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Abstract
The research aims to develop soap based thermal insulation for buildings as a sustainable alternative to the petroleum based counterparts, whilst decreasing the associated environmental costs. The soap insulation is centered on the basic ingredients of waste animal fats, waste oils and a potash derived lye mixture, combined to create a crude soap. It is aerated to produce a lightweight structure that is capable of preventing or reducing heat transfer between areas of differing temperatures. The resulting product is surrounded in hemp to prevent the onset of premature degradation and for the protection of the soap content. 
Producing thermal insulation from aerated soap creates its own challenges and problems, including finding a suitable method of aerating a basic soap mixture and then making it waterproof, vermin proof and of adequate tensile strength, all whilst not relying on toxic chemicals to do so. Any problems and failures are exposed during the cycle of improvements that precede the manufacture of the final sample. 
Research findings have shown that soap insulation can work in both laboratory testing and actual cavity wall placement, albeit to a lesser extent than an equivalent thickness of its petroleum counterparts. 
The soap insulation proposed is better for the environment than crude oil retrieval, processing and petroleum insulation manufacture. The abundance of waste fats and oils would also ensure that there is consistent flow of raw materials to fuel the manufacture. Insulation manufactured from animal waste products can help to preserve and conserve the sustainable environment.
Keywords: Soap insulation, petroleum insulation, sustainability, hemp, thermal insulation
1. Introduction
Thermal insulation can be defined as a barrier with low thermal conductivity. In a building, this thermal insulation barrier is critical to prevent heat transfer from the warm interior, through the fabric of the building envelope, to the outside. Many thermal insulations work on a trapped air principle (pockets of air within the insulation body), and it is this air that frustrates the heat transfer mechanism of conduction, convection and radiation.
This study is mainly concerned with comparing soap insulation against petroleum based insulations. However for comparison purposes other types of thermal insulation are included in the study. Petroleum based insulations are seen as the least environmentally friendly of the thermal insulations on the market. The most popular petroleum plastic insulations are of the rigid board type. Soap is being considered because it is sustainable and environmentally friendly. The oils and fats used in soap manufacture can be derived from waste animal carcasses or waste restaurant cooking oils. In the U.K, thousands of tons of bovine animal fats are a by-product of the slaughter industry that is usually destined for the incinerator each year. This type of disposal could be construed as large scale wastage and this waste could be better served as an insulation ingredient. Lye derived from wood ash is also sustainable. The finished article is pH neutral and so can be handled safely without the need for economical time limits on the human contact / maximum exposure time. 
End of life disposal for soap based insulation is also environmentally friendly. The soap can be boiled down and re-molded for reuse or grated and used as fertilizer. In contrast, crude oil and therefore its petroleum derivatives is a finite commodity. A common sense mentality dictates that sustainability measures must be adopted to preserve the earth’s finite resources of the fossil fuel oils, which are required in the manufacturing of petroleum based insulations. Oil retrieval, refining and the subsequent plastic manufacturing also have high financial and environmental cost implications.  Crude oil retrieval can create ground based environmental pollution, a by-product from the basic material extraction. The refining (distillation) process can create both short and long term pollution problems via atmosphere based pollution, from an oil refinery’s greenhouse gas emissions, and the actual synthetic insulation manufacturing processes. 
