightly with any kind
of substrate.

o Itis suitable for both sound and thermal resistivity.



4. Blown-In (Loose-Fill) Insulation

. Material: Cellulose, fiberglass, or mineral wool.
« Use: Attics, wall cavities, and hard-to-reach areas.
« Pros: Good for retrofitting and filling irregular spaces.

Cellulose Insulation Material

Cellulose insulation is obtained from recycled paper, like newspapers. To
manufacture insulating material, first paper is cut into very small pieces, and then,
with the help of a chemical, it is fiberized.

Characteristics of Cellulose Insulation:

It is obtained by adding mineral borate or ammonium sulfate to natural
materials to enhance resistance properties.

It is compact and, therefore, contains no oxygen within it.
It has thermal resistance (R-value) from R-3.1 to R-3.7.

It is suitable to minimize fire damage as it inhibits airflow between the surface
and the surroundings.



Advantages of Cellulose Insulation:
It is suitable for both new and existing homes.

It offers high thermal resistance when placed in open attics or densely packed in
cavities (present in walls and ceilings).

It is fire-retardant and has non-combustible properties.
It offers efficient air sealing and enhances the building’s air tightness.

It is environment-friendly as the material used is obtained from recycling (about
82-85%).

5. Reflective or Radiant Barrier Insulation

« Material: Reflective aluminum foil over paper or plastic film.
« Use: Attics, especially in hot climates.
« Pros: Reflects heat instead of absorbing it.




Reflective insulation material

Reflective insulation, also known as foil insulation, is a material with reflective

facing. In most cases, this is aluminum foil or aluminized polyester. This type of

insulation reflects heat by up to 95% and prevents it from transferring to the other
side of its panel.

Advantages of Reflective Insulation

. It is very effective in warm climates, where it is useful in keeping buildings cool.

. Unlike other insulation, it does not degrade over time due to compacting,
disintegration, or absorbing moisture.

. Itis thin, fairly lightweight, and much less bulky than other forms, making it easy to
work with and fit.

. It can also be used as a vapor barrier as it is relatively waterproof and unaffected by
moisture.

. Unlike other forms of insulation, it is also non-toxic and non-carcinogenic, making
it safer and easy to install with the use of less safety equipment.

Disadvantages of Reflective Insulation

. Itis generally more expensive due to being a metal-based product.

. Though effective in warmer climates, it will require being combined with other
forms of insulation in colder climates. This is in order to prevent heat loss in cold
weather from convection.

. There is the potential of reflective insulation becoming an electrical hazard should a
wiring fault occur. After all, it is a metal and conducts electricity.

. It also relies on being clean and free of dust and debris, both when fitted and when
in use. This means in some areas, such as roofs, it may require being cleaned of
dust from time to time to ensure maximum efficiency.
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6. Structural Insulated Panels (SIPs)

« Material: Foam insulation sandwiched between structural boards (OSB or
plywood).

« Use: Walls, roofs, and floors.

« Pros: Strong, energy-efficient, and prefabricated.

Foam Board (Rigid Foam Panels)

« Made from polystyrene (EPS, XPS), polyisocyanurate, or polyurethane.
« High R-value per inch.

« Durable and moisture-resistant.

Common types:

. EPS (Expanded Polystyrene): Least expensive, lower R-value.
« XPS (Extruded Polystyrene): Moderate cost, better moisture resistance.

« Polyiso (Polyisocyanurate): Highest R-value but can lose effectiveness in
cold temperatures.
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Advantages of Foam Insulation
1. Excellent Thermal Performance (High R-Value)

« Foam insulation has a higher R-value per inch than most other insulation
materials.

« Closed-cell spray foam: R-6 to R-7 per inch.

« Helps reduce heating and cooling costs.

2. Superior Air Sealing

« Expands to fill gaps, cracks, and holes, creating a tight thermal envelope.
« Prevents drafts and reduces the load on HVAC systems.

