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By Rebecca Wallace, Public Affairs Specialist

There’s more than one way to burn a log, and Mark 
Knaebe is determined to find the best of them.

Knaebe, a Natural Resources Specialist at the Forest 
Products Laboratory (FPL), has studied the conversion 
of wood to heat energy for years. His expertise led to 
him being chosen as a judge for the recent Wood Stove 
Decathlon put on by the Alliance for Green Heat.

During his stint as judge, however, Knaebe noticed 
something was missing from the entries, and he was 
inspired to design a wood stove of his very own. 

The Missing Link

Absent from the designs were any that took advantage 
of a component of wood that seems contradictory to a 
good fire: water. 

“Wood, by weight, is 6% hydrogen, which becomes 
water when wood is burned,” explains Knaebe. “Con-
sider, then, that 100 pounds of wood contains 6 pounds 
of hydrogen. This converts to 54 pounds of water when 
burned, all of which is boiled away and wasted as steam 
with conventional wood stoves.”

Knaebe set out to design a wood stove with a condens-
ing boiler to put that wasted water to use, and the 
results are impressive.

“Currently, the best wood stove is only 82% efficient,” 
says Knaebe. “The condensing stove we’ve designed 
looks like it will be 96% to 98% efficient.”
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Above: Current conventional wood  
stove designs are only 82% efficient. 

Below: Firewood stacked  
and ready for burning.
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Wood You Believe: Sustainability Edition

As problems associated with sustaining and enhancing the world’s forest and agricultural 
resources compete with the needs of a rapidly increasing population, the management of 
our land becomes a much more complex and important issue.

FPL research has 
provided practi-
cal solutions 
that help offset 
harvest and 
restoration costs 
developing valu-
able products 
from invasive 
species such as 
juniper.

A low-value tree of 
the Southwest is 
providing jobs thanks 
to FPL research. 
Juniper works well as 
a fiber component in 
wood fiber–plastic 
composite products 
such as signs and 
route markers.

Another major 
invasive spe-
cies problem is 
saltcedar in the 
Southwest, which 
is out-competing 
critical indigenous 
species. The FPL 
profiler (extruder) 
is used to make 
wood–plastic 
boards from  
juniper and  
saltcedar.

Photos from “Forest Products Laboratory, 1910–2010, Celebrating a Century of  
Accomplishments.” www.fpl.fs.fed.us/centennial/index.shtml



68th Forest Products Society International Convention
August 10–23, 2014, Québec City,  Canada

The use of wood in our daily lives has changed substantially over the past century. Today, wood 
competes with concrete, steel, and other materials for building construction and with oil, natural gas, 
hydropower, ethanol, and other resources for energy. Explore these and other forest products issues 

at the Forest Products Society’s 68th International Convention: Rediscovering Wood for Construction, the Economy and 
Environment, and Energy. 

The annual International Convention brings together hundreds of scientists, design professionals, managers, and decision 
makers from academia, government, nonprofit, and private industry to discuss the state of forest products research and learn 
about innovations in the field. 

For more conference information, visit www.forestprod.org/IC/about.php.

48th International Wood Composites Symposium
April 30–May 1, 2014, Seattle, Washington, USA

This years Symposium offers an industry-driven forum for wood composite custom-
ers, producers, suppliers, and researchers to focus on competing demands and opportunities. Industry leaders will discuss 
global regulatory changes, fiber supply issues, and the latest product and process improvements for our industry. 

Symposium topics will include fiber, particle, and strand composites; plywood, veneer, and engineered wood products; over-
lays and resins; and customer expectations. Listen to resource managers, regulators, harvesters, and primary and secondary 
manufacturers in wood and wood-based composite products industries discuss the latest developments in their fields.

For more conference information, visit www.woodsymposium.wsu.edu/.