Soap can be aerated to enhance its thermal properties and surrounded with a protective casing to create a thermal insulation that is both sustainable and environmentally friendly. This soap insulation could then be used in walls, roofs and floors to help prevent heat leaching. However, soap based thermal insulation is a new concept and has never been manufactured or tested before (as demonstrated by the awarding of a world-wide patent (GB2486761) issued by the Intellectual Property Office on the soap insulation idea in 2012. As such there is no literature “out there” to compare with or assess the possible long term challenges associated with the insulation placement within a cavity wall. This also means that there is not any data on established soap insulation which can be improved upon or benchmarked against on a like for like basis. This paper explains the experimental research process involved in manufacturing and testing various soap alternatives and then comparing these with the petroleum counterparts in the quest for creating soap thermal insulation.
2. Literature Review
Fats (including oils) and lye (derived from burnt wood ash) are the soap ingredients (Ditchfield, 2012), whilst hemp can be used for the soap insulation protective casing. Burnt wood residue (ash) left to leach in water for a number of days will change the water into a hydroxide alkaline solution known as lye (Tro, 2012). This caustic solution is a strong corrosive metallic base and the primary ingredient of drain cleaners (Tro, 2012). Sodium hydroxide [NaOH] and potassium hydroxide [KOH]) can both be extracted from wood ash.
Regarding beef, there are 334 abattoirs in the UK that process carcasses with approximately 46% of each animal not used in human food (The Tracing Paper, 2011). Fats can be separated from the meat and offal manually, or the carcass can be boiled in water and the resulting floating fats can be skimmed off for use. In 2004 it was estimated that rendered animal fat production in the EU equaled 2.6 million metric tons (Woodgate, 2005). Approximately 50 billion kg of inedible rendered waste is generated within the UK annually (Pointon, 2012). Most animal waste is incinerated, but it can also be used as fertilizer (Mepham, 1996). 
[bookmark: _Toc385952783]3. Aim 
The aim is to create a thermal insulation that is capable of performing as a thermal insulation to BS EN 12667, BS EN 12664 standards and the construction products directive (CPD) for product standard EN13162-EN 13171. This accreditation process is essential for the European Conformity (CE) marking and thus complies with the essential requirements of European health, safety and environmental protection legislation. The insulation samples must prove to be hardy, resistant to flame and vermin attack and short term direct sunlight exposure. The results should identify a product that fulfils the testing and accreditation criteria and can be used in a variety of different situations. 
The soap body is mixed using a weight ratio for the component parts, for example, lye, water and melted fat at 1:3:7 respectively (142g of lye, 367g of water and 1000g fat). The resulting mixture is then aerated before it sets hard, to create the basic rigid board soap samples. All of the manufactured samples were sized at 300mm X 300mm and each had a thickness of approximately 50mm. Each sample was surrounded with a 5mm thick protective hemp covering.  
4. Research Methodology and Process
This research attempts to apply what is known about thermal insulations in practice and diagnose their shortcomings based on the practical and scientific facts. Then, to suggest soap based insulation as an alternative to overcome the shortcomings through laboratory based testing and experimentation

