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• The opportunity to do a PhD was presented in 2015 through 
the HEPD scheme within South West College. 

• The proposal was to investigate a topic relevant to Passive 
House. This was part of a program called project 10.  

• Research and Development Project with a radon protection 
company lead to the idea of radon monitoring in Certified 
Passive House Buildings. 
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WHAT IS RADON 



Radon Geolocation 
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RADON GEOLOCATION 



• Radon gas is classified in group one as carcinogenic to humans by the International 
Agency for Research of Cancer (IARC). 

• Radon is estimated to cause between 3-14% of all lung cancers in a country, 
depending on the national average radon level coupled with occupant smoking 
prevalence.

• In addition to this there is limited research specifically on certified passive house 
buildings and even less research with a focus on indoor radon concentration levels. 

• The significance of the research sits against the backdrop of growth in low energy 
building standards coupled with the incoming energy performance building directive 
which will require all buildings to be near zero energy buildings from the 1st of 
January 2021. 
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SIGNIFICANCE OF RESEARCH 
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Certified Passive House Sample 

Certified Passive House Radon Monitoring Results  

Seasonal Adjusted Average

97 Results – Average 36 Bq/m3 = 60% Lower Radon Level
Target Level 100 Bq/m3 – Action Level 200 Bq/m3

National Average 77 Bq/m3
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MAIN FINDINGS
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Irish Certified Passive House Sample 

Radon Levels - Irish County Average Comparison 

County Level Passive House Level

77 Results – Average 32 Bq/m3 = 64% Lower Radon Level
Target Level 100 Bq/m3 – Action Level 200 Bq/m3

MAIN FINDINGS



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Postcode 131 60 76 53 47 42 47 56 68 81 39 37 50 32 20 65 38 47 107 51

Passive House 22 29 13 34 41 22 34 29 30 44 76 20 28 13 10 20 149 144 37 28
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UK Certified Passive House Sample  

Radon Levels - UK Postcode Average Comparison

20 Results – Only 3 presented with higher levels than postcode average
2 Results above Target Level 100 Bq/m3 and None above Action Level 200 Bq/m3

MAIN FINDINGS



97 Results – 80% of sample below 45Bq/m3 = ALARA Principle 
97 Results – 93% of sample below 100Bq/m3 = Target Level 

Metric 
EPA 2015 

NRS 

Comparison 

Sample  

PH 

Sample 

Number of homes measured 649 25 97 

No. of homes > 200 Bq/m3 8% 8% 0% 

No. of homes > 100 Bq/m3 25% 16% 7% 

Minimum concentration 

(Bq/m3)  
14 21 10 

Maximum concentration 

(Bq/m3)  
1393 598 149 

SAA1 average for Sample 77 88 36 
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DownStairs Upstairs SA Average

Timber = n39 29 29 32

Masonary = n 58 40 36 39
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Certified Passive House Sample 

Construction Materials Radon Comparison

Timber presented with lower indoor radon concentrations 
18% Lower Radon in Timber Sample 

MAIN FINDINGS



These findings follow logic that increased airtightness levels will result in reducing indoor radon 
concentrations, however as many argue that increased airtightness levels will result in increased radon. 
44% drop between 0.3 to 0.6 ACH per hour.

0

0.2

0.4

0.6

0.8

1

1.2

0 20 40 60 80 100 120 140 160 180

AC
H

 -1
 @

50
 p

a

Radon Level in Bq/m3

Airtightness and Radon Monitoring Results 

48

21

0 10 20 30 40 50 60

Average Radon Level Bq/m3

AC
H

-1
 @

50
 p

a

Airtightness Level Comparison 

<0.3 ACH >0.3 ACH

MAIN FINDINGS 



1 2 3 4 5 6 7 8 9 10

Standard House 51 52 34 48 144 126 58 598 409 104

Passive House 18 43 23 26 72 37 20 67 166 37
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Case Studies 

Case Studies - Direct Comparison Radon Levels

Standard House Passive House

5 Breach Target Level 100 Bq/m3 – 2 above Action Level 200 Bq/m3

Only 1 Passive House above Target Level None above the Action Level 

MAIN FINDINGS 



20 Bq/m3 v 43 Bq/m3 or 54% lower in the PH Sample v Phase 2 
20 Bq/m3 v 64 Bq/m3 or 69% lower in the PH Sample v Grid 3022 

0

10

20

30

40

50

60

70

80

90

100

Ra
do

n 
Le

ve
l B

q/
m

3

Downstairs            Upstairs  Average 

Case Study - Silken Park Dublin 

Passive House Standard New Build Grid 3022

MAIN FINDINGS 



Downstairs Upstairs Average

EnerPHit = n5 83 53 72

Standard House = n 25 93 72 88
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Only 5 in the Sample  
None breach Action Level of 200 Bq/m3

18 % Reduction in EnerPhit against Comparison Sample  
7%  Reduction in EnerPhit against National Average 
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Radon Distribution levels presented with a more uniform ratio than expected. 
6% lower on upper floor compared to the typical 33-35%

Downstairs Upstairs

Passive House = n 97 35 33

NRS 2015 = n 344 104 69
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Radon Distribution Average Comparison
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MAIN FINDINGS



Radon Distribution levels presented with a more uniform ratio than expected. 
6% lower on upper floor compared to the typical 33-35%

Downstairs Upstairs

Silken Park (PH) = n 31 21 21

Silken Park (P2) = n 14 53 40

EPA Grid 3022 = n 11 74 51
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Radon Distribution Average Comparison
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• The novel finding is the radon distribution pattern which 
was found in the Certified Passive House sample. 

• The cross-flow principle coupled with a balance and 
properly commissioned MVHR system is what is 
attributed to the change in distribution. 

• Previous research in this area has found the typical 
distribution to be 35% and my own analysis of the 
secondary data corresponded with this with 33% found 
in the NRS. 

• An opportunity now exists for future research on this 
phenomenon and an investigation into the contribution 
from building materials. 
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DISCUSSION 



• I have constructed a risk matrix on the various ventilation systems 
commonly available here in the UK and Ireland. 

• Radon sticks to dust particles so an F9 Filter could be used in known 
geogenic risk areas.

• This filter is an inexpensive upgrade and performance is not affected 
as the pressure drop is low. 

• Higher levels of airtightness could also be pursued in known geogenic 
risk areas.  

• At commissioning the MVHR system could be balanced on the positive 
pressure side to as not to induce ingress on radon. 

RECOMMENDATIONS
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Ventilation 

System Pressure Filtration Heat Recovery Radon Risk Moisture Risk 

PIV Positive + Yes No Low High 

Natural Variable +/- No No Medium Low 

MVHR Balanced Yes Yes Low Low 

DCV Intermittent Negative - Yes Yes Medium Low 

Extract Negative - No No High Low 

RISK MATRIX



• Certified Passive House successfully mitigates against high indoor radon concentrations. 

• MVHR systems are responsible of closer radon distribution levels between upstairs and 
downstairs. 

• Certified Passive House guidance on Quality and certification process has a direct influence 
on performance. 

• EnerPHit is an effective methodology for successful retrofit with lower radon levels.

• Timber as a building material will have an incremental effect on indoor radon.  

• The Research also directly address the Knowledge Gap outlined in the NRCS Report. 

CONCLUSION 
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