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Passive Solar Design Strategies 

1.0 - Introduction 

 Straw bale construction is a practice that incorporates bales of straw typically of wheat as a 

natural insulation substitute in building construction. Though the use of straw as an insulator has been 

common practice for centuries, it is only since the early 18th century that straw has been baled and used 

in construction while sharing a portion of a building’s structural load. Founded in the US Midwest in 

areas like Nebraska, bale construction has been extremely successful especially in dry and warm 

climates that are rich in grains and local lumber is minimal. This report will outline the overall benefits 

and disadvantages of straw bale construction. 

 

2.0 - Approach 

As the green movement in construction continues to grow, also do natural building practices which 

are what is currently happening with systems such as straw bale, which has seen a revival in its 

application. As straw and hay are a 100% biodegradable by-product of food production and are 

resources that are renewed annually, often it seen as a waste product of industrial agriculture that is 

typically burned (nearly 200 million annually in US), composted for nutrients, or used for animal feed.  

Straw bale construction is a system that can be utilized in almost all climates of the world; it simply 

requires thorough design, research and construction. One must also determine whether straw bale 

construction is the most appropriate application in regards to; the projects location, annual average 

climate, building function, project cost, and building design. As straw bales are highly susceptible to 

water damage maintaining a dry wall system is mandatory. Although straw has the ability to dry and 

cure much like wood, keeping the straw bale system dry of any moisture will ensure a successful and 

efficient wall system.  Because straw bales come in such thick sizing (average 18”-24”) they are used to 

benefit the overall design of a building by providing a unique feeling of relaxation by incorporating deep 

sills, and soft shapes. The thick walls also act as an excellent sound proofing system that creates quite 

private spaces in the building. As water is the biggest threat for failure in straw bale construction, 

additional measure must be taken to ensure a well constructed system that will be able to withstand the 

elements; bales must be elevated off of the ground a minimum of 8”, proper exterior finish application, 

flashing and roof overhangs are also large part of design when constructing with straw bales to prevent 

water                                                            damage.  

 

 

 

 

  
Image of Building Green – Example 

of overhang and flashing used in 

straw bale construction.   

damage. Although straw bale construction is cheaper and more economical 

in some areas, it may not be economical to use if grain is not plentiful in the 

area and must be shipped in to a site.  Average costs for straw bale 

construction are around $100.00/ft2. Straw as an insulation in a well 

constructed building that successfully stops airflow with a good exterior skin 

will prove to be very energy efficient. 
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Passive Solar Design Strategies 

3.0 - Application 

  There are two types of straw bale construction; straw bale infill and load-bearing straw bale. 

Straw bale infill construction uses straw bales to “fill the gaps” around a structural skeletal system 

whether it is a post and beam, timber or stick framed building. For this application, the bales act simply 

as an insulator and provide a surface for exterior and interior finish application and share none of the 

structural load. Infill bale construction is most common in variable climates similar to South Western 

Ontario as it can be applied and built to withstand the elements of high precipitation, humidity and cool 

weather. Load bearing straw bale construction (aka Nebraska style) stack the bales in an interlocking 

pattern like brick coursing to create a wall with sufficient compressive strength to support floor and roof 

loads. Stakes/anchor bolts are driven every two coursings for additional support. Load bearing 

construction is a timely process as the straw bales must be set in place with the loads applied for several 

weeks to allow for the bales to adjust compressively prior to applying exterior and interior finishes, this 

process can also take place off site to speed up construction time. Because of the timely construction 

bales are exposed to the elements, load bearing construction is ideal in dry, hot climates like the 

American Midwest as rain and wet weather can be easily anticipated and prepared for. In areas such as 

southern Ontario it is more difficult to predict dry weather and as a result bales often end up exposed to 

rain and moisture which will drastically damage the integrity of the bales.  

In both methods the bales are placed on a sill plate constructed of; 2- 2”x4”’s or 2”x6”s on a 

termite barrier that follow the exterior and interior edges of the bales with 1” rigid insulation between 

them, all of which is covered in tar paper. Using 2x2” vertical guides every 4’-0” with wire twists every 

course the bales are put in place with chicken wire covering the entire exterior surface area for easier 

application of exterior finish which is typically a plaster or stucco, though certain stuccos should be 

avoided as they do not allow for vapour to exit.   

 

 

   

Image courtesy of Building Green, 

Load bearing straw bale 

construction of a home in North 

East U.S 

Image courtesy of strawbale.com, 

straw bale infill construction with 

a heavy timber framedstructure. 

Image of Building Green  

-typical drainage/sill plate for 

infill/load bearing straw bale 

construction.  
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4.0 - Physics 

Straw bale construction uses either straw or hay in its bales; straw consists of the is the skeletal 

husks left over after the harvesting of cereal grains such as wheat, rye and rice. It is hollow, hard, decays 

slowly, and is of much less edible by insects, and moulds. While hay is a meadow grass that has been cut 

with seed and all, which makes it appealing to insects, critters, moulds and fungus Hay is less tough than 

straw and although it can be baled and used in building construction, straw is the preferable choice. The 

straw/hay is folded and wrapped in twine which creates one side to be flat and square while one will be 

rough and more difficult to apply finishes. Bales typically come in two sizes; two string bales and three 

string bales. Two string bales weigh about 50 lbs. and measure 14” x18” x 32” – 40”long, while three 

string bales weigh 75-100lbs. and measure 14”-17” x 24” x 32”-47” long.  In addition to being dry, bales 

need to be tightly packed and of a consistent size.  