Aerating the Soap
Building products that are handled on a regular basis should be repetitive lifting safe to avoid injuries associated with the spine and associated muscles and as such the insulation should be as lightweight as much as is practicable. Aerated soap should create a lightweight product that is easy to handle and depending on how much air is entrained into the soap mixture, create an effective thermal performer. The size and density of the bubbles will have a direct bearing on the insulation’s thermal properties. In the early stages of the soap sample development, aeration of the soap mixture was achieved by adding hollow paper or plastic spheres, ice spheres, straw or butane microspheres. An early soap sample example is shown below.
[image: C:\Users\Lee Read\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\336.jpg]
Fig. 1: Early Example of an Aerated Soap Sample
However, the best results were achieved by utilising a vacuum method. This involved mixing beef fat (70%) and vegetable oil (30%), with lye and placing the resulting soap mixture into a vacuum chamber. As the air was removed, bubbles formed in the mixture and aerated the soap. An example is shown below.
[image: ]
Fig.2: Improved example of aerated soap
Experiments have shown that combining fats with oils slow down the soap setting time, allowing more bubbles to form and expand. For speed, aeration quality and quantity, a different, more efficient method was adopted to aerate the soap mixture. Hollow, 100% bovine gelatine enteric (dissolved by alkaline contact) capsules were used. These capsules range in size from 2mm3 up to 20mm3 and were similar in kind to ones that surround medicinal tablets, although these dissolve on alkaline contact as opposed to stomach acids. The capsules used for the experimental samples ranged in size from 2mm3 to 14mm3 and were mixed with the soap at its liquid stage.  The mixture was then left to harden and the capsules dissolved, leaving air pockets throughout the hardened soap. Each sample was created to the dimensions and ingredient ratio quantities revealed earlier.
Hemp was the preferred protective covering for the test samples. Natural hemp and flax fibres are non-toxic and hemp insulation is non-irritating to the eyes, skin and respiratory system (Williams, 2002). It is usually treated with borax for its fire retardant properties (Lyons, 2012). Hemp insulation absorbs and releases moisture, which can help to regulate internal moisture levels. 
[bookmark: _Toc385952804][image: C:\Users\Lee Read\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Word\100_2315.jpg]
[bookmark: _Toc385967005]Figure 3: Section through Hemp Sample
5. Thermal Testing of the Samples
To evaluate the thermal insulation of a material, it is necessary to know its resistance to heat flow (m2K/W) presented by a material in a given thickness. The higher the thermal resistance, the better insulation is provided by the material. Thermal conductivity or λ is the quantity of heat W/mK that may be transferred into a material, at a given time. The lower the λ value, the higher the insulation of the material. It is generally accepted that Insulating materials that have a thermal conductivity of around 0.030 W/mK are very good and figures of around 0.060 W/mK are moderate performers (Pfundstein et al, 2008). 
The soap samples were laboratory tested with the best performers (i.e low thermal conductivity, high thermal resistance) taken forward for in-situ testing. Salford Thermal Testing Laboratory is UKAS & Ofgem accredited and was responsible for the thermal testing. The samples were tested in a “Fox 600” heatflow meter. 
All of the samples were stabilised to constant mass at 230C and 50% relative humidity over periods ranging from 17 to 22 days, before testing. The actual testing is calibrated to ISO 8301.The time length of each thermal conductivity test was 5 to 15 hours to give a % equilibrium of <0.4%. The “best” performer was placed in an actual cavity wall situation where it was observed over a period of time to identify any biological degradation issues or failures due to deflection of its rigidity, moisture ingress or vermin attack. The results from the thermal testing laboratory for each soap sample were as follows.
	Size of air voids
	Thermal conductivity W/mK
	Thermal resistance m2K/W
	Bulk density Kg/m3

