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Jules Ferry Residence, France (2013)
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https:// ecococon.eu/projects

Hyllie High Rise, Sweden (2025)



sapeople.com

84 Harrington Ave, Cape Town, SA (2023)

https://www.sapeople.com/business/worlds-tallest-hemp-building-nearing-completion-in-cape-town-south-africa/


https:// www.aukettswanke.com /projects/marks -and-spencer-flagship -store/

Marks & Spencer mall, UK (2012)



https://2021.prizes.new -european-bauhaus.eu/node/269001

DeRoomly Sports Hall, Netherlands (2019)



https:// www.architype.co.uk /project/the -enterprise-centre-uea/

Enterprise Centre, University of 
Nottingham, UK (2015)



materiaaward.com

Louise Michel School, France (2015)

https://www.materiaaward.com/en/portfolio-item/louise-michel-school-complex/


THERE ARE MANY CRITERIA TO CONSIDER

Ecosystem impacts

Energy efficiency

Indoor environment 
quality

Waste

Resilience

Maintenance & inputCode compliance

Material costs

Labour costs & sources

Criteria matrix from Essential Sustainable Home Design, 2018



THERE ARE MANY CRITERIA TO CONSIDER

Ecosystem impacts

Embodied carbon

Energy efficiency

Indoor environment quality

Waste

Resilience

Maintenance & input

Code compliance

Material costs

Labour costs & sources

Criteria matrix from Essential Sustainable Home Design, 2018





Climate- and health-friendly homes should be easy becauseв

вOur building code already mandates these things:

HEALTH: љ ŰШŸĤŢĲĦƣŔƻĲШŸŉШƣőŔƚШĦŸĬĲШŔƚШƣŸШũŔůŔƣШƣőĲШ
ƓƖŸĤċĤŔũŔƣǃШƣőċƣвШa person in the building will be 
exposed to an unacceptable risk of illness due to 
ŔŰĬŸŸƖШĦŸŰĬŔƣŔŸŰƚЮњ
ы§cΝЮΝШƚƓĲĦŔŉŔĲƚШљŔŰĬŸŸƖШċŔƖШƕƨċũŔƣǃь

ENVIRONMENT: љ ŰШŸĤŢĲĦƣŔƻĲШŸŉШƣőŔƚШĦŸĬĲШŔƚШƣŸШũŔůŔƣ
ƣőĲШƓƖŸĤċĤŔũŔƣǃШƣőċƣвШthe natural environment will be 
ĲǂƓŸƚĲĬШƣŸШċŰШƨŰċĦĦĲƓƣċĤũĲШƖŔƚťШŸŉШĬĲŊƖċĬċƣŔŸŰЮњШ
ы§EΝЮΝШƚƓĲĦŔŉŔĲƚШљĲůŔƚƚŔŸŰƚШŔŰШƣőĲШċŔƖњь



fƣќƚШ §ÑШĲċƚǃШĤĲĦċƨƚĲв

This page 
intentionally left 
blankв[ ]

There is not a single line of code that directly addresses OH1 or OE objectives!

In fact, there are absolutely no regulations regarding the chemical content or 
carbon footprint of building materials.



Climate change:

Buildings responsible for 
~38% of all anthropogenic 
emissions1

1ÖŰŔƣĲĬШ ċƣŔŸŰќƚШEŰƻŔƖŸŰůĲŰƣШÂƖŸŊƖċůůĲќƚ Sustainable Building and Climate Initiative (UNEPSBCI)

Climate & buildings?



Climate & buildings

Amount of energy used 
in a building 



Climate & buildings

Emissions  intensity of energy 
sources varies widely

Fossil fuels have high emissions
Renewables have very low emissions 



Climate & buildings

Emissions from producing 
materials have not typically 
been considered



Product-stage embodied carbon is a major issue

Average per house: 40 tonnes

GTHA estimate: 840,000 tonnes/yr*

Canadian estimate: 14,000,000 tonnes/yr**

US estimate:  55,000,000 tonnes/yr***

*EMBARC report
**Achieving Real Net Zero Emission Homes

*** The Hidden Climate Impact of Residential Construction

Low-rise residential construction:

https://www.buildersforclimateaction.org/report---embarc-report.html
https://www.buildersforclimateaction.org/uploads/1/5/9/3/15931000/bfca-enercan-report-web_08_22.pdf
https://rmi.org/insight/hidden-climate-impact-of-residential-construction/


