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Air leakage & insulation assessment 
 
 

Client     xxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxx ACT 2615 
12.00 am– 2.00 pm, 8th April 2009  
 

 
 
Building 
 

  
street view to west 
 

 
aerial view to north 

·  4 x 2, single storey house  
·  original 3 x 1 built 1973, extended to east 1978 
·  Brick-veneer with tiled roof 
·  Front of house faces west 
·  Heating: floor-ducted gas  
·  Cooling: ceiling-ducted evaporative 
 
·  Floor area: 150 m2  
·  Volume: 360 m3 
·  Surface area: 420 m2 
·  Indoor air temperature: 18.3 ºC 
·  Outdoor air temperature: 20.5 ºC 
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Summary 
The house has significant air leakage at test pressures—29 air changes per hour (ACH) at 50 Pascals. This is like 
having a 49 cm square window permanently open, at normal pressures, in an airtight version of the house (see 
page 3 for details).  
 
Under normal conditions, prior to air leakage testing, the insulation was assessed thermographically. Gaps in the 
ceiling insulation, where batts had lifted or were missing, were detected throughout the house, particularly at the 
edges (due to difficulty accessing) and around vents and other fittings. In the office and living room the insulation 
was found to be extremely uneven and ineffective in many areas. Gaps totally just 5% of the ceiling area reduce the 
effective R value of the insulation by 50% so these sections of roof are significantly reducing the thermal efficiency 
of the house. 
 
The most significant areas of air leakage in the house were through: ceiling vents (evaporative cooling throughout, 
permanent vents laundry/toilet), fans (kitchen and bathroom), the manhole; permanent vents in toilet windows, 
cracks in bathroom 2 and unsealed external doors. Other issues include gaps between door and window 
architraves and walls, at skirting boards and around wall mounted air conditioners (+ big hole in the wall in living 
room!). 
 
See pages 4 to 11 for thermal images illustrating these issues (all rooms were scanned with the camera but images 
were only captured where a problem or point of interest was spotted). Most of the problems are simple and cost 
effective to rectify and will result in significant improvements to comfort level and energy efficiency, without 
compromising indoor air quality.  

 
Suggested Rectification 
Start high and work down to reduce energy loss via the stack effect (as warm air escapes through high gaps, cold 
air is drawn in through low gaps). In winter, divide the house into zones by closing off leakier areas with well sealed 
doors.  
 
Specific issues to address: 

·  Close, and seal, evaporative cooling vents as soon as you start thinking about keeping the house warm 
·  Remove/seal permanent ceiling vents in laundry/toilet area 
·  Seal and insulate manhole 
·  Weather strip standard external doors and bathroom, toilet and laundry doors 
·  Install ‘Drafstoppa’ covers on bathroom fans and seal between edge of fans and ceiling 
·  Replace kitchen exhaust fan with new sealable variety or install ‘Draftstoppa’ 
·  Fill gaps in the new batt insulation 
·  Caulk gaps at skirting in areas with exposed floor boards 
·  Caulk gaps between window and door architraves and walls 
·  Install pelmets on windows (can be home-made using stiff card/foam or plywood to fit discretely) 
·  Install cavity wall insulation 
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Air leakage measurement  
A large fan, pressure gauges and software were used to depressurise the building in a controlled fashion. This 
graph shows the volume of air leaking from the house per hour (m3/h) at different levels of depressurisation 
(pressure is measured in units called Pascals, Pa). 
 

 

 
Air changes per hour at 50 Pa  
ACH50 or n50 = 29 
 
Air changes per hour at 4 Pa (~normal pressures)  
ACH4 or n4 = 6 
 
Air leakage per hour per m2 of envelope 
q50 = 25 m3 
 
Effective leakage area at 4 Pa 
ELA4 = 2359 cm2 (= 49 cm square opening) 
 

 
By dividing the building leakage rate, on the y axis, by the volume of the house (360 m3) we can work out how many 
air changes per hour (ACH) the house is experiencing. The international standard for comparison of building ACH is 
at the artificially-induced pressure of 50 Pa (ACH50 or n50).  
 
Another way of expressing the rate of air leakage is in terms of whole building permeability. In this case leakage is 
expressed as the volume of air leaking per hour per square metre of envelope surface area at 50 Pa (q50). 
Envelope surface area includes ceiling area + wall area + floor area. 
 