	2mm3
	0.0996
	0.502
	469

	3mm3
	0.0913
	0.567
	447

	4mm3
	0.0830
	0.632
	425

	5mm3
	0.0824
	0.644
	408

	6mm3
	0.0818
	0.657
	392

	7mm3
	0.0812
	0.670
	376

	8mm3
	0.0806
	0.683
	360

	9mm3
	0.0758
	0.773
	326

	10mm3
	0.0710
	0.864
	292

	11mm3
	0.0662
	0.930
	259

	12mm3
	0.0614
	0.996
	225

	13mm3
	0.0609
	1.003
	197

	14mm3
	0.0604
	1.011
	169


[bookmark: _Toc387860782][bookmark: _Toc388046229] Table 1: Thermal Conductivity & Thermal Performance of Soap

The sample results indicate that thermal resistance can be improved by further lowering the density of the soap by adding larger air voids. However, as the void sizes were increased above 14mm3, air convection started to predominate over air conduction, meaning that the thermal conductivity figures started to rise. A comparison of the early samples against EPS and PIR insulations is shown in table 2.

	Criteria

	Sample: 14mm3 voids
	Expanded
polystyrene
	Polyisocyanurate
(Foil Faced)

	Financial Cost

	o
	o
	o

	Environmental
Manufacturing
Cost
	o
	o
	o

	Thermal
Resistance
	1.01m2K/W
	1.5m2K/W
	2.4m2K/W

	Thermal Conductivity
	0.06W/mK
	0.032W/mK
	0.02W/mK

	Weight

	178g
	80g
	162g

	Thickness

	60mm
	60mm
	60mm

	Working Performance
(Durability)
	o
	o
	o

	 End of Life
Disposal
	o
	o
	o


Table 2: Soap Comparison Table
Key:  Good      Moderate     Poor
The subjective rankings in table 2 were determined by comparisons on a like for like basis. Samples of the same size and thickness were measured and compared against each other, whilst the financial and environmental costs were based on both actual and speculative evidence.
[bookmark: _Toc385952799]6. Improving the Soap Samples Further
[bookmark: _Toc385952815]6.1: Insulation Degradation
Soap based thermal insulation would be protected from the elements if placed within a wall cavity, or within an internal floor or roof space. However, prolonged exposure to the elements, as with most, although not all, thermal insulations, will result in insulation degradation. If the insulation degrades whilst in situ, then its thermal performance will be compromised. There are four main reasons as to why the thermal insulation may degrade when it is fitted into its place:
1. Moisture Content. Moisture will damage most insulations under prolonged exposure conditions. This is because moisture is a poor insulator (Aksamija, 2013) and will fill the voids once occupied by air. Damp conditions may also give way to favourable conditions for bacteria and mould growth, which can accelerate the degradation of the insulation, causing it to rot (Brett, 2002). Moisture can also interact with insulation material at a molecular level giving the material different thermal properties. 
2. Air Infiltration. This term refers to the unintentional introduction of outside air into a building. This air can also damage insulation to the extent that it impacts on the insulation’s thermal performance. Infiltration is usually caused by wind effects. (Tye et al, 1980).
3. Densification. This is the term used when insulation becomes compressed. If a thermal insulation is compressed then it becomes more dense. The trapped air within it is compressed also, reducing the insulation’s effectiveness (Kruger & Seville, 2012). This is because the outer edges of the air pockets can be forced together, reducing the thickness and the effectiveness of the trapped air. Insulation can compress under additional layers or can slump under its own weight.
4. Convection Currents.  Air movement, within a cavity or roof space for example, can also impact on the insulations ability to perform. Air expands when it is heated. This is because the particles in air move faster when they are heated than they do when they are cold. Because of this, the particles take up more volume. Air in hot areas is less dense than the air in cold areas, so it rises into the cold areas. The denser cold air then falls into the warm areas. In this way, convection currents transfer heat from one area to another (Pickett, 2012).
[bookmark: _Toc385952800]6.2: Waterproofing the Soap
A waterproofer called “Wykamol Integral Waterproofer” was mixed with a soap sample. This waterproofer is an additive based on an alkaline soap mix of fatty acids. This liquid soap gel’s actual composition is based on a potassium hydroxide lye (KOH) and turpentine oil (K12H20O7) mix. It was reasoned that a soap based waterproofer should be used because a soap additive would not conflict detrimentally with the soap body chemically. The reasoning behind this was because lye can be natural, and turpentine oil is distilled from pine tree resin. The soap sample was mixed using waterproofer at 15% unit volume, and then immersed in Wykamol when the sample had dried to create a waterproof barrier for the soap body. 