The 57th SWST International Convention in conjunction with The 7th Wood 
Structure and Properties Conference and The 6th European Hardwood  
Conference 
June 23–27, 2014, Zvolen, Slovakia

The Society of Wood Science and Technology (SWST) will hold its International Convention togeth-
er with co-hosts Technical University, Zvolen, Slovakia, and University of West Hungary. Technical 
sessions include hardwood research and utilization; energy, fuels, and chemicals; products, design, 

and manufacturing technologies; forest products policy, global trade, and value chain management; wood construction and 
structures; sustainable forest management; lignocellulosic material science; and a poster session.

The final day will be a day-long tour of the UNESCO World Heritage Site city of Bansk tiavnica, old Mining/Forestry Academy 
and Botanical Gardens, and the wooden church in Hronsek. 

For more conference information, visit www.swst.org/meetings/AM14/index.html.
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Upcoming Events

Follow us on  
Twitter! 

@fsWoodLab
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By Madelon Wise, Technical Publications Editor

We may be immersed in the season of wood-burning 
stoves and fireplaces, but many a homeowner is already 
planning next year’s construction projects. Thanks to 
research at the Forest Products Laboratory, new informa-
tion is available for the do-it-yourselfers looking to build 
with treated wood. 

Over the past few years, FPL research materials engi-
neer Samuel Zelinka has investigated the corrosion of 
fasteners in new wood preservatives. Recently, Zelinka 
compiled his research findings into a single report on cor-
rosion of metals in wood—Guide for Materials Selection 
and Design for Metals Used in Contact with Copper-Treated 
Wood. Additionally, Zelinka published a desk reference for 
engineers to aid in materials selection when building with 
treated wood—Corrosion of Fasteners in Wood Treated 
with Newer Wood Preservatives. This publication offers 
plenty of tips for nonprofessionals as well.

Zelinka’s research addresses several pertinent questions 
on designing durable connections in wood treated with 
new preservatives:

• How rapidly do embedded metals corrode in wood?

• What is the mechanism of corrosion in treated wood?

• Do extractives affect corrosion?

The Corrosive Facts for Building with Treated Wood 

– Continued on next page –Corrosion of a galvanized joist hanger and galvanized nails supporting a 
wood deck treated with a copper-containing wood preservative.

• How can we rapidly determine the service life of metals  
  in wood?

• How can we use corrosion data to predict service life  
  of metals in wood?

• Do suitable nonmetallic fasteners for use in wood exist  
  and how durable are they?

As Zelinka informs us, “Metal fasteners are an essential 
part of modern timber construction.” Of course—think 
nails, screws, brackets, and bolts. These metal fasteners, 
however, are susceptible to corrosion, and when metal 
corrodes, this may make the joints of the structure weak. 
“If the wood remains dry,” Zelinka assures us, “the fas-
teners will not corrode.”

Zelinka further tells us that “Even when wet, the wood 
of most species is a relatively benign environment for 
corrosion. However, wood preservatives are frequently 
added to wood used in exterior environments to pro-
tect it from wood decay fungi and termites. Although 
wood preservatives increase the service life of wood, in 
some cases these preservatives increase the corrosive-
ness of the wood toward metal fasteners.”

Sounds rather ominous. So, what is corrosion?

Corrosion is a reaction in which a metal is oxidized. 
“Once oxidized, the metal ion quickly reacts with the 

Cupric ions from wood preservatives cause dark coloration of the 
wood.
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environment to form an inorganic compound; 
that is, rust,” explains Zelinka. 

Corrosion is pretty much inevitable and spon-
taneous in all metals except for gold and plati-
num—not likely to show up in that pergola. 
“Therefore,” stresses Zelinka, “materials selec-
tion is not about selecting materials that will 
not corrode (which is nearly impossible), but 
rather about selecting materials that will cor-
rode so slowly that the metal remains functional 
throughout its service life.”

Another key factor to consider in the corrosion 
equation is moisture. The corrosion of embedded  
metals is strongly dependent upon moisture content.  
This, according to Zelinka, “is a war that Nature will even-
tually win.”

However, Zelinka also gives the homeowner numer-
ous tips for prolonging the life of their outdoor projects 
through careful materials selection and design. 

