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or check the membership rosters of organizations such as the Energy and  
Environmental Building Association (EEBA.org). Also see the Chapter 4 sidebar 
“What Is Building Science and Why Does It Matter?” (Note that even the term 
“building scientist” is somewhat obscure and lacks a universal definition; the one 
given above is reasonably well-understood within the energy efficiency community.)

Now you know what skills are important to your NZE home project. If you have 
assembled a team already, you should survey the team members to find out what 
their experience and skills are relative to your needs, identify any voids, and fill the 
voids. You may be able to fill the voids from member firms that are already par-
ticipating or via referrals from existing team members. Word of mouth is always 
the best way to find good design professionals. Resort to online referral sources or 
the yellow pages only as a last resort. If you find that you need to issue a request for 
qualifications (RFQ) or request for proposals (RFP), be sure to define your needs 
as precisely as possible, or you are likely to get proposals that are sufficiently  
dissimilar that comparing them may be difficult. 

Phase 3. Launching the Process
Commit to an integrated design process
I have had the good fortune to work with a number of clients developing high- 
performance residential projects. Some have also made an early commitment to an 
integrated design process. Some have not. Some have engaged in a somewhat or  
partially integrated design process. Some have engaged in an integrated process, but 
relatively late in design. My empirical observation is that the higher the performance 
goals for the project, the more critical it is that the team engage in a comprehensive 
integrated design process, begun as early as possible. Achieving an energy-free home 
is a very high performance goal indeed; even the process of arriving at a satisfactory 
definition can be somewhat taxing. Therefore, it is wise to make a formal commit-
ment to integrated design and to ensure that all team members are prepared to  
support it. Ideally, that agreement will be memorialized in everyone’s contracts.

Hold a charrette 
An integrated design process frequently begins with a charrette7 or eco-charrette, an 
intensive design workshop, in which the entire project team comes together (often for 
the first time) to set goals and identify strategies for achieving the desired outcomes.

▶ Should word of 
mouth fail you, 
directories of green 
building professionals 
are available at:

www. 
buildingconcerns. 
com/nocal/ (northern 
California only)

www. 
greenhomeguide.com/ 

www.directory. 
greenbuilder.com/
search.gbpro 
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A charrette is an excellent way (arguably, the only way) to launch an integrated design 
process. As mentioned above, the owner, architect, structural engineer, mechanical 
engineer, interior designer, landscape architect, and general contractor should all 
participate – as should other team members, if any. 

Here are some suggestions for getting the most out of the charrette:

1.  Schedule it with consideration for as many participants’ constraints as  
possible. (Doodle.com is a free, easy-to-use, web-based scheduling utility 
that simplifies this process.)

2.  Draft an agenda that includes all critical design and planning issues. Assign 
time blocks to your topics, and be prepared to enforce the time limits and/or 
adjust the schedule as needed to accommodate the direction the discussion 
takes. Include regular breaks, and reserve at least a half hour for a  

agenda & Consultant Participation

time  topic/LeeD category  

9:30  Introductions   • • • • • • • •
9:45 EA Energy & Atmosphere  • • • • • • • •
10:45 EQ Indoor Environmental Quality • • • • • • • •
11:30 WE Water Efficiency   • • • • • • • • • •
12:15 SS Sustainable Sites  • • • • • • •  • •
12:45  Lunch + intros of new arrivals, • • • • • • • • • • •   overview of green goals

1:45 MR Materials & Resources  • • • • • • • •  • •
2:30 ID Innovation & Design Process • • • • • • • •   •
3:30 AE Awareness & Education  • • • • • • •
3:45  Next Steps & Responsibilities • • • • • •
4:15  Incentive Programs/Other • • • •
4:30 LL Location & Linkages  • • •
4:45  Adjourn
      • = Please attend; attendance during other portions is optional.

