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Notice

The contents of this report are not to be used for advertising ,
publication , or promotional purposes. Citation of trade names does not
constitute an official indorsement or approval of the use of such
comercial products. The find ings of this report are not to be construed
as an official Depa rtment of the .Army position , unless so des ignated
by other authorized documents .

Comments

Corr~nents on the contents of this report are encouraged , and should be
sul~~itted to:

Commander and Director
US Army Faci l i t ies  Engineer ing Support Agency
Fort Belvoir , Virginia 220~0

The author may be reached by calling : AUTOVON 354—5732/5967, Commercial
(703) 664—5732/5967.
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0 CC~”JSIDERATIONS IN SELECTING WOOD AS AN IMMEDIATE SOURCE
OF RELIAB [.E AND ECONCt4ICAL ENERGY FOR ABMY INSTALLATIONS

1.0 Purpose: This paper is an introduction to the state—of—the—art
in wood harvesting, handling , procurement ar~i combustion. Any decision
to use wood as an energy source can only be made after careful
considera tion of the total system, i.e., stump to stack. This document
contains or references sufficient back—up information that the reader
can identify reliable sources of expertise.

2.0 Summary: The following subjects are discussed , with frequent
refer~~ ce to the sources of information :

Status of Wood Energy Utilization

Availabi l i ty of supply

Economics of Wood fueled boilers

Direct combustion - Raw wood

Direc t combustion — Densified wood

Gasif ica tion , Pyrolysis , alcohol production

Procurement and receiving of raw wood

Ha rvesting

Barr iers to wood combustion

3.0 Status of Wood Energy Utilization: While wood alone will not solve
this country ’s energy problems, there are large quantitites of renewable,
underutilized wood that can be used as fuel at military installations
(Appendix A, B, C). When ci~iiipa red to the cost of fossil fuels, wood
is a t t r ac t ive ly  priced .

In December 1977 , a private utility in Michigan mixed wood with coal
aid achieved a reduction in pollutants. The US Air Force has converted
a coal fired boiler to wood in order to meet pollution requ]ations .
There are dozens of companies manufacturi ng wood fired boilers and
thousands of these boilers are in use throughout the country.



Direc t combustion is the onl y technology, in general usage across
the country, for conver ting wood to energy. Gasification aid pyrolysis
are rapidly develop ing technologies that should offer distinct advantages
when they mature .

Wood densification plants are not widely distributed in this country;
therefore , the most likely fuel will be raw wood in the form of chips,
saw3ust or mater ial  that has been through a wood “hog.”

Mili tary installations can either harvest wood fuel or procure it
on the open market . Design , procurement and utilization of efficient
harvesting systems aid resolution of institutional problems will require
more lead time than installation of wood fired boilers.

If m ilitary installations install wood fired boilers aid purchase
fuel on the open market , procurement policies and receiving equ ipnent
must be sim ilar to those prevail ing in the immedia te area ; otherw ise,
wood fuel costs will increase.

4.0 Discussion:

4.1 Availability of supply: Wood alone will not solve this country ’s
energy problem; however, there are large , renewable quantities of low
grade wood that can be used to genera te energ y on a req iona l basis
(Appendix A, B, C; Reference a). Sources of supply i ncl ude wastes from
woodwork ing  industries and forest products industries, cull timber from
forest managem ent aid lard clear ing operati ons, and low g rade ch ips
(limbs and bark) generated from whole tree pu1~~ood harvesting . There
are large ‘volumes of wood waste, either left on the ground or hauled to
land f i l l s , that would be used for fuel once the market develops.
Specif ic sources would incl ude contractors cleari ng land for
re—forestation , subl ivisions and uti l i ty ri ght—of—way. While preparing
this report , the author was offered one trailer load (approximately 72
tons) of sawiust and end trimmings per day from one plant.

Owners of wood fired boilers have found that mill residues are
readily available for fuel ; however , it general l y conceded that this
source will disappear as the number of these boilers increases. In
anticipation of this shortage , boiler owners are turning to forest
resid ue. This is an untapped resource aid contract harvesters have found

a. Near Term Potential of Wood as a Fuel — HGP/T ‘~101—02 UC-E~Prepa r ed for the Depa r tm ent of Energ y by M i t r e  Corporat ion  (Aug 7?)
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a buyers market. Forest experts project sufficient volumes of forest
resid ue to support large numbers of wood f i r e d  boilers . These experts
also see harvesting of forest residue as essential to proper forest
management.

