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1.0	Introduction
The aim of this report is to consider the different types of thermal insulation material and to consider their embodied energy impact on the environment. Also to examine how each thermal material fits into the BREEAM and Passivhaus certifications for improving the sustainability of buildings.

Insulating buildings is the most cost effective way to reduce the energy consumption and CO2 emissions of a building. According to Edie (2017) the UK construction industry aims to halve its current CO2 emissions by 2025. At present it is thought to produce 33% of the total CO2 emissions which includes 10% for the heating of buildings. Green Spec (2018) believes that energy conserved through insulation use far outweighs the energy used in its manufacture.

Thermal insulation is installed to prevent the transfer of heat loss or gain, therefore maintaining temperature differences of the internal and external environment. Each thermal insulating material is going to be appraised against the life cycle assessment (LCA). The LCA is the most reliable technique to assess the environmental impact of construction and considers each material from cradle to grave. The stages include:
· [bookmark: _Hlk530043134]Raw Material Extraction
· Production and Manufacturing 
· Packaging and Transportation
· Product Use
· End of Life



2.0	Literary review 
		

2.1	Types of insulation

Thermal insulation is required to insulation the building envelope. There are numerous different thermal insulation materials available so this report has concentrated on one relatively common material from each of the four classifications of origin. 


2.1.1 Animal – Sheep Wool

[bookmark: _Hlk530042819][bookmark: _Hlk529882847][bookmark: _Hlk530060420][bookmark: _Hlk530391331]This is a natural, renewable and sustainable material. Applications of use are generally loose or rolls. The production process involves washing the wool which requires very low processing energy and the waste can be used as natural fertiliser. It is a low embodied energy material. 
The wool is then chemically treated with an ecological agent, Thorlan IW which is a natural titanium based pesticide (previously Borax). The dried wool is bonded either mechanically or with a recycled polyester adhesive. Sheep wool insulation can be compressed which saves on packaging and transportation. It can be reused and recycled, has a lifespan of approximately 50 years and is completely biodegradable. 

		2.1.1 Mineral – Mineral Wool
[bookmark: _Hlk530045029]
[bookmark: _Hlk530049929]This encompasses two fibre based products, glass wool and rock wool. They are made from naturally occurring minerals such as stone or mineral products such as slag and molten glass. Applications of use are generally loose, rolls or slabs.

Rock wool is manufactured from 98% stone or slag and 2% thermosetting resin binder. The stone can be recycled from building sites or else basalt rock can be used which is a natural and renewable resource. Slag is a waste material by-product formed during the smelting or refining of metals. Glass wool is made from sand which is a natural and renewable resource, a large percentage of recycled glass, limestone and soda ash. Most of the waste products can be recycled back into the production process.

The raw materials are melted in a furnace with temperatures between 1,300-1,500oC, then a binding agent is added. The  smoke and flue gases are filtered and cleaned to minimise any environmental impact. This is considered a low embodied energy material.  Eurima (2017) believes mineral wool saves more energy than it uses in its production because it converts slag waste, used sand and waste glass into new raw materials.

Mineral wool can be compressed saving on packaging and transportation, has a lifespan of up to 100 years and can be reused or recycled. Rockwool (2018) encourage contractors to return any unused products to them guaranteeing that it will be recycled and not go to landfill as it is not biodegradable. 


 		2.1.2 Artificial – Foam Plastic

[bookmark: _Hlk530049890][bookmark: _Hlk530387180]There are numerous different types of foam plastic such as rigid polyisocyanurate (PIR), rigid polyurethane (PUR), expanded or extruded polystyrene (EPS or XSP) and phenolic foam. They are all oil based polymers. They are derived from petrochemicals so are depleting natural resources which are not renewable. They are not sustainable materials and in the manufacturing of the oil and plastic they are at risk of causing pollution. The blowing agents are zero ozone.  Applications of use are generally loose or rigid boards.

ESP is made from beads of polystyrene mixed with a pentane blowing agent which is then heated. XPS is made from mixing polystyrene with a blowing agent under pressure and then forcing it through a die. PIR and PUR are formed by two monomers reacting in the presence of a blowing agent catalyst. Both require heating but PIR to higher temperature. Phenolic foam is made by mixing phenol-formaldehyde resin with a foaming agent. 

These foam plastics have a lifespan in excess of 50 years and can be reused if in good condition. They can be recycled apart from the phenolic foam. They are not biodegradable and when incorrectly disposed of they become a major environmental concern. They are all relatively high embodied energy. The finished rigid boards cannot be compressed which will impact heavily on the packaging and transportation. 



		2.1.5 Vegetable - Cellulose

[bookmark: _Hlk530056370][bookmark: _Hlk530062001]This is made from up to 85% recycled paper. If paper is not recycled it would release CO2 into the atmosphere during its decomposition. Paper is made from plants so it is a natural, renewable and sustainable material. Cellulose is organic, biodegradable and requires very low processing energy to manufacture, storing more CO2 than it releases during manufacturing making it carbon negative. It is a low embodied energy product. The paper is treated with chemical borates to make it insect and mould repellent and fire resistant. Borax is a naturally occurring mineral but it is not ecologically friendly. Applications of use are generally loose or rolls. 

