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Sticks N’ Stones N’ Straw N’ Steel: Material Intensity in Building Construction

Building construction worldwide uses about 40% of mineral and metal products, and
25% of forest products™

One example of how to reduce thisisthe " Super-block™" or " Super-adobe" construction
technique Nader Khalili%®, California architect/author and founder of the Hesperia,
California based CalEarth Institute® invented that is very similar to rammed earth. Wet
soil under pressure (mixed with alittle cement) turnsinto a sturdy and long lasting
building material. Khalili’ sinnovation is to pump the soil into bags that are continuous
coils and bind them with barbed wire.

These small changes accomplish big things. The bags and stedl reinforcement make the
results proof against earthquakes, away to avoid devastation such as regularly occur in
Iran. The steel wire adds tremendous amounts of tensional and shear strength - something
lacking in many traditional forms of earth based construction. Because the bags are a
continuous loop, you may fill them by machine instead of by hand, reducing construction
labor to something comparable to traditional stick built construction. The steel in the
barbed wire is less than the steel in nails used for traditional wood frame buildings. There
isless plastic in the sandbags than in the vapor barriers often used in conventional
construction. Thereis less cement mixed in with the sub-soil dirt than istypically used in
normal foundations, probably less than is often used in internal plastering alone. And
since the bulk of the homeis built from on-site dirt, you don't need to truck in huge
amounts of construction material. Further, the only machinery used for foundation and
shell phase of construction is digging out the subsoil dirt and pumping it into the bags.
This technique can be used for the entire rough shell - foundation, floor, walls, roof, even
rough cabinetry and built-in furniture. It can then be insulated and finished by
conventional or low impact techniques, as you please.

Super adobe is sturdy and durable— an earthquake safe variation on atechnique that has
been know to last centuries in Iran. How sturdy? In Hesperia, the consultants who tested
one for earthquake safety still don't know the limits of super-bloc strength. They intended
to test one to destruction, but their bulldozer was not powerful enough to actually destroy
it, no matter how hard they tried.

That Khalili isapoet as well as an architect probably influenced his choice of materials.
He himself has said that he likes the fact that sandbags and barbed wire, often instruments
of war, are used to create beautiful spaces for peopleto livein.

Think about the embedded energy saved by this technique — reductionsin steel, and
plastic, and cement and wood boards. It saves the power needed to transport these things
- and construction electricity and fuel too. Durability means you replace buildings less
often — more conservation; al this occurs before you have made one mill, factory or plant
more efficient.

A brief survey of material intensity lowering building techniques follows in tabular form:
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Savings in Building Construction

Methods Intensity |GHG Comments
Reduction [Savings
(%) %)’

Rehabilitate, don’t demolish®”; even if [75%-90% [50%-80% [% reduction depends on portion of shell saved.

only frame and foundation recovered,

savings is substantial

Super Adobe™ 90%-99% [80%-+ Low rise construction only. (cost™)

Straw Bale Walls® - an agricultural 90%+ 80%+ Low rise, other limitations (cost™); Unlike many

waste that makes sturdy comfortable, agricultural wastes, more is produced than can be

climate controlled homes. used as a soil amendment; too much straw in soil is
a nitrogen robber.

Strawboard® 75% 50% Replace particle board, fiber board, most
manufactured woods.

Bamboo® - much less land, water, 90% 80% Potential to cultivate native U.S. Bamboo®* and

fertilizer per pound of output than non-native varieties™ in U.S. or import from Latin

wood. Responsible harvesting may lAmerican varieties too. (cost")

leave roots intact, and plants alive.

Truly sustainably harvested wood and [90% 80% Thinning for benefit of forest health not lumber

salvaged/recycled wood companies--unlike harvest of prime trees, often
falsely labeled thinning. True thinning could
produce only a tiny percent of what current
harvesting yields.

\Wood/Bamboo framing in buildings 4°° [90%* 80% Wood and bamboo frames in building from 4 to 7

to 7°" stories. stories save substantial impact compared to
conventional concrete, brick or metal — common
construction methods above three stories.

Wood Efficient Approaches to Design®® [26% 10% Cumulative with some other methods.

Geopolymeric Cement® (roofing tile  [90% 66% This alternative cement is based on natural

as one commercial example™) silicates, which requires neither limestone nor
anything like the amount of energy Portland
Cement needs. Economical in uses where greater
strength per Ib makes up for MUCH higher cost per
Ib.

Rastra® - an efficient insulated 90%-+ 80%+ Shallow frost protected foundations*® or buildings

concrete form made from recycled around ten stories.

EPS plastic and cement

Pozzalano (fly ash and other waste or [50% 25% Useful to further lower impact of Rastra

natural replacements for a portion of

cement in concrete) + recycled steel

\Wood/Bamboo above seven stories ? ? History & practice suggests possibility**

Skyscrapers need to make up higher Skyscrapers will require more embedded impact

embedded energy with operational than shorter buildings. To make up for this they

efficiency need to attain operational efficiencies exceeding
even “passive” smaller structures. After making
them hyperefficient, solar cells can be added to
make them net energy exporters. Because
skyscrapers are so expensive to construct anyway,
in many cases solar cells won't increase their cost
by a significant percent, even at current
photovoltaic prices.

Panelshake roof* - from completely  [90% 80% Recycling, not extended lifespan, lowers impact.

recycled ingredients

Linoleum, bamboo, cork, recycled 75%-90% [50%-80% |All well known “green floor” techniques

wood, and recycled glass floors

Interface Carpet Tiles™ 90%+ 80%+ All carpet tiles lower intensity over conventional
carpets because wear occurs faster in heavily traffic
areas. With tiles, just the worn areas may be
replaced — extending overall lifespan of carpet. In
addition, the tiles are recyclable, and the backing
has been designed to be recycled back into itself;
that is, you can make backing material for Interface

"% Savi ngs refer to part, construction stage or whatever technology listed replaces— not entire building.

i Asian imports will always be more expensive than native North American wood. For bamboo to be
competitive here, North America must turn to closer sources—native or Latin American.
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tiles from the old backing from old Interface tiles

Unburned clay based finishes”’ 85% 50%

Other natural finishes ? ? Huge variety, intensity unanalyzed. Some probably
produce significant savings.

Low impact site design and grading“'g 75% 50%

Mechanical Equipment (climate 75% 50% Result of operating energy savings in buildings -

control, plumbing, ducting etc.) dealt with in later sections on buildings

Pex” - Advanced plastic plumbing as [90% 80% More expensive than copper, but less labor to lay

long lasting, and lower impact than pipe; installed cost is the same or lower. Repairs

copper. are less expensive as well. Becoming standard.

Fiberglass window frames®’ - 80% 75% 100% recycled aluminum would have lower

Compared to aluminum, based on embodied impact than fiberglass®’, but higher

recycling % figures®* also lower operating impact. Vinyl, though better than

impact and longer lasting than vinyl aluminum, is a worse insulator than fiberglass

Cellulose insulation™ 80% 75% Must be careful not compromise operating

efficiency — insulating properties comparable to
fiberglass, but not as good as foam.

Glazing, Plastics, natural gas piping,
wiring

No savings in processes representing 10% of all

embodied impact and energy.

Note: savings include increases in lifespan and durability unless stated otherwise

In total, processes representing 10% or less of all embodied energy and impact in
buildings may not be subject to significant reduction. Given the other reductions listed,
this means that total embodied impact in building site preparation, construction and
finishing can be reduced by 75% to 80% - at essentially zero market cost. Very roughly

this would reduce energy consumption in site preparation, building construction, and
finishing by a bit more than half.
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