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chartwell school

source: hopes.uoregon.edu/system/files?file=design_for_deconstruction.pdf 



The Hamer Center is engaged with local governments, housing agencies, environmental organizations, 
and architects in an international initiative to develop principles and practices of “Design for Building 
Disassembly” (DfD). This initiative includes discussions with Canadian counterparts to make design for 
building disassembly part of mainstream architectural practice. Building DfD is design that uses 
methods and materials of design and construction to allow buildings to be flexible, adaptable and dis-
mantleable at all stages of their lives. This includes formal design, and design processes, and also re-
examining materials selection and connection details in light of facilitating materials recovery and 
continued life of the materials. 

DfD Project:

Hamer Centre +
EHDD Architecture

source: http://www.hamercenter.psu.edu/gallery/project_3_index.htm
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Design for Recovery:
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source: 
http://www.chps.net/



C
ha

rtw
el

l S
ch

oo
l



C
ha

rtw
el

l S
ch

oo
l



C
ha

rtw
el

l S
ch

oo
l



C
ha

rtw
el

l S
ch

oo
l



C
ha

rtw
el

l S
ch

oo
l



C
ha

rtw
el

l S
ch

oo
l



C
ha

rtw
el

l S
ch

oo
l



C
ha

rtw
el

l S
ch

oo
l



C
ha

rtw
el

l S
ch

oo
l



C
ha

rtw
el

l S
ch

oo
l



C
ha

rtw
el

l S
ch

oo
l



C
ha

rtw
el

l S
ch

oo
l



C
ha

rtw
el

l S
ch

oo
l



Material Flows

• Assuming disassembly is possible, material 
flows must be identified that acknowledge 
whether a material is:
– RECYCLABLE
– COMPOSTABLE
– DISPOSED (no choice but to be waste)
– TOXIC (avoid if possible)

Acknowledgement for the following content and diagrams to the thesis of 
Scott Proudfoot, 2017.



RECYCLABLE

• McDonough and Braungart’s concept of technical 
nutrients, man-made substances that can be renewed by 
industry, is here termed recyclable. 

• Effective recycling depends on the strict meaning of re-
cycling, returning materials back to their original use. 



COMPOSTABLE

• Compostable materials emerge from the concept of 
biological nutrients. Plant matter is harvested, used, and 
left to decompose at end of life. 

• Leveraging the environment for production and disposal 
creates a far smaller ecological footprint than mined 
materials.



DISPOSED

• Materials extracted for a single use encompass most of 
what we build with today. Many of these, like gravel, will 
not be exhausted any time soon. However they form the 
bulk of waste. 

• Downcycled materials also appear here, as they are 
designed for only one use in their current form. 



TOXIC

• A surprising number of building materials are toxic to 
their occupants or the environment. 

• Removing these from use is a priority, as managing 
them in waste streams is a long term problem without 
immediately obvious or economically viable solutions. 



TOXIC RED LIST
Compiled by the Living Future Institute:

• Alkylphenols
• Asbestos 
• Bisphenol A (BPA) 
• Cadmium 
• Chlorinated Polyethylene and 

Chlorosulfonated Polyethlene
• Chlorobenzenes 
• Chlorofluorocarbons (CFCs) and 

Hydrochlorofluorocarbons (HCFCs) 
• Chloroprene (Neopene) 
• Chromium VI 
• Chlorinated Polyvinyl Chloride 

(CPVC) 
• Formaldehyde (added) 
• Halogenated Flame Retardants 

(HFRs) 

• Lead (added) 
• Mercury 
• Polychlorinated Biphenyls (PCBs) 

Perfluorinated Compounds 
(PFCs) 

• Phthalates 
• Polyvinyl Chloride (PVC) 
• Polyvinylidene Chloride (PVDC) 
• Short Chain Chlorinated Paraffin 
• Wood treatments containing 

Creosote, Arsenic or 
Pentachlorophenol 

• Volatile Organic Compounds 
(VOCs) in wet applied products 

https://living-future.org/declare/about/red-list/

https://living-future.org/declare/about/red-list/


White List (Masterformat)



Sticky things…



Not so simple Vinyl Trim

An inherent issue with any building product 
manufactured from PVC:
- Window frames
- Roofing membranes
- Plumbing pipes
- Baseboards, trim, etc.



Not so innocent Wood??

Wood is naturally biodegradable so most wood exposed to the environment 
has been protected with toxic materials to slow degradation.



