
Sustainable Design. What is it? How do you do it? 

by Nick Radford 

 

This paper was written because some students I know want to learn how to fix the problems 

and aren't getting the information they need at university. It is a distillation of "Permaculture - 

A Designers Manual" and "Introduction to Permaculture" by Bill Mollison, with my own input. 

 

"There is one, and only one solution, and we have 

almost no time to try it. We must turn all our resources to 

repairing the natural world, and train all our young 

people to help. They want to; we need to give them 

this last chance to create forests, soils, clean waters, 

clean energies, secure communities, stable regions, 

and to know how to do it from hands-on experience" 

(Bill Mollison). 
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"Introduction to Permaculture" by Bill Mollison and Andrew Jeeves 



What Does "Sustainable" Mean? 

 

       

The word "sustainable" through high volume misuse, has come to mean almost anything and 

therefore, means nothing. Before attempting to define it, let's look at an example of 

sustainable - a healthy forest.  

 

Plants produce oxygen and animals consume it in a balanced cycle. Water is collected 

directly as rain, and the forest has a few tricks to catch water in other ways. When humid air 

passes over the forest, it encounters a mass of floating pollen, micro organisms, complex leaf 

surfaces and humid forest air. All of the above contribute to precipitate usable water out of 

the air. 

 

  

                            

 

Water is directed from the canopy, down tree trunks and to underground roots, where it is 

stored in cool soil. The soil is kept cool by the canopy and leaf litter drop. As required, water 

The forest floor conserves moisture  and protects 

the soil. 

The forest canopy draws water out of the air and 

protects the soil. 



is pulled up and also stored in the vegetation. When trees breathe, they release humid air in 

sufficient quantity to form rain clouds, so water is recycled through the forest many times.  

  

Everything that lives, dies and decomposes on the forest floor. This becomes humus  - dark, 

organic matter incorporated into topsoil that is a fantastic sponge. The vegetation forms a 

complex cover of living canopy and dead mulch that protects topsoil from sun, wind and 

heavy rain, keeping it in optimal spongy state. A healthy tropical rainforest  can absorb up 

to 1metre of rainfall in an hour with no runoff  - the same rainfall on an urban environment 

would produce devastating flood.   

 

So - forests are very good at catching whatever water is around, storing it and recycling it.  

Humus is also the major source of nutrient. Remember that humus is put there by the forest, 

so forests provide and economically recycle almost all their own nutrient. Nutrient and water 

are mixed, so their cycles are often mixed. 

 

Energy is supplied by the sun available in day/ night and seasonal cycles. The ecosystem 

responds by adjusting behaviour - using energy when available, resting when it isn't and by 

storing energy in living bodies of plants & animals.  

 

There are many life cycles spinning and intersecting in a forest. In a teaspoon of healthy soil, 

there are billions of organisms and kilometres of fungal hyphae. The higher the biodiversity, 

the more complex the interactions and the system achieves maximum efficiency and 

stability.    

 

 

 

 

 

Air, water, soil and biodiversity exist in intimately 

 linked cycles. 



 

"Sustainable" means a system where there is no net loss of core resources.  

This is achieved by very efficient resource cycles.  

 

Core resources are air, water, nutrient, energy and biodiversity. These resources are 

connected and maintained by extremely efficient, conservative biological cycles. Assuming 

the sun is reliable, we can therefore interchange "resources" with "essential biological 

processes". 

 

A sustainable human environment has a non polluting air cycle. Water is caught on site and 

recycled many times before being slowly released to adjacent sites. Soil organic matter 

levels are high, maintained by abundant vegetation and biodiversity. In short, a sustainable 

human environment resembles the natural environment by efficiently cycling and 

conserving core resources. All the knowledge required for people to live sustainably already 

exists. It has been done at small scale by many different traditional societies over thousands 

of years. We can learn from them, but don't have to literally imitate them. Our access to 

information, crop varieties and useful technology is greater than ever.      

 

What is Design? 

 

A deliberate assembly of parts and processes.   

For example, a house is made of many parts put together using building methods 

(processes). The kitchen contains processes for preparing a meal - storing food, cutting it up, 

cooking, washing, etc. A refrigerator is a process. A designer is not just putting together 

parts, but anticipating behaviour.    

 

Fundamental errors result when the designer does not understand processes. e.g. An 

architect may incorrectly assume that the client lives in the same way as he/ she does. Or 

the architect  may not think through each process, resulting in e.g. a structure that can't be 

built or a kitchen that is difficult to work in.   

 

Sustainable design must relate to fundamental biological processes. Specialist designers - 

architects, engineers, planners, industrial designers usually fail to understand the relationship 

between their design and biological processes. Which is understandable because modern 

lifestyles easily disconnect us from process. Just by looking at the end product, it's hard to 



see how Merbau timber or palm oil is so destructive to world biodiversity and climate 

regulation. Or the growing desert caused by buying bread.  

