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4. Research Work Unit Title

Integrated Life Cycle of Wod: Tree Quality, Processing, and Recycling

5. Project Leader (Name and address)
Philip A Araman, Southern Research Station, Brooks Forest
Products Center, Virginia Tech University, Blacksburg, Virginia 24061-0503

6. Area of Research Applicability | 7. Estinmated Duration
Nat i onal | 5 Years

8. M ssion

To enhance wood resource conservation and sustainability through advanced ti nber
analysis and wood processing, and effective wood product recovery, reuse, and
recycling.

9. Justification and Probl em Sel ecti on

Demands for wood products by the American public are at all time highs. Popul ation
increases will only intensify the demand for wood products as noted in Forest
Servi ce RPA docunents. At the sanme tinme, we strive for sustainable forests, continue
to reduce tinber availability from federal forests, and attenpt to neet Anerican
wood product needs. G ven these conditions, it is inperative for us to inprove our
under st andi ng of the wood resource base, increase the yield and quality of products
from felled trees, and |essen demands for new tinmber by recovering, reusing and
recycling wood products into high-val ue products.

Maj or yield and val ue inprovenments can be nade when converting tree | ength roundwood
to veneer |ogs, saw ogs, peeler logs, LVL logs, OSB |ogs, and pul pwood. Trenendous
waste results from poor processing and decision-making. Training tools and
automated systens are needed to nmke mmjor processing inprovenents and proper
product allocation. Furthernore, Forest Inventory and Analysis (FIA), Forest Health
Moni toring, and forest management research work units need advanced and reliable
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technol ogies to evaluate tree stens for volunme, quality, and products. Research
that ties tree length bucking and allocation decisions to advanced data recording
and anal ysis systens is needed. Such a system could use digital canmeras to provide
tree stemimages for handheld or office conputers that assess tree volune and grade,
and nmeke product allocation decisions. Forest Health Mnitoring could al so be aided
by digital camera crown neasurenents and reliable sensor equipnment to detect decay
in standi ng tinber.

Meshing of human needs with biological capacity is central to the success of
sustai nable forestry. It is apparent that wood products from the forest wll
continue to be an inmportant human need well into the foreseeable future. As forest
| ands are being managed to include a flow of wood products (anmong other benefits),
it is critical to know. (1) the quantity of wood in each tree stem (2) the quality
of wood in each stem and (3) how quantity and quality depend on |and nanagenent
activities. Current, field-based forest inventory tinmber assessment nethods are
time-consuming and need to be nodernized. We expect that the use of digital
i mgery--collected in the field--conmbined with conputer-based analysis--either in
the field or in the office--can greatly increase efficiency and accuracy of tinber
vol une estinmates. Furtherrmore, by conbining automated analysis of those digital
i mges with product allocation software, nore accurate tree val ue assessnents can be
obtai ned. G ound-based digital imagery can also be effective for nonitoring canopy
closure and foliage color and retention for forest health issues. Tree quality
estimation can also be inproved through nondestructive sensing of decay in tree
stems. A sinple, fast, and reliable sensing nmechanismthat provides an estimate of
| ower tree stem soundness would be useful for inventory, nonitoring, and research.
Finally, evaluation of tree volume and value needs to be tied to historical,
silvicultural treatnents so that the inpact of managenent activities on wood
products can be deternmined and applied to future managenent deci sions. For wood
products to be part of sustainable forest nmanagenment, reliable and accurate
nondestructive tinber assessment and allocation nethods are needed to evaluate
standing and felled trees. (Problem 1)

As solutions to Problem 1 are produced, they will inprove |and nanagers’ ability to
reliably value standing trees and wood processors’ ability to properly buck and
processes tree-length roundwood. Results will also aid forest inventory personnel
to accurately determine the volume and value of tinber. | nproved capabilities to
nmoni tor forest canopy and tree stem soundness will provide forest health specialists
with better information regarding tree health and vigor. Silvicultural researchers
will also benefit from solutions to Problem 1, as tools and techniques devel oped
will enable them to better understand wood product inplications of rmanageri al
treatments. Silvicultural research results will then feed back to managenent
prescriptions that include wood product sustainability. Approxi mately 0.75
scientist, along with cooperators, for 5 years will address this problem at a cost
of $150K/year. The Ilikelihood of successful conpletion of the solutions to this
Probl em are about 75% Due to limted appropriations for this RAJ, outside funding
will be pursued to fully support this research.