Changed Wood Treatment Required



Cellulose Insulation
Cellulose insulation has the lowest environmental footprint of all insulation types. To render the fluffy 
paper fibres fireproof however, boric acid (borax) and ammonium sulfate are added. Borax is an 
environmental toxin, which relegates the eminently compostable paper fibres to landfill. Ammonium 
sulfate, on the other hand, while not renewable is commonly used as fertilizer. Substituting a greater 
quantity of ammonium sulfate for boric acid will produce cellulose insulation that can be safely 
composted. 



Rockwool Insulation
Rockwool is growing more and more popular for building insulation. Marketing materials 
often tout its environmental friendliness, however, the rock fibres are held together by a 
toxic thermo-set phenol formaldehyde adhesive. Post-industrial recycling of small 
quantities is practised, though there is no widespread collection system for post-
consumer rock-wool. By replacing the formaldehyde adhesive with a thermoplastic 
polymer such as nylon, the materials can be separated at end of life. Nylon can be 
recovered by solvent dissolution, and cleaned rock fibres can then be remelted into fresh 
wool. 



Wood Adhesive
Recent advances in soy glue promise to remove formaldehyde emissions from composite 
wood products. However, a deeper dive into the chemistry of soy flour adhesives reveals 
that the new ingredient is a curing polymer blend called Kymene. This chlorinated 
hydrocarbon does not emit formaldehyde but will produce the persistent toxins dioxin and 
furan when burned. Research into soy glue chemistries is ongoing, but there may be no 
good solution. Any biodegradable glue will fail to be waterproof enough for structural use. 



Polyethylene
The challenge in designing the life cycle of plastic building components is selecting nontoxic 
chemistries that can be recycled. Polyethylene is the best construction plastic for closed life 
cycles. It is the world’s most common polymer, synthesized from simple hydrocarbon 
precursors without toxic chlorine bonds. Polyethylene and PET in beverage bottles, are the 
only two commonly recycled plastics. When several cycles of use have weakened or 
contaminated polyethylene it can be chemically broken down the original monomers for 
feedstock recycling. 
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What is Biomimicry?

A design discipline that seeks sustainable solutions by emulating 
nature’s time-tested patterns and strategies.

Core Idea: Nature has already solved many of the problems we 
are grappling with: energy, food production, climate control, 
non-toxic chemistry, transportation, packaging, and more.

Brings disciplines together who historically don't interact (e.g.,  
biologists, engineers, designers, economists)
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Several excellent videos of her talks on TED and YouTube web sites

“The biomimics are discovering what works in the natural world 
and more important, what lasts.  After 3.8 billion years of 
research and development, failures are fossils, and what 
surrounds us is the secret to survival.”

Janine Benyus
Biomimicry: Innovation Inspired by Nature
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Define the Challenge
Clearly articulate the impact you 
want your design to have in the 
world and the criteria and 
constraints that will determine 
success.
1. State the challenge as a 

question.
2. Make sure you are considering 

context.
3. Take a systems view and look 

for potential leverage points.

https://toolbox.biomimicry.org/methods/define/



Arch 126: philosophies of sustainable design

Define the Challenge
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Biologize Function & Context
Analyze the essential functions and context 
your design solution must address. 
Reframe them in biological terms, so that 
you can “ask nature” for advice.
1. Ask “How does nature?” questions.
2. Think about analogous life functions 

and contexts in nature.
3. Consider multiple possibilities.
4. Flip the question.

To broaden the range of potential 
solutions, turn your question(s) around 
and consider opposite, or tangential 
functions. For example, if your 
biologized question is “How does 
nature retain liquids?”, you could also 
ask “How does nature repel liquids?”https://toolbox.biomimicry.org/methods/biologize/
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Biologize Function & Context
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DISCOVER

Look for natural models (organisms 
and ecosystems) that need to 
address the same functions and 
context as your design solution. 
Identify the strategies used that 
support their survival and success.
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AskNature.org – Database of biomimetic strategies & examples

https://asknature.org/
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Biomimicry Taxonomy
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Biomimicry Taxonomy

1. Find the verb: 
Move away from any predetermined ideas of what you want to 
design, and think more about what you want your design to do. Try 
to pull out single functional words in the form of verbs. The 
questions you might pose through the Search or Browse options 
might be: 

How would Nature…
Capture rainwater?
Store water?
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2. Try a different angle. 
Some organisms live in areas that don't experience any rain, yet 
they still get all of the water they need. So other questions to pose 
might be:

How would Nature…
Capture water?
Capture fog?
Absorb water?
Manage humidity?
Move water?
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3. Turn the question around. 
Instead of asking how Nature stores water, you might think about 
how Nature protects against excess water or keeps water out:

How would Nature…
Remove water?
Stay dry?
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Biomimicry Taxonomy
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Structural Skeleton

Paxton’s Crystal Palace was based on the strength of the Lily Pad 
and the ability of the veins of the leaf to support the thinner 
membranes between.