[bookmark: _Toc385952803]6.3: Fire retardant soap casing
[bookmark: _Toc385952805][bookmark: _Toc385952806]The soap casing should be fire resisting in as far as reasonably practicable. A non-toxic flame retardant solution was made from ammonium phosphate (NH4)3PO and was applied to the insulation casing. The hemp casing was then performance tested in relation to fire ignition. The results from the testing revealed that basic untreated hemp insulation will ignite after 3 seconds if exposed to a naked flame. If the hemp casing is sprayed with ammonium phosphate, then the hemp casing takes 12 seconds to ignite. If the hemp casing is fully immersed in ammonium phosphate liquid, then removed and left to dry, it will not ignite but char instead. It should be possible to improve the casing by using “Rockwool” as opposed to hemp. Rockwool is fully fire retardant and at a thermal level performs like hemp on an equal thickness basis.
[bookmark: _Toc385952807]6.4: Making the soap vermin proof
Vitamin D can be lethal to rodents. A product called “Now Vitamin D3” was added to the soap mixture at the mixing stage. Now Vitamin D3 is an extra strength vitamin liquid. It contains 1,000 iu’s (international units) per drop. (1 IU is the biological equivalent of 0.025 μg). Hemp is a natural insect repellent due to its compounds of pinene, limonene, terpenoid, and borneol (McPartland, 1997), and so does not require any additional treatment to deter insects. However, mustard powder was used to deter rodent activity with the hemp casing. To verify that rodents will avoid treated hemp, a small portion of hemp was placed into the corner of a cage containing two tame white mice. The hemp was treated with a liquid mustard powder solution and then left to dry. In the other corner was placed a portion of “Animal Dreams” hamster wool. The mice were observed over a period of five days. The hemp was avoided and untouched, whilst the hamster wool was used for bedding purposes.
[bookmark: _Toc385952808]The final sample taken forward for cavity wall placement contained air voids of 14mm3. Extra strength vitamin D, and Wykamol waterproofer were dispersed within the soap body at the soap mixing stage. Horsehair fibres were added into the mix to give the soap body strength against impact and transportation issues and potential compressive and shear stress problems. The soap body was coated with Wykamol waterproofer once the soap had dried. The hemp casing was treated with an ammonium phosphate and mustard powder mix. This soap sample was then taken forward for the final in-situ testing. 
[bookmark: _Toc385952809]7. In-Situ Testing
The soap sample was placed within a cavity wall gable end of a barn conversion. It was fitted in November and left in place for 24 months. Because the cavity was sized at 50mm, the soap based sample thickness was sized at 50mm also. The surface area was sized at 450mm X 450mm. The sample weighed 990 grams. The walls of the cavity were built from 100mm aircrete breeze blocks, using a sand/cement mortar mix. The wall was sited at a west facing direction. The outer skin was rendered with cement/lime and sand mortar. The barn was watertight and dry, but un-heated throughout. The internal face of the blockwork had not yet been plastered. The temperature and relative humidity inside the barn was measured and recorded weekly with the mean average temperature recorded over the twenty four months at 110C and the mean average relative humidity inside the barn recorded at 52%. The relative humidity was recorded on a hand held “Dodocool” humidity tester which is used to measure indoor temperature and humidity levels and is accurate to ±5%.
The sample was weighed and checked for its overall condition before it was fitted into the cavity and then weighed and checked when it was removed from the cavity twenty four months later. Upon removal it was noted that the sample had not decreased or gained weight (through moisture fluctuation) with no visible changes to the exterior, apart from being slightly dustier. The sample moisture content remained the same when it was dissected and moisture probed for an internal comparison. This was due to the breathable casing (hemp is a popular insulation worldwide with no documented problems regarding outside fluctuating temperature and climatic changes). The soap core had neither decreased nor increased in weight or size and thickness. The air void size remained at a constant 14mm3 and the soap outer layer did not show any sign of stress.
           