3. Moisture Resistance

« Closed-cell foam acts as a vapor barrier, preventing moisture buildup and
reducing the risk of mold and rot.
« Great for basements, crawl spaces, and humid climates.

4. Soundproofing

« Open-cell spray foam absorbs sound, making it effective for reducing noise
between rooms or from outside.

5. Adds Structural Strength

« Closed-cell foam hardens into a rigid structure that can reinforce walls,
roofs, and floors.

6. Pest Resistance

. Foam does not provide a food source or nesting material for insects and
rodents.
« Seals gaps that pests could use to enter.

7. Long Lifespan

« Doesn’t sag, settle, or degrade easily over time.
« Remains effective for decades without needing replacement.
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8. Energy Efficiency
« Reduces heat loss and air leakage, significantly lowering energy bills.
« Can help homes meet or exceed energy efficiency standards (like Passive
House).

9. Eco-Friendly Options Available

« Some products now use low-GWP blowing agents and recycled materials.

« Higher efficiency contributes to reduced carbon footprint.
10. Versatile Applications

« Available in spray form, rigid foam boards, and injectable types.
. Suitable for walls, roofs, foundations, attics, under slabs, and even around
ducts or pipes.

7. Natural Fiber Insulation

. Material: Cotton, wool, hemp, or straw.
« Use: Eco-friendly building projects.
« Pros: Sustainable, non-toxic.
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Natural Insulation Materials

Natural insulation includes different kinds of insulating materials like cotton,
sheep’s wool, straw, hemp, and other natural materials.

o Cotton: The cotton insulation material is comprised of recycled cotton and
plastic fibers. Out of 100%, 85% is recycled cotton, and the rest, 15%, is fiber.
The ingredients in cotton insulation are treated with borate to make them
resistant to heat transfer.

o Sheep’s Wool: To add insulation properties to sheep’s wool, it is treated with
borate. This treatment with the chemical offers it resistance against fire, pests,
and mold. The thermal resistance of sheep’s wool is R-13 and R-19, depending
on the different sizes available.

o Straw: For creating insulating material, straw is placed between the layers of

Kraft paper on each side. The panels are produced without adding any adhesive,

and they are usually 2 to 4 inches thick.
o Hemp: It does not have any special insulation properties. However, its R-value
Is equivalent to that of fibrous insulation material.

Characteristics of Natural Insulation:
o Itis obtained from renewable sources like plants, minerals, and animals.
o It has low embodied energy in comparison to other synthetic insulations.
o Itis anon-toxic material and does not emit any harmful gases.

o It has a high thermal mass and stores a high volume of heat.

Advantages of Natural Insulation:
o It has high breathability, which helps it maintain indoor humidity levels.
o It offers high sound and thermal resistance.
o Itiis made up of biodegradable materials and is environment-friendly.
o Itis non-toxic and suitable for residential building insulation.
o It offers pest resistance against rodents and insects.
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Building insulation is used by installing specific insulating materials in
key areas of a structure to reduce heat loss or gain. Here's how it is
typically used:

1. In Walls

« How: Insulation batts, spray foam, or blown-in insulation are placed

between wall studs.
« Purpose: Keeps indoor temperatures stable and reduces sound transmission.

2. In Roofs and Attics

« How: Rolls or batts are laid between joists; loose-fill insulation is blown into
attic spaces; radiant barriers may be used in hot climates.
« Purpose: Prevents heat from escaping in winter and entering in summer.

3. In Floors

« How: Insulation is installed under floors above unheated spaces like

basements or crawlspaces.
« Purpose: Stops cold air from seeping into the living space.

4. In Basements and Foundations

. How: Rigid foam boards are applied to foundation walls, either inside or

outside.
« Purpose: Reduces heat loss through the ground and prevents moisture

problems.

5. Around Windows and Doors
« How: Spray foam or caulk is used to seal gaps; insulated frames and glazing

improve efficiency.
« Purpose: Prevents drafts and air leaks.

