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Permaculture Principles applied to building design and construction
work-in-progress by Steve Burns (Sept 2010)

1. Observe and Interact
· Observe the site for 12 months – live there if possible, but more important is to pay attention!  Watch/listen/feel  sun, wind, shade, frost pockets, animal/bird activity, plant distribution and growth habits, soil types, water flows, clues of land-use history

· Interact with locals; tell them your tentative thoughts and ask their opinions

· Observe national/global models of buildings in similar climate zones or situations

· Look at the buildings in the surrounding area – what is the vernacular architecture?  What styles were popular in the past but have been abandoned – and why?  What styles were popular for short times but then disappear (they are more likely to have been fashions rather than sustainable responses to the climate and other characteristics of the area)

· Notice when you are visiting buildings that feel ‘good’ – why is it so?  What is it about the building that you like?

· Interact by conducting small trials, building ‘test’ or temporary structures or systems (e.g. on-site builders composting toilet)
· Observe your own preferences and practices – design a house for what you do and what you like rather than following the latest fad.  If you have a family or an extended household, make them part of the design process or at very least take them into consideration

2. Catch and store energy
· Design your house to catch & store energy in passive ways: 

· solar orientation

· thermal mass within the building: trombe walls or concrete slab.  If you have a slab, either tile it or keep it exposed to direct sunlight on the northern edge of the building (carpet insulates the slab and reduces its effectiveness as a heat store)
· glazing on the northern and eastern faces; little or none on the south and west

· external walls and mass plantings to direct or deflect seasonal winds to advantage (cooling in summer, protecting in winter)

· high levels of insulation to trap & store heat energy from occupants and activities like cooking

· attach a greenhouse to the building and bring in warm air when desired
· build a cellar to take advantage of the cooler sub-surface temperatures and use the house as an insulating blanket for the cellar

· Design your house to catch & store energy in active ways:

· Solar hot water service with well insulated storage tank

· Sustainable power generation, such as photovoltaic power in roof (stand alone or grid interactive? Remember that a grid interactive system doesn’t store energy)

· Your entire house is an energy store; the materials it is constructed from (wood, steel, concrete, glass, etc)  represent a significant energy investment so it is logical to store that energy for as long as possible by making the house easy to maintain.  This will extend the usable life of the house, which means that the energy embedded in those building materials is stored for as long a time as possible.
3. Obtain a yield
· Design your house to obtain direct yields of energy moving through the house:

· Cool cupboard linked to subfloor space

· Drying/linen cupboard above heater or hot water tank

· Grow plants indoors to obtain an additional yield from the relatively stable temperature and humidity – identify micro-climates like bathrooms, window ledges, corners near the stove, etc.

·  Consider waste as a yield (as also principle 6 “Produce no waste”):

· Grey water used to generate biomass, water fruit trees

· Composting toilet

· Kitchen waste compost system

· Internal or on-site cleaning, sorting & storage of reusable/recyclable ‘rubbish’ such as metal, glass, paper, packaging, timber, etc.

· Harvest water from roof and hard surfaces around the building.  Store in tank or soil.
· If friends come to visit the building site, have them make a contribution, so

· keep ‘spare’ gumboots, gloves and working clothes/overalls on site

· set aside unskilled jobs which can be done at any time (shifting soil, stacking or sorting materials, paddling render, spreading mulch)
· Identify skilled friends and invite them to make specific contributions to the building (products or services)

· Have a barn-raising or working bee with extended family.  Do it on your birthday and ask them to contribute a day’s labour in lieu of a birthday present!)
· Become a WWOOF host and obtain a yield by carefully selecting WWOOFers who will be of nett benefit to your project; the more physically able and experienced in building, the better

· Plant perennials as soon as you have your site master-plan worked out:

· rhubarb

· comfrey

· tagasaste

· Plant soil-improving species (legumes) or easy-care food plants (potatoes) where they will not interfere with building

