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Abstract 
Thermal regulation and thermal control in building is best achieved when the building’s envelope is 
given particular attention. This is usually done by improving the thermal mass of the building. 
However, the drawback for increasing thermal mass is that it comes with a proportional increase in 
weight. This is however countered with the introduction of aerogel which is a good thermal insulator. 
Aerogel can be used in many building envelope applications with limited space as an effective remedy 
for intense thermal bridging. Its high flexibility makes it a promising insulation candidate for 
buildings. The rig-set up is a cavity wall was built using commercial aerated blocks, the blocks were 
laid and sealed with silicon between the joints, and two separate built-up walls placed parallel to one 
another with a cavity between them of 35mm. This wall is placed as one face of the rig cell, and the 
other five sides consisted of an insulated material of half inch plywood and 50mm Celotex® board and 
a heat mat was laid. The internal dimensions of the cell measures 1200 x 1200 x 1200. Readings taken 
and results show that with the application of the aerogel blanket in the cavity with no application of 
heat from the heat mat, temperature was constant at an average of 10.5°C, but when there was heat 
mat was turned on, the temperature was a basic sine curve peaking at 60°C and dropping to 20°C, at 
constant intervals, thereby giving the indication that as the heat tries to penetrate, the aerogel barrier 
repels the heat and makes it to drop through a difference (ΔT) of 40°C. However, when there is no 
aerogel in the cavity, and heat applied, the behaviour of the temperature is slightly unpredictable and 
more heat passes through the wall, peaking at 82°C, which is 20°C higher than when there was a 
buffer of aerogel. The lowest temperature recorded is 42°C which shows how effective the aerogel 
insulation is, as less heat is dissipated into the cell when the aerogel is in the cavity. 
 
Keywords: aerogel, cavity-wall, thermal bridging, thermal mass, thermal insulation, thermal 
regulation 
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INTRODUCTION 
The construction industry is one of the world priority action areas for a transition to a 
resource-efficient and low-carbon economy (Casini, M. 2016). In 2012 buildings globally 
accounted for 32% of final energy consumption (in US and Europe more than 40%) and for 
one-third of direct and indirect CO2 and particulate matter emissions (IAE, 2015). A lot of 
energy is wasted in the process of conserving it within a given space. This usually occurs 
because the desired energy is dissipated through the walling, flooring and roofing systems 
as well as flimsy openings such as windows and doors. 
 
It is important to realize energy-efficient technology, is not just an architectural discipline, 
but also a major factor in occupants‟ perception of how our workspaces should be in terms 
of thermal and visual comfort (Reinhart, 2011). Several applications are now available for the 
building sector in order to increase the mechanical, physical and chemical properties of 
materials, products and equipment, as well as their durability over time, with the aim of 
improving environmental comfort, safety, energy efficiency of buildings and at the same 
time reducing operating and maintenance costs and environmental impacts (Michael, 
Ashby, Ferreira and Schodek, 2009). 
 
Many materials have been experimented with to determine their applicability. Aerogel has a 
high-performance thermal insulation, with a thermal conductivity of 13mW/(mK) as well as 
other suitable advantages as seen in Table 1. However, the high cost of aerogel is what 
hinders its wide-spread use and over shadows its highly promising properties (Baetens, Jelle 
& Gustavsen 2011). 

Table 1: Aerogel Insulating Product Specifications and Performance of a Known Brand 

Aerogel Product (Aspen Aerogels Spaceloft®)  

i. Thermal conductivity (W/mK)    0.015 
ii. Maximum use temperature °C    200 
iii. Water vapour permeability μ    5 
iv. Compressive strength (10% deformation) kPa  80 
v. Density (kg/m3)      150 
vi. Specific heat (J/kg)     1000 
vii. Fire reaction (Euroclass)     C, s1, d0 
viii. Visible light transmission (thickness)   0.203 (5 mm) 
        0.055 (10 mm) 
ix. Solar transmittance      0.196 (5 mm) 
        0.052 (10 mm) 
x. Site adaptability      Cut to size, flexible 
xi. Appearance      Translucent white/grey 
xii. Use       Underfloor insulation, thermal 
        bridges correction in buildings 

Source: Casini, (2016). 

 
The primary requirement of the building envelope is to provide thermal comfort, for its 
occupants (Tukur, 2013). Thus, the question arises, what is thermal comfort? As defined by 
the Health and Safety Department of the British Government (HSE), thermal comfort is the 
„that condition of mind which expresses satisfaction with the thermal environment. So the 
term “thermal comfort” describes a person’s psychological state of mind and is usually 
referred to in terms of whether someone is feeling too hot or too cold (British Standards BS 
EN ISO 7730 in HSE manual). 

