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• Potential conflicts between energy efficiency & IAQ

• Defining the metrics for IAQ in low-energy dwellings 

(IEA EBC Annex 68)

• A case study from the UK

• Exposure Limit Values (ELVs) for formaldehyde

• Trade-offs between energy efficiency & formaldehyde levels

• Source control measures
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Unintended consequences of energy efficiency policies
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Concentration of pollutants in low-energy building

Source: Abadie et al., 2016. IEA EBC Annex 68 – Indoor Air Quality Design and Control in Low-energy Residential Buildings, SUBTASK 1: 

Defining the metrics
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Source: Abadie et al., 2016. IEA EBC Annex 68 – Indoor Air Quality Design and Control in Low-energy Residential Buildings, SUBTASK 1: 

Defining the metrics

IAQ-Energy Dashboard
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• New-build apartment blocks in East London (completed in 2015)

• Low air permeability: 2-3 m³/hr/m² at 50 Pa

• Mechanical Ventilation with Heat Recovery (MVHR)

• Low ACH (<1 in heating season): indoor sources become more relevant!

Case Study

5

6



CLICK TO EDIT RUNNING TITLE STYLE

CLICK TO EDIT RUNNING TITLE STYLE

PM2.5 Concentrations

Episodes of high concentration on lower apartments close to the main road 

(Basic G3 filter used in the MVHR units)
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NO2 Concentrations

High concentration mainly in the kitchens 

(background pollutions + indoor events)
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VOC concentrations (passive sampling)

VOC Min 25th pctl. Median Average 75th pctl. Max Annex 

68 

ELV 

Benzene  0.55 0.55 1.20 1.14 1.48 2.8 0.2 

Formaldehyde  1.15 10.15 16.32 16.78 26.13 31.91 9 

Trichloroethylene  0.25 0.25 0.25 0.26 0.25 0.3 2 

Styrene  0.30 0.63 1.35 1.78 2.00 53.9 30 

Naphthalene  0.25 0.34 1.00 1.38 1.30 5.4 2 

Toluene 0.45 1.20 2.15 4.03 3.33 22.8 250 

Tetrachloroethylene 0.30 0.35 0.35 0.66 1.09 1.8 100 

 

Benzene (primarily driven by outdoor sources) and formaldehyde 

(driven by indoor sources) consistently show concentrations higher than best practice 

ELVs.
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VOC concentrations (passive sampling)
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Internal sources of pollution

• Formaldehyde in all apartments and most 

zones higher than best practice ELV

• Perceived wisdom of 2-3 years to off-gas is 

questionable?

• Source control measures

• Boost ventilation mode on MVHR required to 

be used? 
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33.7 μg/m3

Source: Well Building Standard, 2014 
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Derivation of ELV for Formaldehyde

Source: California Office of Environmental Health Hazard Assessment, 2014

Non Observable 

Adverse Effect 

Level 
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Reference exposure level for Children

Source: California Office of Environmental Health Hazard Assessment, 2014
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Source: NRC Canada, 2005. 
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Minimum ACH achievable from installed MVHR

(ACH=0.1)

Maximum ACH achievable from installed MVHR

(ACH= 1.6)

MVHR commissioned flow rate (ACH= 0.5)

• Given the existing context (material and emission sources) maximum ventilation rate should be 

around  3 times the commissioning rate to bring formaldehyde concentration down to best practice 

ELV!

• Increasing the air change rate from 0.5 to 1.6 h-1 with the same MVHR system will increase 

the primary energy use of regulated energy end-uses by around 22%. 
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• Increase thermal efficiency of the MVHR system from 85% 

to 90%, 

• Reduce the specific fan power of the MVHR system from 

1.0 to 0.6 W/L/s,

• Improving seasonal heating efficiency from 87% to 90%.

• These improvements can reduce the excess in primary 

energy use for regulated energy and total energy to 9% and 

5% respectively.

Further energy improvements
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PM2.5 concentrations in London: higher grade filters are 

required (higher energy use)!

• EU legal limit (annual mean): 25  µg/m³

• WHO guideline limit (annual mean): 10 µg/m³ 
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Conclusions

• Wide range of ELVs proposed for formaldehyde 

• Formaldehyde is not  currently regulated in the UK Building Regulations 
(TVOC only).

• Current material used in the construction industry and MDF based 

products may lead to high concentration levels.

• Source control measures are essential to reduce exposure to 
formaldehyde (CARB2 and EPA’s new Formaldehyde Standards for 
Composite Wood Products Act (TSCA Title VI)

• Enhance ventilation should be used only as a complementary measure 
(with adequate filtration to protect building users against outdoor pollution).

Contact: esfand.burman@ucl.ac.uk
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