 

 

 

Design is a solution to a problem 

To understand the design problem, we need to gather much information - asking questions, 

listening to answers and observing. Where people are involved, it gets tricky, because 

people often say what they don't mean and don't say what they need to. Fundamental 

errors result from not properly investigating or poorly defining the problem. 

 

e.g. An architect designing a hospital will typically only talk to upper management about 

the design problem. They need to talk to everyone involved - doctors, nurses, administrators, 

people who cook, deliver and clean, as well as patients and whoever accompanies them. 

Otherwise, up to 99% of people who use the hospital may complain that the solution doesn't 

suit them. Mistakes are also common when a designer does not understand and consult with 

related disciplines, such as an architect not engaging effectively with related disciplines of 

engineering, landscape design, interior design, builder.  

 

The information gathering stage should include relevant biological cycles - those existing on 

site (are they healthy, could they benefit from rehabilitation), those off site but affected by 

the project and cycles which could be employed to advantage in the design.  

 

Iterative design 

Iterative design involves coming up with a concept and repeatedly testing and refining it. 

We represent the concept with some kind of model. The model can take many forms 

including words in a conversation, drawings, computer 3D simulation or a physical scaled 

down structure. We use the model to help imagine the real life finished product, test it with 

A consequence of eating bread - 

 desertification & salinisation of inland Australia  

(The Australian). 



anticipated processes and analyse the performance.  We get feedback and revise the 

concept or try a new one. This cycle may be tried many times and in increasing detail 

before the final design is resolved.   

 

Typically the model only gets tested for human processes. Sustainable design also includes 

testing for interaction between the built work and ecological processes. 

 

Follow up 

When the design is built, we should go back and assess how well it works in real life. Follow 

up is an essential, if sometimes embarrassing learning process which is unfortunately 

neglected by many designers. In the example above, the architect would have to re 

observe the new hospital functioning and re ask the same questions to all the user groups for 

feedback.  

 

Sustainable design includes local existing, constructed and rehabilitated ecosystems, so 

plenty of time is required to follow up on site. This is because biological systems are active 

and complex. Also because unfortunately in our society, such systems are poorly 

understood.   

 

 

     

       

 

 

 

 

 

 

 

  Follow up. Modelling. 



One solution to a problem  

An aid agency visited remote tribes in New 

Guinea, asking them what their health issues 

were and how the agency could help. The 

tribal people said that all they wanted was 

snake anti venom, a small camping fridge 

to store it in, and a solar power unit to run 

the fridge. They wanted the technology to 

be as stand alone as possible, without 

dependence on the city. This is because 

travel there is difficult (a long way through 

rugged terrain on foot) and dangerous because they would have to pass through rival tribes 

who would probably try to kill them.  

 

The solution they got was a hospital in the city, much like the hospitals in the cities where the 

aid workers came from (Australia and western Europe) . It was a much more expensive 

solution. It could not be staffed by New Guineans because rival tribes could not be 

assembled together in such a way without violence. So even if a tribal person bitten by a 

snake survived weeks of travel on foot through murderous enemy territory and arrived at the 

hospital, they would have found no staff. 

 

Design of Sustainable Ecosystems 

Sustainable design means including essential biological cycles in all stages of the design - 

the information gathering stage, the iterative conceptual stage and follow up assessment.  

 

Including biological cycles does not just mean accounting for wastes in order to avoid 

pollution. It means employing biological cycles to advantage. These are tight, resource 

efficient cycles that nature provides more or less for free. The designers challenge is to put 

together cycles using nature but assembled in such a way to benefit humans (shelter, 

transport, food, water, energy, clothing, technology, etc.) in a manner not literally found in 

nature. Sustainable agricultural landscapes mimic natural ecosystems, achieving similar 

productivity, resource cycling efficiency and stability. The difference is they produce more 

human food and materials than is usually found in nature.   

 



In this discussion the definition of 

agriculture is the growing of food for 

humans. It covers anywhere food can 

be grown - farms, market gardens, 

home gardens, roof tops, roadsides. 

Home and market gardens are an 

essential component in the sustainable 

design of cities & towns. They are more 

productive than farms per unit area,  

             even more so when resource inputs & 

losses are calculated. They naturally fit into a mosaic of built environment/ landscape (more 

on this later). They insulate people from the vulnerable position of relying on a high energy, 

centralised transport system for food. 

 

Natural ecosystems that are ideally suited to humans have never really existed, although 

some are better than others. North America pre white invasion had forests dominated by 

chestnut & oak trees, rivers with huge salmon numbers and plains with large grazing herds. 

More common useful ecosystems around the world included wetlands providing plentiful 

root crop & birds, rocky sheltered sea shores providing shellfish, as well as naturally rich 

fisheries. But if you look at how much human food and shelter occurs by chance in nature, 

you would have to assume that when "God" created Earth, he didn't have humans in mind!  

 

This is why agricultural landscapes were created 

- there is much more food and materials useful 

to us in them. The problem with modern 

agricultural landscapes is that they are 

ecologically weak. They are poor at gathering 

local resources, relying instead on large inputs, 

       and are very leaky - most resources are quickly 

lost. They have low biodiversity, resulting in problems with pests. Poisonous solutions further 

degrade the ecology. 