There are 6 basic factors that affect thermal comfort, broadly under environmental and 
personal factors (HSE Manual, 2013) as can be seen in Figures 1 a & b. 
Environmental factors: 
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i. Air temperature 
ii. Radiant temperature 
iii. Air velocity 
iv. Humidity 
 

Personal factors: 
i. Clothing Insulation 
ii. Metabolic heat 

 
 

     
(a) Figure 1(a & b): (b) Factors That Affect Thermal Comfort (Source HSE Manual, British 

Govt.) 

 

The need to research and develop high performance thermal insulation materials and 
solutions led to the investigative use of aerogel with its renowned nano-technology 
capability. Aerogels are good thermal insulators owing to their hygroscopic nature. Aerogel 
feels dry and acts as a strong desiccant (Baetens et al, 2011). Aerogel can be used in many 
building envelope applications with limited space as an effective remedy for intense thermal 
bridging. The high flexibility and good thermal insulation properties of fiber-reinforced 
silica aerogel composites make it a promising insulation candidate for buildings. (Kosny, 
Petrie, Yarbrough, Childs, Syed & Blair 2005). Today, we can confirm that the fibre-
reinforced aerogel (as produced by Spaceloft®) is available in the market and has seen wide 
applications in buildings. The advantages as highlighted by (Spaceloft® 2010) include: 

i. Superior Thermal Performance: Up to five times better thermal performance than 
competing insulation products 

ii. Reduced Thickness and Profile: Equal thermal resistance at a fraction of the thickness 

iii. Less Time and labour to Install: Easily cut and conformed to complex shapes, tight 
curvatures, and spaces with restricted access 

iv. Physically Robust: Soft and flexible but with excellent spring back, Spaceloft® 
recovers its thermal performance even after compression events as high as 50 psi 

v. Shipping and Warehousing Savings: Reduced material volume, high packing 
density, and low scrap rates can reduce logistics costs by a factor of five or more 
compared to rigid, preformed insulations 

vi. Simplified Inventory: Unlike rigid pre-forms such as pipe cover or board, the same 
Spaceloft® blanket can be kitted to fit any shape or design 

vii. Hydrophobic Yet Breathable: Spaceloft® repels liquid water but allows vapour to 
pass through 

viii. Environmentally Safe Landfill disposable, shot-free, with no respirable fiber content. 
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The materials used in the following experiments is the nano-porous aerogel blanket™ with 
extremely low thermal conductivity, superior flexibility, compression resistance, 
hydrophobicity, and ease of use manufactured (Spaceloft® 2010). Due to the thinness and 
versatility of the aerogel blanket, tests were carried out to ascertain its insulative properties 
as seen in the reported experiments below. Although the experiment’s rig was set-up for a 
dual purpose experiment for both thermal insulation and lighting, the scope of this paper is 
only for the thermal aspect and another paper covers the latter. 

Materials and Methods 
 

Wall Tests Using Aerogel Fibre Sheets as an Infill within the Cavity Wall. 

The test rig is set-up as a dual-purpose rig to test both lighting and thermal properties. For 
the purpose of this paper however, we are focussing on only the thermal component. 
Various equipment are used in the course of carrying out the tests, as seen in Table 2. A 
cavity wall is built thus (see Figures 1 and 2) using commercial aerated blocks (sample of 
which is seen in Figure 3). 

Table 2: The Various Equipment used are:  

 

 
 
Flood light to simulate solar 
radiation 

 

 
 
Zenon and Kipp® Pyranometer: (to 
measure solar irradiance) 

 

 
 
Spaceloft®Aerogel Fibre Blanket 
 

 

 
 

DT500 Datalogger (For recording 
data) 
 
 

 

 
 
 

Heat flux sensor 
 

 

 
 
Heat mat 
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“K”Type Thermocouple  
 
 

 

 
 

High-performance Celotex Board 

 
 

 
 
Multi-purpose Construction 
Grade Silcon Gel 

Source: Researcher 

The Experiment Set-up – The Test Rig 
The blocks are laid and sealed with silicon between the joints, and two separate built up 
walls are placed parallel to one another with a cavity between them of 35mm, as can be seen 
in Figure 1, 2 and 3. 