The U.S. primary hardwood processing industry, which produces over 11-12 billion
board feet of sawn products per year, faces many interrelated narket, product,
processing, and resource problens. Expanding international markets further
exacerbate many of these problens. Wbod processors need to inprove yields and
product quality to nmeet product demands with |ess tinber. One option is to



noderni ze with vision systemcontrolled, conputer-aided, and conputer-controlled
processi ng. Whod processors nust also deal with an array of resource problens
resulting from high demand for a few species and an abundance of |ow grade nmateri al
in forests and at mills. Solutions to these problems would allow forest products
manuf acturers to better wutilize hardwood resources, both in the forests and at
mils. Ef fective solutions will have positive effects on resource sustainability
and on enploynent opportunities in forested rural areas. \While the inportant wood
resource in the Sout hern Appal achians is predoninantly hardwoods, solutions to these
probl enms could also be applied to the softwood tinber industry to reduce processing
wast e and decrease tinber needs.

Research is needed to help the forest products industry inprove tinmber processing.
Technol ogy devel opnent efforts would utilize vision systens and conputer controls in
automat ed processes. The U S. is the No. 1 producer of sawn hardwoods in the world,
and has the resources to continue to supply products sustainably through inproved
processing. For the U S. hardwood industry and, the overtaxed softwood industry to
be sustai nabl e suppliers of wood products, wood processing technol ogy and equi pnent
nmust be inproved to efficiently evaluate and process wood resources. (Problem 2)

Solutions to Problem 2 are inportant to hardwood and softwood sustainability and to
enpl oynment in rural areas doninated by hardwood forests. Lack of automation in the
primary processing area causes waste and |ow product yields, and increases demand
for additional tinmber harvesting. This trend nust be reversed to keep U. S. hardwood

forests sustainable (econonmically and biologically). For exanple, conputer-aided
sawni || edging and trinm ng could increase overall product and grade yield by 5-20%
If fully inmplenmented, this could translate into 0.6-2.4 billion board feet per year
of decreased tinber needs. Machi ne vision systens conbined with conputerized

gradi ng of hardwood |unber has several advantages: (1) it would help insure the
accuracy of grading; (2) it would reduce the nunber of tinmes boards need to be
graded and restacked from 3-8 tines to 1; (3) it would nake |unber nore acceptable
to purchasers; and (4) it would provide a nmeans to increase the grade of sone |ow
grade lunber. Around $1, 000,000 could be saved annually in grading costs and even
greater anounts could be realized through increased |unber val ue (upgrading | unber).
Aut omat ed grading of pallet parts research will also continue. Graded parts placed
in proper locations can extend the useful life of pallets and thereby reduce the
need to produce new pallets from tinber. Successful conpletion of internal |og
scanning work will encourage the use of conputer-aided processing of logs into
veneer and sawn products. In addition, log scanning would meke possible the
efficient processing of parts directly from | ogs. The 1likelihood of successful

conpletion of solutions to this Problem are about 60% Approximately 1.5
scientists, along with cooperators, for 5 years will address this Problem at a cost
of $300K/year. Due to linmted appropriations for this RAW, outside funding will be
pursued to fully support this research

In addition to inproved processing, tinmber demands can be reduced by other ngjor

activities that extend the life of wood. Woden pallets readily |end thenselves to
repair and recycling;, these opportunities need to be continued and expanded. These
efforts woul d reduce both hardwood and softwood tinmber needs. Presently, around 40%
of sawn hardwoods and | arge vol unes of softwoods are used in pallets. After initia

use, they could be recovered, repaired, and reused, and at sone point, recycled into
ot her useful products to reduce tinber harvesting needs. In addition, other solid



wood products, such as softwood house deck materials, could also be recovered and
reused as decking or other solid wood products.

Research is needed to help the pallet and house decking industries extend the life
of the products that they produce and to reduce the volunes of materials presently
ending up in landfills. Therefore, to extend the life of our resources, we need to
effectively refurbish and reuse wood pallets and other solid wood products or
convert themto alternative high value products. (Problem 3)

Solutions to Problem 3 are very inportant to hardwood and softwood sustainability
and to enployment in urban areas which lack trees, but containing people needing
j obs and conpani es needi ng products. Conpanies also face mjor disposal problens in
urban areas with products such as used pallets and decking. These also create ngjor
problenms at overflowing landfills. The devel opnent of tested repairs and tested
performance of a new Certified Pallet Repair (CPR) pallet will help maintain and
increase pallet repair and reuse. The devel opnent of “green” products from used
pall ets and decking will benefit many and extend the |ife of wood. | mpl enent ati on
of the solutions to this problem will continue to shrink the need for new wood.