[bookmark: _Hlk530058179]Cellulose insulation is said to have a lifespan of around 80 years but at the end of its life it cannot be recycled because of the chemical borates used on the product. Initially the recycled paper can be sourced locally saving on transportation costs but after its processed the insulation can’t be compressed like sheep and mineral wool although it can be densely packed which will have a marginally saving on packaging and transportation. Applications of use are generally loose or rolls.



2.2. U-Values

Thermal conductivity is the measure of how heat passes from one side of a specific material to the other. The U-value is the measure of heat lost through a given thickness of a particular material, so is dependant on the thickness and density of the material and is measured in W/m2K. The lower the U-value the better the materials insulating capacity.   

Current building regulations as explained by Billington, et al (2017 pp. 16.36), stipulates that all new buildings should have a maximum U-value of:
· Wall – 0.30 W/m2K
· Roof – 0.20 W/m2K
· Floor – 0.25 W/m2K

The data available regarding U-values can differ slightly depending on the manufacturer. The figures are all based on insulation of a comparable thickness.
· [bookmark: _Hlk530047275][bookmark: _Hlk530047808]Sheep wool insulation has an U-value of 0.16 Wm2K according to Black Mountain Insulation (2018) and PM on Renewable (2011).
· [bookmark: _Hlk530045749]Mineral wool insulation has an U-value of 0.044 Wm2K according to Omnexus (2018). This figure is confirmed by PM on Renewables (2011) who specify 0.042 Wm2K.
· Plastic foam insulation has an U-value for PIR of 0.025 according to Omnexus (2018) and  PM on Renewables (2011). 
· Cellulose insulation has an U-value of 0.20 Wm2K according to Architects Journal (2013) and between 0.12-0.35 Wm2K according to Omnexus (2018).





2.3	Passivhaus and BREEAM performance certifications

The BREEAM certificate assesses the environmental performance of a building on a holistic level and looks at all aspects of the building and the buildings’ use. Mat 04 “Insulation” awards 2 credits for thermal insulation. 1 credit for the embodied energy impact of the material where a Green Guide rating is determined and 1 credit for the responsible sourcing of the thermal insulation material.

The Passivhaus certificate looks at reducing the buildings energy use and carbon emissions so that the building requires very little energy for heating. This certificate is only concerned with the materials performance after installation and is not interested in the embodied energy impact of the material. The U-values of Passivhaus buildings range from 0.10 to 0.15 W/m²K which is dependent on continuous insulation and airtightness construction without thermal bridges. 
 


 3.0	Conclusion

For a long time oil based insulation has been the most commonly used thermal insulation on the UK market but with the growing awareness of the effects of embodied energy on the environment and material sustainability, more natural products are being specified. However these products also have differing weaknesses. 

U-values in order of energy efficiency (using the average figures)
· Plastic foam 0.025 Wm2K
· Mineral wool 0.043 Wm2K
· Sheep wool 0.160 Wm2K  
· Cellulose 0.250 Wm2K
[bookmark: _Hlk530045070][bookmark: _Hlk530045438]Sheep wool insulation has no extraction impact, only a limited amount of energy for processing and can be compacted for packaging and transportation. It can be recycled and the U-value is well below the building regulations maximum.
 
[bookmark: _Hlk529885656]After installation sheep wool does not compact over time like some other insulation materials so the thermal conductivity is not affected. This and the low embodied energy makes it ideal for BREEAM buildings however the U-value exceeds the maximum allowed for use in Passivhaus buildings. Sheep wool purifies the air by absorbing and neutralising harmful gases and odours, however an environment analyst for the UK government has declared that the number of sheep and cows in the UK should be cut dramatically because they produce the most farm greenhouse gases Harrabin (2018)

[bookmark: _Hlk530056484]Mineral wool insulation is a low embodied energy material so ideal for BREEAM buildings. There is potentially no extraction but it does use significantly more energy in production. It can be compacted for packaging and transportation. It can be recycled and the U-value is well below the building regulations maximum. 

Mineral wool is dimensionally stable so can fit tightly into voids making it ideal for Passivhaus where continuous insulation and airtightness are essential. However according to Ehow (2018) the Agency for Toxic Substances and Disease Registry believe that exposure to mineral wool can cause acute irritation of the skin, eyes and the upper respiratory tract which causes breathing difficulties and can lead to infections. 

Plastic foam insulation is a high embodied energy material because it requires raw material extraction, uses a lot energy in the production and can’t be compacted for packaging and transportation. Only some plastic foam can be recycled. Although some polyester insulation is now being manufactured from recycled plastic bottles.

Plastic foam has very low U-values so would be a good option for Passivhaus buildings which is not concerned with the embodied energy impact but would not be a good option for BREEAM. Nonetheless according to Digital Issue (2018) it is estimated that over a 50 year period, PIR and PUR will save at least 1000 times more energy than embodied in their manufacture.

Cellulose insulation is a low embodied energy material. No extraction and using only a limited amount of energy in processing. It cannot be compressed so packaging and transportation is more expensive and it cannot be recycled.

Cellulose has the highest U-value of the insulation materials that have been compared in this report. It exceeds the maximum limit for the roof as set by building regulations so would not be a good option for the whole envelope of a BREEAM building. It could be used in Passivhaus as it can be blown-in wet which ensures air tightness. Cellulose insulation can also cause irritation to the skin, lungs and eyes and has also been linked to serious respiratory problems according to Home Logic (2018). 
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