One strategy starts with understanding that when wood 
is dry, embedded metals do not corrode. Although your 
deck will obviously be exposed to rain and snow, Zelinka 
assures us that sound design principles can help, such as 
keeping rainwater from seeping in through the end grain 
and designing roofs and overhangs so they do not drain 
onto lower structures.

Another strategy Zelinka suggests for making sure that 
the fasteners holding that new deck might have a long  
life is using a metal noble to copper.  Noble metals are  

– Continued from previous page –

Zelinka’s reports can be found in full on  
our website: 

metallic chemical elements that have outstanding resis-
tance to oxidation, the most common (and affordable) be-
ing stainless steel. If nails are hot-dipped in a noble metal, 
and if these nails or other fasteners are not damaged in 
construction, the coating can go a long way in protecting 
against corrosion.

With this knowledge at hand, your outdoor structures can 
(and will) last a long time.

The omnipresence of corrosion: These corroded objects were found 
during a short walk. The rust, which appears reddish-brown, is an inor-
ganic ceramic compound formed as part of the oxidation process.

Illustration of the importance of roof overhangs for protecting wood from biodeterioration 
and corrosion. The right side of the beam is protected by the large roof overhang, whereas 
the left side is exposed to rain.

Corrosion of Fasteners in 
Wood Treated with Newer 
Wood Preservatives
www.fpl.fs.fed.us/documnts/ 
fplgtr/fpl_gtr220.pdf

Guide for Materials Selec-
tion and Design for Metals 
Used in Contact with  
Copper-Treated Wood
www.fpl.fs.fed.us/documnts/ 
fplgtr/fpl_gtr227.pdf

Photos from “Guide for Materials Selection and Design for  
Metals Used in Contact with Copper-Treated Wood.”  
www.fpl.fs.fed.us/documnts/fplgtr/fpl_gtr227.pdf
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Nano Research at FPL Moves Forward, Inspires Partnership for  
Commercialization

By Rebecca Wallace, Public Affairs Specialist

U.S. Department of Agriculture (USDA) Secretary Tom 
Vilsack recently announced a public–private partner-
ship to rapidly advance the development of the first U.S. 
commercial facility producing cellulosic nanomaterial.

“We believe in the potential of wood-based nanotech-
nology to strengthen rural America by creating sustain-
able jobs and adding timber value while also creating 
conservation opportunities in working forests,” said 
Vilsack. “This public–private partnership will develop 
high-tech outputs from the forest products sector and 
promote the invention of renewable products that have 
substantial environmental benefits.” 

Nanocellulose is wood fiber broken down to the 
nanoscale (usually cited as 1–100 nanometers, where 
nanometer is a billionth of a meter). The Forest Prod-
ucts Laboratory (FPL) opened a pilot-scale nanocel-
lulose production facility in 2012, the first of its kind 
in United States. One year later, FPL partnered with 
the University of Maine to open a larger nanocellulose 
production plant. 

The latest partnership is between the U.S. Endow-
ment for Forestry and Communities, Inc. (Endow-
ment) and the U.S. Forest Service. The Endowment is a 
not-for-profit corporation established September 21, 
2006, at the request of the governments of the United 
States and Canada in accordance with the terms of 
the Softwood Lumber Agreement (SLA) between the 
two countries. The Endowment is one of three entities 
designated to share in a one-time infusion of funds to 
support “meritorious initiatives” in the United States.

The three-year partnership will promote cellulosic 
nanomaterial as a commercially viable enterprise by 
building on work done at FPL. The partnership seeks to 
overcome technical barriers to large-scale wood-based 
nanotechnology processing, while filling gaps in  
the science and technology that are needed for  
commercialization.

For perspective, a human hair is about 100,000 nano-
meters wide. Materials at the nano scale have unique  
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– Continued on next page –

Close-up of cellulose nanofibrils.

properties. Cellulosic nanomaterial has exceptional strength 
and considerably lighter weight when compared with materi-
als it can replace. It is lower cost than similar nanomaterial 
and it is made from a renewable resource. Potential applica-
tions include ballistic glass replacements, body armor, auto 
and aerospace structural materials, flexible electronic circuits, 
solar panels, and more. 