Approximately 0.75 scientists, along with cooperators, for 5 years will address this
problem at a cost of $150K/year. The I|ikelihood of successful conpletion of the
solutions to this Problemare about 80% Due to limted appropriations for this RA
outside funding will be pursued to fully support this research

In summary, our research and developnent efforts are aimed at assuring tinber
sustainability by helping hardwod and softwood processors nmintain or inprove
yield, reduce waste, and use |ess tinber. Specific efforts include devel oping
advanced processing systens and training tools, increasing use of |ow grade hardwood
sawt i mber and nonsel ect species, and helping the pallet industry develop effective
repairs and viable recycling options. Viable recycling options for other discarded
solid wood such as decking materials wll also be pursued. Support for this
research problens is well docunmented in the April 1996 report, "Research Priorities
for North Anmerican Hardwoods 1996," by the National Hardwood Lunber Association.

Qur research addresses 3 of the first 5 npost inportant needs and 8 of the first 13
needs, as seen by industry respondents. Mich of our research will be conducted in
cooperation with nenbers of the Hardwood Uilization Consortium (HUC). Menber s
include the USFS Northeastern and Southern Stations; USFS Northeastern Area and
Region 8 S&PF; Virginia Tech; Wst Virginia University; Robert C Byrd Hardwood
Technol ogy Center; and the National Hardwood Lunber Association. Several others are
al so being considered for nenbership. W will also attenpt to obtain additional

fundi ng through the consortium

Qur tree stemand tree health evaluation research will support FIA and Forest Health
Moni toring by providing advanced data collection and anal ysis techniques. This wll
enhance their efforts to reduce inventory cycles and inprove the quality of their
dat a. The need for advanced data collection is well docunmented in the April 1996
report, "Research Priorities for North Anmerican Hardwoods 1996," by the National
Har dwood Lumber Association. Many others, including nost State Foresters, are also
strongly behind new or inproved nmonitoring techni ques and annual surveys.



10. APPROACH TO PROBLEM SCLUTI ON

Problem 1: Reliable and accurate nondestructive tinber assessment and all ocation
net hods are needed to evaluate standing and felled trees.

This research will investigate the use and application of ground-based digita
i mgery, conmbined with inmage processing software and product allocation software to
estimate tree volune, product allocation, and tree grade for inventory purposes.

Use of digital imagery will also be evaluated for application to canopy and
understory nonitoring for forest health. Log bucking and product allocation
software will be developed to provide total tree value estinates. Nondestructive
decay detectors will be evaluated for their ability to accurately estimte | ower-
st em soundness. Tool s developed in these studies will be effective at assessing
wood product inpacts stemming from managenment activities. This problemarea ties in
very closely with the Unit’s involvenent in Station cross-cutting thenes: “lnventory

and Monitoring” and “Sout hern Appal achi an Ecosystem Research and Sustainability”.
Acconpl i shnents planned for the next 5 years:

1. Evaluate the use of a nonnetric digital camera for forest inventory tree volune
estimation.

2. Devel op | og bucking and product allocation software to provide optinmal value and
product estimates for each tree.

3. Integrate nultiple, digital canmnera views with product allocation software to
provide in-field tree quality and val ue esti nmates.

4. Evaluate the application of an ultrasonic decay detector to estimate soundness
(health) of |lower tree stens.

5. Evaluate the use of a digital camera for canopy closure, foliage assessnment, and
understory devel oprment for forest health nonitoring.

6. Apply the technol ogies, developed above, to assessing tree value and wood
products resulting fromvarious silvicultural treatments on various sites.

7. Evaluate and nodify an ultrasonic decay detector for use in nmonitoring and
assessnment of in-service utility poles.

We rely heavily upon cooperative research studies with universities and others to
conpl ete needed research. Qur cooperators provide skills and expertise to expand our
abilities. Technician support wll be provided from within the work unit, by
Virginia Tech or by tenporary hires. W are, or hope to, teamwith the follow ng on
the above planned acconplishments: FIA units(1-4); Forest Health units(4-5); SRS-
4101(1-4,6); NE-4701(2,6); NE-4353(1-4,6); Virginia Tech(1,3,5,6); Mchigan Tech(2-
3); and Private Consultant/pole and el ectronic industry(7).