4.2 Economics - The following table is based on current prices for
pulç~ood grade chips aid conventional fuel :

Fuel Cost Price Energy
Per MBTU (Delivered to Plant) Content

No. 2 Fuel Oil $ 3.45 $ .48/gal 1.38,700 BTiJ/Gal

No. 6 Fuel Oil 1.94 .29/gal 149,690 B’flJ/Gal

Natural gas 2.42 2.40/KCF 1,000,000 BTU/KCF

Coal 1.97 50.00/T 12,700 BTU/Lb

Pelletized Wood 2.00 28.00/T 7,000 BTU/Lb

Wood Chips (Green) 1.33 12.00/T 4,500 B’IU/Lb

Saw Dust (Green) .89 ?.00/T 4,500 BTU/Lb

See Appendix E, H and Reference b, c for more detail discussion and
specific experience with the economics of wood as an energy source.

As the number of wood fired boilers increases, adj ustments in fuel
costs are to be expected. The ultimate , stable price of this fuel is
subject to conjecture; however, an educated guess is in order. Within
the next 3 — 5 years, the increasing popularity of wood fuel should
increase the demand for underutilized wood. So long as the supply
exceeds the demand , pr ices will be less than that of pul~~ood chi ps. As
the suppl y of underuti lied wood diminishes , wood and coal should become
‘(M [IFX. t T i t i v e  in terms of dollars per BTU. In other words, boilers and
pulp mills will be bidd ing for the same raw material . Of course there
are numerous , unquan ti f iabl e fac tors tha t could influence this
projection , i.e., developnents in coal and wood gasification , evolvi ng
pollution problems attributable to wood combustion , increased
utilization of wood fiber by the pulp industry, etc.

b. r~orford , James V. Supplemental Wood Fuel Experiment 
— Interim

~~port, Board of Ligh t and Power , Grand Haven , Michi gan (9 Jan 78) .

c. “Woodpower Generates Utility Savings,” The American City and County
(Mar 78)

I
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A detai l  economic anaysis  must rr~~ ’d~ r~y d i c ision  to i n s t a l l  wood
f i r ed  boilers. There will L~ pp l i c at io n s  whi r ’ -  e i t lH ’ r coal or oil will
be the most cost effective fuel .

4.3 Direct Combustion — Raw hood

Wood f i red  boi lers  have b I n  used for  decades to produce process
steam for i n d u s t r i a l  use (Reference a .  and Appendix F ) .  These boilers
are commercially avai labl e f r om a vat iety of sources in tho range of
1 — 150 MBTh/Hr. See Appendix G for a partial list of customers u s ir ~
these boilers. Appendix I contains a list of boiler manufacturers .

At least one New England utility is proceeding with plans to install
a wood chip fired electric generating station (Reference c).

A ut i l i ty in Colorado has been burni ng green sa~~ust mixed with coal
for over four years. Benefits include less ash , reduced maintenance
costs, lower fuel costs ($6 per ton for delivered sa~~3ust and less air
po l lu t ion. Sa~~lust constitutes approximatel y 20~ of the fuel  burned
at this power plant. (Appendix H and Reference d.)

A utili ty in Mich igan successfully mixed wood chips with coal and
found many benefits , includ ing a s ign i f i can t  reduct ion in stack
emissions. This utility projects a Sl ,000,000 annual saving by us i ng
high sulfur coal and wood supplement in lieu of low sulfur coal
(Reference b) . The utility initiated this test in December 1977, and
suspended the wood burning in the Spring of 1978. Unfortunately, during
this period sulfur emissions could not be measured and the plant is now
bur ning low sul fur coal at $45 per ton. As a result of this test and
the publici ty that followed, several new sour ces of f uel appeared . One
supplier offered pulverized bark at $8 per ton. Reject seed corn at
a low mci.~ture content and 7,000 BTU per pound was offered. The utility
has received many inquiries from ind ividuals and companies who are
considering wood fired boilers. Testing is scheduled to resume in the
Spri ng of 1979. (Reference e.)

Disadvantages inherent to direct combustion are the difficulty of
handli ng the solid fuel and controlli ng the particulate emissions .

d. Private Communication from W. Burnham , Southern Col orado Power , Canon
City, Colorado (27 Nov 78).

e. Private Communication from J. V. Morford , Boa rd of Li gh t and Powe r ,
Grand Haven , Michi gan (16 Nov 78)
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mo~ 1 obvious hand l i r ;  probl am rc-~ u~ tT~-~ f rom the a w r  BTU content
~ryi 1c~~~’r ain ~ ity of wood r€ l at i v e  to coal. For a g iven ~TU col it ent ,
~.CK )( ~ c l i p volumu exc(~c (ls ~‘onl volume by a frctor of approximately  ei ght .
l i ft only min. r m o d i f i c a t i o n s , coa l handling couipnent will also handle
.~uod ( ~(f~