· Harvest wild foods on your building site and add them to lunches

· Change your employment pattern to take advantage of high-yield paid work supplementing unpaid owner-building

4. Accept self-regulation and feedback
· Before you build your house, consider what active feedback systems you might build into it:

· Electronic monitoring of active systems like PV generation

· Thermometers placed in particular places to monitor projected benefits of insulation, greenhouse, cool cupboard

· Ensure that you can access all parts of the building after construction, in case you need to change something

· Build buildings that are human in scale – part of accepting the self-regulation of our physical limitations and size?  For instance, if four people can lift an object, it is manageable; if it takes a crane to move part of your building, you’ve just built in a potential problem because you cannot respond to ‘feedback’ by changing this feature without heavy energy investment.
· Acknowledge your limitations now and in the future:

· Plan and build for a time when you will be older, slower and weaker

· Anticipate changes in income
· Do what you enjoy – avoid what you dislike
· Go to classes to learn new skills

· Ask ‘dumb’ questions

· Accept your limitations.  If you are not skilled in a particular job, it will take you a long time and you may not do as good a job as a professional.  On the other hand, a careful amateur may produce superior results to a rushed professional.

· Accept the collective wisdom of those you trust; especially when you disagree with it

· Be aware that some feedback may take time to arrive (e.g. heating or cooling time of a whole house versus impact of opening a window to allow a cross-breeze in)

· Observe your house during and after a storm – where is water flowing? Are there leaks anywhere?  Is there a limit to a critical system (drainpipe, silt trap) which needs changing?

· When you get tired, take a rest

· During the heat of summer, work in the early morning and late afternoon – use the middle of the day for resting or doing quiet, non-physical work (ordering, refining plans, talking to suppliers or trades people)

· Don’t try to build a mud wall in a monsoon

· Process all your waste on site.  Treat waste as feedback on your choices.
5. Use & value renewable resources & services
· Avoid selecting materials that cannot be reused or recycled

· Build from renewable resources:

· Timber (framing, cladding, flooring, joinery)
· wool (insulation)
· bamboo (flooring, scaffolding)
· hemp/jute (flooring, fabrics)
·  Use human power rather than oil-fuelled mechanical/hydraulic  power (but definitely use those smart human mechanical devices like levers!)
· Have an “Amish-style” barn-raising.
· Form alliances with like-minded groups or individuals to maximize 

· Demonstrate valuing by paying reasonable wages to people who provide services and paying reasonable prices for renewable resources or products made from them 

· Use hand tools rather than power tools

· Use WWOOFers or volunteers as part of your building program – and try to make the experience as rewarding for them as possible.  Hot food and cold beer have been used in the past.

· Use sustainably harvested timber for heating and cooking, rather than oil or gas (or electricity from coal-fired power stations).  

· Use gravity to distribute materials around the site (have the delivery point higher than the building site)

· Fit a hot water jacket to your stove and use it to supplement or heat your hot water in winter when your solar HWS needs helps

· Plant your own firewood lot years before you build the house

· Value firewood by giving it time to properly dry, storing it off ground and keeping it under cover (wood shed) before burning it.

· Form prune all trees that have the potential to be used as structural or furniture-grade timber.  Form prune to 5-6 metres as this is the maximum length for most portable saw mills.

· Grow your own building materials; trees! (or even wool!)

· Grow your own food so that you can feed the people who come to help you build.

· Build a small house and use it well – a McMansion built of renewable resources fails the test because the renewable resources have not been sufficiently valued.

6. Produce no waste
· Consider how to eliminate potential waste on the building site:

· Build as small a building as possible (which will reduce any unavoidable waste which is a percentage of the size of the project)

· Buy only what you need

· Minimise packing

· Carefully retain and store surplus materials (e.g. additional bricks or roof tiles).  While you may not need them for years, they may become impossible to source in the future.
· Remove all top soil from building site and store for later use.  If you have a master plan, put the soil directly where it needs to go (e.g. vegetable beds).  This saves double-handling and puts the top soil straight to work producing food for you.
· Where a cut is made, store the excess subsoil for later use.  As ‘later’ may be years later, make sure that the location is accessible to trailers/wheelbarrows, not just backhoes, and also that the pile isn’t ‘in the way’ of other activities.