6. In Pipes and Ducts

« How: Pipe sleeves or duct wrap insulation is used.
« Purpose: Maintains water and air temperature, reduces energy loss.
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Here are some examples of building insulation materials, categorized
by type and application:

1. External Wall Insulation

. Mantosiva — Ecological plaster that provides thermal, sound, and fire
insulation.

. Expanded Polystyrene (EPS) — Lightweight foam boards used in insulation
systems like EIFS (External Insulation and Finish Systems).

« Mineral Wool Panels — Fire-resistant and good for both thermal and sound
insulation.

2. Internal Wall Insulation

« Gypsum board with insulation backing — Used in retrofit applications.
« Glass wool batts — Installed between wall studs.
« Sheep's wool batts — Natural, breathable, and sustainable insulation.

3. Roof/Attic Insulation

« Fiberglass batts — Common and cost-effective.
« Spray foam — Expands to seal gaps, great for attics.
. Reflective foil — Radiant barrier to reflect heat (used in hot climates).

4. Floor Insulation

- Rigid foam boards (XPS, PIR) — Placed under concrete slabs or wooden
floors.
« Mineral wool rolls — Between floor joists for sound and thermal insulation.

5. Window and Door Insulation

« Double or triple glazing — Insulated glass units (IGUs) reduce heat transfer.
« Weather stripping and caulking — Seal gaps around frames.
« Insulated door panels — Often filled with polyurethane foam.
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6. Specialty/Eco Insulation

« Cork panels — Renewable and naturally fire- and insect-resistant.
« Cellulose (recycled paper) — Blown into cavities, good for older buildings.
« Hempcrete — A mix of hemp, lime, and water used for walls and insulation.

The duration (lifespan) of building insulation depends on the type of
material used, the quality of installation, and environmental conditions.
Here's a general guide:

Lifespans of Common Insulation Types:

| Type of Insulation I Expected Lifespan |
\Fiberglass Batts/Rolls H 80-100 years (if kept dry and undisturbed) \
ISpray Foam (Closed Cell) | 80+ years |
Spray Foam (Open Cell) || 20-30 years |
Cellulose (Blown-in) | 20-30 years |
l
|
|

[Mineral Wool (Rock Wool) || 60-100 years
IFoam Board (Rigid) | 50-100 years

\Reflective/Radiant Barrier H 10-20 years (may degrade faster in dusty or humid conditions)
INatural Fiber (Wool, Cotton)|| 20-50 years (requires moisture control)

Factors That Affect Lifespan:

« Moisture: Water damage can drastically reduce insulation effectiveness.

« Pests: Rodents and insects can damage some insulation types.

« Compression or Disturbance: Can reduce the R-value (thermal resistance).
« UV Exposure: Some materials degrade when exposed to sunlight.

Maintenance Tip:

Regular inspections, especially in attics and basements, help ensure insulation
remains dry, intact, and effective for decades.

*Most insulation, especially fiberglass, mineral wool, and rigid foam,
can last the lifetime of a building if properly installed and maintained.
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Building insulation can be removable, but it depends on the type of
insulation and how it was installed. Here’s a breakdown:

Removable Insulation Types

1. Blanket Insulation (Batts and Rolls)
o Usually made of fiberglass, mineral wool, or cotton.
o Installed between wall studs or ceiling joists.
o Easily removable for renovation or replacement.

2. Loose-Fill Insulation (Blown-in)
o Can be vacuumed out using specialized equipment.
o More labor-intensive to remove than batts but still possible.

3. Rigid Foam Boards
o Installed with adhesive or mechanical fasteners.
o Can often be pried off and reused, depending on condition.

4. Removable Insulation Blankets or Covers
o Used around pipes, ducts, or boilers.
o Specifically designed to be removed and reinstalled.