Envi ronnental consideration: The studies in this Problem Area are expected to have
little or no potential for soil novenent, water quality degradation, or inpact on
sensitive resource values and are therefore covered under FSH 1909.15, Chapter 30, *

Categorical Exclusion from Docunentation in an EIS or EA.". Where environnenta
concerns exist, regarding particular studies, these wll be evaluated wthin
i ndi vidual study plans, or by Environnmental Assessnments or Environmental | npact

Statenents prepared with and approved by cooperating District or Forest staffs.

Probl em 2: Wod processing technol ogy and equi pnent nust be inproved to efficiently
eval uate and process wood resources.




In this research we will develop and use expert systens and vision systens to
support conputer-ai ded and aut omat ed hardwood sawni || edgi ng and trinm ng; develop a
scanner/ conputer systemto identify defects on rough |unber; support the devel opnent
of a prototype vision system to automatically grade and upgrade rough |unber; help
determine, with conputer sinulation, the optinml sawi ng patterns to produce hardwood
[ unber; investigate links between |log scan data and sawri ||l saw ng decisions and
veneer | og processing decisions; devel op products or better processes to inprove the
use of I|owgrade and nonselect hardwoods; and develop and evaluate automated

production systens to grade pallet parts. Much of these efforts are team efforts
with our cooperators. The Unit has had a good record with sone technol ogy having
al ready been commerci alized. Sonme nmjor awards have been won. This problem area

ties in very closely with the Unit’'s involvenent in the Station’s “Southern
Appal achi an Ecosystem Research and Sustainability” cross-cutting thene.

Acconpl i shnents planned for the next 5 years:

1. Deternmine the scanning needs for an automated hardwood sawrill edging and

trimm ng system

Devel op an algorithm for optimal edging and triming in real tine.

3. Design and denpnstrate a conputer-aided sawri || edging and trinm ng system

4. Determ ne and develop a conplete prototype vision systemto identify defects and
board outlines to automatically grade and upgrade rough | unber.

5. Develop a color-sorting system for upgrading the use and val ue of | unber.

N

6. Develop a link between | og scan data and a sawnmi || sinulator to produce | unber.
7. Evaluate hardwood sawni ||l |unmber production to nmaxinize value through a sawrl|
si mul at or .

8. Develop the Iink between | og scan data and veneer | og deci sions.

9. Develop an ultrasound scanning systemto scan pallet parts.

10. Develop a pallet part grading system based on ultrasound scanning and visua
gradi ng rul es.

11. Exanine the feasibility of identifying wood species automatically using
ul trasound scanni ng.

12. Conplete the vision system for identifying and |abeling internal |og defects
usi ng conput ed tonography (CT) inmagery.

13. Develop a | og breakdown procedure based on know edge of internal |og defects.

14. Devel op new primary production concepts to naxinm ze product val ue.

15. Inprove yields in the production of rotary cut hardwod veneer and furniture
pl ywood.

16. Develop and evaluate viable (technically and economically) industrial CT
scanni ng for hardwood | ogs.

17. Devel op and evaluate the use of ultrasonic scanning to detect wetwood infection
in green | unber.

We rely heavily upon cooperative research studies with universities and others to
conpl ete needed research. Qur cooperators provide skills and expertise to expand our

abilities. Technician support wll be provided from within the work unit, by
Virginia Tech or by tenporary hires. W are, or hope to, teamwith the follow ng on
t he above pl anned acconpl i shrment s: NE-4701(4); FPL-4719(9); Virginia

Tech(2, 3,4,5,8,9,10,12); Mchigan Tech(); University of Mssouri(6,7,11,13); West
Virginia University(l); NC State University(1l5); and private conpanies through
SBIR s(3-6,9, 14, 16- 17).



Envi ronnental consideration: The studies in this Problem Area are expected to have
little or no potential for soil novenent, water quality degradation, or inpact on
sensitive resource values and are therefore covered under FSH 1909.15, Chapter 30, *

Categorical Exclusion from Docunentation in an EIS or EA.". Where environnenta
concerns exist, regarding particular studies, these wll be evaluated wthin
i ndi vidual study plans, or by Environmental Assessnents or Environnmental | npact

Statenents prepared with and approved by cooperating District or Forest staffs.

Probl em 3: To extend the life of our resources, we need to effectively refurbish and
reuse wood pallets and other solid wood products or convert themto alternative high
val ue products.

