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A. Climate mitigation
1.  Sequestration  
2.  Sea level retrofits
3.  Street havens
4.  Shade trees
5.  Urban cooling
See biodiversity and                
climate at end
B.  Energy/heat  
6.  Urban wind 
7.  Algaetecture 
8.  Solar windows
9.  Solar (salt) ponds 
10.  Trombe walls
C.  Energy saving
11.  Passive Solar homes 
12.  Passive solar retrofits 
13.  Passive lighting
14.  Optical fibers
15.  Curtain wall retrofits
D.  Floods and waves
16.  Shoreline restoration 
17.  Reef restoration 
18.  Rural floods 
19.  Urban floods 
E.  Natural disasters
20.  Tornados 
21.  Earthquakes 
22.  Typhoons
23.  Fires
24.  Storms
25.  Sinkholes

F.  Urban food security      
26.  Food access 
27.  Crop rotation 
28.  Aquaponics 
29.  Community gardens
G.  Soil production
30.  Urban composting 
31.  Decontamination 
32.  Erosion control
33.  Biochar 
H.  Material sources
34.  Construction 
35.  New IFC materials 
36.  Bio-based products 
37.  CO2 absorbing products
I.  Land regeneration
38.  Desert restoration 
39.  Urban forests 
40.  Land rewilding 
41.  Off-ground buildings 
J.  Human health 
42.  Furnishings
43.  Living walls
44.  Combined systems
45.  Organic interiors
K.  Urban biodiversity
46.  Nature retrofits
47.  Retrofit scaffolding
48.  Structural scaffolding
49.  Ecological space 
50.  Nature corridors 

L.  Infrastructure 
51.  Sewage  
52.  Sewerage
53.  Road and rail 
54.  Street retrofits 
55.  Direct air carb capture
M.  Consumables  
56.  Fabrics
57.  Food waste
58.  Mining
59.  Luxury goods
60.  Packaging 
N.  Urban air
61.  Urban air cleaning
62.  Bio-facades
63.  Urban scaffolding
64.  Pollution filtration
O.  Urban water
65.  Water remediation
66.  Water security
66.  Bioretention  
67.  Daylighting streams
P.   Socio-economic
68.  Recreation
69.  Sense of Community
70.  Stability
71. Employment

! MORE TO COME !

Q.  Plastic pollution
72.  Cigarettes
73.  Mushroom leather
74.  Fire toxin removal
75.  Plastics and climate 
R.  New food sources
76.  Insects 
77.  Algae or seaweed
78.  Fungi foods
79.  Mushroom and health 
S.  Drought
81.  Individual water 
82.  Water for crops
83. Home water conservation
84. Microbial desalination
T.  Refugee camps
84.  Employment
85.  Food sources
86.  Emergency shelter
87.  Community water
U.  Democracy
88.  Access to needs
89.  Real choices
90.  Education 
91.  Politics
V.  Industrial toxins
92.  Design for decomposition
93.  Green solvents
94.  Green adhesives
95.  Forever chemicals

W.  Housing
96.  Double-decker burbs
96.  Temporary housing
97.  Affordable housing
98.  Homeless shelters
X.  Mental health
99.  Biophilia
100. Negative ions 
101. Pet therapy
102. Nature therapy
Y.  Over-population
103. Economic design
104. Doing nothing
105. Inequitable design 
106. Gender inequality
Z.  Concrete
107.  Cement substitutes
108.  Self-healing bacteria
109.  Self-healing fungi
110.  Hempcrete

Non-Urban Land freed       
up for carbon capture        
and biodiversity 
111.  Ocean sinks
112.  Soil sinks
113.  Grassland sinks
114.  Forest sinks
114.  Wetland sinks

 

Serious sustainability issues with at least 4 examples of nature-based, money/resource-saving design solutions each.  In 
combination, these can create net-positive sustainability outcomes.  This can only be assessed by the STARfish app. 
                        The STARfish net-positive design app can also suggest ways multifunctional design synergies 



A. Climate mitigation 

1. Carbon sequestration:  With net-positive design, buildings can sequester more 
carbon than they emit over their lifecycle using permanent, building-integrated 
vegetation (shown quantitatively).  For example, multi-purpose PD 'Green 
Scaffolding' systems can produce ecosystem services and increase nature.