Arch 126: philosophies of sustainable design

Burr = Velcro

https://www.mnn.com/earth-matters/wilderness-resources/photos/7-amazing-examples-of-biomimicry/burr-velcro
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Bugs = Water Collection

The Stenocara beetle is a master water collector. The small black bug lives in a harsh, dry desert environment 
and is able to survive thanks to the unique design of its shell. The Stenocara's back is covered in small, smooth 
bumps that serve as collection points for condensed water or fog. The entire shell is covered in a slick, Teflon-
like wax and is channeled so that condensed water from morning fog is funneled into the beetle's mouth. It's 
brilliant in its simplicity.
Researchers at MIT have been able to build on a concept inspired by the Stenocara's shell and first described 
by Oxford University's Andrew Parker. They have crafted a material that collects water from the air more 
efficiently than existing designs. About 22 countries around the world use nets to collect water from the air, so 
such a boost in efficiency could have a big impact.
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http://www.nytimes.com/2006/06/27/science/27find.html?_r=1
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Singapore Arts Center
Shading screen over glass roof whose angles are fine tuned to the solar 
path as inspired by polar bear fur.

Biomimicry in Architecture
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Al Bahar Towers in Abu Dhabi, 
by Aedas – façade opens and 
closes as timed to the sun.
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Al Bahar Towers in Abu Dhabi, 
by Aedas – façade opens and 
closes as timed to the sun.
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Photovoltaic panels that 
turn to track the sun, just 
like sunflowers.
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Termite den = Office building
Termite dens look otherworldly, but they are surprisingly comfortable places to live. While the temperature 
outside swings wildly throughout the day from lows in the 30s to highs over 100, the inside of a termite den 
holds steady at a comfortable (to a termite) 87 degrees.
Mick Pearce, architect of Eastgate Centre in Harare, Zimbabwe, studied the cooling chimneys and tunnels of 
termite dens. He applied those lessons to the 333,000 square-foot Eastgate Centre, which uses 90 percent 
less energy to heat and cool than traditional buildings. The building has large chimneys that naturally draw in 
cool air at night to lower the temperature of the floor slabs, just like termite dens. During the day, these slabs 
retain the coolness, greatly reducing the need for supplemental air conditioning.
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LIVING CERTIFICATION

A project achieves Living Certification or Living
Building Certification by attaining all Imperatives 
assigned to its Typology. 

All twenty (20) Imperatives are required for Buildings, 
fifteen (15) for Renovations and 
Seventeen (17) for Landscape and Infrastructure 
projects.
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PETAL CERTIFICATION

While achieving Living Certification is the ultimate goal, meeting
the Imperatives of multiple Petals is a significant achievement
in and of itself. 

Petal Certification requires the achievement of at
least three of the seven Petals, one of which must be either the Water, 
Energy or Materials Petal.

Imperative 01, Limits to Growth and Imperative 20,
Inspiration and Education are required.
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Bullitt Center
2013
Seattle, Washington
The Miller Hull Partnership

http://www.bullittcenter.org/2015/04/01/bullitt-
center-earns-living-building-certification/

http://www.bullittcenter.org/2015/04/01/bullitt-center-earns-living-building-certification/
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Bullitt Center

Plantings chosen should be:
• Natural to the area
• Perennial
• Able to survive with 

minimal watering
• Use NON potable 

(drinking) water

• Readjust our thinking 
about what is beautiful?
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Bill Fisch Forest Stewardship 
and Education Centre
2016
York Region, Ontario
DIALOG Design

Targeting 
Living 
Building 
Challenge
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http://www.dialogdesign.ca/projects/york-region-forest-stewardship-education-centre/
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The first Living Building Challenge contender in Ontario, conservation strategies 
including: 
• a high-performance envelope with R-40 walls and R-60 roof; 
• a window-to-wall ratio of less than 30%; 
• and triple-glazed windows oriented for optimal solar orientation
• 35kW photovoltaic array contributes to the net positive energy result. net zero 

water, with rain and well water meeting 100% of occupant needs. 
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Bill Fisch Centre

http://www.sabmagazine.com/blog/2016/06/08/2016-ontario-regional-winner-and-technical-award-winner/
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Bill Fisch Centre

http://www.sabmagazine.com/blog/2016/06/08/2016-ontario-regional-winner-and-technical-award-winner/
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Bill Fisch Centre

http://www.sabmagazine.com/blog/2016/06/08/2016-ontario-regional-winner-and-technical-award-winner/
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Bill Fisch Centre

http://www.sabmagazine.com/blog/2016/06/08/2016-ontario-regional-winner-and-technical-award-winner/
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