This research will investigate and evaluate current and new repairs for damaged and
used wood pallets and conpare these to new pallets. The conversion of used pallet
parts to solid wood products wll be evaluated. This would include flooring,
wai nscot and furniture. Busi ness plans for recovery operations will be devel oped.
Pal l et recycling assessnents and |landfilling of pallets and other solid wood will be
det er m ned. O her solid wood recycling such as reuse of decking wll be

i nvestigated as well as nmaking new solid wood products. This problem area ties in
very closely with the Unit’s involvenent in the Station’s “Southern Appal achi an
Ecosystem Research and Sustainability” cross-cutting thene.

Acconpl i shnents planned for the next 5 years:

1. Determine the number of pallets recovered, repaired and recycled by the pallet

i ndustry.

2. Determine the severity of pallet landfilling and pallet recovery.

3. Determne the performance of the CPR repaired pallet.

4. Determ ne the wusefulness of splicing short stringers to nmeke full length
stringers.

5. Determ ne the useful ness of glue that can be used on wet wood to be used to glue
deckboards to stringers.

6. Determ ne the performance of new repair techniques.

7. Devel op business plans for recovery operations.

8. Develop solid wood products fromused pallet parts.

9. Develop solid wood products from used hone decking materi al

10. Determine the amounts of all solid wood entering landfills.

11. Adopt ul trasound scanni ng/ gradi ng systemto sort recovered pallet parts.

12. Devel op and test a species sorting systemfor recovered pallet parts.

We rely heavily upon cooperative research studies with universities and others to
conpl ete needed research. Qur cooperators provide skills and expertise to expand our
abilities. Technician support wll be provided from within the work wunit, by
Virginia Tech or by tenporary hires. W are, or hope to, teamwith the follow ng on
the above planned acconplishnments: NE-4803(7,8,9); FPL-4719(11); Virginia Tech(1-
12); EPA(1, 2,3,10); U Mssouri(12); and private conpani es through SBIR s(8,9).

Envi ronnental consideration: The studies in this Problem Area are expected to have
little or no potential for soil novenent, water quality degradation, or inpact on
sensitive resource values and are therefore covered under FSH 1909. 15, Chapter 30, *
Categorical Exclusion from Docunentation in an EIS or EA.". Where environnenta

concerns exist, regarding particular studies, these wll be evaluated wthin



i ndi vidual study plans, or by Environmental Assessnents or Environnmental | npact
Statenents prepared with and approved by cooperating District or Forest staffs.

STAFFI NG

This research will require three scientists per year, at an average RWJ cost of $600
thousand. Current FY97 funding is $400 thousand. Current staffing includes two
permanent scientists (including the Project Leader). Unit scientists wll pursue

outside funding to make up the difference between the annual appropriation and the
$600 t housand needed to conduct this research. Increased federal funding would allow
the work to be accelerated and expanded. A third permanent scientist would be added
to the unit if appropriated funds increased. If the federal appropriation is not
increased and we can’t get the additional $200, 000 from outside sources to fully
fund this research program research in Problens 1 and 3 would be delayed or
decreased. Post-docs and cooperators would be used to acconplish the work where
possible. Distribution of SY's is as follows:

Pr obl em Nunber Scientist-years (SY) per annum
1 .75
2 1.50
3 .75
Tot al 3.00

W rely on cooperative research studies with universities and others to conplete
needed research. Qur cooperators provide skills and expertise to expand our
abilities. Technician support wll be provided from within the work wunit, by
Virginia Tech or by tenporary hires. Close cooperation will be maintained with RVUR
(WO), S&PF, NFS, VMPR (WD), SPPII (WO, FIA units, SRS-4101, NE-4701, NE-4803, SRS-
4701, SRS-4851, NC-4701, SRS-4703, FPL-4719, EPA, industry associations, forest
products industry, State forestry organizations, and universities in Virginia, North
Carolina, South Carolina, Georgia, Mssissippi, Mssouri, and other states with
har dwood resources. Being a najor part of the Hardwood Utilization Consorti um HUC)
with many of the groups nentioned above greatly enhances our abilities to conplete
our assigned research. The SRS-4702 PL is a co-coordinator for the HUC The

Chal | enge Cost-Share Programwill be utilized with industry to increase funding for
our research and devel opnent efforts. Cooperation with industry will continue to
test prototype equipnent, conputer applications and new products. SBIRs will be

used by sonme of our cooperators.