FIgUre 3-3. saMPLe CHarrette agenDa
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Choosing a collector 
Collector panels are typically 4x8 or 4x10 feet. Two basic types of collectors are 
used in separate collector and storage systems: flat-plate and evacuated-tube. Each 
type is described briefly below.

A flat-plate collector consists of a glass-covered insulated box that contains  
copper pipes attached to a flat heat absorber plate, which transfers absorbed solar 
energy to the fluid (either water or antifreeze) in the pipes. 

 sizing Factor Collector Area (sq. ft.)  Number of
 (gallons heated per  for 80-gallon tank Collector panels 
region square foot of collector) (gallon/sizing factor)

Desert Southwest, Florida 2.0 40 1–2

Southeast, Mountain States 1.5 53 2

Midwest and Atlantic States 1.0 80 2–3

New England, Northeast 0.75 107 3–4

FIGUre 6-3.  soLAr therMAL CoLLeCtor sIZING BY reGIoN

FIGUre 6-4. FLAt-pLAte CoLLeCtor (BACkGroUND) 
AND pV ArrAY (ForeGroUND) 

FIGUre 6-5. eVACUAteD-tUBe CoLLeCtors (ABoVe) 
AND pV ArrAY (BeLow) 
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An evacuated-tube collector (a.k.a. vacuum-tube collector) consists of a series of 
parallel glass or plastic double-walled tubes, inside each of which is a copper pipe 
containing a heat transfer medium, either antifreeze or air. Air is removed from 
the sealed space between the tube walls, creating a vacuum around the pipes. Since 
vacuums conduct heat poorly, this makes the tubes very efficient at retaining the 
captured solar energy. 

In both flat-plate and evacuated-tube collectors, the fluid in the collector’s  
pipes delivers heat to a solar water tank, which in turn feeds into a conventional 
water heater. Figure 6-6 illustrates flat-plate and evacuated-tube collectors and 
summarizes the advantages and disadvantages of each.

Passive or active? Open loop or closed?
Solar thermal systems can be set up so that the fluid heated in the collector is 
moved to the storage tank either passively, using a process known as thermosi-
phoning, or actively, using a pump. Thermosiphoning capitalizes on the natural 
convective movement of fluid upwards as it is heated. As the hot water rises, it 

• Best for applications that require water  • Best for applications that require water temperatures 
 temperatures under 140°F (DHW, radiant   above 140°F (DHW, baseboard hot water heating)

 floor, forced-air heating) • Outperforms flat-plate collectors in cold, cloudy regions

• Less expensive than evacuated-tube collectors • No condensation inside the collector  
   (reduced maintenance risk)

FIGUre 6-6. FLAt-pLAte Vs. eVACUAteD -tUBe CoLLeCtors
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Anyone who is considering the design and construction of a straw  
bale building would be wise to read this book first. I especially 
found the information on codes and standards very informative. 
Code officials who are approached to accept this type of design in 
their jurisdictions would be well-advised to obtain a copy of this 
publication.

–richard Okawa, P.e., Vice President of international services,  
international Code Council (iCC), Whittier, California, usA

This authoritative source of information on the technology of 
straw bale building is long overdue, and raises both the art and 
science of low impact building to a new level. 

–Tom Woolley Professor of Architecture, Queen’s university, Belfast  
Author of Natural Building and The Green Building Handbook 

Bruce King is a pioneer for environmentally-friendly  
construction and has a skill for writing about engineering  
concepts in a way that makes them accessible to a wide audience. 
His previous books have become essential references, and I am 
sure this well-structured volume will become the standard  
reference for straw bale construction. 

–Hugh Morris, Primary author, New Zealand Earth Building Standards,  
senior Tutor, department of Civil and environmental engineering 

university of Auckland, new Zealand

Design of Straw Bale Buildings provides comprehensive, 
state-of-the-art guidance, including structural performance,  
moisture control, fire resistance and durability. It is a must-read 

ISBN 0-9764911- 1- 7Green BuildinG Press
The Art & Science of Building Well
PO Box 6397  san rafael CA  usA

PH 415.491.4802

www.greenbuildingpress.com

$40.00

book for anyone considering designing, building, assessing, or 
simply living in a straw bale building. Yet another excellent  
publication from Bruce King and Green Building Press.