 

An ideal allocation of agriculture into the landscape is as follows: 

Zone 1 (built environment) : Highly productive gardens for food & mulch integrated into the  

Modern agriculture, Tasmania (Mercury). 

A stable agricultural landscape.                          



built environment. Where settlement is coastal, the immediate coast may be managed for 

mariculture.  

Zone 2 (town/city perimeter): Settlement perimeter rehabilitated into farms that are 

structured like forests and wetlands,  providing food, fibre, construction materials, domestic 

and wild caught meat. Ocean adjacent to coastal settlement used for fishing. 

   )    

 

 

Zone 3 (natural reserves): The area beyond the outskirts of settlement dedicated to 

appreciating nature and helping it recover. Most of our current agriculture is in zone 3, is 

large scale, isolated from society, of low productivity, badly degraded and plays a great 

contribution to crashing biodiversity. Mixed amongst it is native vegetation with biodiversity 

value that is under immense pressure. Where this marginal land is cropped, it depends on 

Moroccan Phosphorous which is due to run out this century. Where it is grazed, even at 

extraordinarily low Australian stocking rates, hoofed animals rapidly degrade sensitive land 

even further. The easy solution is to keep destroying native vegetation, getting a few good 

years out of fresh land to pay back the bank before it too becomes unviable.  

 

By cycling resources & wastes and good design, we can produce what we need in zones 1 

and 2, where we live. Farms can only be viable if they access wastes recycled by the towns 

& cities they feed. So, better to relocate and retrain people who want to farm into zones 

1&2. This allows us to give back zone 3 to nature, which in turn brings ecological stability to 

zones 1&2  while taking the pressure off crashing biodiversity. 

 

Degraded areas can be left alone, or actively rehabilitated by planting important 

regeneration species and reshaping land to reduce erosion. Areas where nature is in 

relatively good shape can be used to visit for enjoyment and to learn lessons from nature 

applicable to zones 1&2.  All existing natural ecosystems in good condition should be 

Zone 1 - Integration of housing, agriculture 

and mariculture. 

Zone 2 - Outskirts of settlement dedicated to 

fibre, forestry, large tree crops, meat. 



conserved, regardless of proximity to human settlement, in order to slow down the present 

crash in biodiversity and supply recovering areas in zone 3 with genetic diversity. 

    

 

 

 

 

Zone 3 may also be a good place to rehabilitate aboriginal culture after all the damage 

sustained in recent centuries. It's probably up to them how to go about it. I'd be really 

excited if some of them rehabilitated farmland into an unburnt ecosystem unnaturally rich in  

bushtucker.  Manipulation of the regeneration process could be done by planting and/ or 

favouring natural regeneration of preferred species. Presumably these species would 

include high protein tree crops like wattle, kurrajong & fig, carbohydrates like yam, game 

like bush turkey & wallaby and the rearing of "sugarbag" bees. If desired, sustainable 

technology could be used to make an easier job of establishment, harvesting and 

processing. Similarly, erosion of waterways could be managed by constructing wetlands 

which are  stocked with bushtucker including native root crops, greens and meat. Wetlands 

could be shaped to more conveniently harvest fish.  This model of agriculture may also be 

relevant to zone 2 farmland, producing weekly boxes of bushtucker to be distributed to 

urban areas with aboriginal people first in line.  

Zone 4 (wilderness): Natural ecosystems minimally impacted by humans and kept that way 

by staying out. Many tribal societies 

independently established conservation 

areas with an associated belief system that 

prohibited entry. Animals sustained viable 

breeding populations within the conservation 

area, and those forced outside by population 

pressure were available for hunting. The size 

of conserved areas relates to the area 

Forested ridges are critical to ecosystem 

stability  and suit zone 3 or 4. 
Zone 3 suits returning large, remote, unsustainable 

agriculture (the majority of current land use) back  

to nature (Wooleen Station- ABC news). 

(National Geographic). 



required for full biodiversity. A single jaguar requires 30 - 150 square kilometres of habitat, and 

500 individuals are required for minimum genetic diversity.    

 

Conservation areas have the function of stabilising adjacent agriculture by delivering a 

steady supply of healthy air, water, nutrient and biodiversity. It is also an ethical decision of 

societies to make - should humans exploit every square metre of the planet? If not, how 

much area should we leave alone? It is possible to return a great deal of land back to 

nature because modern agricultural landscapes are so terribly inefficient in resource 

management.    

      

Nature is only sustainable because the cycles are extremely tight. Unfortunately, if humans  

are to persist in our modified environment, it must be designed with great care to achieve 

the efficiency achieved by nature and necessary for sustainability. When ecosystems 

degrade and lose their efficiency, a vicious cycle of decline can occur. For example, 

compaction of forests by vehicles or overgrazing creates erosion. Erosion causes loss of soil 

organic matter. Organic matter is a fertile "glue" that binds soil and resists erosion, so the 

more organic matter is lost, the more easily soil erodes. Also, the more fertility that was held in 

organic matter is lost, the less plant production. The less production, the less organic matter 

cycles back into soil. And so on.  