· Have good storage locations – dry, shaded, wind-protected – so that materials are not ruined by weather exposure.

· Have composting bays in place before builders come on site; all organic material can potentially be placed in them (e.g. lunch scraps, cardboard packaging)
· Build several scrap wood boxes and place them around the site for carpenters to throw scrap timber into.  Regularly clean them out and store the wood under cover; it is probably only firewood, but some pieces may be usable
· Store metal scrap separately and sell it later
· Sort ‘waste’ as soon as possible – don’t let builders create a big pile of rubbish that is impossible to sort at the end of the job

· Make up form work so that excess concrete can be used to make long-lasting garden bed edging.

· Have a series of moulds ready so that any other excess concrete can be made into stepping stones, concrete fencing posts, etc.

· Design your house and outbuildings so that you can process household waste on site (see principle 3 “Obtain a Yield”).  For example, making allowance for separate kitchen storage of compost/chicken scraps, washed plastic waste, paper/cardboard, etc. 
· Collect other people’s waste that is valuable in your project.  Start collecting recycled timber, stone, piping, steel work, doors, metal fittings, plants, soil, etc.

· If you need ‘fill’ in part of a larger block, watch out for earthworks and road works being carried out nearby.  Contractors are charged by the m3 to dump excess material so will be happy to drop it at your place for free.  Make sure you get clean fill (no tarmacadam, please!)
· Put in a composting toilet (home made?)

· Buy local to minimise waste through transport and distribution systems (also minimises waste of time)
· Get access to a chipper/mulcher and put stuff through it from the building site (e.g. scrap plasterboard mulched as gypsum for clay-breaker)

7. Design from patterns to details
· Apply permaculture site zoning and sector analysis to your property (and within the house)

· Apply passive-solar housing design principles

· What natural patterns can apply to how you design your building?  (e.g. kangaroos or dogs favour a particular spot for sunning themselves – perhaps it is a good spot to build a house?)
· What seasonal patterns will influence or dictate how and when you build? (e.g. it is difficult to do earthworks in Winter in temperate climate, advantage of finishing roof so you can work undercover in a high rainfall area)

· Read “A Pattern Language” by Christopher Alexander; make notes about patterns you want to implement in your building

· What patterns do you observe in successful buildings in your area?  (e.g. shape of building, window area as a ratio of wall area, scale of verandahs, size of rooms, presence of absence of corridors, use of wet rooms, outside toilets, etc)  Which of these patterns are due to commercial pressures (e.g. slab-on-ground construction) and which are the result of observations of previous generations (e.g. traditional ‘Queenslander’ homesteads)?  Be cautious about assuming that recent patterns reflect wisdom – they may simply reflect expediency in a society where people rarely stay in a new house longer than 5 years.
· Start your planning with big questions (Who will live here? What do I want to do?) rather than small (What bathroom taps do you like?).  Answers to the small questions will flow from thoughtful responses to the big ones.
· Are there ‘external’ site-related patterns to which attention should be paid? 

· placement of utilities and services

· land easements

· public roads or rights-of-way

· soil types (e.g. deep volcanic loam occurs in a strip along the road frontage where you might otherwise build a house)

· waterways

· land gradient and slopes (especially solar orientation, wind exposure, sea breazes, etc)

· What is the primary function of the building? (family home, teaching site, commercial farm, etc)
· What secondary functions does it also need to fulfil? (home office, roadside sales, value-adding to produce, paying guests, farm/home tours, teaching space, market garden, nursery sales, etc)
· What do future needs or functions of the household suggest, in terms of design?  Consider the passage of time as an inescapable pattern and design for it.
· Are there patterns associated with financial, social or environmental changes which should be taken into account?  Changes could include: 