 

 

 

 

 

Because the straw is hollow it allows for heat to be trapped within the bales during the winter and 

retaing it for a period of time. Like-wise in the summer,  the cool air maintained on the interior and the 

wall mass itself does not act as a thermal bridge. As seen in the image above during a summer evening 

the overall temperature of the structure is considerably cooler than that of a traditionally built structure 

located just behind it. Overall the thermal capacity of straw bales is a major benefit and can greatly 

reduce energy costs and work to create a more green building industry.  

 

Custom shapes and design detail that is 

required must be done by cutting the bales either 

on site or prior to construction, this is often the 

most time consuming aspect of straw bale 

construction.  Dependant on where the bales are 

purchased from either a nursery, or directly from a 

farmer the bales can be made to specific 

dimensions.  This type of custom detail allows for 

pleasant aesthetics and rich detail, such as deep 

rounded window sills and finish work around a 

building. Straw bales act as excellent insulation 

although exact R-values are debated it is estimated 

at R-1.5 per inch when laid flat and R-2 per inch 

when laid on edge which, compared to commercial 

cellulose insulation with an R-3.8/inch does not 

seem as significant but as a result of the bales 

thickness this puts an average bale wall at R-35 up 

to R-50.  

Image courtesy of the Maya Guesthouse: 

thermal image comparing home made of 

straw bale construction vs traditionally 

stick framed. 

Snell, Clarke. Callahan, Tim. 2009 “Building Green; A complete 

how-to guide to Alternative Building Methods”  

 



Straw Bale Construction                         
6 

 

Passive Solar Design Strategies 

5.1 - Case Study I  

 

This custom home was designed and built by Harvest Homes, a custom home contractor in 

Ontario who puts heavy emphasis on healthy green homes that are efficient and capable of generating 

energy to achieve a minimal carbon footprint. This green home built in Baysville, Ontario is a 2500 ft2, 

five bedroom, two bathroom family home that incorporates a number of passive solar strategies to 

achieve maximum efficiency by using natural materials and strategic design. The home has a 16” thick 

insulated concrete foundation (I.C.F) and uses straw bale infill insulation in a post and beam structure 

with R40 walls and a blown in cellulose ceiling insulation with a R60 value. A grid interactive 

photovoltaic solar panels for an electrical system with a solar hot water heater, passive solar efficient 

low-e double glazed windows, as well as natural systems and materials used wherever possible. The 

home’s straw bale are coated with a cement-lime-sand plaster, the final exterior coat is natural silicate 

paint. All of the interior paint in the home is natural silicate, with all finishes chosen with sustainability 

and health in mind.  

 

 

 

Baysville, Ontario 

2500 ft
2
, 47.6 acres 

Five Bedroom, Two bathroom  

-Straw bale infill construction 

-Grid Interactive solar power 

-Solar Hot water 

-Masonry Heater 

-Passive solar windows 

 

The home was designed to maximize passive solar heat gain in the 

winter. Windows are low-e gas filled casement windows made of pine and 

fibreglass. The thick walls offered from the straw bale provide deep 

window sills and ledges and well as pleasant aesthetics throughout the 

homes finish.        

*Photo’s courtesy of http://greenhomesforsale.com/listing.php?id=18375  

  

http://greenhomesforsale.com/media/18375/full/Green-Homes-Ontario-Baysville-P0B-1A0-23.jpg
http://greenhomesforsale.com/media/18375/full/Green-Homes-Ontario-Baysville-P0B-1A0-2.jpg
http://greenhomesforsale.com/listing.php?id=18375
http://greenhomesforsale.com/media/18375/full/Green-Homes-Ontario-Baysville-P0B-1A0-9.jpg
http://greenhomesforsale.com/media/18375/full/Green-Homes-Ontario-Baysville-P0B-1A0-22.jpg
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5.2 - Case Study II 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sanoma County Weekend Home 

-1200 ft
2
 

-Radiant Heated flooring 

-Straw bale Insulation  

-Natural Ventilation & cooling 

-Recycled Efficient windows 

- Concrete countertops 

-Energy star appliances 

 

This custom designed weekend home of Architect Henry Siegel was not able to incorporate a 

passive solar design strategies to this project due to its location low in a valley however, to maintain a low 

impact sustainable home Siegel utilized straw bale construction and a very efficient heating and cooling 

system. The home uses a radiant heat floor system with a fly ash in the concrete finish in the interior that is 

heated with the same water heater that is used for the sinks and shower. The main approach for the home 

was to incorporate straw bale infill construction around a stick framed structure to achieve excellent 

insulation values of R40 in the walls. The home uses high placed operable windows at either end of the 

home to create consistent natural ventilation. The home’s windows are all made from recycled glass and 

are efficient double glazed windows placed to minimize heat loss. The kitchen uses counter tops made 

from concrete and all the appliances found in the weekend cottage are Energy Star efficient.  

 

*Photo’s courtesy of lowimpactliving.com  

http://www.lowimpactliving.com/blog/2009/09/22/straw-bale-home-in-sonoma-county/siegel-straw-bale-residence-2/
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