[bookmark: _Toc385952817]7.1: Biological deterioration
Mould is the term used to describe the growth that can occur on damp surfaces caused by the growth of fungi. Moulds can cause biodegradation of natural materials, which in turn can lead to property damage. Mould typically grows in areas when there has been water damage or areas of high humidity or dampness (Moeller, 2008). Fungi will grow in damp, dark places and will generally consume organic dead matter. A wall cavity has the potential to be a fertile breeding ground, whilst damp hemp fibre could be a potential source of fungal nutrients. Mould growth within a cavity may have a detrimental effect on not only the thermal insulation, but also on the timber frame in a timber framed dwelling.
[image: ]
[bookmark: _Toc385967007]Figure 4: Mould Infestation on a Fibrous Fabric

Moulds produce and release millions of spores small enough to be air, water, or insect borne. They can also produce toxic agents (mycotoxins). Spores and mycotoxins can have a negative effect on human health. Individuals with allergies, asthma, or other respiratory conditions are usually most at risk. To remedy a mould infestation, the moisture problem must be eliminated permanently. When checked, the cavity wall sample under test showed no signs of biological deterioration.                                                                              
[bookmark: _Toc385952818]7.2: Insect / Vermin Infestation
As mentioned earlier, the hemp covered soap thermal insulation sample was treated with a vitamin D solution to stave off vermin attack, and upon removal from the cavity and subsequent examination showed no signs of insect or vermin attack.
[bookmark: _Toc385952819]7.3: Bacterial Degradation
The bacterial decomposition of hemp is highly dependent on oxygen and moisture levels. During this decomposition, bacteria require oxygen for their respiration. If anaerobic conditions dominate the decomposition environment, microbial activity and decomposition will be slow. Moisture levels must be present for microorganisms to proliferate and to actively decompose organic matter. In a dry environment, bacteria will dry out and be unable to engage in decomposition. Decomposing microorganisms also require the appropriate plant substrates in order to achieve good levels of decomposition. This means that plants need the appropriate carbon to nitrogen ratios (C:N). The ideal decomposition carbon-to-nitrogen ratio is thought to be approximately 30:1 (McKinley et al, 1985). As in any microbial process, the decomposition of plant matter by microorganisms will also be dependent on temperature. A cold environment may be too low to sustain microbial activities. 
The hemp surrounding the soap insulation sample was derived from antibacterial treated hemp insulation, manufactured for retail within the UK and Europe. However, upon removal from the cavity the sample was checked for signs of bacterial discolouration or decomposition odours. There was no apparent change to either the hemp or the soap inner.
[bookmark: _Toc385952820]8. Discussion
The bulk of insulation performance in buildings is provided by low density insulants (<40kg/m3), such as polyisocyanurate foams (PIR) and expanded polystyrene (EPS). A comparison has been made between the best performing soap insulation sample against 50mm thick mainstream insulation EPS and PIR materials that are on general sale to the building industry. The hemp covered soap sample aerated with 14mm3 air voids has the lowest conductivity. After correcting for the 2mm thickness of the hemp covering, the thermal conductivity of the soap material would be some 3% greater at 0.0622W/mK. However, it is clear that a still greater thickness of soap insulation is required to match the thermal performance of conventional insulation boards. In order to compete with the best performing insulation materials, an even greater thicknesses of soap insulation would be required.
	50mm Insulation Board
	100mm Insulation Board

	Insulation Board
	Thermal Resistance at
50mm thickness
(m2K/W)
	Thickness of Soap insulation sample required to give same thermal resistance as 50mm insulation
(mm)
	Thermal Resistance at
100mm thickness
(m2K/W)
	Thickness of Soap insulation sample required to give same thermal resistance as 100mm insulation
(mm)

	White EPS board
(thermal conductivity 0.04W/mK)
	1.25
	74.1
	2.50
	148.3

	PIR board
(thermal conductivity 0.025W/mK)
	2.00

	118.6

	4.00

	237.2



[bookmark: _Toc385968081]                           Table 3: Soap Comparison with Mainstream Insulation Materials

