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Abstract
Insulation in buildings is assuming tremendous importance and has a potential to reduce energy consumption to an extent of 15-18 %. A number of categories and range of insulation materials can be installed in roof, floor and walls of the building. Optimum level of building insulation not only helps lower monthly energy bills, but also adds to the overall comfort. Heat balance of a building would reveal that at least 15 to 20 % of the heat ingress into a building can be through walls and roof. Hence, insulating walls and roof is extremely critical in the energy performance of a building. Insulation helps maintain comfort temperature by reducing leakages. The paper deals with different categories and range of insulation materials, merits, demerits and their application in buildings.
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 1. Introduction

The materials, that are used to reduce heat transfer by conduction, radiation or convection and are employed in varying combinations to achieve the desired outcome are known as thermal insulation. Building insulation materials are thermal insulation used in the construction or retrofit of buildings. Builders, Architects and Service Consultants alike are constantly looking for ways to enhance energy-efficiency in buildings. Buildings without insulation and air-tight envelope can result in major energy wastage. Use of thermal insulation is an important method for reducing heat flow from a hot system or into a cold system. Its primary functions are, 
i. Conservation of energy

ii.   Better process of control

iii.  Anti condensation, and

iv. Fire protection.
The most important property of a thermal insulating material is the thermal conductivity value. Lower the thermal conductivity better will be the thermal insulation performance. In general thermal conductivity is a function of density, mean temperature and moisture content. Thermal Insulation may be categorized by its composition of material, by its form of structural or non-structural, or by its functional mode of conductive, radioactive or convective. Non-structural forms include blankets, loose-fill, spray foam, and panels. Structural forms include insulating concrete forms, structured panels, and straw bales. Sometimes a thermally reflective surface called a radiant barrier is added to a material to reduce the transfer of heat through radiation as well as conduction. The advantages and disadvantages of different types of thermal insulations such as, Spray foams insulation), closed-cell over open-cell foams, Insulating concrete forms,  Rigid panel, Structural insulated panels, Fiberglass batts and blankets (Glass wool), Natural fiber, Cotton batts (Blue Jean), Loose-fill (including cellulose), Aerogels, Straw bales, Reflective insulation and radiant barriers, Types of reflective insulation, Hazardous and discontinued insulation, Spray polyurethane foam (SPF), Fiberglass, Loose-fill cellulose are described in detail. Their suitable applications are also suggested in brief. 
2. Types of thermal insulation
Thermal insulation can be divided on number of parameters.  Such as, Structural non-structural form, Composition, Functional mode, Radiant barrier, Close cell and Open cell, Reflectivity, Hazardous and discontinued insulation, Spray foam, Fiberglass, Loose-fill cellulose etc.
3. Factors affecting the insulation
The factors affecting to thermal insulation are, Climate, Ease of installation, Resistance to degradation from compression, moisture, decomposition, Ease of replacement at end of life, Cost effectiveness, Toxicity, Flammability, Environmental impact and sustainability. Often a combination of materials is used to achieve an optimum solution and there are products which combine different types of insulation into a single form. 
Thermal Conductivity of single layered homogeneous material is determined by the Automatic Guarded Hot Plate apparatus. Thermal resistance (R) can be computed by dividing the length with thermal conductivity of the material. It is the property which resists heat flow and can be determined by the following equation.       
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Where,  lo and Ko are thickness and thermal conductivity of the first layer and so on.
Overall thermal transmittance of the material is determined by putting the value of thickness, thermal conductivity and inside and outside surface heat transfer coefficients. It is determined as, 
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4. Merit and demerit of insulation
4.1. Spray foams (insulation)
Spray foam is a type of insulation that is sprayed in place through a gun. Polyurethane and Isocyanate foams are applied as a two-component mixture that comes together at the tip of a gun, and forms an expanding foam. Spray foam insulation is sprayed onto concrete slabs, into wall cavities of an unfinished wall, against the interior side of sheathing, or through holes drilled in sheathing or drywall into the wall cavity of a finished wall.
Advantages
· Blocks airflow by expanding and sealing off leaks, gaps and penetrations. 

· Can fill wall cavities in finished walls without tearing the walls apart (as required with
      batts). 

· Works well in tight spaces (like loose-fill, but superior). 

· Provides acoustical insulation (like loose-fill, but superior). 

· Expands while curing, filling bypasses, and providing excellent resistance to air     

      infiltration (unlike batts and blankets, which can leave bypasses and air pockets, and  

      superior to some types of loose-fill. Wet-spray cellulose is comparable.). 

· Increases structural stability (unlike loose-fill, similar to wet-spray cellulose). 

· Can be used in places where loose-fill cannot, such as between joists and rafters.   