–Prof. Peter Walker, director Bre Centre in innovative  
Construction Materials, university of Bath uK

…a novel building system, based on agro-waste and earth, 
for safe and comfortable living, useable by thousands of people 
around the world.
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Design  
of  
Straw  
Bale  
Buildings

Bruce King

with contributing
authors:

Mark Aschheim
rené dalmeijer
Kevin donahue
Martin Hammer
Kelly lerner
david Mar
dan smith
nehemiah stone
John straube
Matt summers
Bob TheisThe State of the Art

structure • Moisture • insulation • Fire • Acoustics  
Plasters • detailing • Codes and standards Green BuildinG Press

–Anand s. Arya, seismic engineer, 
department of earthquake engineering 

indian institute of Technology, new delhi, india

A most needed book that closes the gap between a traditional  
construction technique and modern engineering.

–daniel Torrealva, Principal Professor, school of Civil engineering,  
Pontificia universidad Católica del Perú, lima, Peru

288 pages! My goodness, that’s a lot of pages!

–Virginia l. King, Mother
Tucson, Arizona, usA

Bruce King is the author of Buildings of Earth and Straw; 
Structural Design for Rammed Earth and Straw-Bale  
Architecture and Making Better Concrete; Guidelines  
to Using Fly Ash for Higher Quality, Eco-Friendly  
Structures.

isBn 978-0-9764911-1-8

288-page perfect-bound book  concept / design / production 
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BAles tRAnspoRted  
By flAtBed tRuck

photograph courtesy of Bryan Jenkins, 
University of California, Davis

1Straw and baleS

areas where mold spores have begun proliferating. Such bales should always be 

discarded, even if very dry at the time of construction, as they are especially prone 

to experience problems if the wall is ever wetted.

4. Fiber length  A concern to bale builders is the type of combine used to harvest 

the straw – conventional combines leave long straw fibers (which are good for 

building), while rotary combines chop the straw into short fibers (which makes 

for unstable, “crumbly” bales). Experienced builders look for average fiber lengths 

of at least 10 inches (25 cm).

5. Straw, not hay  The original straw bale buildings in Nebraska used meadow 

hay, seeds and all, and many have lasted well. That said, it bears repeating that 

hay (i.e., bales containing a significant amount of seed or grain) is for horses,  

because the grain is carbohydrate that attracts insects and other animals, and is more  

inclined to rot. Straw (i.e., bales with minimal or no grain) is best for building.

�

2 Remember:
Amateurs built the Ark, 
Professionals built the Titanic

– Anonymous

the straw bale family tree

With the invention of the horse-powered baling machine about 140 years ago, the 

invention of straw bale construction was soon to follow. That development in the 

Sand Hills of Nebraska occurred within the far older context of European straw-

clay construction – of which those early settlers were likely aware – and has of late 

spawned a number of new developments. This is a cursory look both back into 

history and forward to present and imminent developments in the marketplace.

2.1 historic Precursors to straw bale Construction

straw-clay construction

Various traditions date back as much as thousands of years, in areas all over the 

world, of building walls by packing straw mixed with clay into or onto wood 

frames. Some, generally known as wattle and daub, involved packing the straw-clay 

mixture around a basketlike weaving of reeds, canes, bamboo, or wood. Another, 

more local to northern European and some Asian countries, involves densely pack-

ing straw soaked in light clay slip between the timbers of a stout wooden frame. 

Typically the straw-clay was then coated with lime plaster, producing the classic 

effect of white panels surrounded by exposed timber frames – mythologized in 

children’s fairy tales, and horribly imitated in American housing tracts.