· sea-level rise, increased extreme weather events or decreasing/increasing rainfall associated with climate change 
· national/regional population increases or decreases

· increased global human movement/migration

· financial collapse or stagnation (GFC)

· financial booms (mining towns)

· increased nationalism and protectionism

· Will the makeup of the household change over time?  For instance, consider:

· children leaving home, 

· occupants aging, 

· multiple occupants from extended family, 

· paying guests/lodgers

· WWOOFers

· What are the broad patterns, sequences or flows of building construction processes? (develop a Gantt chart or project management flow chart of ‘the build’)
8. Integrate rather than segregate
· Form a Housing Coop

· Develop a permaculture co-housing development or eco-village with shared central facilities 

· Build with family or friends

· Run a workshop on building and use the labour or other outputs to build your house.

· During the design process, frequently stop and brainstorm ways to improve the integration of functions within the building.  How can services be provided through integration rather than each function needing a separate element?  For example, 

· use the wood stove to heat the building as well as the hot water.  
· make the linen cupboard around the hot water tank, so that the linen is warmed by the tank while simultaneously forming part of the tank insulation

· suspend a clothes drying rack from the ceiling of a main room so that heat rising from heaters or people will dry clothes in winter

· place dish drying racks over the sink so that they can drain onto the sink and don’t need to be dried by hand 

· Design the building to be as flexible as possible, so that it can serve multiple functions.  For instance, a moveable wall can allow a room to be divided into more intimate space.  If it is an external wall, a moveable wall can be swung open to link inside and  outside.
· Consider each element within the building (e.g. wall, floor, roof) and explore how they can serve multiple functions (both now and in the future).  For instance, a wall can be

· support for a top plate and roof

· a barrier between inside and outside environments

· a means of distributing services (power, LAN cable, water, gas)
· a heat store

· a water store

· a barrier blocking an unsightly view

· structural support for an external climbing frame on which plants are growing

· If you find that a room or element within your design is serving one function only, try to find a way to either 

· eliminate it by finding another element to carry out that function, or
· have it also achieve one or two other functions
· If you live close to other people (e.g. in a town or neighbourhood) consider what options there are for integrated services at the neighbourhood level.  For instance, rather than each person building a large workshop and having many individual machines or tools (which mostly sit idle), perhaps it is better to have a Neighbourhood Shed where facilities are shared?

· How can you integrate ‘external’ and ‘internal’ functions on the property?
·  food growing within or adjacent to the house, 
· easy movement of firewood into house, 
· housing for new-born animals or poultry integrated into house, 

· worm farm in kitchen
· teaching space within home 
· People who live in the house grow their own food and fuel
9. Use small and slow solutions
· Plan to stay in your house for a long time; that will justify the large investment of time and energy inherent in applying this principle (move house slowly)
· Buy a small block of land

· Design and build a small house (less mortgage, less space for ‘stuff’, lower utility bills, more impetus to be outside)
· Draw by hand or always have a hard copy of any design in a computer

· Plan the whole site before you start building; if you have invested much time and effort into planting or building a structure that you then decide is in the ‘wrong’ place, you will regret it!

· Build in stages

· Take your time 
· Build a modular house

· Install several small water tanks rather than one large one (less efficient dollar-cost per litre of storage capacity, but provides security because if one fails, the other will usually be 

· Build by hand

· Learn how to use hand tools

· Use hand tools rather than power tools

· Minimise or eliminate the use of heavy machinery, mass production, long-distance delivery, etc
· Use materials and quantities which can be handled by people

· Buy local (e.g. basin made by local potter vs generic model imported from China)
· Use locally sourced building materials (e.g. timber from local mills and portable sawmills)
· Make your own, rather than seeking a commercial solution to all needs (e.g. hinges, door handles, doors)
· Restore older materials (e.g. Victorian four-panel doors)

· Remake double-glazed windows using recycled glass put into new framing

· Maintain and repair tools and equipment

· Stop and have a proper lunch break on the work site

· Four years before you start building, build a pergola with a picnic table in it and plant a grapevine: have your lunch there during the summer

· Don’t ask your tradespeople to work on the weekend.