_- ~~ I c)

l’~i i l e  woi d is virtuall y sulfur free , particulate emissions can exceed
a l I o~” b 1 ~ limits if turni n g is not closely controlled to assure complete
conLu~;t ion (A ~.pi-noix F and kuf~ rence e) . As previously noted , utilities
hat.L ~ir~ icvid r (duc~~ st:~~k missions when burning a mixture of wood
ar u c)d l

l,l il ~~~~ of t i r~ Ic’ or~ujn ic advantages over fossil fuels , perhaps
t i ~ - j r i ~~t i~~t b~- r ~ f i t  is t111 possibility of operating a solid fuel syst em
capable of burnirq either wood or coal. This advantage should be
c r e f u l l y  ev ,] l uatod in tThe~ design phase of new bo i l e r  plants . This
J~~ l fuil n~~t ion can be used to increase price competi t ion and assure
‘onti ruI -(~ plan t  oV ration d u r i ng periods of curtaiJ.ment.

4.4 Direct Combustion — Densified Wood

Dens’ fication of wood and other biomass is practiced commercially
with several suppliers marketing a product (Appendix 3).

Compared to raw wood, densified wood offers the advantages of
increa~ i;d BTU content , low moisture content and uniform size; however ,
this product must be stored under cover to protect it from moisture.
1-t her characteristics ~re similar to raw wood as previously discussed.

Densification plants are not yet widely distributed in this country.
If military installations are able to guarantee a market for densified
wood there are manufacturers that will build a plant in the vicinity;
otherw ise, densif ied wood may not be a viable fuel for many military
installE~:ions . There is considerable discussion as to the cost/benefit
of densified wood when compared to raw wood chips. A final choice can
only be made af ter careful analysis of price , avai labi l ity, handli ng
d i f f e r ences , and the combustion characteristics of the particular boiler.
Any boiler designed for raw wood chips will burn densified wood
efficientl y.

To meet air pollution standards, the Air Force is burning
densif led wood at Ki ngsley AFB, Oregon. This has been a successful
program and the Air Force is pleased with the results (Reference f).

For additional discussion of densif led wood fuel, see Appendix K.

f. Operation wi th Woodex Pellets for the Period 9 — 1 .  February 1978.
US 1\1r Force Test Report (Unpublished).

5



4.5 Gasification, Pyrolysis, Alcohol Production

4.5.1 Gasification — The thennal conversion of biomass or coal to a gas
that can be used in producing heat, pc~ er or chanical synthesis is called
gasification. Gasification is a rapidly developing technology with
dcnnnstration units being installed at several locations across the
country (see Appendix L). When the technology is developed, gasification
promises to be a retrofit option for existing gas and oil f ired boilers .
Thus , the operator can fuel his boi ler with biomass, gas or oil ,
depending on availability and price. Gasification also offers the
advantage of pollution control at the “front end” of the boiler rather
than at the stack. For nore detail discussion of gasification , see
Appendi x M , N and reference a.

Gasification technology is not conirercially developed and , therefore,
not a viable option at this tine . It is expected that the technology
will mature rapidly and will ultimately offer attractive benefits to
c~ ners of oil and gas fired boilers .

4.5.2 Pyrolysis — Pyrolysis is the decortposition of organic material ,
such as agricultural and forestry products, with heat . Pyrolysis d i f fers
f ran direct carbustion in that “burning” is acconplished in the absence
of oxygen. Low B’IU gas , char and oil (all fuels) are produced by the
process. One stch system has been developed at the C~ orgia Institute
of Techrology and has been licensed to the Tech-Air Corporation . For
additional information on pyrolysis , see Appendix 0 and refe rence a.

Pyrolysis is a rapidly developing technology without irrrre diate
application in the Departhent of Defense.

4.5.3 Alcohol Production - The Departhent of Energy is actively funding
research projects in an attenpt to develop this technology (Ièferences
g and h ) .  For a revi~~ of the current state—of— the-art , refer to
Appendix P.

Production of alcohol fr ~~ bianass is a developing energy option
for the future.

