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Towards healthy and sustainable food systems 
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What is good enough ? Absolute sustainable buildings
- Design trajectories from present  to absolute sustainable building

- Present DK emission: 8200 kgCO2e/cap/yr
- Target = 350 kgCO2e/cap/yr
 Reduction factor 23

 Reduction in operation energy and emissions
 Decarbonization of heat and power production 
 Decarbonization of building material construction, renovation and production
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Downscaling of 1.5 C objective Horup et al, 2023, Building and Environment 230 (2023) 109936 –



Disparities: Climate change impacts of heat and cold on health
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Building sustainability? The challenge of indoor air quality!

Increase of buildings airtightness
Increase use of synthetic materials

Deterioration of 
indoor air quality???
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Inner vs Outer insulation case study

5

Indoor 
air

Building 
envelope

Which material? 
Polyurethane foam (PU) XPS, & EPS insulation 
in a concrete frame structure, 20cm
Outer versus inner insulation

Which chemicals? 
Formaldehyde,  2-Butoxyethanol & DEHP

How long? The next 50 years

1 Jolliet et al. (2015)

Exposure is assessed by the 
Product Intake Fraction1 

(PiF, kgintake/kginitial) – fraction of chemical 
in the product that is taken in 



Coupled model of energy and chemical masses

𝑑𝑑𝐶𝐶𝑖𝑖
𝑑𝑑𝑑𝑑…
𝑑𝑑𝑇𝑇𝑖𝑖
𝑑𝑑𝑑𝑑

= 𝐴𝐴𝑠𝑠
𝐶𝐶 𝑖𝑖…
𝑇𝑇𝑖𝑖

+ 𝐵𝐵𝑠𝑠

System of 2N coupled ordinary 
differential equations, with N the 
number of nodes in the building 
envelope
Mass 
transfer

Heat 
transfer

Enables to account 
for changes in 
parameters, e.g diffusion
with temperature



RESULTS:  WHAT MATTERS FOR INDOOR EXPOSURE? 
Surprisingly, not the position of the insulation inner/outer for VOCs

100% emitted after 50years for 
every insulation system

ISES-ISIAQ 2019 - Kaunas, Lithuania
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10 6 Formaldehyde in outer polyurethane insulation
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10 6 Formaldehyde in inner polyurethane insulation

WHAT MATTERS FOR INDOOR EXPOSURE? 
Surprisingly, not the position of the insulation inner/outer for VOCs, nor
the thickness of the concrete layer  



WHAT MATTERS FOR INDOOR EXPOSURE?  Surprisingly, not the position of the 
insulation inner/outer for VOCs, nor the thickness of the concrete layer  
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ISES-ISIAQ 2019 - Kaunas, Lithuania
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Formaldehyde in polyurethane insulation
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Formaldehyde in polyurethane insulation

Inner insulation:
PiF = 0.20%
Human health damage= 0.0041 DALY

Outer insulation:
PiF = 0.20%
Human health damage= 0.0041 DALY



Outer insulation:
PiF = 9.91e-10 kgintake/kginitial
Human health damage= 1.3e-9 DALY

1
0

ISES-ISIAQ 2019 - Kaunas, Lithuania

Inner insulation:
PiF = 3.86e-7 kgintake/kginitial
Human health damage= 8.8e-7 DALY

0.01%, and 0.04% emitted after 
50years for inner and outer 

insulation respectively

RESULTS:  WHAT MATTERS FOR INDOOR EXPOSURE? 
Large influence of insulation position for SVOCs such as DEHP!

Outer insulation with 30cm-concrete:
PiF = 9.40e-12 kgintake/kginitial
Human health damage= 7.0e-14 DALY
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Releases: (a) Initial chemicals mass/m2 and mass fraction emitted directly indoor (green) and 
directly outdoor (grey) for inner (circle) & outer (diamond) insulation



Resulting Human health damage during use phase
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ISES-ISIAQ 2019 - Kaunas, Lithuania

SHIFTING THE BURDEN FROM ENERGY EFFICIENCY TO INDOOR POLLUTION
Air renewal rate: substantial trade-off

Energy loss 
through 
building 
envelope
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1
2

-40%

For the same 
indoor exposure 
standard, the heat 
exchanger allows 
to reduce energy 
losses

SHIFTING THE BURDEN FROM ENERGY EFFICIENCY TO INDOOR POLLUTION
Air renewal rate: substantial trade-off – with heat exchanger