Birkeland, Structural green scaffolding https://www.tandfonline.com/doi/abs/10.1080/09613218.2015.961001



A. Climate mitigation

2.  Sea level retrofits:  Sea water can 
infiltrate freshwater aquafers through 
rocks and dirt below sea walls.  

Abandoned flooded cities will  
contaminate the oceans, so retrofitting 
is absolutely necessary.

Lower levels of coastal buildings could 
be sealed with non-toxic waterproof 
materials, and streets and walkways 
could  be constructed at higher levels. 

https://earth.google.com/web/@34.7325599,-94.20828246, 
31753.68522125a,12000000d,35y,0h,0t,0r/data=CjASLhIgNzJlM2QwZWU

3NGMyMTFlODhjMWNiZjg2OTQ1ZTVlZWMiCnZveV9zcGxhc2g

https://www.weforum.org/agenda/201
9/06/how-china-s-sponge-cities-are-
preparing-for-sea-level-rise/

https://www.insurancejournal.com/news
/national/2020/07/30/577498.htm



A. Climate mitigation

3.  Street havens:  Buildings and spaces can use durable exterior 
shading and structures with integrated solar cells, etc.  In hot regions, 
urban gardens can benefit from shading and power generation.

Cities are incorporating shade structures that support solar panels and 
reduce the city's reliance on fossil fuels.  (France has mandated solar 
cells on all parking lots by 2028.)

 
https://www.governing.com/next/transforming-
farms-food-production-with-solar-panels.html

https://www.forbes.com/sites/carltonreid/2022/11/09/solar-panels-
must-cover-large-parking-lots-rules-french-senate/ 

This 'chill out' 
seating combines 
charging stations, 

solar power, 
sensors, lighting, 

public WiFi, 
greenery, smart 

fountains and 
smart bins.

https://streetfurniture.com/world-first-smart-chillout-hubs-designed-and-built-in-australia/



A. Climate mitigation

4.  Shade trees:  Trees and vegetation can 
shape public spaces and parklets that channel 
breezes as needed to prevent stagnant ground 
level pollution (ozone, etc.) using, for instance, 
the Venturi Effect.  

Trees reduce the 'UHI effect' - amount of heat 
absorbed by pavement and buildings that 
radiate heat back when the urban air cools. https://www.architecturendesign.net/45-of-

the-worlds-most-magical-streets-shaded-by-
flowers-and-trees/

https://twistedsifter.com/2013/02/wisteria-flower-tunnel-kawachi-
fuji-garden-kitakyushu-japan/



A. Climate mitigation

5.  Urban cooling:  Solar-powered water sprays, 
fountains, drip wire over screens.  (Even roof 
water tanks that heat up in the sun can be 
designed to release heat to the interior at night). 

Sprays enable more outdoor social activity and 
amenity in hot urban centers (urban ponds have 
little cooling effect - but provide amenity along 
with water storage for sprays and social activity). 



B. Energy/heat Production

6. Urban wind:  Single-function structures used for 
radio towers, bridges, overpasses, signs for roads or 
buildings can pay back their costs by producing energy.  

They can be designed or modified to support plants 
and/or urban-integrated wind generators that power 
signs, nearby buildings, streetlights, etc.  They feed 
back  into the grid and provide electricity in black-outs.

https://www.sciencedirect.com/science/article/p
ii/S2666165920300296



B. Energy/heat production
7. Algaetecture:  Buildings can be retrofitted with 'bio-reactive facades' to 
supply hot water and space heating.  The algae panels shade the building while 
growing biomass and generating heat.  The biomass is harvested via floatation, 
and the heat is used via a heat exchanger.  The algae eat carbon from nearby 
combustion processes to reduce urban waste and pollution. 

https://www.morethangreen.es/en/solarleaf-solar-leaf-algae-bio-reactive-facade/

https://www.actu-environnement.com/ae/news/performance-energetique-batiments-
biofacade-cstb-microalgues-31966.php4

The panels shade the building where needed.  Excess heat is stored. 