4.6 Procurerrent and Receiving of Raw Wood

If a decision is made to install wood fired boilers and procure ra,~wood on the open market , an appreciation and understanding of the source
of suppiy is necessary if price conpetition is to be achieved.

g. Program Surrrnary January 1978, Fuels from Bianass Program ,
WE/E’r—o022/l, UC—61.

h. Reference g, updated 20 Sep 7
8 . 6
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The most readi ly available wood fuel will  be in the form of chi ps

or sa~dust produced by saw m i l l s , residue from woodwork ing plants, and
contractors operating whole tree chippers. In the area surrounding
Fredericksburg and Richmond, Vi rg inia there are easily fifty saw mills

• plus an unknown number of woodworking plants. The majority of these
mills and plants are owner operated by individ uals that are typicall y
“entrepeneurs.” Price conpetition can only be achieved if this broad base
of suppliers is w i l l i ng to compete for the military ’s buiness. While
they may bid , they will  compete only  if  the procurement policies and
unloading equiment is quite s imi la r  to that of other buyers in the
immed iate area .

To i llustra te, one Government agency routinely procures a forest
product from suppliers in the stat es of Virg inia and M aryland .  This
agency issues purchase orders for twice the number of units in a normal
commercial procurement; however, the agency pays an add itional 10 — 20%
per ani t .  Price competition has not been achieved because few suppliers
are w i l l in g  to bid . This unfortunate situation exists because the agency
requires 45 — ~0 days to make pa ymen t and the procurement spec i f ica t ions
are so restrictive that they cannot be met at twice the successful bid
(Reference i)

It should be noted that this agency pays 40% more per unit than a
large publ ic uti l i ty  in the same geographical area. This difference
is attributed to the utility ’s realistic procurement practices and
aggressive procurarent personnel (Reference i).

If a decision is made to purchase wood chips or residue in the
-Fredericksburg — Richmond, Vi rg inia a rea , truck scales would be required
and truck dumpers or Scoop—Roveyors would be needed to unload the chips
and residue. Truck dumpers (Appendix T) give the supplie r a 15 minu te
turn—around on his tractor—trailer (easily a $40,000 investment) . Mobile
truck dumpers are available which could be moved from plant to plant
on an installation operating several wood fired boiler plants.
Government owned live bottom trailers (Appendix T) should be considered
for use on those installations operating only one or two smal l wood fired
boilers. In tho se areas of the country where live bottom trailers are
in general use by mills and contract haulers , these tra i le rs  may wel l
be the primary means of deliveri ng wood for fuel. Scoop-Roveyors (TM)
are a recently developed but proven means of unload ing trailers. The
Scoop—Roveyor costs less than a dumper but may take slightly longer to
unload the trailer.

It is common practice for pulp and par t ic le  board m i l l s  in the sc ith-
eastern us to pay suppliers at the end of each week for all chips
delivered dur i ng that week. Chips , shavings and some sa~ iust are bought
and sold in this area on the basis of verbal contracts not written
contracts (Reference i)

i. Private Correspondence from Industry Source(s).
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Owners of wood f i r e d  boilers are find ing a different situation . The
supply of m i ll resid ues (sa~~ust and bark) is so large and the demand is
so small , mill operators are willing to sign two and three year fixed

L price (plus escalation) contracts for delivery of this fuel (Reference
i)

A similar situation exists with the forest residues . The supply
is large , approximately $700K is required to purchase the harvesti ng
equipment and the demand is very low. Contract harvesters are ready
to expand their operations if they can be assured of a market for their
product . These contractors are willing to sign three year fixed price
contracts for delivery of whole tree chips (Reference i).

Cf course , procurement and handling practices will differ between
geographical areas of the country; howev er , regardl ess of the loca tion ,
price competition can be achieved only if the broad base of suppliers is
willi ng to compete for the mi litary ’s business.

In sumary , the economics of wood fired boilers will be a function
of the procurement practices and handli ng equi pment. Any justification
to install these boilers must address these important aspects.

4.7 Harvesting — Reference j states that wood fired boilers are in the
budget cycle for insta]iation at Red River Arsenal Army Depot, Texas and
Fort Steward , Georg ia. References k and 1 address the advantages of
harvesting wood fuel from Army timber holdings. Wood fired boilers and
timber harvesti ng decisions should be treated separately because there
are numerous installations located in reg ions of the country where large
quarititied of attractively priced wood fi~~l are imnediately available.

If consideration is given to harvesting timber for fuel , this can
be done in—house or by contract. The discussion which follows is an
introduction to timber harvesting for those persons who will be involved
in the decision process (contract harvesti ng vs in—house harvesting)
but have little prior exposure to the technology. The techniques and
equipment described are not the only means available for harvesting wood .

j .  DAEN—f ~I~~ —U , Memorand um for L’I~ F. H. Johanso , Deputy Chief of ~taff
for Logistics , with Inc~1osures (undated )

k. Wilcox , IIowi~~J P., Tr ip  h -part for period l0—l~ Jul 72 (28 Jul 79).