· Build the house yourself – and still take holidays… don’t let the house run your life.  Take as long as it needs to take.  Don’t let the tail wag the dog.

· Let kids help – they are slow but value their learning, participating and contributing 

· Save money to build your house.  Don’t borrow money.  Build as you save.

· If you think you might need to build an extension in a few years, plant some good timber trees now and then form-prune them for maximum utilization when eventually felled
· Plant, rather than build, shade and windbreaks

· Refuse to purchase anything that you cannot repair yourself or have repaired within your local community

· Plant trees that will grow to become high quality timber; they may be slow at the beginning of their lives, but this slow early growth will be rewarded by the quality of the wood at the end.  

10. Use and value diversity
· Seek advice on building ideas from a wide range of people; especially including those who are not qualified in the area (e.g. children, florists, bakers) or those whose experience is from another age or tradition (old people, migrants, travelers)

· Get to know your neighbours and ask their opinion on things

· Use a wide range of different building materials and techniques
· Look for diversity of construction service provision: get multiple quotes, use more than one supplier, builder, plumber, electrician, etc

· Have diverse sources of key needs:

· Heat from wood stove, open fire, thermal mass, solar orientation, 

· Water from multiple water tanks, dams, 

· Food from own garden (annual crops and perennials), local suppliers, farmer’s markets, informal networks of friends

· Value different ways of arranging land tenure & access: 

· rent

· co-housing

· multi-family households

· squatting

· WWOOFing with no fixed address

·  Have a Plan B in case your building fails or is delayed (tent, caravan)

· Create different climates within your house (e.g. no uniform temperature – cool bedrooms, warm living areas)

· Value different microclimates and characteristics of the site: how can you work with them?

· Consider separate building ‘pods’ (if one burns down or leaks, the others are still usable)

· Value diversity of age (old building, new addition, mix of new & recycled materials)

· Value diverse building traditions, such as

· cob

· stone

· timber-framing

but also find balance between nostalgia and practicality… wherever it may be!

· Preserve family or regional traditions (huge masonry stoves, kitchen layouts, tatami flooring, provision for outdoor food preparation, mass family preserving days, animals over-wintered in stalls below living quarters)

· Become a WWOOFer host and value the human and cultural diversity that visitors from around the country and around the world will bring to your property.  If using WWOOFers as part of the building program, remember to ask them about building traditions and practices from their homelands.

· When planning animal/poultry housing, consider making allowance for keeping different species (which might require separate housing and ranges)

·  Try lots of approaches; some will fail and be culled, but some will succeed unexpectedly
· Consider planting plants without local provenance – exotic vigour may make them very successful in your area

11. Use edges and value the marginal
· Relocate to small town (edge of society, but where your impact may be proportionally greater than in the city)

· Consider building in places that others have dismissed or overlooked (‘out-of-fashion’ neighbourhoods, odd shaped blocks, ‘poor’ quality land, inhospitable climates)
· Design your building to increase edge (microclimate/ecotone) opportunities both within and outside the building.  (This may be a trade-off with cost and efficiency)

· Note where there are edges of activity-type within your draft house plans. (e.g. edges between wet areas, cooking areas, sleeping areas, storage areas, etc.)