 

Burning releases a flush of nutrient, but also excessive losses of organic matter. Depending 

on a few factors, burning loses 10 - 40+ years worth of soil organic matter accumulation. So if 

you really want an example of great forest soil, feel the humus (away from the path) of an 

old rainforest, because it won't have been burnt for hundreds or thousands of years. 

Aboriginal fire was often but not always (depending on the fire regime) slowly degrading the 

fertility of the landscape. 

 

Every time soil is ploughed, it releases and loses nutrient. Because ploughing is done so 

regularly, and annual cropping loses way more organic matter than it adds, ploughed land 

declines much faster than aboriginal burning did. European agriculture started in the Fertile 

Crescent (Egypt - Iraq) about 12,000 years ago and has created an infertile wasteland.   

 



        

Summary: If humans are going to live sustainably on this earth, we are going to have to be 

very good designers of anthropocentric ecosystems, and return a great deal of degraded 

land back to nature.    

 

Design and Core Resources 

Air  

Imagine you fill a big empty glass box 

with air, then step inside and seal it off - 

airtight. With your first breath in, the air 

contains 21% free oxygen (O2 ) and 0.04% 

carbon dioxide (CO2 ). Your first breath 

out contains 4-5% CO2 (a hundred times 

increase). With every breathing cycle, the 

box would contain more CO2 and less O2  

and eventually you would die. It's interesting then that in cities we build glass boxes, fill them 

with people and then need energy to drive enough air into the building so we can survive. 

When you breathed in O2, and it came out as CO2, where did the carbon come from? It 

came from a plant. You either ate the plant (your fuel) or an animal which ate the plant. 

Only plants and phytoplankton can change CO2  back into O2  (using photosynthesis) - bet 

you wish you had some in the box with you! It's also interesting that humans have removed 

half of the trees on earth since farming was invented. 

 

Global warming is caused by excess carbon leaking from the earth into the air due to 

burning coal, gas, oil & wood (your other fuels). Also by reducing vegetation and damaging 

soils. It can be reversed by quickly changing behaviour to keep remaining carbon in the 

earth, quickly sinking carbon into vegetation and topsoil, then slowly moving carbon from 

the air into rock.  

(photo Praveen 3D). 

Old rainforest is a stable landscape. 

The plough destroys fertility (David Burton). 



 

For every atom of carbon in the atmosphere, there is another one held in the vegetation, 

two in the soil, about 50 floating in the ocean, more than 40 000 held as limestone (formed 

by ancient coral) and more than 10 000 held in the earth as rock in other forms (including 

coal). A carbon atom floating around in the air probably got there after being held for 

millions of years as limestone made by coral reef.   

 

 

Chemical composition of air is constantly changing through complex cycles. However at the 

same point each time around a cycle, it should be unchanged, or pollution is occurring. 

Pollution affects the viability of the cycle and other connected cycles. Carbon is not the 

only air pollutant but the most pressing one (Sulphur causing acid rain is another). In many 

ways, sustainability can be treated as an accounting exercise. At least the need for carbon 

accounting, a target and a mechanism to achieve it is widely understood.  

 

Water 

Forests catch rain on site and go to great lengths to store it in the vegetation or the soil. Rain 

landing on open fields can run downslope on the surface at 1metre/second or faster. Rain 

that is slowed down by vegetation & mulch has time to be absorbed into the soil. It may  

now flow downhill through the soil at speeds of more like 1metre/year. 

         

 

80% of the world's carbon is laid down by coral reef and held in limestone (National Geographic). 

Nature slows the exit of water to the sea by using complex pathways which dissipate energy.  

The area in the photo on the left of a beach  is 1 square metre. The area in the photo on the right of a river 

system in New Guinea is about 300 square kilometres.  



 

Sustainable design learns from forests: Use local rain - caught and slowed down, then stored 

in tanks, the vegetation, ponds or as soil moisture and used many times before entering the 

ocean. As water moves through the system under gravity, it should be given a complicated 

pathway and used productively each step of the way.     

        

Our standard approach is the exact opposite – import water to the site, use it once, pollute it 

in the process, then flush it into the ocean (big pipes in, big pipes out). Water rushing through 

the big pipe out carries with it Phosphorous, a critical element of increasingly short supply. It 

is even possible that scarcity of Phosphorous could be the mechanism that limits world 

population in the coming decades.  Billions of people in the world rely on water imported 

from rivers or underground. These sources are diminishing in both supply and quality. 

A common misconception is that only a fixed 

amount of water is available on site. Quite 

untrue. The more vegetation, the more water 

will be intercepted from the air and held in 

plants & soil. The results of letting degraded 

land grow back can be dramatic in the early 

years, but full capacity is reached at forest 

maturity - perhaps 1000 years. We can greatly 

           increase on site water availability in the early 

years by reshaping the earth to slow down surface water flow.  As water on site increases, all 

other resources increase (higher fertility, more stored energy, higher biodiversity). 