Initial funding comes from the Endowment and the Forest 
Service. The partnership is currently seeking additional public 
and private sector funding. 

Together with partners, this new venture will accomplish the 
following: 

• Emphasize the potential of wood-based nanotechnology 
for the economy and the environment.

• Overcome technical barriers to commercialization of wood-
based nanotechnology.

• Demonstrate commitment to creating high-paying jobs 
in rural America through value-added manufacturing and 
high-value products.

Supervisory Research Chemist Dr. Alan W. Rudie (left) and Chemical 
Engineer Richard S. Reiner (right) stand behind their science, and a hefty 
batch of Cellulose NanoCrystals produced in FPL’s state-of-the-art pilot 
plant.
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FPL’s nanocellulose pilot plant is the first of its kind in the United 
States, situating FPL as the leading producer of domestic, renewable, 
forest-based nanomaterials. The plant can produce semicommercial-
scale batches of cellulose nanofibrils and cellulose nanocrystals from
renewable, wood-based sources.

Supervisory Research Chemist Alan Rudie (left) tours Secretary of 
Agriculture Tom Vilsack (right) through FPL’s new nanocellulose 
pilot plant and shows nano-cellulose samples. 
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• Showcase the commitment of USDA and the Forest 
Service to innovation.

At FPL, researcher Robert Moon is contributing to “mile-
stone” nanocellulose research, and his work is just part of 
FPL’s nanocellulose program that has garnered support 
for the public–private partnership.

Moon is a Materials Research Engineer for FPL stationed 
at Purdue University, Lafayette, Ind. The Purdue–FPL 
partnership builds on nanotechnology infrastructure and 
expertise at Purdue University Discovery Park and wood 
science expertise from FPL researchers such as Moon.

Moon is a member of the Birck Nanotechnology Center 
and part of the team investigating the underlying science 
and technologies of nanodimensional characteristics of 
wood. Recent discoveries by Moon and the Purdue team 
regarding nanocellulose were published in the December 
issue of the journal Cellulose. 

These findings “represent a milestone in understanding 
the fundamental mechanical behavior of the cellulose 
nanocrystals. Cellulose nanomaterials are inherently re-
newable, sustainable, biodegradable, and carbon-neutral 
like the sources from which they were extracted,” says 
Moon. Such “green” nanomaterials, Moon says, “have the 
potential to be processed at industrial-scale quantities 
and at low cost compared to other materials.”

Additionally, biomaterials manufacturing could be a natu-
ral extension of the paper and biofuels industries, using 
technology that is already well established for cellulose-
based materials. 

“Some of the byproducts of the paper industry now go to 
making biofuels, so we could just add another process to 
use the leftover cellulose to make a composite material,” 
Moon said. “The cellulose crystals are more difficult to 
break down into sugars to make liquid fuel. So let’s make 
a product out of it, building on the existing infrastructure 
of the pulp and paper industry.”

The research was funded by the Forest Products Labora-
tory through the U.S. Department of Agriculture, the 
Purdue Research Foundation, and the National Science 
Foundation. 

•

Chemical Engineer Richard Reiner (left) and Supervisory Research 
Chemist Alan Rudie (right) produce cellulose nano material in FPL’s 
Nanocellulose Pilot Plant.
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Historic Glued-Laminated Arches Tested after 75 Years of Service.
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By James T. Spartz, Public Affairs Specialist 

The second glued-laminated structure built in the United 
States was constructed at the USDA Forest Products 
Laboratory (FPL) in Madison, Wis. “Building Two” was built 
during the winter of 1933/34 to demonstrate the perfor-
mance of wooden arch buildings. At various times it acted 
as a supplementary laboratory, lecture hall, and storage 
facility. Building Two was decommissioned in 2010, and 
the historic glued-laminated arches were saved for further 
evaluation.