Trade-off - insulation-health: Life cycle human health damage as a function of insulation 
thickness and air renewal for inner (a) and outer (b) without (c) & with (d) heat exchanger 



• Releases from building materials, with indoor sorption)
• Releases from object surface (e.g. wet paints, cleaning agents)
• Indoor air modeling

• Human exposures of the user and the general population via inhalation, ingestion 
incl. mouthing and dust , dermal direct contact and gaseous uptake

• Risks for cancer, developmental and other non-cancer
Maximum chemical content for acceptable risk
Cumulative human health and ecosystem impacts for LCA

USEtox base model + six basic models 
applied to 10000 chemicals in 500 products
 customized to particular applications + developed

necessary QSARS for high throughput determination

 Relevant mass balance-based models for building and materials:

 USEtox determines

– the UNEP-SETAC toxicity consensus model



Substituting DEHP in Vinyl Flooring

Di(2-ethylhexyl) phthalate (DEHP)
CAS RN: 117-81-7

100 m²/household

4.5 kg/m²

Fantke et al., 2020, Green Chemistry. 22 (18), 6008-6024 (https://doi.org/10.1039/d0gc01544j).



• Impacts brought to damage level for highest
possible aggregation and evaluation of potential 
trade-offs

Substituting DEHP phthalate in flooring
• Screen alternatives
• Impacts beyond use-stage 

risks: depends on chemical
function and product appliation

• Chemical function determines
weight fraction and risk potency

• Product application
determines main direct
exposure pathways

PDF: potentially disappeared fraction of species

DALY: disability-adjusted life years

DEHP

DIHP

DEHA



High throughput screening of chemicals in building materials

Huang et al., 2021.  https://doi.org/10.1016/j.jhazmat.2021.127574



Chemical mass used and related hazard of 325 chemicals in buildings



Chemicals of concern in building materials
5



Chemicals of concern in building materials
5



Summary – chemical in building materials

► Absolute sustainable buildings requires high reduction factors for operation, construction 
and background decarbonization

► Important trade-offs between energy efficiency and indoor air quality

► The developed coupled heat-chemical mass enables to study these trade-off and account 
for the moderate interaction with temperature

► High insulation provide important benefits: Outer insulation only reduces indoor exposure 
for SVOCs but NOT substantially for VOCs that can diffuse through concrete

► Air exchanger enables to reduce to the energy consumption for the same standard of 
indoor exposure

► USEtox model enables us to screen hundreds of chemcials in building materials and 
identify chemicals of concern (also for paints).

► Central to account for these different effects on a life cycle perspective
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Quantitative screening of impacts in minutes per pers per day

25 min gained/d

10,000s product
chemicals 
combinations

1 hot dog 36 min. lost/d

35 min. lost/d 5500+ 
food items 

70 min. gained/d

400,000-cell 
multimedia world 
model 

80 min. lost/d

2. Outdoor & indoor exposure to PM2.5

5. Physical exercise

1. Chemicals in 
buildings and 
consumer products

3. Nutritional 
exposure

An exciting era of Big Data, … for the ART OF COMPARING! 

5800+ foods  - https://rdcu.be/cuVht
120,000 likes on CNN Instagram

https://rdcu.be/cuVht


Assess changes: Life cycle Impacts vs Life Cycle Costs
ENVIRONMENT

More 
impactful

Less
impactful

Less costly More costly
COSTS

Irrational 
situation

Economic
trade-off
situation

Win-win
situation

Environmental
trade-off
situation

Reference situation



Unefficient household 
appliances

Efficient household 
appliances and drying the 
washing on the line

Cumulated savings with energy star household appliances

Savings: 5.5 GJ and $180 per 
person and year.
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[0.8 $/pers.-yr]

Fly with Spirit or Southwest!



Savings with efficient household appliances and renewable energy

Save $35 per person and year or
pay $420 per person and year.

Save energy first and then 
invest in renewable energy!
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Inefficient household 
appliances

Efficient household 
appliances

Inefficient household 
appliances + wind power

Efficient household 
appliances + wind power

[0.8 $/pers.-yr]

Conventional Swiss electricity mix
(~50% nuclear, ~37% hydropower)

Wind electricity



Identified Chemicals & Building Materials of Concern
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Identified Chemicals & Building Materials of Concern
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Main Application Areas of USEtox version 3

http://doi.org/10.1007/s11367-021-01889-y
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