B. Energy/heat production

8. Solar windows:  Building-integrated 
photovoltaics mean that solar cells are embedded 
in façade, roofing and shading materials or in 
ƛƴǘŜǊƛƻǊ ΨǎƻƭŀǊ ōƭƛƴŘǎΩΦ  ²ƛƴŘƻǿǎ ǿƛǘƘ ŜƳōŜŘŘŜŘ 
solar cells can be responsive to changing sunlight 
and provide sun screening. They are becoming 
more widely available. 

https://solarmagazine.com/solar-roofs/solar-shingles/

https://www.solarreviews.com/bl
og/what-are-solar-windows

https://news.energysage.com/solar-panel-
windows-solar-blinds/



B. Energy production

9.  Solar (salt) ponds:  Solar ponds produce and store heat and 
salt, usually for industrial purposes.  For instance, they have been 
used for heating industrial buildings, brining shrimp and 
producing salt.  They can be used to desalinate land.  They can 
provide resting areas and food sources for waterbirds that must 
travel over arid regions. 

CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=423014

https://onlinelibrar
y.wiley.com/doi/ab
s/10.1002/er.3539



C. Energy/heat production

10.  Trombe walls:  These are common passive 
systems that can be added to windowless, sun 
facing walls to generate passive cooling, heating 
and ventilation.  They can also be installed behind 
windows that lack a view.  They have been used in 
many large buildings as well as homes. 

https://www.researchgate.net/publication/228678835_Heat_gain_through_
Trombe_wall_using_solar_energy_in_a_cold_region_of_Turkey

http://www.designbuildbluff.org/

https://www.researchgate.net/publication/2752
13123_Performance_amelioration_of_a_Trombe
_wall_by_using_Phase_Change_Material_PCM/fi
gures?lo=1

https://en.wikipedia.org/wiki/Trombe_wall

https://www.treehugger.com/



C. Energy saving

11.  Passive solar homes:  Buildings can provide all 
their own heating, cooling and ventilating needs (at 
least in moderate climates) with passive solar 
energy retrofits.  In very cold climates, basement 
rock storage containers can store heat for many 
days during snowstorms.  These were used in some 
homes constructed over 60 years ago. 

https://360building.com.au/passive-solar-building-design/



C. Energy saving

12.  Passive solar retrofits:  Urban 
retrofitting for resource autonomy, 
ŜŦŦƛŎƛŜƴŎȅ ŀƴŘ ƻǘƘŜǊ ōŜƴŜŦƛǘǎ Ŏŀƴ ΨōƭŜƴŘ 
in' with any constraints, such as sites 
with poor solar access, restrictions on 
changing historic buildings, or local 
cultures and aesthetics, as has been 
demonstrated many times. They can 
support biodiversity (eg. green roofs). 

Construction21.org

wbdg.org



C. Energy saving

13.  Passive lighting: Daylighting and views been proven to increase 
worker health and productivity.  Retrofitting with clerestory windows, 
skylights, light shelves, mirrors, light wells can reduce lighting costs 
and grow interior gardens. Lighting costs are still substantial in most 
office buildings despite energy-efficient bulbs and renewable energy. 

https://www.c-sgroup.com/sun-
controls/daylight-systems



C. Energy saving

14. Optical fibres:  In addition to daylighting 
methods, indoor urban farms can use 
optical fibres to send light into the building 
via collectors on the roof.  (Optical fibers 
transmit light pulses along glass 'hairs' or 
plastic fibers bundles.)  

Planting walls behind curtain glass windows 
can also reduce indoor glare and heat gain. 

https://balconygardenweb.com/green-
plants-as-a-curtain-living/#google_vignette



C. Energy saving

15.  Curtain wall retrofits:  Covering old curtain glass 
ǿƛƴŘƻǿǎ ǿƛǘƘ ŦƛƭƳǎΣ ŘƻǳōƭŜ ƎƭŀȊƛƴƎΣ ƻǊ ΨǿƛƴŘƻǿ ǿŀƭƭǎΩ, can 
reduce heating and cooling loads.  If replace by embedded 
solar cells windows they can provide renewable energy.  

Many of the panels could be covered with outdoor planting 
boxes if accessible from inside for maintenance. 

https://www.constructioncanada.net/glazing-performance-and-
sustainable-design/

  

https://www.glassonweb.com/article/evaluating-use-double-skin-facade-systems-
sustainable-development

A window wall is 
another option 
for improving 
acoustics and 
ventilation.
  