A new paper called Structural Evaluation of the Second 
Oldest Glued-Laminated Structure in the United States by 
FPL engineer Doug Rammer and Jorge Daniel de Melo 
Moura of the Department of Architecture and Urbaniza-
tion, Universidade Estadual de Londrina, in Parana, Brazil, 
details a systematic evaluation of the glued-laminated 
arches used to construct Building Two. Glued-laminated 
timbers are a manufactured structural timber product 
composed of layers of dimensional lumber glued together.

Three different types of glued-laminated arch configura-
tions were used to support Building Two. Shortly after 
its construction, researchers evaluated the structure for 
uniform loading on the center arch. This structural system 
evaluation was added to the existing laboratory work on 
glued-laminated arches to develop the foundation on 
which the current glued-laminated arch design criteria are 
based.

After decommissioning, recovered arches were tested  
in the Engineering Mechanics and Remote Sensing  
Laboratory at FPL to evaluate the loss of structural per-
formance by comparing original and current deformation. 

Based on a preliminary visual and structural assessment, 
Rammer and Melo Moura found minimal loss of struc-
tural performance in all arches except one. Several years 
before decommissioning, this arch had been exposed to a 
significant amount of water when a fire was extinguished 
in Building Two.

This paper can be found in full on our website:

www.fpl.fs.fed.us/products/publications/specific_pub.
php?posting_id=66561&header_id=p

US
DA

 F
S-

FP
L

Construction of an FPL glued-laminated arch building in the 
winter of 1934.

US
DA

 F
S-

FP
L Testing of a deconstructed glued-laminated arch in FPL’s Engi-

neering Mechanics and Remote Sensing Laboratory.
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Deconstruction of FPLs glued-laminated arch building.
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Knaebe’s stove design tackles another common efficiency 
problem, as well. In many stoves, there can actually be too 
much fire but not enough oxygen to finish the job, leaving 
some wood incompletely burned and emitting smoke 
and carbon monoxide as waste. 

A simple way to reduce this problem is by lighting your 
fire “backwards,” or near the chimney instead of near 
the door. “Fires burn more completely when lit this way,” 
says Knaebe. But Knaebe addressed this issue in his stove 
design by bringing in another air supply at the end of the 
fire that finishes the burn.

One other challenge cropped up as Knaebe worked with 
the new design: the stove got too hot, creating a chemical 
reaction without oxygen. 

Further testing of the stove continues, and Knaebe is in 
the process of applying for a patent for his design even as 
he searches for a process that solves the overheating issue.

With a Little Help from My Friends

Researchers like Knaebe often get recognition for their 
developments and discoveries, but an impressive  

Burn, Baby, Burn: Designing a Highly Efficient Wood Stove

•

Wood Wise—Terms from the World of Wood

Knot: That portion of a branch or limb that has been surrounded by subsequent growth of 
the stem. The shape of the knot as it appears on a cut surface depends on the angle of the cut 
relative to the long axis of the knot. 

Encased Knot: A knot whose rings of annual growth are not intergrown with those of the 
surrounding wood. 

Intergrown Knot: A knot whose rings of annual growth are completely intergrown with 
those of the surrounding wood.

Loose Knot: A knot that is not held firmly in place by growth or position and that cannot 
be relied upon to remain in place.

Pin Knot: A knot that is not more than 12 mm (1/2 inch) in diameter.

Sound Knot: A knot that is solid across its face, at least as hard as the surrounding wood, and shows no indi-
cation of decay.

Spike Knot: A knot cut approximately parallel to its long axis so that the exposed section is definitely  
elongated.

Source: Wood Handbook—Wood as an Engineering Material, General Technical Report FPL–GTR–190,  
www.fpl.fs.fed.us/woodhandbook

“Currently, the best wood stove is only  
82% efficient,” says Knaebe. “The  

condensing stove we’ve designed looks  
like it will be 96% to 98% efficient.”

behind-the-scenes network of support here at FPL helps 
move the projects along.