      When used between rafters, the spray foam can cover up the nails protruding from the   

      underside of the sheathing, protecting your head. 

· Can be applied in small quantities. 

Disadvantages
· The cost can be high compared to traditional insulation. 

· Most foams, with the exception of cementitious foams, release toxic fumes when they    

      burn. 

· Depending on usage and building codes and environment, most foams require 
      protection with a thermal barrier such as drywall on the interior of a house. For  

      example a 15-minute fire rating may be required. 

· Although CFCs are no longer used, many use HCFCs or HFCs as blowing agents.   

      Both are potent greenhouse gases, and HCFCs have some ozone depletion potential. 

· Most, such as Polyurethane and Isocyanate insulation, contain hazardous chemicals 
      such as benzene and toluene. These are a potential hazard and environmental concern  

      during raw material production, transport, manufacture, and installation. 

· R-value will diminish slightly with age, though the degradation of R-value stops once    

      equilibrium with the environment is reached. Even after this process, the stabilized R-  

      value is very high. 
4.2. Structural insulated panels (SIPs)
These are also called stressed-skin walls, use the same concept as in foam-core external doors, but extend the concept to the entire house. They can be used for ceilings, floors, walls, and roofs. The panels usually consist of plywood, oriented strand board, or drywall glued and sandwiched around a core consisting of expanded polystyrene, polyurethane, poly isocyanurate, compressed wheat straw, or epoxy. SIPs come in various thicknesses. When building a house, they are glued together and secured with lumber. They provide the structural support, rather than the studs used in traditional framing.
Advantages
· Strong. Able to bear loads, including external loads from precipitation and wind. 

· Faster construction than stick-built house. Less lumber required. 

· Insulate acoustically. 

· Impermeable to moisture. 

· Can truck prefabricated panels to construction site and assemble on site. 

· Create shell of solid insulation around house, while reducing bypasses common with   

      Stick-frame construction. The result is an inherently energy-efficient house. 

· Do not use formaldehyde, CFCs, or HCFCs in manufacturing. 

· True R-values and lower energy costs. 

Disadvantages
· More expensive than other types of insulation. 

· Thermal bridging at splines and lumber fastening points unless a thermally broken   

      spline is used (insulated lumber). 
4.3. Cellulose insulation
Loose-fill materials can be blown into attics, finished wall cavities, and hard-to-reach areas. They are ideal for these tasks because they conform to spaces and fill in the nooks and crannies. They can also be sprayed in place, usually with water-based adhesives. Many types are made of recycled materials and are relatively inexpensive.
Advantages
· Cellulose insulation is environmentally preferable (80% recycled newspaper) and   

      safe. It has a high recycled content and less risk to the installer than fiberglass (loose   

      fill or batts). 

· R-Value 3.4 - 3.8 (RSI-0.60 - 0.67) per inch (imperial units) 

· Loose fill insulation fills the wall cavity better than batts. Wet-spray applications  

      typically seal even better than dry-spray. 

· Class I fire safety rating 

· No formaldehyde-based binders 

· Not made from petrochemicals nor chemicals with a high toxicity 
Disadvantages
· Weight may cause ceilings to sag if the material is very heavy. Professional installers   

       know how to avoid this, and typical sheet rock is fine when dense-packed. 

· Will settle over time, losing some of its effectiveness. Unscrupulous contractors may    

      "fluff" insulation using fewer bags than optimal for a desired R-value. Dry-spray (but   

      not wet-spray) cellulose can settle 20% of its original volume. However, the expected   

      settling is included in the stated R-Value. The dense-pack dry installation reduces  

      settling and increases R-value. 

· R-values stated on packaging are based on laboratory conditions; air infiltration can   

      significantly reduce effectiveness, particularly for fiberglass loose fill. Cellulose      

      inhibits convection more effectively. In general, loose fill is seen as being better at  

      reducing the presence of gaps in insulation than batts, as the cavity is sealed more  

      carefully. Air infiltration through the insulating material itself is not studied well, but  

      would be lower for wet-spray insulations such as wet-spray cellulose. 
4.4. Reflective insulation
Reflective insulation is commonly made of either aluminum foil attached to some sort of backing material or two layers of foil with foam or plastic bubbles in between creating an airspace to reduce convective heat transfer also. The aluminum foil component in reflective insulation will reduce radiant heat transfer by up to 97%. As reflective insulation incorporates an airspace to reduce convective heat flow, it carries a measurable R-Value.
Advantages
· Very effective in warmer climates 

· No change thermal performance over time due to compaction, disintegration or 
      moisture absorption 

· Thin sheets takes up less room than bulk insulation 

· Can act as a vapor barriers 

· Non-toxic/non-carcinogenic 

· Will not mold or mildew 

· Radon retarder, will limit radon penetration through the floor 

Disadvantages
· Must be combined with other types of insulation in very cold climates 