D. Floods and waves

16. Shore restoration:  Shorelines are eroding from waves and 
storms caused by climate change.  Although concrete bollards are 
often used which can support some marine life, more eco-logical 
options are available, such as discarded oyster shells in cages.  

These support nurseries for marine biodiversity and fish production. 

https://www.tfhmagazine.com/Reef restoration projects

oyseawall.jpg

http://www.inhabitat.com/2008/11/19/protecting-eroded-coastlines-with-oyster-seawalls


D. Flood and wave mitigation

17.  Reef restoration:  Scrap metal 
(even clean car bodies) are increasingly 
used to create substrates for reefs to 
grow and provide baby fish nurseries.  

Artificial structures not only grow reefs 
to support marine life but help to 
protect coastlines and coastal cities 
from storms and surges. 

https://www.tfhmagazine.com/Reef restoration projects

https://www.globalcoral.or
g/new-cozumel-coral-

restoration-project/

https://www.nature.org/en-us/

https://wildnet.org/regener
ating-the-great-barrier-reef-
one-coral-at-a-time/



D. Flood and wave mitigation

18.  Rural floods:  Dams poison rivers when 
they cover mines and agricultural lands, and 
they often produce methane.  Floods that 
break flood barriers and dams do far more 
damage than natural flood cycles.   

A movement to 'unplug' old dams has 
gradually gained scientific endorsement in 
recent years. 

https://thehound2.files.wordpress.com/2015/05/glines-removal.jpgThe USA has 
removed over 1,000 
dams.  Mini-hydro is 
far less harmful.



D. Flood and wave mitigation

19.  Urban floods:  Although conventional urban infrastructure has 
exacerbated flood impacts, there are many landscaping solutions.  
These include diverting excess urban water into reservoirs in parks, 
ŀƴŘ ΨŘŀȅƭƛƎƘǘƛƴƎΩ ƻǊ ŜȄǇƻǎƛƴƎ ōǳǊƛŜŘ ǎǘǊŜŀƳǎ ǘƻ ƳŀƴŀƎŜ ŦƭƻƻŘ ǿŀǘŜǊǎΦ 

Flood-prone land can be converted to recreational uses which allow 
for quick evacuation in unusually bad floods. 

https://www.psands.com/saw-mill-river

http://nrcsolutions.o
rg/daylighting-

rivers/

https://chesapeakestormwater.net/events/webcast-urban-stream-restoration/

https://www.wikiwand.
com/en/ Daylighting 



E. Natural disasters

20.  Tornados:  Community facilities can serve as 
refuges in fires (CFRs), cyclones or other crises 
where evacuation may be difficult.  They can store 
emergency firefighting and medical equipment 
while serving multiple public functions at other 
times.  Semi-underground shelters under new 
public parks or playgardens are good locations. 

Albert France-Lanord Architects

Archimania



E. Natural disasters

21.  Earthquakes: Buildings can be designed or retrofitted to be more tornado-
resistant with more aerodynamic shapes that reduce wind drag. 

Tornado-safe rooms or shelters within buildings, combined with early warning 
systems, should be built into new projects and undertaken in retrofits where other 
options would not be better.

The Taipei 101 tower is aerodynamic to minimize its movement during storms or 
earthquakes and has a 'seismic damper', a large pendulum located near the top of 
the tower to reduce vibrations and counteract wind-induced movements.   

Taipei 101 tower was tallest tower in 2019

https://en.wikipedia.org/wiki/Taipei_101https://www.civilengineeringweb.com/2021/04/what-is-tuned-mass-damper.html



E. Natural disasters
22.  Typhoons: Homes can use passive design 
such as curved or sloping roofs to reduce the 
amount of wind pressure on the structure or 
risk of damage from high winds. 

Windows and vents at the top and bottom of 
a building's walls can help to equalize 
pressure inside and outside the building. 

https://www.topsiderhomes.com/hurricane-proof-homes.php

Typhoon-resistant homes usually use sloped roofs. A 30-degree roof 
slope for wind deflection is generally recommended.

Steel trusses or cables can keep the roof attached to the walls.

Impact-resistant laminated glass windows or shutters can withstand 
more debris.