Water storage in, for example, Cubbie Station (infamous cotton farm on the Darling River, 

QLD) intercepts streamflow, directs it to cotton where it evaporates and almost completely 

denies water from downstream. Alternatively, land that is not in line with streamflow can be 

shaped into ponds, small dams & swales and integrated with trees and soil. The result is 

relatively constant ground water which increases water input downstream in an even and 

drought resistant flow.  

Water stored in soil creates streamflow in dry times 



      

       

 

 

 

It is fair enough to use the coastline adjacent to 

human settlement for mariculture - managed 

for seaweed and meat from a variety of rocky 

habitat and sea life. It is appropriate to modify 

the immediate coastline to increase surface 

area of mariculture habitat. This approach only 

applies to a small area adjacent to settlement. 

The majority of coast & ocean should be left 

          alone.  

 

A sustainable population size  is determined by: 

1. How much water can be held on site in the sustainable manner above. 

2. How cleverly the water is converted into food. 

3. The efficiency of resource recycling. 

4.  How much land is allocated to humans and how much to nature. 

5. Human consumption.        

 

Energy 

The sun is the source of most forms of energy, including wind, fuels and food. Gravity is also 

an important energy source, energy storage mechanism and design factor. Energy 

fluctuates in cycles including day/ night, tides and seasons. Design needs to account for 

variation in supply from nature and demand from humans over each cycle. As global 

Doing it right - a  coordinated network of small off 

stream dams, swales and trees. Downstream flow is 

increased at all times except  during flood. Tagari 

Farm, NSW. The system still works 15 years after the 

farm was abandoned.  

Doing it wrong-  large dams intercepting 

streamflow, high evaporation storage and 

inappropriate crops result in devastation 

downstream from lack of water and increased 

salt. Cubbie Station, QLD. 

Traditional Hawaiian fishponds (Kualoa Ranch) 



warming accelerates, design for each cycle must be increasingly flexible, catering for 

extremes not averages, and anticipating change. 

 

In the wet tropics, rapid cycles of sun and rain produce 

rapid growth. This should be stored as vegetation and soil 

humus. Actually, it's the only way fertility can be stored, 

because most soils in the wet tropics are nearly infertile 

below the humus layer. In the subtropics, there can be 

periods when conditions resemble the wet tropics. 

Similarly, we should take advantage of these productive 

cycles to store resources using the vegetation & soil to fall 

back on during inevitable drought. As the climate warms, 

subtropical patterns are spreading and subtropical 

climate techniques become more appropriate over a 

wider area. However, all ecosystems have mechanisms to 

capture and store resources during the good times for use 

in the lean times. Sustainable human behaviour always did  

and in future will intimately relate resource use to season  

and cycle. The uniformity of supermarkets is breeding this  

survival instinct out of us. 

 

As discussed above, conventional energy use burns fuel in the form of coal, oil & gas, 

moving carbon from the earth into the air in an unbalanced, polluting cycle with effects that 

include global warming. There are plenty of sustainable forms of energy capture and 

storage in existence or development that are chemically balanced - i.e. not polluting. 

Sustainable (renewable) energy has become affordable to generate and viable storage 

technology is developing rapidly. So much so that any organisation investing in new 

construction of traditional energy sources would now be considered foolish even using 

narrow, short term economic rationalist thinking.   

In the wet tropics resources are 

stored in the vegetation 



  

 

Soil 

    Nutrient = soil organic matter = vegetation. 

Our food comes from plants or animals that ate plants. Plants get 

almost all their nutrient from humus, i.e. soil organic matter. Thus, 

take soil organic matter out of the cycle of life and we are all dead. 

When studying extinct societies, archaeologists make a neat match 

between falling soil organic matter levels and societal decline.  

 

Unfortunately, there is a time lag between abuse of soil and the 

effect on people. When forests are first cleared, nutrient is released 

from soil organic matter and crops grow well. Population increases 

accordingly. Clearing leaks nutrient out of the system and the 

source of organic matter input - the forest, is now gone. Society is stuck with more people 

than can be supported by remaining amount of soil organic matter. Society declines, 

expressed as conflict and poor health.  

 

Soil organic matter is in desperate decline 

over a widespread area of the world, setting 

up a great body of work for any future 

archaeologists should they exist.  

 

Soil organic matter is almost entirely 

provided by the vegetation and associated 

animal interactions. Therefore, remove the 

vegetation and we become extinct. 
Easter Island is a symbol of societal extinction due to  

human caused environmental collapse.(Newsweek). 

Humus rich forest soil 

Disused railway used to store solar energy as 

potential energy using gravity (Glenn 

McDonald). 



Thus, a sustainable society is very well vegetated wherever people live. Design integrates a 

complex mosaic of vegetation in and around the harder surfaces we seem to like. Soil 

health is not possible unless it is uncompacted and protected using mulch and overhead 

vegetation. So the dominant vegetation could not be turf, but tall, complex, deep soil 

gardens.  

