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Passive solar construction is a very attractive design philosophy as not only does 

it save energy, but it also reduces dampness and condensation, improves sound 

insulation, increases the durability of building materials and makes the home 

healthier. Passive solar construction uses the sun to warm the house. Heat is 

absorbed into the building and slowly released back into the house as it cools. 

Solar heating can be the sole source of warmth or can be supplemented by other 

sources. Consequently, passive solar design has the potential to reduce New 

Zealand’s greenhouse gas emissions. Houses consume nearly 35% of the total 

electricity generated in New Zealand. Unfortunately, the majority of New Zealand 

houses do not use energy efficiently. Space and water heating are the 

predominant uses of energy in a home, and energy savings in these areas are 

easily achieved. 

Hot summers and cold winters are a challenging combination for solar buildings, 

and attention needs to be paid to both summer and winter conditions. Chilly 

weather conditions can be warmed with correct window design to admit as much 

solar heat as possible, the right materials to store as much heat as possible and 

plenty of insulation to conserve heat. A home can be kept cool in summer without 

the need for air-conditioning, by correct placement of shading, ventilation and 

insulation (although flexibility needs to be built into systems to allow for unusual 

weather conditions, eg hot winters or cool summers). 

These basic principles can produce year-round comfort in your home for little cost 

and can be applied to existing houses as well as renovations. The initial extra 

cost (if any) is paid back over time in savings on energy costs. Passive solar 

designed buildings can be low tech and need not cost any more than standard 

construction. Leading edge technologies such as specialist window treatment 

films, automatic window controls or computer-aided design can be used but these 

are not essential to capture the age-old virtues of free solar heat.  

Passive Solar House



Once the correct principles are embodied in a house, little ongoing effort is 

required to achieve thermal comfort all year round. The solar house needs to 

be considered as a holistic package, with all factors such as the site’s 

microclimate, orientation, landscaping, external shading and shelter, internal 

planning, placement and size of windows, insulation and building form and

thermal storage integrated. 

Careful design can maximise the use of the site’s potential. Failing to attend to 

one area may compromise the comfort and energy efficiency of the whole 

design. Site planning and orientation Ideally the site will have a northerly 

aspect with the house elongated along the east/west axis. The house should 

be located and orientated so that winter sun is unobstructed but exterior 

shading restricts the summer sun. Obstacles to the north of the solar home, 

such as other buildings, fences or evergreen trees should be located away 

from the solar house by twice the height of the obstacle to prevent shading of 

valuable winter sun. It is often desirable to locate deciduous trees closer to 

help prevent summer overheating. Sites with hills or a slope rising to the north 

will not receive as much solar heat, but will still benefit from other solar design 

principles such as increased insulation levels.

The wind patterns of the region and the microclimate specific to the site should 

be examined. Cold winds can be buffered or deflected by strategic positioning

of dense trees or unoccupied structures such as garages. Similar devices can 

be used to deflect hot summer winds, while cooling summer breezes should be 

funnelled through the house with landscaping features and building form. Also, 

low inlets and high outlets on the house will assist natural ventilation. Collecting 

solar heat New Zealand’s climate, luckily, has a high proportion of winter 

sunshine hours. Even the cooler regions can make use of free solar heating. 

The South Island, which has the greatest energy need for space heating, is 

fortunate to have frequent clear winter skies. Direct sunlight is much more 

effective than overcast skies for warming the mass of the house.  



It is fundamental that the main living areas should be on the north, sunny side of 

the house. The windows in these living areas are most useful if they are 

orientated within 20 degrees of due north. Rooms which require early morning 

heating or afternoon coolness, eg the kitchen, should be orientated to the east, 

while spaces which are occupied in the evening should be located to the west. 

Storage rooms, bathrooms, laundry and carparking that require less heating, 

should be located in the southern low sun zone. Urban settings may require a 

more complex response to achieve maximum gains when optimum orientation is 

not possible. West-facing windows can cause late afternoon overheating at any 

time of the year. They should be shaded on the outside of the home in summer. 

Easterly windows help early morning warming and can be a little larger than 

westerly windows. South facing glazing should be kept to the minimum required 

for ventilation. Reasonably large areas of northern glazing (windows/skylights) 

are required to collect solar heat in winter.

Optimum levels of glazing for solar houses are no larger in area than is normally 

found in New Zealand houses. It is very important that the total area of northern 

windows is balanced with the amount of thermal mass available to absorb the 

heat. Windows on the east and west are part of the total balance of solar gains 

and can help in colder climates. This can make up for a shortage of north glazing. 