Air leakage is driven by differences in pressure. Normal pressures are in the range of 1–4 Pa so ACH is also 
calculated at 4Pa (ACH4) to estimate how much air movement is occurring under natural conditions. NB the stack 
effect (warm air rising), and mechanical heating/cooling/ventilating systems, can create pressure differentials in the 
range of 5-10 Pa, while wind can cause differences as great as 150-1500 Pa. 
 
To help people understand the significance of ACH, and visualize the size of the problem, we convert the leakage 
rate to an effective leakage area (ELA). Assuming the building was airtight, ELA4 is the size of the hole in the 
building envelope, which would allow air to leak out at the rate measured at 4 Pa. 
 
How does this compare? 
The majority of Canberra homes have an n50 (ACH at 50 Pa) of 15 - 25 or a q50 (envelope permeability at 50 Pa) 
of 12 - 20 m3/hr/m2. By comparison, using advanced sealing techniques, modern European and North American 
homes aim for an n50 of 1.5 - 3.0 (mechanical ventilation is needed to ensure healthy indoor air quality at this level 
of airtightness). The new UK Building regulations of 2006 introduced a minimum q50 air leakage standard for new 
naturally ventilated dwellings of 3 – 9 m3/hr/m2.  
 
In a climate like Canberra’s we should be aim for an n50 or q50 of less than 10. This would halve the rate of air 
leakage in most homes and lead to significant reductions in energy-use for heating and cooling. Air leakage 
standards should go hand-in-hand with minimum insulation requirements to maximise energy efficiency and 
minimise greenhouse gas emissions. Insulating without controlling air leakage is poor practice: air leakage 
significantly comprises the effectiveness of insulation and can cause deterioration of insulating materials. 
 
Indoor air quality 
For healthy indoor air quality it is generally accepted that 0.5 - 1.0 ACH are needed at normal pressures. This house 
is experiencing air changes well in excess of the level needed for indoor air quality maintenance. There is 
opportunity to significantly increase the airtightness and energy efficiency of the house without compromising the 
residents’ health. 
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Master: insulation 

      

1. IR002815.IS2 8/04/2009 12:30:57 2. IR002811.IS2 8/04/2009 12:29:09 3. IR002810.IS2 8/04/2009 12:29:04 
 

     

4. IR002813.IS2 8/04/2009 12:30:28 5. IR002814.IS2 8/04/2009 12:30:51 6. IR002816.IS2 8/04/2009 12:31:41 
 

    

7. IR002823.IS2 8/04/2009 12:33:51 8. IR002824.IS2 8/04/2009 12:33:58 
 

Master: air leakage 

      

9. IR002874.IS2 8/04/2009 1:11:28 10. IR002875.IS2 8/04/2009 1:11:51 



Energy Imaging Pty Ltd 

xxxxxxx 08/04/2009 Page 5 of 11 

Hall: insulation and air leakage  

  

11. IR002819.IS2 8/04/2009 12:32:46 PM  12. IR002878.IS2 8/04/2009 1:13:39 PM 

                       

13. IR002884.IS2 8/04/2009 1:17:32 14. IR002894.IS2 8/04/2009 1:21:58 
 
 
 

Bedroom 2: insulation 

     

15. IR002821.IS2 8/04/2009 12:33:15 16. IR002825.IS2 8/04/2009 12:34:17 17. IR002826.IS2 8/04/2009 
12:34:29 
 

Bedroom 2: air leakage 

                          

18. IR002880.IS2 8/04/2009 1:15:16 19. IR002881.IS2 8/04/2009 1:15:45            20. IR002882.IS2 8/04/2009 1:16:45 
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Bathroom 1: insulation 

     

21. IR002827.IS2 8/04/2009 12:34:41 22. IR002828.IS2 8/04/2009 12:34:55 
 

Bathroom 1: air leakage 

                          

23. IR002886.IS2 8/04/2009 1:18:52   24. IR002885.IS2 8/04/2009 1:18:19 
 
 

Toilet: insulation & air leakage 

     

25. IR002830.IS2 8/04/2009 12:36:30 26. IR002887.IS2 8/04/2009 1:19:27 27. IR002888.IS2 8/04/2009 1:19:36 
 
 