 

Transport needs to be particularly well designed to minimise and mitigate compaction. It is 

clear that individual car ownership creates an unsustainable degree of compacted and 

unproductive landscape. More suitable is mass public transport, bicycles, feet and porous 

road surfaces under low vehicle speeds. It is senseless providing a 50kph speed limited area 

with a sealed road capable of supporting 150kph. An alternative technology is a plastic 

multi celled crate which allows plants to be grown between the cell walls. Vehicles can be 

driven on top of the cell walls without compacting the plants. Clustered areas of settlement 

connected by single roads are better than expanded sprawl.  

 

       

 

 

 

Compacted surfaces should be used to direct water to edible or useful vegetation in 

landscapes which are shaped to slow water down and infiltrate deep soil - called 

"productive silt traps". There must be plenty of buffering vegetation fringing all water courses. 

The point of slowing water down and converting it to vegetation is not just to avoid wasting 

water. It is because nutrient is carried in the water and will be lost to the ocean floor at 

unsustainable levels.    

A porous road (Indonesia) 
Doing it right - public transport, bike/ foot path 

drained to back yard  food forests (Sri Lanka) 



      

 Wetlands demonstrate the ability of nature to slow water and trap nutrient   
 

You have to be careful that vegetation is beneficial and not harmful. Modern agriculture 

and horticulture depletes resources and pollutes. Useful vegetation integrated into the built 

environment should have value as food, materials or mulch, making it financially worth 

maintaining. Green roofs & walls should be used for slowing down and purifying wastewater 

& stormwater, and not use potable water imported to the site (through a big pipe). 

 

Note that many horticultural landscapes are over maintained. Work = consumption of 

resources and also disturbance, which can interfere with natural cycles. Better solutions are 

e.g. Bali food forest back yards which are controlled but not obsessively neat.   

 

 

    

Suburban agriculture Urban roof garden (Steve Jones). 



                  

 

 

Cities must capture wastes and recycle 

them back into productive agriculture. 

Keeping faeces and urine out of the 

waste water stream simplifies the 

problem, thus dry composting toilets may 

be the easiest solution. This has already 

been achieved in numerous urban areas 

of the world without ill effect.  

 

 

 

Biodiversity 

Air/ water/ nutrient/ energy cycle in complex ways. By looking at each in isolation, we risk 

missing the point that the connections between the resources are equally important. If any 

one of the resources were to degrade, they all would. The connections are made through 

diverse biological cycles - biodiversity. All life forms are looking to consume and store 

resources. So if a great diversity of life forms are active in the ecosystem, then there will be 

much storage of resources and very little will pass unconsumed (be wasted). So a diversity of 

connections makes the system resource conservative. If biodiversity degrades, then the 

ecosystem becomes more resource leaky. The leakier it gets, the more it degrades. Thus, if 

biodiversity degrades, all resources in the system continuously degrade. Designers of 

functional, sustainable human environments must include biodiversity. 

Productive fence around small front yard. 

C.K.Choi Building, Vancouver uses compost toilets 

and on site waste water( New City Institute). 

Urban agriculture ( T K Volelsang). 



There is also an ethical component to biodiversity.  

Do other species also deserve to live on earth?  

Should we make an effort to accommodate them?  

If the answer is no, then we really don't belong here.     

 

 

 

 

 

Sustainable Design Techniques 

1. Employ biological cycles. 

e.g.1 Grow food in a system that mimics the structure and diversity of a natural forest, the 

difference being that all the components are edible or useful to humans. This is virtually a self 

sustaining system because it functions much the same as a natural forest, including 

conservative resource cycling and natural pest control.  

e.g.2 As above but using constructed wetlands to grow food, with similar productivity and 

self sustaining characteristics as natural wetlands.  

e.g. 3 Use constructed wetlands to purify water. Use compost worms to treat solid waste. 

e.g. 4 Use plants instead of concrete to retain soil. 

 

            

 

 

2. Make mutually beneficial connections and cycles. 

A+B= A+B+C. We often think that resources are fixed and therefore by adding an element to 

the system, we are taking away from another element. Nature doesn't exactly work like this. 

Yes, there is competition for resources but beneficial connections increase the resource 

base and/ or and reduce resource losses out of the system.  

(Francesco Veronesi). 

Employ biological cycles -  a young food forest Employ biological cycles - a Hawaiian taro pond is 

a constructed, edible wetland (Wendy Roberts). 



e.g. Most farms used for grazing have little or no trees, because it was thought that more 

trees = less grass = less animal growth. However depending on the species and arrangement 

of farm trees, trees strongly benefit grazing animals. Total on site water held in vegetation & 

soil increases. Grass underneath trees is shaded, being more lush and drought resistant. Trees 

shelter animals from sun & wind stress, producing better growth. A good designer would 

observe cattle huddling under shade trees in an overcleared paddock, recognise the 

mutually beneficial connection (the trees are well manured) and make a new connection 

by growing more trees. A better designer would grow nut trees that humans or cattle can 

eat. Anyway, who says cows eat grass - they like all sorts of shrubs, trees and seeds - their 

favourite is probably bamboo leaves.  