Cob construction

Cob could be thought of as heavy straw-clay – much more clay and sand than straw 

– that doesn’t require a wood frame nor any formwork; lumps (cobs) of material 

are packed and sculpted by hand into walls and vaults. As with straw-clay, cob 

2.1A

A classic timber  
frame home from  
medieval Europe,  
framed with heavy  
timbers treated with  
pine tar or other natural 
protection. The walls 
were infilled with a 
packed straw-clay mix 
that was then plastered 
with lime. In addition  
to its high vapor perme-
ability, this building type 
is very durable because 
it sheds water away 
from itself everywhere 
it can – at the roof, at 
windowsills, and even 
by building the floors 
to overhang the wall 
below with drip edges.

photo courtesy of John Straube

7



4Structure

phase rain anxiety. (This is not for lack of trying – again, see chapter 2, The Straw 

Bale Family Tree.)

4.1.3 common Practice with All Straw Bale Building 
Despite the many variations, there are several qualities common to all 

straw bale buildings:

4.1.3a  Voids All straw bale buildings have dozens of oddly-shaped spac-

es among the bales as well as between bales and surrounding framing, 

windows, doors, etc. The convention is to fill those spaces, prior to 

plastering, with a straw-clay mix that dries and then acts as a substrate 

for the plaster. Alternatively, some use a sprayed insulation like cellulose 

or polyurethane foam to fill cavities. The material chosen may vary, 

but this “chinking” of all the various voids is no minor matter; besides 

providing continuity for the plaster’s support, the fill material is crucial 

to insuring thermal and acoustical insulation, and to blocking the po-

tential passage of fire.

4.1.3b  Pinning The bales must often be braced during stacking for sta-

bility and alignment in a manner akin to the temporary bracing of a 

wood studwall. Internal or external pinning of the walls with rebar 

or bamboo dowels was prescribed in early straw-bale codes, but is no 

longer considered to provide much structural value and is generally un-

necessary. If used, however, external pins – typically, matched, parallel 

vertical rebar or bamboo on opposite sides of the wall, tied through the bales with 

twine – are far easier to build and have been shown1 to contribute measurably to 

the wall stiffness.

4.1.3c  Fear of Water Yes, straw will rot, and moisture problems – even more than 

is generally the case in construction – are ever on the minds of designers and 

builders (or should be; see chapter 5, Moisture). The foundation must keep the 

bales well above grade, and the roof should provide a wide overhang – the prover-

bial “good hat and good pair of shoes.” Roofs are conventional, or at least need not 

be anything special, connecting to the walls for shear and uplift via some manner 

of roof-bearing assembly (RBA) or bond beam (most commonly a wood assembly). 

The bottom of the bale wall must be well separated from the foundation by a wa-

4.1.C

Top: an electrical junction 
box screwed to a wood 
stake driven into the  
face of straw, and  
Lower: setting corner 
plumb posts to guide  
bale erection

photos courtesy of Bruce King and 
David Eisenberg
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terproof barrier over the supporting surface, and by a layer of pea gravel (capillary 

break) between wood sill plates along the inside and outside faces, thereby ensur-

ing that the bales will never be sitting in water.

4.1.3d  Basic Details (See chapter 10, Details and Design.) Windows and doors are 

typically framed wood bucks that either sit on the foundation or “float” in the 

bale wall. Cabinetry and fixtures are screwed to wooden stakes pounded into the 

straw, and conduit can be let into grooves carved by chainsaws or weed whackers 

into the straw surface. 

4.1.3e  Flat or On edge? The designer/builder must decide whether to stack the 

bales flat or on edge. There is some debate as to which is better for load-carrying 

capacity, and testing evidence to support both sides, but flat bales are more stable 

during stacking and thus generally more common. Flat bales are also more easily 

bent for curving walls and allow the builder to let in posts – typically by carving a 

notch with a chainsaw or rotary saw – for a post-and-beam structure. By contrast, 

bales on edge have their ties exposed on the inside and outside face, making let-in 

posts difficult, and rendering them somewhat more vulnerable to fire damage (see 

chapter 6, Fire). In general, a post-and-beam structure performs more efficiently 

if the posts are set within the bale wall core, as the plaster can then brace the posts 

and rely on them as edge elements under lateral loading. 