Colder climates need larger areas of glass for solar collection. Shading of the 

north facing windows is generally required to prevent summer overheating. 

Storing solar heat Heavyweight materials, such as concrete, terracotta or ceramic 

tiles and brick, can absorb solar heat during the day if they are exposed to direct 

sunlight. At night when the interior temperature drops, the stored heat is released 

back into the room. They act like a rechargeable battery for storing heat. Thermal 

mass is most effective if it is located within the insulated north-facing area of the 

home. Thermal mass can be incorporated into any surface of the home but it is 

twice as effective if it receives direct sun rather than diffused rays. Exposing 

thermal mass products to heated air but not direct sunlight has little value in 

storing solar heat and should be minimised. Thermal mass that is located on an 

exterior surface should be insulated to prevent heat escaping directly to the 

outdoors. 





In New Zealand early European settlers applied traditional English techniques

of earth construction – using predominantly wattle-and-daub, cob and mud 

brick in the South Island and rammed earth in the North Island. Pompallier 

House (1841) at Russell is a well-known example of rammed earth 

construction, which has stood the test of earthquake, storms, and time. 

Earth building in New Zealand has undergone a revival in interest. This is 

reflected in the number of earth buildings that have been erected in the last few 

decades. There are more than 600 historic earth buildings in New Zealand, and 

an unknown number but probably several hundred ‘modern’ earth buildings 

(less than 30 years old) including a number in Waitakere City. 

Natural Building includes a variety of building techniques that focus on creating 

sustainable buildings which minimize their negative ecological impact. Natural 

Buildings often rely on non-industrial, minimally processed, locally available, 

and renewable materials and can also utilize recycled or salvaged materials. 

Natural Building ideally incorporates sustainable design practices to integrate 

the building into its environment. It may also integrate electricity production, 

water catchment, passive heating and cooling, and alternative waste-treatment. 

One of the major appeals of natural building has a lot to do with the sense of 

environmental responsibility. 

Would you be interested if there were building materials that: 

• Are abundant in many places; 

• Are readily found and used with minimal processing; 

• Are non-toxic; 

• Have low environmental impact; 

• Have low material cost; 

• Require low maintenance; 

• Are sturdy and durable; 

• Can be readily made into many different and sculptural shapes; 

• Are readily used by owner-builders;   

• Are able to moderate swings in temperature and humidity inside buildings?  



Of course, our homes are not all perfect manifestations of this natural building 

ideal. Many of our buildings still use some industrial components such as 

concrete, drywall, steel roofing, foam insulation, and vapor barriers in 

construction. We are still learning to integrate our homes into the surrounding 

environment, and in design we think long on trade-offs between footprint and 

functionality, cost and comfort. Some of our builders are re-forging a 

construction aesthetic that eschews use of these less sustainable materials. 

There are as many Natural Building technologies in the world as there are 

climates and bioregions—appropriate materials and technique are largely 

dictated by the climate and available natural resources of the place the 

building will stand. Most rely on a handful of elemental materials: earth (clay), 

wood, stone, sand, and straw (where straw can be loosely defined to include 

any dried non-woody plant material such as palm fronds, reeds, etc.). Based 

on the climate the building must coexist with, these materials can be combined 

in any number of ways to produce a natural structure. 

We are lucky in New Zealand to have an abundance of clay (though the 

gardeners may differ on this point), which is a basic ingredient for many natural 

building techniques. Straw bales are seasonally available from our farming 

neighbours, but construction-quality wood is in shorter supply in our prairie- 

savannah ecosystem. Our woodlands are mostly oak and hickory, and we 

have used some native lumber, but our primary source of building wood is

salvage. Before building something new we must often engage in 

deconstructing something old and no longer wanted. Given the Midwest’s still- 

declining rural population, such structures are often available. 



Timber Framing – Timber framing is an old natural building technology which uses 

heavy timbers and joins them using mortise and tenon joints pegged with wood 

dowels, rather than smaller dimensional lumber and nails or screws. The open bays 

of a timber frame wall can then be filled in with straw bale, light-clay straw, cob, or 

any number of other materials. 

Post and Beam Framing – similar to timber framing in using larger timbers to carry 

roof and wall weight over wider spaces, but relies on steel hardware joinery, more 

accessible to the amateur builder. 

Strawbale – Straw bales can be stacked like bricks to make the walls of a house. 

We have built both load-bearing (roof supported by the bales) and non-load-bearing 

straw homes. 