              

 

 

In settled areas, we should be looking to connect waste with consumption. Water runs off a 

roof at high speed and erodes a nearby stream, which is wasteful and polluting. Other water 

is piped in from afar and consumed by a household at cost. Connect the roof runoff to a 

water tank, and the water tank to household supply, and a mutually beneficial connection is 

achieved.  

 

There should be no such thing as "waste" water. Used water should be connected to edible 

or useful crops, wherever people live. There should also be no such thing as waste materials. 

The city waste collection centre and the manufacturing materials supply source should be 

so intimately connected that they are the same thing.   

 

 3. Design for microclimate 

Microclimate plays a dramatic part in energy supply & demand, increased yield and the 

productivity of many cycles. We must include it in the information gathering stage, the 

Connect cows and trees (Vera Liang Chang). Connect shower water to corn and asparagus. On a 

hot day, take a longer shower! 



modelling stage and in follow up. Improvement in microclimate can be a beneficial result of 

making connections, such as in the example of the cattle and trees above.  

 

Passive solar building design is about modifying the microclimate inside a building using a 

minimum of energy. This is a well understood industry (but inadequately practiced). Less 

attention is given to microclimate beyond the building, although moderating the 

microclimate of urban landscapes, rural farms and everywhere in between is essential to 

avoid unreasonable consumption of resources. In comparison, the microclimate within 

healthy forests is stable and worth observing. 

                   

Vegetation is a major tool for moderating microclimate, providing shade from hot sun and 

protection from hot or cold wind. Stored water (tanks, ponds, lakes) is another microclimate 

moderating tool. Strategic use of vegetation and/ or water storage can dramatically 

moderate the microclimate around a building, while simultaneously providing food and 

water. In turn, buildings influence microclimate and can be used to shelter sensitive, 

valuable crops. Another example of a mutually beneficial connection is to plant trees next 

to open water storage. The tree shades the water, reducing heat and evaporation while the 

water helps the tree grow.     

 

4. Diversity 

Imitate nature - make a great many beneficial connections and cycles that more or less self 

maintain. The result is an increase in stability and productivity. Stack cycles vertically in 

space. A diversity of people and ideas - connected and expressed, may well be required to 

produce the necessary thinking to fix our many problems. Diversity is insurance against 

failure. Essential resources should have a diversity of supply and storage methods. A number 

of cities are vulnerable because they draw their water from a single source which can fail - 

Trees are an essential tool for moderating microclimate (Michael Leunig). 
 



aquifers can be emptied upstream, invaded by salty marine water or polluted by fracking. 

Surface storage in centralised dams can dry up in extended drought.  

 

Back to the example of the cattle farm with nut cropping shade trees. Now imagine going 

further in complexity to a series of alternating narrow strips of grass and forest. The forest 

consists of nut trees stacked over fruit trees stacked over berry bushes stacked over 

mushrooms. Roaming down the grassy strips are a succession of cattle, chickens, sheep, 

geese and pigs. The A grade forest crops are directly sold to humans. The windfall and low 

grade crops are eaten by the animals, who are also sold as meat. In this complex system, 

thanks to diversity much food is produced in a small area, everything gets eaten and there 

are insignificant problems with pests or weeds. If this is too much for you to imagine, you 

could instead see it by visiting Mark Shepard and his 100 acre farm in the USA. 

                      

 

 

Another example - productive silt traps. A sustainable city would have many different 

variations on the theme of productive silt traps, including forest and wetlands of different 

sizes. Suppose one configuration was a 1m wide strip of tall grassland with minimal protrusion 

into the adjacent space. If the water was possibly polluted (not that it should be in a 

sustainable society) and in response the vegetation was only used for mulch, then a strip of 

close spaced, clumping plants such as native Lomandra would work OK. A better 

arrangement would be more diverse - behind the Lomandra would be a taller clumper such 

as native Cordyline, scrambling over everything a vine such as Running Postman and over 

the ground a low, matting ground cover like Native Violet or Dichondra. An example of an 

edible alternative to the above could be Tahitian Spinach (clumper), sugar cane (taller 

clumper), passionfruit and Ceylon Spinach (vine) and watercress (matting ground cover). 

The best arrangement for a longer strip would be a great variety of species occupying the 

various roles of clumpers, scramblers and ground covers. 

Mark Shepards farm (Forest Agriculture Nursery). Productive silt trap using a swale and complexity 

of edible clumpers, trees and ground covers. 



5. Be well informed 

"Time spent on reconnaissance is rarely wasted". Do the 

information gathering stage of the design thoroughly and 

broadly in environmental and cultural analysis. Then, make 

the solution appropriate to site and people. Don't force 

solutions - make them fit.  

 

In order to design systems that mimic nature, it is necessary to spend much time observing 

the natural systems we are mimicking, such as forests or wetlands.  