Climate change and buildings

**Achieving Real Net Zero Emission Homes

138
tonnes

70
tonnes
(3.5 t/yr)

Up-front emissions 
(high emission materials)

Operating emissions w/gas heating 
(20 years)

GTHA 2-story
new home

https://www.buildersforclimateaction.org/uploads/1/5/9/3/15931000/bfca-enercan-report-web_08_22.pdf


Climate change and buildings

**Achieving Real Net Zero Emission Homes

138
tonnes

70
tonnes
(3.5 t/yr)

Up-front emissions 
(low emission materials)

Operating emissions w/ clean-ish 
electric heat 
(20 years)

GTHA 2-story
new home

31
tonnes

15 t
(0.72 t/yr)

208 t
(20 years)

46 t
(20 years)

https://www.buildersforclimateaction.org/uploads/1/5/9/3/15931000/bfca-enercan-report-web_08_22.pdf


Climate change and buildings

**Achieving Real Net Zero Emission Homes

138
tonnes

70
tonnes
(3.5 t/yr)

Up-front emissions 
(net carbon storage materials)

Operating emissions w/electric 
heat, high efficiency, (20 yr)

GTHA 2-story
new home

31
tonnes

15 t
(0.72 t/yr)

208 t
(20 years)

46 t
(20 years)

-20
tonnes

10 t
(0.44 t/yr)

-10 t
(20 years)

https://www.buildersforclimateaction.org/uploads/1/5/9/3/15931000/bfca-enercan-report-web_08_22.pdf


What are these magical, carbon-storing materials?

Timber 
(sustainably 
harvested)

Wood fiber board Hemp hurd & fiber Cork

Cellulose (waste 
paper fiber)

Waste textiles Straw (waste ag 
fiber)

Bamboo

Natural insulation
(hemp, wood, wool, 
cellulose, grass, etc)



More to come: Paradigm shift to purpose-grown materials

bioMASON 
microbe-

grown bricks & 
blocks

Blue Planet 
aggregate 

from waste 
CO2

Prometheus  
algae-grown 
bricks & blocks

Okomwrks  
structural mycelium 
composites



џ9ŸůƓċƖċƣŔƻĲЮƖŔƚťЮƚƣƨĬŔĲƚЮ
ƓĲƖŉŸƖůĲĬЮĤǃЮÖÉЮEÂ ѢƚЮ
Science Advisory Board 
consistently rank indoor air 
pollution among the top 
five environmental risks to 
public health .ѠΤ

1https://www.epa.gov/iaq-schools/why-indoor-air-quality-important-schools 

Health & buildings
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There are NO regulations for chemical content in building materials in Canada. 
Only asbestos and lead are prohibited from being used in building materials. 

џIndoor air pollution is often higher than outdoor air pollution . This has 
been observed in indoor spaces including public buildings, schools, 
kindergartens and homes in developed countries.ѠΤ

1 European Environment Agency, Environment and Human Health, 2013 EEA Report #5/2013
2 Newsweek, Your Office Air is Killing You, 6/2/16

џÑőĲЮƚĦŔĲŰƣŔƚƣƚЮŉŸƨŰĬЮƣőċƣЮŔŰЮƣőĲЮŊƖĲĲŰЮĦŸŰĬŔƣŔŸŰЮш where air was better 
ventilated and had lower carbon dioxide and VOC concentrations ш 
participants scored 61 percent higher in cognitive function compared with 
those in conventional office building conditions. 2

Health & buildings



It is remarkably difficult to 
make a building and avoid 
Red List chemicalsв

Health & buildings



вũĲƣШċũŸŰĲШƣőĲШÖÉШ
EÂ ќƚШ187 Hazardous 
Air Pollutants :

Health & buildings



љÑőċƣќƚШŸťċǃЯШfШƨƚĲĬШŰŸ-VOC paints in my houseвњ



Choosing healthier paintsв

Healthy Building Network: https://homefree.healthybuilding.net/products/3 -paint 

Typical paints are in 
three worst categories

https://homefree.healthybuilding.net/products/3-paint
https://homefree.healthybuilding.net/products/3-paint
https://homefree.healthybuilding.net/products/3-paint


fƚŰќƣШŉŸċůШŔŰƚƨũċƣŔŸŰШċШљŊƖĲĲŰњШƓƖŸĬƨĦƣе

5-20% of the weight of foam insulation is flame retardants, 
due to the high flammability of the material.