4.1.3f  Precompression The rice straw bales commonly used in California are 

well-known for being very stiff, that is, not very compressible (the reasons why 

are uncertain, but probably have a lot to do with the “hairiness” of the rice straws, 

making them stick together somewhat like velcro; see figure 1.1A). This is the 

exception, however; most bales in locations around the world are relatively com-

pressible. For example, an eight foot high [2.4 M] stack of ordinary wheat straw 

bales in Canada or Australia or Germany might settle two or three inches [50-

70 mm] with time under its own weight, or, as is now commonly done, under 

mechanical precompression after stacking; a stack of the same height of rice bales 

might not settle at all. This settling phenomenon is attributable to the compression 

of the space between bales and to the initial “set” within the bale itself, and is only 

partially related to the measured Modulus of Elasticity of the bales. Many builders 

of walls, especially ones intended to be load-bearing, routinely precompress the 

walls before applying plaster so as to avoid the otherwise inevitable settling cracks. 

63

4.1D 
NomeNClAture of  
flAt vs. oN eDge  
BAle stACkiNg

Bales stacked and  
loaded flat are loaded  
perpendicular to their 
largest face – parallel  
to the plane of the tie 
hoops, and generally  
perpendicular to the 
straw fibers.

Bales stacked and  
loaded on edge are 
loaded parallel to  
their largest face –  
perpendicular to the 
plane of the tie hoops, 
and generally parallel  
to the straw fibers.
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Dying Unafraid tells inspired stories – not just of those nearing the end
of their anticipated lifespan but also of children and adults in what they
had expected to be midlife – of individuals who faced death without fear,
offering hope and encouragement to those about them. It is written for
the lay reader, without pop psychology or religious intonations, by a
veteran storyteller/reporter who herself has long experience working
with the terminally ill.

“We grow individually and as a society by telling our stories. Fran Johns
offers a wealth of stories here. She tells them tenderly and clearly, to
touch and to teach. I hope they persuade us to tell our own families’
stories – of good deaths and bad. In doing so we can reclaim dying 
as the essential part of the human experience that it is.”

— Barbara Coombs Lee, Executive Director, 
Compassion in Dying Federation, Portland, Oregon

“Fran Johns has a gift for portraying this important subject in a way that
lets us see it in a new light. Her writing is intriguing. These stories of
laughter and tears, choices and forgiveness make for wonderful reading.”

— Maureen Redl, Director, 
Voices of Healing, Mill Valley, California

SY N E RG I S T I C PR E S S

 Sacramento Street San Francisco, California 

Jacket design by Debra Turner

Richard Mayhew’s painting Spiritual Transitions () 

provided through the courtesy of ACA Gallery, New York City.

Fran Moreland Johns, born in Brazil to American
educational-missionary parents, grew up in
Ashland, VA and spent her adult life in the
Southeast until , when she switched coasts
and moved to San Francisco.

After graduating from Randolph-Macon
Woman’s College she began her writing career in
Richmond, VA with the Times-Dispatch and in pub-
lic relations before moving to Atlanta. There she
did another stint in public relations, wrote for the
Journal-Constitution and a wide variety of trade
magazines and was a reporter, feature writer and
columnist for The DeKalb News-Sun.

The interest which evolved into Dying Unafraid

began when Ms. Johns was a volunteer in a pio-
neer public facility for the elderly and chronically
ill, Mountain View Rest Home in Decatur, GA.
In the s she was a Florida Hospice volunteer
and a daily visitor to hospitals and nursing homes,
while continuing to write, for USA Today and other
publications – and serving on the board of The
Extended Family, a non-profit adult day care orga-
nization.

