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Subtask 1: Defining the metrics 

Marc Abadie1, Pawel Wargocki2
1 LaSIE ‐ University of La Rochelle (ULR), La Rochelle, France 
2 Technical University of Denmark (DTU), Lyngby, Denmark
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Pollution levels in residential buildings
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List of pollutants of concern for Annex68

• Illustration for long‐term exposure 

8+ pollutants according to previous studies on pollutant prioritization (WHO, INDEX, ...)



Metrics for Annex68 – Dashboard

13Data represented here are just for display and do not represent actual situation 





ACTIVITIES AND ROADMAP 

¾ Correlations between 
emission parameters and 
key influencing factors

¾ Mass transfer emission 
models development

¾ Similarity between VOC 
and moisture transport

¾ Laboratory test of 
materials under various 
temperature, humidity and 
their combined effects 
(ongoing…)

¾ Major pollutant sources 
from materials and 
assemblies in residential 
buildings

¾ Existing emission models 
and model parameters

¾ Emission standards
¾ Database

Literature survey Measurement tests Model improvement

Time schedule

2015

• Stakeholders 
involve

• Preliminary 
studies

2016

• Literature survey
• Preliminary studies

2017-2018

• Measurement test 
(ongoing…)

• Reporting
• Database 

development

2019



LABORATORY TESTING

Temperature and humidity influences on the emission rate of 

formaldehyde and VOCs in building materials
� Temperature and relative humidity can simultaneously change in indoor environment, which significantly 
affect the emission rate of formaldehyde and VOCs from building materials.

� Previous studies mainly focus on the single effect of temperature OR relative humidity, and the combined 
effect is not considered.

� Study on the emissions of formaldehyde and VOCs from building materials can be divided into two 
approaches: modelling and experimental measurement.



LABORATORY TESTING
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Example	for	traditional	tool	coupling	
CHAMPS-Multizone (pre NANDRAD	

•  Model components:	

Ø  A set of 1D constructions solved with  
DELPHIN/CHAMPS-BES (transient, PDE)	

Ø  A multi-zone air flow network for air flow calculation 
(quasi-steady state, linear equation system)	

Ø  Multi-zone energy, moisture and pollutant balances 
(transient, set of ODEs)	

Zone 1	
Zone 2	
Zone …	
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Example	for	FMI	usage	

Building represented by 
single-zone model 
THERAKLES (IBK)	
	

Modelica model by Fraunhofer EAS, Dresden 

Equipment system modeled in  
Modelica (GreenBuilding library) with SimulationX 
modeling environment 
and simulator	
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Iterative	Tool	Coupling	–	WR	method	
The Waveform Relaxation Method	

Iteration algorithms (run until convergence based on exchanged time series à vector norm):	
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Iterative	Tool	Coupling	–	WR	method	
Application Example – DELPHIN + Modelica	

•  Iteration	progress	–	heat	pump	runs	always	
Ø Mind:	each	model	runs	simulation	over	the	entire	simulation	period	(here,	14	days)	
Ø  The	information	of	one	model	progresses	into	the	other	
Ø  Already	after	a	few	iterations	the	fully	coupled	solution	is	approached	
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Iterative	Tool	Coupling	–	WR	method	
Application Example – DELPHIN + Modelica	

•  Iteration	progress	–	heat	pump	runs	always	

Ø Mind:	iteration	progress	depends	on	initial	condition	
Ø Yet,	results	are	always	the	same	(stable	convergence)	
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Iterative	Tool	Coupling	–	WR	method	
Application Example – DELPHIN + Modelica	

•  Iteration	progress	–	heat	pump	runs	scheduled,	soil	regenerates	

Ø  takes	a	few	iterations	(simulation	runs)	more	until	convergence	
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Activity	 2016	 2017	 2018	 2019	
(reporting)	

4.1	State	of	the	art	 X	 X	
4.2	Design	
strategies	 X	 X	 X	 X	

4.3	Control&	
operation	 X	 X	 X	

4.4	Annex	68	Guide	 X	 X	 X	 X	 X	 X	 X	

General	Gantt	chart	



 

 



Ventilation for renovated apartments

Centralized
• No space for ductwork
• Difficult to plan and install 

Single-room ventilation
• Drilled installation 
• Low fan power 
• Local control of heat recovery

• Development with DTU: Rotary H.Ex. (Breathe 55) & Plate H.Ex. (Spiralflow) 



Three control modes (priority from L to R)

Frost protectionÆ Humidity controlÆ Temperature control

Temperature Control

Humidity Control

RHindoor > 60 %

Yes

No

Frost Control

Toutdoor < 0 C

Yes

No

START





Passys experiment 

concrete-plex door  

calibration  wall 

supply fan 

Source 

FiD 

Convector 
+ roomfan 

Passys experiment 
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Distribution of the researched kindergartens 
1. Background of home inspection
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FIRST MEASUREMENT CAMPAIGN