Flame retardants are highly toxic to human health and the 
environment. The Green Science Policy Institute has found 
them all to be љƓĲƖƚŔƚƣĲŰƣЯШbioaccumulative , and/or 
toxic. Additionally, some of these FRs are carcinogens, 
mutagens, and/or reproductive, neurological, thyroid, 
ċŰĬоŸƖШĬĲƻĲũŸƓůĲŰƣċũШƣŸǂŔŰƚЮњ1

1 The Flame Retardant Dilemma, Green Science Policy Institute, http://www.greensciencepolicy.org/wp-
content/uploads/2013/12/Green-Building-HFR-Insulation-fact-sheet-November-2010.pdf 



fƚŰќƣШŉŸċůШŔŰƚƨũċƣŔŸŰШċШљŊƖĲĲŰњШƓƖŸĬƨĦƣе

The San Antonio Statement (2010)1аШљяThey] can undergo 
long-range transport, are persistent and bioaccumulative 
(leading to food chain contamination), lack adequate 
toxicity information, do not have a proven overall fire 
safety benefit in some cases, increase fire toxicity which is 
a leading cause of fire deaths, and produce toxic dioxins 
ċŰĬШŉƨƖċŰƚШƽőĲŰШĤƨƖŰĲĬЮњ

And yet the market is sunny for flame retardant chemicals:
љ[ũċůĲШƖĲƣċƖĬċŰƣƚШůċƖťĲƣШƚŔǍĲШůċǃШƖĲċĦőШŸƻĲƖШΞЮΦШůŔũũŔŸŰШ
tons by 2023. Construction application may account for 
ŸƻĲƖШΞΡӖШŸŉШƣőĲШŸƻĲƖċũũШƻŸũƨůĲШĤǃШΞΜΞΟЮњ2

1 San Antonio Statement: https://greensciencepolicy.org/docs/san -antonio-statement-impacts-11.pdf  
2 Flame Retardant Chemicals Market Size, 2016-2023, Global Market Insights, 

https:// www.gminsights.com/industry-analysis/flame-retardant-chemicals-market
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https://greensciencepolicy.org/docs/san-antonio-statement-impacts-11.pdf
https://greensciencepolicy.org/docs/san-antonio-statement-impacts-11.pdf
https://greensciencepolicy.org/docs/san-antonio-statement-impacts-11.pdf
https://greensciencepolicy.org/docs/san-antonio-statement-impacts-11.pdf
https://greensciencepolicy.org/docs/san-antonio-statement-impacts-11.pdf
https://greensciencepolicy.org/docs/san-antonio-statement-impacts-11.pdf
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Intersection of climate & health: Paint

Healthy Building Network: https://homefree.healthybuilding.net/products/3 -paint
BEAM: Building Emissions Accounting for Materials, kg CO2e/1,000 ft2 & 2 coats 

17.2

48

265

288

369

EMBODIED 
CARBON, 
kg CO2e

https://homefree.healthybuilding.net/products/3-paint
https://homefree.healthybuilding.net/products/3-paint
https://homefree.healthybuilding.net/products/3-paint


Intersection of climate & health: Insulation

Healthy Building Network: https://homefree.healthybuilding.net/products/3 -paint
BEAM: Building Emissions Accounting for Materials, 1,000 ft2 at R-20 

-2,235

-795

-237

-178

-2,706

328

220

429

-348

308

220

-584

-695

220

554

820

782

1,234

782

1,605

4,306
EMBODIED 
CARBON, 
kg CO2e

https://homefree.healthybuilding.net/products/3-paint
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https://homefree.healthybuilding.net/products/3-paint
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CASE STUDY

Zero House 
1,100 ft2

Straw bale insulation
Cellulose insulation
Mycelium insulation
FSC wood interior

14 tons storage



CASE STUDY

Solstice 
Northeast
23-unit passive 
house

40 kg CO2e/m2

Cellulose insulation
Engineered wood 
   siding
FSC certified lumber

90 tons storage

1.7% budget increase



CASE STUDY

Baysville 
duplex
Passive house

51 kg CO2e/m2

Prefab panels:
Cellulose insulation
Wood fiber insulation
FSC certified lumber

5 tons storage