Difficult or Non-Removable Insulation Types

1. Spray Foam Insulation
o Expands and hardens in place.
o Difficult and time-consuming to remove—often requires cutting or
scraping.
2. Blown-in Cellulose (in closed wall cavities)
o Hard to remove without opening walls.
o May require demolition to access.
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3. Structural Insulated Panels (SIPs)
o Insulation is built into the wall or roof panels.
o Not removable without dismantling the structure.

Advantages of Removable Insulation Covers
The main advantages of Removable insulation are:

Low Maintenance Cost: Doesn’t require insulation contractor to remove and
install each time

Re-usable: Same insulation material can be re-used after inspection and
maintenance, unlike conventional insulation which is usually disposed after each
inspection

Time and Resource Saving: Extremely efficient to install with minimum
resources. Typically, a 4 to 6 inch valve cover will be installed by 1 pax in less
than 5 mins compared to a minimum 4 pax crew working for 30 mins for
conventional insulation.

Asset Integrity: Cases of wet insulation are eliminated which protects the assets,
moreover the assets can be frequently inspected now to deal with CUI at a very
early stage

Energy Savings: From equipment which is at times left bare due to frequent
inspections

*Removable insulation covers have been around for a while now and are known by

different names such as Insulation mattress, Insulation Jackets, Insulation Covers
and Pillows. They have the same fabrication concept and can be customized in a
variety of combinations as per the requirement.

Disadvantages of Removable Insulation Covers

The disadvantage of removable insulation is that there is no one size that fits all.

Therefore, it requires some planning and pre-ordering in advance. There are only a
few manufacturers who offer removable insulation covers as an off the shelf ready

stock product for standard sizes, for any size out of that range will require a
fabrication lead time.
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building insulation can have side effects, especially if it is improperly
installed, poorly maintained, or made from certain materials. Here are
the main potential side effects:

1. Health Risks

« Fiberglass: Can cause skin, eye, and respiratory irritation if touched or
inhaled during installation.

. Spray Foam: Contains chemicals (like isocyanates) that may emit harmful
fumes during and shortly after application.

« Mold Growth: If insulation gets wet and isn’t properly dried, it can trap
moisture and lead to mold or mildew.

2. Fire Hazard

« Some insulation materials, like foam, are flammable unless treated with fire
retardants. Poor installation around electrical systems can increase fire risk.

3. Off-Gassing

« Some synthetic materials (e.g., spray foam, certain foams) may release
volatile organic compounds (VOCSs) into the air, affecting indoor air quality.

4. Environmental Impact
« Production of synthetic insulation materials like polystyrene and

polyurethane involves fossil fuels and creates pollution.
. Disposal can be difficult if materials are not biodegradable or recyclable.

5. Over-Insulation (Poor Ventilation)

« Too much insulation without proper ventilation can trap indoor pollutants
and humidity, leading to air quality issues and condensation problems.

Conclusion:
Building insulation is generally safe and highly beneficial when chosen carefully

and installed correctly. Using eco-friendly materials and ensuring proper
ventilation can help minimize side effects.
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References
1. Authoritative Industry Standards and Guidelines:

« U.S. Department of Energy (DOE) — Their Building Technologies Office
provides technical resources on insulation types and performance.

. ASHRAE (American Society of Heating, Refrigerating and Air-
Conditioning Engineers) — Specifically, ASHRAE Standard 90.1 is a key
reference for building energy efficiency and insulation requirements.

. International Energy Conservation Code (IECC) — Offers regional code
guidance on insulation standards in buildings.

& 2. Educational and Research Institutions:

Information is also informed by content from engineering textbooks,
building science manuals, and research articles in journals such as:

o Energy and Buildings (Elsevier)

o Building and Environment

o Journal of Building Physics

& 3. Professional Associations:

National Insulation Association (NIA)

Insulation Institute

Green Building Councils (e.g., USGBC) — Focused on sustainable
insulation options.

4 4. Manufacturer and Material Data Sheets:
. Data on insulation lifespan, R-values, and material properties are often based

on published specs from insulation manufacturers like Owens Corning,
Johns Manville, Rockwool, and BASF.
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