    
Figure 1:Wall showing the drilled holes   Figure 2:Wall showing the cavity 
 

      
    Figure 3: Block Size: 440mm x 215mm x 100mm 

 

This wall is placed as one face of the rig cell, and the other five sides consisted of an 
insulated material of half inch plywood and 50mm celotex board. The internal dimensions of 
the cell measuring 1200 x 1200 x 1200 (Figures 4 and 5).  

Method of Test (Procedure) 
The sensors (thermocouples) are connected to the datalogger and the sensors are placed in 
the appropriate positions. On the inside of the cell, two heat flux sensors are placed in the 
inner part of the cell (see Figure 5 & 6) in the wall to measure the heat flow. Two light 
sensors were placed in the cell – one on the floor, and the other on the wall opposite the 
block wall. A temperature sensor is also placed in the middle of the cell, just off the floor. A 
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third temperature sensor was used to measure the ambient temperature of the laboratory. 
There was also a pyranometer suspended along the surface of the wall to see the irradiance 
level just at the point of entry into the cell. 

The flood lights at approximately 1.5maway from the edge of the cell, giving an irradiance 
level of an average of 550W/m2. The lights were then turned on and allowed to run for 
10minutes approximately, before the datalogger was turned on and readings began to be 
taken. Note the position of the heat flux sensors in Figure 5, as the laying of the heat mat in 
the interior of the cell as seen in Figure 6. Each of the tests is run for between of 1-2 hours 
and data gathered is thus analysed under the following conditions 

Results and Discussion 

3.1 The tests were carried under the following 4 conditions: 
Condition 1 (C1): Irradiation distance of 1.5m without aerogel infill in the wall and  
   without the use of heat mat 
 
Condition 2 (C2): Irradiation distance of 1.5m without aerogel infill in the wall but  
   with the use of heat mat 
 
Condition 3 (C3): Irradiation distance of 1.5m with aerogel infill in the wall   
   without the use of heat mat 
 
Condition 4 (C4): Irradiation distance of 1.5m with aerogel infill in the wall with  
   the use of heat mat 

 

   
4a       4b 
Figure 4 a & b: Wall with light rods in Place prior to commencement of Testing 
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Figure 5: Position 1 of Heat Flux     Figure 6: Interior of the cell showing the sensors
       laid heat mat 

  
Temperature analysis as can be seen from Figure 8 shows that the ambient temperature in 
the laboratory was constant at 22°C. When the temperature is measured in the Cell as in 
condition 1 (C1), without aerogel, without heat mat, temperature was constant at 20°C, a 
difference ΔT of 2°C between that and the ambient temperature. However, when the aerogel 
was introduced into the cavity, the temperature rose to 25°C. This can be explained because 
the heat that went in stayed in and could not be dissipated by through the wall because of 
the aerogel buffer, but without the aerogel buffer, the air freely moved in and out through 
the wall, so the heat did not remain in the cell as was expected. 

When the heat mat is activated in the Cell (with the thermostat set at 40°C so as to raise the 
internal temperature to resemble that of the tropics and thus investigate the behaviour), the 
temperature measured was such that the temperature was fluctuating with the heating and 
cooling down of the heat mat, given a sine wave with high and low peaks. Without an 
aerogel buffer and heat mat activated, the temperature fluctuated between 41°C and 35°C. It 
was constant at 41°C, then gradually dipped to 35°C, and again rose to 40°C – this could be 
as a result of the temperature control through the thermostat installed onto the heat mat. 
However, when the aerogel was introduced into the buffer, the sine curve was constant and 
the fluctuations could be explained due to the heating and by the heat mat and the dips in 
the cooling of the heat mat when the thermostat switched it off, and when back on again the 
heat rose, so there was less dissipation of heat into the surrounding exterior of the cell. And 
in both cases Conditions 2 and 4 (C2 and C4), the heat was above the heat at entry which 
was at an average of 32°C. 

 
Figure 7: Temperature Analysis and Effects with the Introduction of Aerogel Infill in Cavity of Wall and Heat 

Mat 
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From Figure 8, the behaviour of aerogel is also put to the test. Analysis shows that with the 
application of the heat mat, there was always a fluctuation in the pattern of the heat flow 
due to the regulation of the internal temperature with the thermostat set at 40°C used to 
simulate a tropical region such as Nigeria. The Heat flux was placed in the interior of the cell 
to measure the heat flow from in to out however, as there was generated heat in the interior 
of the cell it affected the behaviour of the heat flux sensor as can be seen in the graph below. 
When there was no application of the interior heat, the heat flow was constant, for both 
conditions C3 (with aerogel, without heat mat) and C1 (without aerogel, without heat mat). 
However, when there was aerogel in the cavity, the heat flow was higher, at an average of 
11.5W/m2 as against 4W/m2 when there was no aerogel infill in the cavity. 