· May result in an electrical safety hazard where the foil comes into contact with faulty 
      electrical wiring

4.5. Fiberglass

Fiberglass is the most common residential insulating material, and is usually applied as batts of insulation, pressed between studs. Health and safety issues include potential cancer risk from exposure to glass fibers, formaldehyde off-gassing from the backing/resin, use of petrochemicals in the resin, and the environmental health aspects of the production process. Green building practices shun Fiberglass insulation. Rock and slag wool, also known as mineral wool or mineral fiber, made from rock (basalt, diabase), iron ore blast furnace slag, or recycled glass. Clumps and loses effectiveness when moist or wet, but does not absorb much moisture, and regains effectiveness once dried. Older mineral wool can contain asbestos, but normally this is in trace amounts. Fiberglass, usually pink, yellow, or white, loses effectiveness when moist or wet, but does not absorb much water, nonflammable. 
Advantages
· Higher R-Value than typical fiberglass batts 

· Recycled content, no formaldehyde or other toxic substances, and very low toxicity   

      during manufacture (only from the polyolefin) 

· May help qualify for LEED or similar environmental building certification programs 

· Fibers do not cause itchiness, no cancer risk from airborne fibers 

Disadvantages
· Difficult to cut. Some installers may charge a slightly higher cost for installation as   

      compared to other batts. This does not affect the effectiveness of the insulation, but 
      may require choosing an installer more carefully, as any batt should be cut to fit the   

      cavity well. 

· Even with proper installation, batts do not completely seal the cavity against air 
      movement (as with cellulose or expanding foam). 

· Still requires a vapor retarder or barrier (unlike cellulose) 
5. Hazardous and discontinued insulation
5.1. Spray polyurethane foam (SPF)
All polyurethane foams are composed of petrochemicals. Foam insulation often uses hazardous chemicals with high human toxicity, such as isocyanates, benzene and toluene. The foaming agents no longer use ozone-depleting substances. Personal Protective Equipment is required for all people in the area being sprayed to eliminate exposure to isocyanates which constitute about 50% of the foam raw material.

5.2. Asbestos
Asbestos once found common use as an insulation material in homes and buildings because it is fireproof, a good thermal and electrical insulator, and resistant to chemical attack and wear. It has been found that asbestos can cause cancer when in friable form (that is, when likely to release fibers into the air - when broken, jagged, shredded, or scuffed). Some people exposed to asbestos develop cancer. When found in the home, asbestos often resembles grayish-white corrugated cardboard coated with cloth or canvas, usually held in place around pipes and ducts with metal straps. Things that typically might contain asbestos:
· Boiler and furnace insulation. 

· Heating duct wrapping. 

· Pipe insulation ("lagging"). 

· Ducting and transit pipes within slabs. 

· Acoustic ceilings. 

· Textured materials. 

· Resilient flooring. 

· Blown-in insulation. 

· Roofing materials and felts. 

6. Energy saving by application of different types of insulation

Study carried out earlier for evaluation and performance of roof and wall insulation applied in building to assess its energy saving potential in air conditioned building during summer season show that more than 29 % energy can be saved by treating a building with exterior insulation finishing system. This study had been undertaken for a period of one year for a single zone building in composite climate of India. The study has been undertaken in two identical rooms one is being untreated and other by treating with good insulation. Similarly, the provision of Heat Reflective Paint insulation with thermal resistance 0.0012m2h/W treatment on roof and wall brings down the indoor surface temperature of wall and roof by 2.2 to 6oC in comparison to the room with white wash application. The  energy saving was recorded of the order of 5.56% in treated room over reference room when walls of the room were treated with heat reflective paint and white wash was applied on walls of the reference room. As per this study, energy saving was recorded of the order of 12.73% when both roof and walls of treated room was treated by heat reflective paint and white wash was applied on walls and roof of the reference room. It means 7.16% electrical energy may have been saved by treating roof only with heat reflective paint over conventional white wash

7. Conclusion
The paper discussed almost each category of thermal insulation and its merits and demerits. Some of them are suitable for wall insulation, some for roof and some for floor insulation. The advantage and disadvantages of  Spray foams (insulation), Structural insulated panels (SIPs), Cellulose insulation, Reflective insulation, Fiberglass are discussed in detail.  The Hazardous and discontinued insulation, Spray polyurethane foam (SPF), Asbestos are hazardous materials and their limited use have been described. Energy saving by reflective paint on external surfaces of building can be up to 7.16%. Similarly, a simulation study show that 29% energy can be saved by treating and AC building with exterior insulation finishing system.
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