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The current material development paradigm

current paradigm

linear

extractive

economic focus

not accountable to health & environmental impacts

creates toxic materials and landscapes

alternative paradigm



Lessons learned from plastic



MATERIAL EXTRACTION MANUFACTURE TRANSPORT CONSTRUCTION USE END OF LIFE

OPERATIONAL ENERGY

EMBODIED CARBON

It is anticipated that embodied carbon will be 
responsible for 72% of carbon emissions associated 

with global new construction between now and 20303

TIME

The importance of embodied carbon will increase as 
operational energy decarbonizes2:

Sustainability
GLOBAL CO2 EMISSIONS BY SECTOR1

Building
operations

Building Materials
& Construction

28%

11%

Embodied carbon

Operational carbon

1Global Status Report 2017
2The Embodied Carbon Review 2018
3https:\\materialspalette.org
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Interview participants

summer ‘20 autumn ‘20 autumn ‘20 winter ‘21 winter ‘21
INTERVIEWS CONTDUCTED
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What are the biggest 
barriers designers face 
when making design 
decisions related to 
sustainability?
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The info gap - availability

Cabernard et al 2019



The info gap - availability

Cabernard et al 2019

sector greenhouse gas (CO2, CH4, N2O, 
HFCs, PFCs) emissions weighted by 
GWP to derive the amount of emitted 
CO2 equivalents.

tons of cultivated biomass, 
extracted mineral ore and 
fossils

particulate matter emission health 
impacts / burden of disease-DALYs
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Shift towards sustainability

• Shared goal for both 
designers and clients

• Built into design process
• As operational energy 

decarbonizes, embodied 
carbon will become 
increasingly important
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Shift towards sustainability

• Shared goal for both 
designers and clients

• Built into design process
• As operational energy 

decarbonizes, embodied 
carbon will become 
increasingly important

TIME

Embodied carbon
Operational carbon

• Embodied carbon and 
health impacts increasingly 
tracked

• Most often results from 
code requirements and 
green building pursuits

• Documenting & mitigating 
impacts

• Understanding materials as 
continuous with the 
landscape they come from

• Improve environmental and 
human health through 
materials

• Circular & local



Reciprocal
Landscapes

develop construction 
materials that are continuous 

with the landscape they 
come from

Hutton 2019
Kimmerer 2011

Improvement
not mitigation



Contaminated sites in the US

https://www.epa.gov/cleanups/cleanups-my-community

• EPA estimates there are over 500,000
brownfields in the US
(EPA 2020)

• The US spends $6 – 8 billion each 
year on these sites
(Doty 2008)

• About 20% of real estate transfers in 
the US are brownfield sites
(Kennan & Kirkwood 2015)

• Over 16% of global land areas are 
impacted by soil pollution
(Anjum 2013)

• Pose health and environmental 
hazards



Environmental
justice issue



Contamination & climate change

Marcantonio et al 2019



• excavation / "dig & haul"
• contaminated soil is 

transported offsite for 
treatment or indefinite 
storage

• capping
• barrier between surface 

and contaminants

• "in situ" / on-site
• chemicals injected to 

break down contaminants 
or convert them into less 
harmful substances

Conventional remediation techniques



Phytoremediation
plant    ·     detoxification
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Phytoremediation applicability

• 10-30X cheaper

• more time intensive

• less certain

Kennan & Kirkwood 2015



Phytoremediation applicability

Kennan & Kirkwood 2015

• low to moderately 
polluted sites (i.e. 
not Superfund 
sites)

• able to take up and 
break down certain 
classes of organic 
compunds



hearty

fast growth

deep roots

adaptable

genetic variation

aesthetics

ecosystem services

secondary products

Phytoremediation with poplar

groundwater

greenspace

hybrids | resilience

grow most places

habitat | erosion control | buffer

bioenergy | timber

short rotation | store carbon

survive toxic conditions

Kennan & Kirkwood 2015



Phytoremediation with poplar
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Poplar for phytoremediation & carbon 
sequestration



Reciprocal Landscapes: Vision

phytoremediation built environment

manufacturer



Phytoremediation: Contaminated to Clean

contaminated 
groundwater

clean 
groundwater

habitat

green 
space











Client applicability: Project Rocket



TIME
• how long from planting to harvest

SIZE 
• size of trees
• land size required 

YIELD 
• how much could go to a manufacturer
• product minimums

PARTNERSHIPS
• information & partners needed

Feasibility – client questions



Logistics, logistics





Manufacturing: Harvest to Product

Van Acker et al. 2016



Manufacturer Interviews



Powering the process

“… the commercial success 
of phytotechnologies

depends on the generation 
of valuable biomass on 
contaminated land …”

- Conesa et al. 2012

DEMAND

increased phytoremediation
cleaner communities