8

END OF MAIN CONSTRUCTION WORKS

• No painting

• No floor

• No ventilation

• No wooden stairs

• No door

• No electricity

• Liquids and powders stocked on the ground floor



FIRST MEASUREMENT CAMPAIGN
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RESULTS

µg/m3 BR 1 BR 3 BR 2 - Window BR 2 - Back LR - GF Ext

Formaldehyde 27 25 24 25 < 5
TVOC * 1850 2200 1750 2000 1500 100

Main compounds *: 
Hexylene glycol / 
propylene glycol

(solvents)

1400 1700 1300 1600 1100 < 20

Sum BTEX **
(solvents, adhesives, …, 
and external pollution)

210 215 200 210 180 < 20

Benzene 6 6 6 6 3 < 2
* = approx. ** BTEX = benzene, toluene, ethylbenzene, xylenes

• Low external concentrations: no pollutionÆ the measured concentrations are really specific of the interior

• Very low formaldehyde concentrations (24 / 27 µg/m3)

• Very high TVOC concentrations (> 1500 µg/m3 in toluene equivalent – approx.), mainly due to the solvents and 
cleaning products used and stocked, and to the sewer connection

• No target value before the house is actually lived-in.



SECOND MEASUREMENT CAMPAIGN
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AFTER MAIN INTERIOR FINISHING

• No painting

• Floor installed

• Ventilation installed and used for 2 weeks

• Stairs installed

• Most doors installed

• Electricity OK

• Almost all stocked products removed
(Some tiles adhesive still stocked in the bathroom)



SECOND MEASUREMENT CAMPAIGN
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RESULTS

µg/m3 BR 1 BR 3 BR 2 - Window BR 2 - Back LR - GF Ext

Formaldehyde 13 18 14 13 15 -
TVOC 240 220 270 295 160 -

Main compound: 
pentadiene-type VOC 

(4-Methyl-1,3-
pentadiene, …)

140 130 160 180 100 -

BTEX ≤ 20 ≤ 20 ≤ 20 ≤ 20 ≤ 20 -

Benzene < 3 < 3 < 3 <3 3 -

High comfort

Comfort

Basic

• No external concentrations measurements because of rain

• Even lower formaldehyde concentrations (14 / 18 µg/m3)

• Strongly reduced TVOC concentrations (220 – 300 µg/m3 in toluene equivalent) mainly because of the ventilation. 
Residual COV due to floor coating and wooden stair varnish.

• Benzene concentrations lower than 5 µg/m3 value defined by HQE 2015 protocol



CONCLUSIONS

IAQ IS BAD DURING CONSTRUCTION PHASE
• No ventilation
• Due to specific products (solvents…)
• No link with IAQ in finished house
• May affect workers health

IAQ CAN BE EASILY IMPROVED AT THE END OF CONSTRUCTION PHASE
• By removing pollutant sources (paint pot, glue…)
• With ventilation

NEXT STEP
• Measurements after 10 months of occupation
• Q4 2017

12 / Titre présentation













		 Subtask	leader	 Co-lead	
ST1	–	Metrics	 France		

(Abadie)	
Denmark		
(Wargocki)	

ST2	–	Pollutant	loads	 China		
(Qin)	

USA		
(Zhang)	

ST3	–	Modeling	 Germany		
(Grunewald)	

USA		
(Zhang)	

ST4	–	Strategies	 Denmark		
(Kolarik)	

Norway	
(Cao)	

ST5	–	Field	tests	and	case	
studies	

Belgium	
(Jelle)	

Canada	
(Fitsum)	



	 2015 2016 2017 2018 2019 

Preparation	Phase x x 	 	 	 	 	 	 	 	 

ST1 	 	 x x 	 	 	 	 	 	 

ST2 	 	 x x x x x x 	 	 

ST3 	 	 x x x x x x 	 	 

ST4 	 	 x x x x x x 	 	 

ST5 	 	 x x x x x x 	 	 

Reporting 	 	 	 	 	 	 	 	 x x 
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5th Expert Meeting of the International Energy Agency,  
Annex 68: Indoor Air Quality Design and Control in Low 
Energy Residential Buildings 
 
SCHEDULE: 
Sunday 25th- Tuesday 27th March 2018  
 
ORGANIZER: 
School of Environment and Architecture (SEA), University of Shanghai for Science and Technology 
(USST), China 
CO-ORGANIZER: 
Technical University of Denmark (DTU) 
 
AIMS AND SCOPE 
IEA-Annex 68 Expert Meeting will share the progress made to date in each subtask of the project, 
and discuss the work plan for the next steps. The meeting will include general sessions and separate 
working group sessions for all subtasks including: 
� Defining the metrics 
� Pollutant loads in residential buildings 
� Modeling – review, gap analysis and categorization 
� Strategies for design and control of buildings 
� Field measurements and case studies 
 
LOCATION: 
Information Center, University of Shanghai for Science and Technology,  
No. 516 Jungong Road, Shanghai, China.  
 

IEA ANNEX 68 
 
 
 
 
 

Shanghai, China 