In a life-cycle assessment scenario, derived from the literature, soap does compare favourably to petroleum based products. It is commendable to the petrochemical industries that some waste insulations are recycled. Worldwide a large amount of petroleum insulation still finds its way to landfill, meaning that soap insulation compares favourably with petrochemical based insulations on an end of life disposal basis. However, soap based insulation is viewed as a moderate thermal performer (as opposed as an excellent performer) and as such should not be viewed as a failure. This is because although thermal insulation over 200mm thick is unlikely to be accepted as a mainstream stand- alone wall thermal insulation, it could be used as part of a combination to achieve a wall’s overall U-value. After all,  multifoil insulation, a common type of roof insulation used throughout the world, does not perform to current UK building legislation on its own and requires a back-up insulation to help roofs achieve the correct U-values. Soap based thermal insulation would probably be best suited for roof and floor insulations where insulation thickness is not an issue. For example, 220mm soap insulation cut at 450mm widths would slot in easily between 225mm floor joists and between or over roof joists and rafters on a “cut” roof.
[bookmark: _GoBack]In an environment where thermal performance is not such an issue, for example in a country with a warmer climate, soap insulation could come to the fore. This especially applies to an environment where low capital manufacture and retail costs are important, where elevated sustainability issues are important and to countries without a need for such high, stringent thermal performance requirements from their buildings i.e., countries contained within the torrid zone. In effect, by using the thousands of tons of waste oils and fats that are accumulated annually, soap insulation can actually give this waste a purpose. However, to implement change a global approach is required. This global approach requires a change in mindset, as well as a change in business and product strategy and requires pioneers and entrepreneurs to think and act globally from the inception. Cheaply manufactured soap can be retailed cheaply and as such reach a wider market throughout the poorer countries of the world. In some Asian developing countries, for example Thailand, India, Korea, China and Indonesia etc, solar heat gain is as important a problem as heat loss. This is especially so in the overcrowded factories where human comfort in crowded conditions can lead to manufacturing production issues. Roof insulation can reduce solar gain in factories to combat overheating, but the insulation would probably need to have a cheap overall retail cost for it to be considered. To limit solar gain to the factory roofs, traditional methods of solar reflection or absorption are still in use.
 A 100mm thick mud layer spread over a factory roof can reduce the interior by 100C. However this can lead to structural problems due to the excessive weight to the roof. Painting the roof white can reduce internal heat but will become ineffective eventually through dust accumulation over the surface. 25mm polystyrene will reduce the internal heat gain by 12% (Utgikar, 2009). This means that 40mm thick soap insulation should produce the same results. Obviously the thicker the soap insulation used, the less internal heat gain.
Insulation in new buildings is a legal requirement in many former Eastern Bloc countries, but because of financial cost issues, only 30% of new buildings actually contain it (Ries et al, 2009). Cheap aerated soap insulation, made from cheap animal fats, could help to combat this.
Most abattoirs and rendering facilities have to pay to have their animal waste removed. If the fats are separated from the offal at source, removal to a tallow manufacturing plant could be carried out a reduced cost to the abattoir.  Worldwide, 60 billion farmed animals are slaughtered every year, with this figure predicted to double by 2050 (Cross, 2013). This will create a colossal amount of waste animal fats. In London alone, Thames Water removes 30 tonnes of fats, oils and grease (fog) from the sewer system every day (Messenger, 2013).
9. Conclusion 
Results have shown that soap insulation performs in both the laboratory and when placed in an external cavity wall. However, at this stage of the research, soap has shown to perform to a lesser extent than an equivalent thickness of petroleum based insulation. That said, regarding the performance of soap insulation in relation to it being strengthened, made vermin repellent, waterproof and fire retardant, the soap sample ticked all the boxes, all whilst not relying on toxic chemicals to do so. In relation to the other comparisons, it would appear that soap insulation may compete with petrochemical based insulations on a financial level. However it would be difficult to put actual financial figures on to each insulation type at this stage. On an environmental level the difference is clear. Literature reveals that soap insulation can certainly compete with petrochemical based insulations on this level. Weight wise, soap insulation satisfies the Health and Safety manual handling requirements. The process of soap manufacture and waste disposal is unlikely to create long, mid or short- term damage to the environment. Whilst investigating soaps sustainability credentials, it is worth remembering that soap based insulation can create a use for waste animal by-products that would otherwise be destined for incineration or landfill. 
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