In California Ms. Johns has worked with a
number of AIDS-related causes. Her writing since
 has focused on Dying Unafraid and an awak-
ened interest in short fiction. Her work has
appeared in Parenting, Grit, The Sun, Literal Latte

(where her short story was a  fiction award
winner) and The San Francisco Chronicle.
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“You know, people think dying is some big bad
thing. I disagree.”

It’s not likely most people can approach their
death as positively as did a woman named Vetris
when she made that comment to Fran Moreland
Johns while the author was a Hospice volunteer. But
Vetris was one who first showed Ms. Johns that
death is something one can embrace. 

The examples of Vetris and others the veteran
writer witnessed led her to the interviews and col-
lection of stories of individuals who faced death
without fear, inspiring those about them.

Fran Johns is not a medical, religious or social-
work professional working in the field of death and
dying. She is a skilled interviewer and compassionate
storyteller with whom the reader will immediately
identify. The stories here speak clearly to the reader:
“She’s writing for me.”

The stories of Dying Unafraid came from people
who did just that. The first such stories came from
people who were friends of Fran Johns. Then came
the stories of people she says she would have trea-
sured as friends.

They are not the stories of “celebrities” famil-
iar from TV and periodicals. They are stories of
“ordinary people” in the best sense of that phrase. 
A few – the writer/activist Jessica Mitford, the nat-
uralist/writer Sigurd Olson, the artists Isabel
Bishop, Moses Soyer and Leo Calapai among them
– have names that may be familiar. All are individu-
als who could have been a relative, a neighbor or a
friend of the reader.

Tough questions of the day such as the issues
of self-deliverance and physician-hastened death, 
as well as what rights individuals have in retaining
control over their own lives when those lives are end-
ing, are addressed through the stories of individuals
who have confronted these issues.

Dying Unafraid is a timely, touching book, an
inspiring read for those confronting death – whether
their own or that of a loved one – and by all who are
caught up in the complex surrounding issues

.
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Old Dogs Remembered
An anthology of pieces by 
writers doing just that

“Only the coldest of dog owners would not give his or her dog a 
hug and an extra treat after reading one of these stories.” 

— Booklist, American Library Association

“An inspiring, quirky, wonderful anthology of essays, 
short pieces and poems…” 

— Detroit News

“A celebration of relationships that have inspired and 
enriched some of our ablest writers…Though rich in 
emotion and sentiment, Old Dogs Remembered is not a 
collection of laments. There is much humor in 
recalling old dogs…” 

— Pets Magazine

“It’s packed with laughs, special memories and 
good times to which we can all relate...”

— Seattle Times

Cover design by Debra Turner
Cover drawings by Judith Clancy, copyright © 1991, courtesy the Estate of Judith Clancy

Synergistic Press 3965 Sacramento Street, San Francisco, California 94118

www.synergisticbooks.com

ISBN 0-912184-12-4

James Thurber, Molly Ivins, John Updike, E. B. White, Eugene O’Neill, Robert

Creeley, Raymond Carver, John Cheever, Loudon Wainwright, Anna Tuttle Villegas,

Daniel Pinkwater, T. S. Eliot, Louis Bromfield, Steve Rubenstein, Brooks Atkinson,

Stanley Bing, Ross Santee, E. J. Kahn, Jr., John Burroughs, W. H. Hudson, Glenn

Matthew White, Robinson Jeffers, John Galsworthy, Bud Johns, Paul Schubert, 

Lord Byron, Michael Rosen, Elizabeth Barrett Browning, Ruth Pollack Coughlin, 

Sir William Watson, Beth Brown, George Crabbe, Ros and Mary Howard, William

Wordsworth, Albert R. Hunt, Ben Hur Lampman, William Cowper,  Robert Herrick,

Kenneth Rexroth, Thomas Blacklock, Georgette LeBlanc-Maeterlinck, Edward

Carpenter, Thomas Stienstra, Albert Payson Terhune, Thomas M. Boyd

$12.95

780912 1841289

5 1 2 9 5
 ISBN 0-912184-12-4
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