· Value materials which may be marginal:

· industrial off-cuts
· softwood (often ignored in Australia because we have abundant excellent hardwood)

· ‘low grade’ logs or timbers

· rocks
· second-hand iron

· rusted out water tanks which can be ferro-cement rendered
· discarded fence palings which can be cut down and re-used in a shorter fence

· Value ‘wild’ building materials:

· bush poles

· mud floors

· cow manure-enriched floor and wall plaster

·  wattle and daub walling
· Build on the edge of a town (access both city and peri-urban lifestyle)

· Build on the edge (or overlap) of ecosystems or bioregions:

· land/water edge 

· plains/mountains edge

· inland, but along the edge of two distinct ecosystems (e.g. land types, rainfall areas, forest/grasslands, etc)
· Harvest wild food to feed your workers while building:

· greens

· mushrooms

· acorns

· berries

· Use ‘low grade’ material for firewood for heating and cooking.  (e.g. Use of wattle thinning at Melliodora, down to sticks of ‘thumb’ thickness) 
· Be brave: experiment with new ideas or implement new technology 

· Revive traditions or technologies that have been marginalised by ‘modern’ advances:

·  install a windmill

· build your frame onsite

· build a hardwood frame and let it weather for six months

· join a Community Shed and learn from older people (who are also socially marginalised)
·  Befriend people with unusual ideas or perspectives and ask them for building advice

· Collaborate with neighbours to build fences or put in plantings on property boundaries

· Blur the edges of your building – turn walls into growing spaces, fish tanks, hot houses

· Put chooks in your suburban front yard (free local zoo, free food from neighbours) [example from John Mackenzie]

12. Creatively use and respond to change
· Examine your response to change; are you exercising a prudent approach to maintenance which is valuing the resources put into your building, or being driven by a desire to ‘stop’ the forces of nature (e.g. show that humans are more powerful than nature)? 

· Plan for the future, as much as you can… but you never know when someone might get pregnant or those kids you thought had left forever suddenly reappear on your doorstep!
· Design a house which is adaptable and flexible:

·  completely modular 
· able to be dismantled, moved and re-erected
· using adaptable materials like tarps for roofing
· Anticipate changes that are predictable (e.g. seasonal rhythms, personal aging) and design your house to adapt to those changes within minimum fuss.  

· Apply the permaculture approach of succession to how you build your house:

· rapidly built, ‘shoddy’ pioneer  spaces which provide shelter while allowing more long-term structures to be erected
· slower building of very long-term buildings – more solid materials, longer projected lifespan, etc
· dismantling of pioneer space to re-use materials.  Its job is done.

· Consider the impact of extreme (unlikely?) changes and design responses to them:

· permanent collapse of the electricity grid

· pollution of town water supplies

· bushfire from unexpected direction

· neighbouring property being torn down and converted into high-density housing

· Acknowledge your climate:

· in a tropical, high humidity environment, build light-weight structures from renewable materials and let them decay
· in cool temperate regions, build more solid structures and put more effort into maintenance and upkeep

· Identify external change forces which could or will impact on your property and devise ways to minimise, delay and then deal with their impacts:
· sun

· wind

· rain/water

· gravity

· soil expansion and contraction (especially in high clay soils)

· plant roots

· climbing plants

· pest species (e.g. termites)

· gradual material decay (entropy)

Weigh up the cost of attempting to delay change with the opportunity to renew.  For example, painting weatherboards may be less efficient and environmentally damaging than allowing them to weather naturally over 40-50 years and then replacing them with freshly milled boards.  

· Examine your own response to potential changes; do you see the change as negative or positive?  Why?  Is it possible to have a different perspective so that a change perceived as negative could also be an opportunity?
· Consider the options each change presents; are some more energy-efficient than others?

· What changes are within your control and what are dependent on external forces?  
· have a series of ‘jobs’ lined up that are within your control and can be taken up if scheduled events don’t occur (e.g. delayed delivery of windows is outside your control, but, if it happens, you can turn to your list of ‘backup’ jobs and start one of them) 
· Anticipate the eventual triumph of entropy by using building materials that are biodegradable so they will ultimately all be recycled.  This might be hundreds of years into the future.

See pages 243-4 of “Permaculture principles & pathways beyond sustainability” (Holmgren, 2002) for a discussion of the relative merits of building for durability vs building cheap, renewable structures.
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