 

6. Work with succession 

In nature, systems evolve to maturity. Degraded land changes rapidly in the first few years of 

rehabilitation, and most of our land is degraded and needs rehabilitation. When designing, 

allow for the different stages. Resources need to be allocated for follow up and reaction to 

change. Maintenance needs to evolve as the system evolves, rather than fight nature by 

trying to force it to be static.  

 

e.g. 1 Aid work (abroad or domestically) needs to allow for progression of skills, 

independence and resources developed. 

e.g. 2  The gulf between the mindset of current societies and what is required to be 

sustainable is in many cases enormous. If there is time, a transitional plan may be easier to 

implement than a revolutionary one. Unfortunately, time for transition is a luxury we're fast 

running out of.    

e.g. 3  When rehabilitating land, 

weeds can be useful for providing 

rapid cover, correcting nutrient 

deficiencies and providing 

organic matter. As the landscape 

matures, most weeds get shaded 

out and generally fail if the  

              disturbance they require is 

lacking. The trick is to manage weeds by tolerating those that are easy to phase out and 

suppressing weeds that are difficult to manage in later stages.  

 

Peter Andrews used his NSW property to advocate for the use 

of weeds in regeneration (ecofilms). 



e.g.4 When converting a lawn to a food forest, all the stages are planted at once - annual 

vegies, short lived perennials, fast growing fruit bushes and vines, slower growing fruit & nut 

trees, as well as support species (often leguminous ground covers, short lived shrubs, medium 

life span small trees, larger long lived trees). The dominance of each changes over time and 

cutting regime changes over time. Most of the support species are used for rapid early 

shade and organic matter and are sacrificial - gradually cut out as target crops mature. 

(For more detail relevant to subtropical areas, see "A guide to crops for the Bellinger Valley 

and their use in a food forest" at www.ecolivingdesign.com.au).  

 

7. Edge effects & patterns 

Edges in nature are an extra productive interface (e.g. coral reef, mangroves) and patterns 

in nature tend to maximise edge (e.g. a winding river). Modern design should too, i.e. settled 

areas should have a complex and varied mosaic of housing & landscape types, with 

designers looking to maximise edge and crop at it. Fences and building walls are excellent 

edges useful for training fruit, yam and vegie vines. At Mark Shepards farm (below), the 

configuration of many curved, narrow strips of alternating vegetation type has the effect of 

maximising edge. 

  

 

 

 

8. The problem is the solution 

Look to turn problems into resources.  

e.g. weeds can be used to rehabilitate degraded landscapes, a windy site can provide 

cheap energy, a rocky site cheap building material, steep slopes provide gravity fed water, 

lots of dogs barking in the neighbourhood could offer employment for a dog walker. A 

century ago there was a problem with too many rabbits, so we ate them.  

 

 

Mark Shepards farm. The configuration of edge 

results from planting and swaling on contour  

(Forest Agriculture Nursery). 

Traditional Greek village has a mosaic of built 

environment and productive vegetation including useful 

edge  (Yanis Larios). 



9. Capture and store local resources. 

The opposite of "big pipes in, big pipes out", on site resources of energy, water and nutrient 

should be captured, stored and slowly released into a resource conservative system. 

Vegetation and biodiversity will be essential components of most resource conservative 

systems. 

 

10. Use things at their highest value. 

This is another way of saying "Don't waste anything." You might think it plain common sense, 

too obvious to even require stating here. However, our society is enormously wasteful, even 

to the point of economic senselessness. It often costs more to waste stuff than it does to 

conserve it - look at the average building site. Also, using things at their highest value can 

sometimes require cunning and design nous. A sustainable society will value products 

enough to find a succession of changing uses for them as they degrade over a long lifetime. 

Ideally, products will be designed to facilitate repair and then conversion to a different use 

at the next lowest level.  

 

Many traditional cultures demonstrated "don't waste anything" by developing ingenious 

ways of using every part of the plants & animals they ate. Food thrown in the compost is 

used at a lower value if it could have been eaten. A bottle can easily be reused by cleaning 

it. It's a lot more trouble to produce a bottle by smashing it into pieces and then making the 

pieces into a new bottle again. To use the bottle at its highest value, we would re use it, not 

recycle it. 

 

  

Reduce, Re-use, Recycle. 

Re-using old tyres for building (www.earthships.co.nz) 

and recycling tyres (Advanced Resource Recycling). 



Time is a resource, so "use your time wisely". Plant a tree where it will survive. Teach people 

who want to learn. Design the garden to get maximum yield for the minimum of work. We 

really will have to think about using our time wisely because we are running out of time to fix 

the problems.    

 

It's obvious that in future we won't consume to the degree we have been - the earth just 

doesn't have the resources, and they decline further every day. We are changing and will 

change. We can control how we change - we have the intelligence and everything needed 

to do so. Alternatively, we can have change forced upon us by environmental collapse. 

Ironically, the more stubbornly we refuse to change, the more quickly nature will force us to 

do so.  

 

 
Plant a tree! (Khonje). 