Exterior walls reinforced with structural foam can help absorb and 
distribute the wind.   Round structures reduce wind impact.

Green concrete and concrete substitutes can provide structural strength.
https://www.theplancollection.com/blog/designing-homes-to-
withstand-wind-water-and-fire



E. Natural disasters

23.  Fires:  Water pipes can fail in earthquakes that cause urban fires.  
Buildings should provide integrated rainwater storage tanks linked to 
irrigation systems for landscaping.  In case of fires or extreme heat 
waves or heat inversions, they can be used to spray mists on the 
building roofs, facades and surrounding streets.                                              
They were recently used to protect sequoias.

https://completepumpsandfire
.com. au/what-are-esfr-
sprinkler-systems/



E. Natural disasters

24. Storms:  To reduce demolition impacts, old buildings or unstable trees can 
be strengthened or storm-proofed with low-cost internal or external cables (or 
Green Scaffolding that supports multiple additional functions).  

Cables are far more adaptable than heavy machinery and industrial materials.  

Impoverished regions could use bamboo or wire to similar effect. 

lcoxindia.weebly.com/blog/different-types-of-large-span-structure-and-their-advantages-
and-disadvantages

https://www.soundarbor.com/cable-and-bracing

https://link.springer.com/article/10.1007/s10518-020-00875-3

https://www.carlstahl-
architektur.com/en/applications/facades/



E. Natural disasters

25.  Sink holes:  {ƛƴƪƘƻƭŜǎ Ŏŀƴ ƻŎŎǳǊ ǿƘŜǊŜ ΨŘƛǎǎƻƭǾŀōƭŜΩ 
underground materials like gypsum, salt, and limestone 
are eroded by water that does not drain well.  
Earthquakes, slides and sinkholes also increasingly occur 
due to cumulative oil, water or resource extraction.
Some so-called 'sponge cities' are filling such gaps with 
water that drains when full. 

https://www.cbsnews.com/picture
s/giant-sinkholes/

https://www.independent.co.uk/

https://www.cbsnews.com/pi
ctures/giant-sinkholes/

Lynbrook Estate 
stormwater wetland, 
Melbourne

 



F. Urban food security

26.  Food access:  Urban farms reduce transport impacts 
and can prevent food shortages in economic or civil crises. 

    Some apartment houses, restaurants and grocery stores 
use their own roofs or rent roofs to grow their produce,  
or to create attractive outdoor dining areas and so on.  

    These can revitalize urban districts and build community. 

https://www.weforum.org/agenda/2014/11/how-rooftop-gardens-can-help-combat-flooding/

https://saigoneer.com/sai
gon-health/2430-rooftop-

vegetable-gardens-
catching-on-in-hanoi

ouzz.com.au/photos/rooftop-garden-design-ideas

These gardens 
also provide relief 
from the concrete 
jungle.   



F. Urban food security

27.  Crop 'rotation':  Industrial-scale vertical agriculture has been 
established in old abandoned warehouses as well as new urban 
greenhouses.  These are relatively free of pests and disease.

Some use rotating container systems for easy accessibility for 
planting and harvesting the crops.  These expose plants to skylights 
to provide the ideal amounts of sunlight. 

https://ourworld.unu.edu/en/farming-in-the-sky-in-Singapore.  Photo: 
Kalinga Seneviratne/IPS.



F.  Urban food security 

28.  Aquaponics: Urban aquaponics can address overfishing.  It is a 
closed-loop system where fish produce the nutrients that grow 
vegetables.  The fish make fertilizer for the plants to grow that in 
turn feeds the fish, and both can be harvested.  It can work at the 
domestic or commercial scale and can utilize kitchen food waste. 



F. Urban food security 

29.  Community gardens:  Urban food deserts 
are common in disadvantaged areas of cities.  
These self- managed food gardens can be 
established on vacant lots, abandoned 
buildings or unused spaces in the area.  

Á The People's Grocery in Oakland also offers 
nutrition education and job training programs.

Á La Finca del Sur in the South Bronx also offers job 
training and educational programs for youth.

Á The Edible Schoolyard in New Orleans also 
educates students about healthy eating and 
environmental sustainability.

Á Growing Power in Milwaukee also offers 
educational programs and job training 
opportunities for residents.