Chester Filipowicz, a research lab mechanic, has worked 
closely with Knaebe on the wood stove project, suggesting 
materials, working on design details, and fabricating parts. 
FPL’s crew of mechanics, carpenters, machinists, electricians, 
and more are a valuable component that keeps the Lab run-
ning smoothly and the researchers on their toes.

“Any scientist who thinks they know it all, doesn’t,” quips 
Knaebe. “Just ask one of the shop guys and they always  
come up with a better idea.”
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Life-Cycle Analysis of Redwood Decking

By Madelon Wise, Technical Publications Editor 

Forest Products Laboratory (FPL) scientist Rick Bergman 
recently led a life-cycle assessment study of redwood deck-
ing in the United States. In cooperation with the Consor-
tium for Research on Renewable Industrial Materials (COR-
RIM), the School of Environmental and Forest Sciences, 
University of Washington, and Humboldt State University, 
Department of Forestry and Wildland Resources, research-
ers compared the use of redwood with three other decking 
materials.

The goal for Bergman and his fellow researchers was to 
conduct a life-cycle inventory (LCI) of California redwood 
(Sequoia sempervirens) decking that would quantify the 
critical environmental effects of decking from cradle to 
grave. Using LCI data, the scientists produced a life-cycle 
assessment (LCA) for redwood decking. These results were 
used to compare the environmental footprint of redwood 
decking to similar decking materials made of plastic (cel-
lular PVC) and wood–plastic composites.

Life-cycle inventory and life-cycle assessment are increas-
ingly associated with “green building” practices. The term 
“life cycle” connotes a fair, holistic assessment to con-
sider all aspects of the product: raw-material production, 
manufacture, distribution, use, and disposal, including all 
intervening transportation steps. Researchers in the Forest 

Complete life cycle from regeneration of trees to disposal of wood materials. – Continued on next page –

“Companies, federal facilities, industry 
organizations, and academia can ben-
efit from learning how to incorporate 

environmental performance based  
on the life cycle concept into their 
decision-making processes.” -EPA

Products Laboratory’s Economics, Statistics, and Life 
Cycle Analysis Research group use this technique to 
study a wide variety of wood products, from building 
materials to bioenergy resources.

Results of the Bergman et al. study show the total 
energy expended for redwood was substantially lower 
than that for the other decking products. The ranking 
for redwood decking was, in part, due to the product’s 
ability to store carbon, originally sequestered from the 
atmosphere, over the life of the product.

The goal of an LCA is to compare the full range of 
environmental effects assignable to products and ser-
vices. LCA results can be used to improve processes, 
support policy, and provide a sound basis for informed 
decisions. According to the Environmental Protec-

tion Agency (EPA), an LCA can 
assess the environmental aspects 
and potential impacts associ-
ated with a product, process, or 
service, by the following:

•   Compiling an inventory of 
relevant energy and material 
inputs and environmental 
releases;

•   Evaluating the potential 
impacts associated with identi-
fied inputs and releases;

•   Interpreting the results to 
help make a more informed 
decision.

The EPA also describes the major 
stages in an LCA study as raw Ri
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Cold Comfort...We’ve Seen This Stuff Before! 
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•Redwood decking.

material acquisition, materials manufacture, production, 
use/reuse/maintenance, and waste management. They go 
on to advise that “Companies, federal facilities, industry 
organizations, and academia can benefit from learning 
how to incorporate environmental performance based 
on the life cycle concept into their decision-making 
processes.”

The four basic phases of conducting a life-cycle assess-
ment are goal and scope definition, inventory analysis, 
impact assessment, and interpretation. LCA studies 
include all stages, but an LCI study does not include stage 
3, the impact assessment.

– Continued from previous page –

Photos from the  
Forest Products 

Laboratory  
roof, looking east.  
Minus 37 degrees  

Fahrenheit on  
January 30, 1951, 

and during  
the polar vortex  
of January 2014.
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