Cob – Cob is a mixture of sand, clay, and straw similar to adobe, but lumps of cob 

are applied wet to build up a wall, bench, or as thermal mass around stoves. Like

sculpting a home. 

Light-Clay Straw – Also called slip straw, clay is mixed with water to the 

consistency of paint, and then is mixed with loose straw until every straw fibre is 

coated. The Straw-clay is then packed into forms or wall cavities for insulation. 

Once dry, dense clay-straw can be directly plastered with earth or lime plasters. 

Earth bag – Sand or gravel mixed hardened with clay can also be packed into 

polypropylene or burlap feed bags that are stacked to build a high-mass wall. The 

wall is plastered to protect the bags from UV degradation. Lends itself to sinuous 

wall shapes and/or buttressing. While burlap bags are harder to come by, and the 

plastic ones not very natural, the embodied energy of the polypro bags is low when 

considered as a durable part of a house. 

Living Roof – A living roof relies on soil as a sheltering mass and insulation from the 

elements, allowing plants to grow on top of a roof (either tended like a garden or left 

wild). Soil is built up over a waterproof membrane on an extra-sturdy roof. The soil 

and plants can help keep a building cool in summer and warm in winter using the 

natural effects of evapo-transpiration and thermal mass. Bonus: goats, sheep, 

chickens, and rabbits can nibble on your roof! 





Wattle and Daub – Wattles are made from flexible wood or fibres and are woven 

loosely to create an underlying structure for a wall (imagine a loosely woven 

basket). Plaster is then daubed onto the wattle to finish the wall and provide 

thermal mass. Straw wattle is a better-insulated variation where clay-embedded 

long straw fibres are woven around light-weight uprights and then plastered. 

Natural Earth Plaster and Lime Plaster – Most of the above techniques are finished 

off with a natural plaster. Earthen plaster is made from clay, sand, and straw (and 

sometimes other fibres and materials such as cattail fluff, manure, and wheat 

paste). Lime plaster is made with sand, hydrated lime, and sometimes fibre (straw, 

animal hair, etc.). Lime is made by heating limestone in a kiln and has been used 

since ancient times, though we generally use industrially-produced bagged lime. 

   

Lime plaster has a much higher embodied energy than earthen, and requires more 

caution in installation owing to its caustic nature, but is much more weatherproof 

than earth plaster and has less embodied energy than cement stucco. 

Earth Floors – Also called adobe floors, an earthen floor is made from the same 

material as cob or earth plaster and is troweled to a smooth finish. Once dry, it is 

oiled with multiple coats of linseed oil, which hardens it against wear and even 

leaves it mop-able. 

Adobe – Adobe, like cob, is made from straw, clay, and sand but is sun dried into

bricks and then stacked to form walls. It is generally finished with an earth plaster. 

Rammed Earth – Earth can be pounded into forms to create massive walls to form 

a house. While utilizing minimal resources, it can be very labor intensive. 

Earthships – Earthships are a method of rammed earth where earth is rammed into 

used tires that are stacked to form walls. We have used this technique for a 

retaining wall on an earth-bermed house. 

Thatch – Thatch is used throughout the world for walls and roofs. We have 

experimented just a bit with using native prairie grasses for thatching, but have 

room for lots more testing. 



Building with highly variable natural materials could be a daunting prospect, but we 

do it all the time. For example, wood is used for structural and decorative uses, 

building standards are written for it, strengths are often assumed, and we are so 

used to doing this we have few qualms. Humans have been working with wood 

since they first picked up a twig or branch possibly hundreds of thousands of years 

ago. Despite this very long history of association with the material, it is amazing 

how often we can still get timber usage wrong. The latest evidence of this is 

currently occurring in New Zealand with low durability timber rotting under 

supposedly impervious claddings. This crisis follows the similar leaky buildings 

disaster that occurred in Canada a few years ago. 

Subsoils are also highly variable naturally occurring materials, and millions of earth 

walled buildings have been erected around the world over the last ten thousand 

years at least. Even so there are not many countries with any systematic 

standardisation for unfired earthen materials. New Zealand is, as far as I know, the 

only country in the world with a comprehensive suite of earth building standards 

that meet the requirements of a modern performance based building code. In New 

Zealand, earth has a performance history of at least 150 years and now enjoys the 

same status as timber, concrete masonry, and steel as a “codified” building 

material. 

Despite the enthusiasm there are few guidelines on how to design and build with 

these materials so that they meet the provisions of modern building codes, 

especially in temperate humid climates with strong wind driven rain such as occurs 

in many parts of New Zealand. 

A roughly symmetrical structure will behave more predictably in an earthquake. 