 
Figure 8: Analysis of Heat Flow Pattern in the Cell 

CONCLUSION 
Given the analysis above, we can conclude that with the application of the aerogel in the 
cavity when there was no application of heat from the heat mat, the temperature was 
constant at an average of 10.5°C, but when there was heat application, the temperature was 
a basic sine curve peaking at 60°C and dropping to 20°C, at constant intervals, thereby 
giving the indication that as the heat tries to penetrate, the aerogel barrier repels the heat 
and makes it to drop through a difference (ΔT) of 40°C. 

However, when there is no aerogel in the cavity, when the heat is applied, the behaviour of 
the temperature is slightly unpredictable and more heat passes through the wall, peaking at 
82°C, which is 20°C higher than when there was a buffer of aerogel. The lowest temperature 
recorded is 42°C which shows how effective the aerogel insulation is, as less heat is 
dissipated into the room when the aerogel is in the cavity. Therefore, it can be concluded 
that the application of the aerogel in the cavity hinders the heat movement out of the wall 
thereby containing the heat inside, thus will reduce the cost of heating for temperate 
climates, by not alloeing the heat to dissipate through the wall. Likewise, when used in the 
hot/tropical climates, it will not allow the heat from the outside to enter into the interior 
spaces which causes overheating and thermal discomfort. By so doing, it can be safely 
assumed that when the interior is cooled by mechanical means, the cooling load will be less 
and thus more efficient – this is therefore room for further research. 

 
  
 

Legend 

HF – Heat Flux Sensor 

WA – With Aerogel 

WoA – Without Aerogel 

WHM – With Heat Mat 

WoHM – Without Heat Mat 



Applicability of Aerogel as a Nano-Insulator for Thermal Regulation of Residential Building Envelope  

 
 

Tukur, R. B. et al, DUJOPAS 7 (2a): 227-235, 2021                                                                                235 

 

REFERENCES 
Baetens, R., Jelle, B. P., Gustavsen, A., (2011) Aerogel insulation for building applications: A 

state-of-the-art review, Energy and & Buildings 43, 761-769. 
Callow, J. M. and Shao L., (2003). Air-clad optical rods in daylighting system. Limited 

Research Technology 35-41, 31-38. 
Casini, M. (2016). Nano insulating materials and energy retrofit of buildings. NanoItaly - 

AIP  Conference Proceedings held in Rome, September 2015 1749, 020005 (2016); 
https://doi.org/10.1063/1.4954488. Published Online: 23 June 2016, 3-10. 

HSE Manual retrieved from http://www.hse.gov.uk/temperature/thermal/explained 
retrieved 12/01/2013. 

IEA, Building Energy performance metrics, OECD/IEA, Paris, (2015). 
Kosny, J., Petrie, T., Yarbrough, D., Childs P., Syed, A. M. and Blair, C. (2007). Nano-Scale 

Insulation at Work: Thermal Performance of Thermally Bridged Wood and Steel 
Structures Insulated with Local Aerogel Insulation. In Thermal Performance of the 
Exterior Envelopes of Buildings, proceedings of ASHRAE THERM X, Clearwater, FL, 
Dec. 2007, 1-6. 

Michael, F., Ashby, M. F., Ferreira P. J. and Schodek D. L. (2009). Nanomaterials, 
Nanotechnologies and Design: An Introduction for Engineers and Architects 
(Elsevier) Butterworth-Heinemann, Burlington, 138-156. Paperback ISBN 
9780750681490  eBook ISBN  9780080941530 

Reinhart, C. (2006) Daylighting – light, form and people. Energy and Buildings 38 (2006), Pp 
715-717. 

Spaceloft® Aspen/Aerogels Data Sheet 2010; www.aerogel.com 
Tukur, R. B., (2013). Harnessing daylight Potential as a Tool for Visual and Thermal Comfort 

in Residential Buildings. Unpublished PhD Thesis, University of Nottingham, United 
Kingdom, 2-3. 

 
  
 

 

 

https://doi.org/10.1063/1.4954488
http://www.hse.gov.uk/temperature/thermal/explained%20retrieved%2012/01/2013
http://www.hse.gov.uk/temperature/thermal/explained%20retrieved%2012/01/2013
http://www.aerogel.com/