Laundry: insulation  

                                                                                                                                                                                            
  

28. IR002831.IS2 8/04/2009 12:36:55 29. IR002833.IS2 8/04/2009 12:37:24          30. IR002832.IS2 8/04/2009 12:37:13 
 

Laundry: air leakage 

          
31. IR002890.IS2 8/04/2009 1:20:12   32. IR002891.IS2 8/04/2009 1:20:43 33. IR002889.IS2 8/04/2009 1:19:58 
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Bedroom 3: insulation 

     

34. IR002835.IS2 8/04/2009 12:37:45 35. IR002837.IS2 8/04/2009 12:37:58 36. IR002838.IS2 8/04/2009 12:38 
 

Bedroom 3: air leakage 

                         

37. IR002895.IS2 8/04/2009 1:23:10 38. IR002896.IS2 8/04/2009 1:23:26           39. IR002897.IS2 8/04/2009 1:24:04 
 
 
 

Bathroom 2: insulation 

    

40. IR002848.IS2 8/04/2009 12:43:47 41. IR002850.IS2 8/04/2009 12:44:50 
 

Bathroom 2: air leakage 

      

42. IR002907.IS2 8/04/2009 1:26:44 43. IR002908.IS2 8/04/2009 1:27:11 
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Office: insulation & air leakage 

  

44. IR002839.IS2 8/04/2009 12:39:10 PM  45. IR002840.IS2 8/04/2009 12:39:29 PM 

  

46. IR002843.IS2 8/04/2009 12:40:44 PM  47. IR002842.IS2 8/04/2009 12:40:28 PM 

  

48. IR002841.IS2 8/04/2009 12:39:47 PM  49. IR002844.IS2 8/04/2009 12:41:45 PM 

 

       
50. IR002899.IS2 8/04/2009 1:24:36   51. IR002900.IS2 8/04/2009 1:24:49   52. IR002902.IS2 8/04/2009 1:25:22 
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Dining: insulation 

       

53. IR002853.IS2 8/04/2009 12:46:26 54. IR002856.IS2 8/04/2009 12:47:19 55. IR002859.IS2 8/04/2009 12:48: 
 
 

Dining: air leakage 

       

56. IR002910.IS2 8/04/2009 1:28:09 57. IR002911.IS2 8/04/2009 1:28:18 58. IR002912.IS2 8/04/2009 1:28:23 
 
 
 

Kitchen: insulation 

       

59. IR002852.IS2 8/04/2009 12:46:13 60. IR002857.IS2 8/04/2009 12:47:33 61. IR002858.IS2 8/04/2009 
12:47:46 
 

Kitchen: air leakage 

     

62. IR002913.IS2 8/04/2009 1:29:09 
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Study/Living: insulation 

       

63. IR002860.IS2 8/04/2009 12:48:38 64. IR002861.IS2 8/04/2009 12:48:55 65. IR002862.IS2 8/04/2009 
12:49:04 
 

Study/Living: air leakage 

        

66. IR002915.IS2 8/04/2009 1:30:39 67. IR002916.IS2 8/04/2009 1:30:47 
 
 
 

Entrance: insulation 

       

68. IR002869.IS2 8/04/2009 12:51:36 69. IR002870.IS2 8/04/2009 12:51:46  
 

Entrance: air leakage 

            

70. IR002927.IS2 8/04/2009 1:36:23    71. IR002926.IS2 8/04/2009 1:36:06 
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Living: insulation 

       

72. IR002863.IS2 8/04/2009 12:50:02 73. IR002864.IS2 8/04/2009 12:50:24 74. IR002865.IS2 8/04/2009 12:50 
 

      

75. IR002866.IS2 8/04/2009 12:50:48 76. IR002867.IS2 8/04/2009 12:50:57 
 

Living: air leakage 

         

77. IR002917.IS2 8/04/2009 1:31:15 78. IR002918.IS2 8/04/2009 1:31:36 79. IR002921.IS2 8/04/2009 1:32:44 
 

       

80. IR002920.IS2 8/04/2009 1:32:19 81. IR002919.IS2 8/04/2009 1:32:16 82. IR002922.IS2 8/04/2009 1:33:22 
 

       

83. IR002923.IS2 8/04/2009 1:33:33 84. IR002924.IS2 8/04/2009 1:35:07   