Earth buildings require stable sites which do not flood and which ideally provide 

some weather protection from the erosive effect of driving rain. Adequate weather 

protection is very hard to achieve on sites with extreme wind, like some of 

Auckland’s West Coast beach settlements. 

Building to New Zealand conditions





Earth building design has been adapted to the climatic conditions here in New

Zealand. The traditional earth-building requirements for ‘good boots and a good 

hat’ are even more important in New Zealand. Foundations that prevent splashing 

and rising damp, and generous eaves or verandas are essential. However, the 

presence of large eaves and small window openings works against solar heat 

gain.  An experienced earth-building architect can assist with a design that works 

not only for structure and durability, but also for passive solar design and an 

aesthetic treatment worthy of an earth building. Earth walls are thick enough to 

meet the insulation required in New Zealand. 

Strawbale was relatively recent in New Zealand and Australia and did not have a 

large number of local examples or performance history to draw upon. A strawbale 

building must be designed and constructed in such a manner that the straw 

always remains dry throughout the entire building process and the lifetime of the 

building. Strawbale buildings to be very demanding technically, and must be 

responsive to regional and local conditions, especially climatic ones. However, 

there are significant environmental advantages from using non-toxic natural 

materials to create highly insulated buildings that will have low energy 

consumption over its life. 



Building Considerations: 

All sources of moisture must be considered, whether it be external (rain, flood, 

mist, fog, humidity, etc), internally generated moisture (cooking, bathing, washing, 

condensation, respiration etc), or the dynamic movement of water vapour through 

and within the strawbale wall, surface coatings, and cladding system. 

The strawbales must be baled, transported, stored, supplied, installed and kept 

dry (moisture content below 18%) - forever. 

Identify the building site and check its suitability for a relatively heavy type of 

building. 

Select a preferred earth-building technique (this depends partly on available soil 

types and partly on the finished appearance you want). 

Consider the suitability of soils on the site or nearby. 

Carry out field tests of possible construction soils to check their suitability for the 

preferred earth-building method.  Modify the preferred method if necessary. 

Surface water or flooding must not be able to reach the base of walls. 

The site will be sunny and get some air movement to keep the exterior dry. 

Ideally there will be shelter from wind-driven rains. 

Design and build the roof structure so that it can be built first, especially given the 

unpredictable nature of New Zealand’s climate. 

If the site is too exposed for the walls to be protected by roof overhang alone, 

design a rain-screen cladding system. 

Keep the base of the wall away from wet ground. 

To help prevent rising damp and splashing keep the base of the strawbales at 

least 350 mm above finished ground level or 250mm above a permanently paved 

strip around the base of the walls that will keep moisture and plants away. 

Plaster coats directly onto strawbale should not be regarded as primary weather 

protection. They leak. 



Ensure plaster coats do not bridge any damp proof course. They need to be 

freely breathable to allow the easy passage of water vapour, and not trap water 

behind them. They also must not be cracked or have holes in them that allow 

the entry of water. 

Lime plasters (three coats) appear to be ideal. They adhere well to straw and do 

not seem to require reinforcing mesh although hair or its modern equivalent of 

polypropylene fibre helps. 

Window/door openings must be very carefully designed with good heads, jambs 

and sill flashings. These must not leak, either from direct water penetration, 

soakage through materials, or by capillary action.

Site should be modified to protect the walls with trellises, shelter trees, earth 

mounding, fences or some other form of permanent shelter (ie shelter that will 

be there for at least the life of the straw bale walls) 

Windows, especially if not double-glazed, may get condensation on them and 

this needs to be collected and channelled so that it cannot get into the 

strawbales. 

Provide a damp-proofed toe up of at least 50mm above the floor to keep the 

base of the walls safe from any internal flooding eg washing machine leak, or 

sitting water if the roof is not built first. 

Passive solar design allows sun into the building, especially in winter, to help 

keep the interior warm and dry with adequate heating and ventilation. 

To help control water vapour moving into the strawbale walls, encapsulate all 

straw to ensure that the walls are not exposed to the atmosphere anywhere, 

even behind cavities or the tops of walls. 

Insulate the strawbale wall from any cold bases eg concrete, with non-absorbent 

insulating materials resistant to compression. These could form part of the toe 

up to prevent thermal bridging or possible condensation at this point. 

Do not run water pipes within strawbale walls, not only because of a possible 

point for condensation to occur on, but also in case of leaks. 

Regularly look over the building for any signs of damage, leaks, or failure, 

including the roofing, guttering, downpipes, plaster and cladding. 