Á City Blossoms in Washington D.C also offers 
educational programs for youth and adults.

http://vpuu.org.za/safe-node-
area/community-urban-gardening/

https://ourworld.unu.edu/en/in-home-gardens-income-and-food-for-urban-poor

https://use.metropolis.org/case-studies/brasil-
sao-paulo-community-gardens



G. Soil production

30.  Urban composting: Silent, non-odorous, vertical 
processors in urban areas can treat organic waste from the 
surrounding district to produce soil for urban landscapes or 
public gardens and provide fuel.  

A variety of systems have been used at the individual building 
scale as well, such as systems in basements.

https://www.darpro-
solutions.com/industries-
served/industrial-service

https://theconversation.com/city-compost-programs-turn-garbage-into-black-gold-that-boosts-food-security-
and-social-justice-136169

Urban composters 
treat urban waste 
to reduce transport 
impacts and 
support urban parks 
and gardens.



G. Soil production

31. Decontamination:  Some remediation companies 
have long used microbes to decontaminate soil.  Soil 
can also be effectively regenerated by earthworms 
and detoxified by mushrooms.  While earthworms 
turn waste into resources, mushrooms can process 
pollution and remain edible.  This is net positive. 

https://www.yesmagazine.org/environment/2019/03/05/mushrooms-clean-up-
toxic-mess-including-plastic-why-arent-they-used-more



G. Soil production

32. Erosion:  Urban stormwater systems channel 
rain runoff in ways that cause erosion, water and 
ǎƻƛƭ Ǉƻƭƭǳǘƛƻƴ ŀƴŘ ǎŜŘƛƳŜƴǘŀǘƛƻƴΦ  aŀƴȅ ΨǿŀǘŜǊ-
ǎŜƴǎƛǘƛǾŜ ƭŀƴŘǎŎŀǇŜΩ ǎǘǊŀǘŜƎƛŜǎ ǎƭƻǿ ŘƻǿƴΣ ŦƛƭǘŜǊ 
and store excess runoff or release it slowly.  

However, retaining walls could also provide 
biodiversity habitats (unlike typical engineering). 



G. Soil production

33. Biochar:  Biochar is a form of charcoal that is 

produced by heating organic materials in the absence of 

oxygen (pyrolysis). It releases CO2 during pyrolysis, so it 

must be produced with renewable energy sources and 

waste.

 

Biochar improves:

Á Soil moisture: It's porous structure holds onto water 

longer and reduces water stress on plants.

Á Nutrient availability: It's high surface area and ability 

to attract nutrients provides the nutrients to plants 

(eg. nitrogen, phosphorus, potassium).   

Á Soil structure: It promotes the growth of 

microorganisms that break down organic matter and 

create channels for water and air in the soil.

Á Carbon sequestration: It is carbon and can sequester 

carbon in the earth for thousands of years.

Á Reduces fertilizer use: Synthetic fertilizer have more 

impacts on climate change, energy consumption and 

water pollution.

Á Roads and buildings:  Biochar improves the 

durability of concrete and asphalt as well as 

sequestering carbon.https://www.biochar-
industry.com/biochar/



H. Material sources
34.  Construction:  Hempcrete can sequester 
carbon and can be poured like concrete or used 
as boards or soft insulation.  

Robotically-printed buildings are rapidly 
advancing and could soon print out bio-based 
materials like hempcrete in lieu of ecologically 
harmful concrete.  Some technical issues remain 
to be resolved. 

https://www.treehugger.com/he
mpcrete-house-5113218

https://www.isohemp.com/en/building-hemp-blocks-
insulating-and-efficient-envelope

https://alternativehousingoptions.com/what-is-a-hempcrete-or-
hemp-block-house/

hemptoday.net



H. Material sources

35. New IFC materials:  Mycelium (mushrooms) 
could replace Styrofoam in the efficient ICF 
process (insulated concrete formwork) system, 
which could then be filled with hempcrete. 

Harmful Styrofoam and concrete could be 
avoided without have to change conventional 
construction practices or consumer tastes..

https://buildblock.com/how-to-build-an-icf-home/

https://www.octaform.com/blog/news/icf-vs-octaform/https://www.icfblocksolutions.com/

https://thermohouse.ie/blog/pros-cons-icf/