1. ~ilcox , Howa rd ~~.., Tt i p Report fra r period 12~ 7ra 
~~

-p 78 (12 Oct 

78)8



In fact , there will be sone tirrber stands where this discussion does
not apply. The acceptable technique and equiprrent combination is a
complex function of soil conditions, topography, tirrber species , timber
grade, market condition , quality and quantity of labor , reputation of
a particular piece of equiprrent , repair parts availability, availability
of used equiprrent and owner/operator bias (to narre a few) . Seldom will
two individuals assemb le the sane equipnent cnrrbination to harvest the
sane tract of timber.

If wood for fuel is to be harvested from installations , this should
be acconplished as part of the overall forest managerrent program at
the installation . Conversion of high grade saw and veneer timber to
fuel is underutilization of a natural resource which could be politically
and economically not feasible. Contractors operating whole tree chippers
sort saw logs at the landing and sell than to saw mills (Appendix D and
Q) .  Less energy is consured in the manufacturer of lumber as a bui lding
material than in conpeting products such as steel, aluminum and concrete.
The nost likely source of wood fuel in the forest is the thinning or
renoval of cull timber from tiither stands. Any remaining trees would
be harvested later as saw timber and pulp#zood.

Timber harvesting equipnent is highly specialized , the technology
is constantly developing and the efficient managenent of such an
enterprise is not easily achieved. If the reader develops an
appreciation of these facts, then the discussion will achieve its goal .

Appendix D , Q and R are typical of large nurrber of recent articles
that deal with whole tree chipping on the tinber stand. This operation
centers on the whole tree chipper first introdueed in 1970. ~jpical
equi~tent required in this harvesting operation would include:

a. A feller-bincher shear (Appendix T) which shears trees at the
ground and piles them for pick-up by the grapple-skidder.

b. Two or three grapple—skidders (Appendix T) that pull the
individual piles of trees to the whole tree chipper. The operator does
not disnount to pick-up or release the trees.

c. A whole tree chipper (Appendi x T) which chips the entire tree
and b lows the chips into a box trailer. Us ing this machine, high grade
chips f ran the tree trunk can be blown into one van for pulp and low
grade chips from the lfrbs can be b lown into a second van for fuel.

d. A log loader will be needed to separate and load saw logs
(Appendix T ) .

e. A bulldozer is required to clear a working area for the chipper,
skidders and vans.

9



f. Road tractors and box trailers are requirec to del iver the chips
to market . The exact number will depend on the haul distance ; however ,
economics require that the chippe r not he kept waiting for lack of em pty
trailers .

Pn equi pment combination of this t ype can easily harvest 4~~,0C0 tons
of chips per year (Appendix D). At 4500 BTIJ per pound for green wood
and ~7% conbustion efficiency, this machinery could supply a 30 MBTU
per hour boiler operahi ng at full capacity for ]~8 hours per week . If
thc- decision is made to operate harvesting equipment , economics will
demand that this equipment not remain idle; therefore , the equipment
selected will depend on boiler sizes and utilization , plus the factors
mentioned earlier. Process boilers with year around steady loads would
be best suited for firing with chips harvested from installations .

Appendix R is a presentation of the economics of whole tree chipp ing;
ho wever , in some cases, equipment prices have increased 25% since this
article was publ ished (Reference i).

The Hydro mower (Th) h~s been described by Reference I as an
efficient harvesti ng machine . This machine clears land very well hut
does not harvest trees or chips (Appendix T).

The rate of change in timber harvesting technology is illustrated
by the following table (Reference in) :

Equipment Approximate Year introduced

Choker Skidder l9~ 2

Tree Shea r l9~ 5

Grapple Skidder

Whole Tree Chipper 1971’

Fell er—Bun ch er 1970

Mobile Chi pper—Canter 1978

m. Pr i vate comm un i cat ion from D r .  T. A. W a l h r i dj t - , Virg i n i . r~
Pol ytechnical I n s t i t u t e  (27 Nov 78) .

10



. The mobile chipper—canter allows the operator to improve utilization
of low grade saw logs. Six to eight inch ‘~ gs normally sent to the
chipper will be sent to the canter which converts the logs to cants
(4 x 4 ’ s, 6 x 6’ s, 6 x 8’s, etc.) arid chips. Thus, a log that woul d have
been converted to chips at $12 per ton now w i l l  be converted to cants
worth approx ima t ley $~S0 per ton plus some chips. The first machine was
recently sold to a logg ing compeny in Virg inia (Reference n).

The Depa rtment of Energy, the Department of Arg r iculture and private
industry are actively fund ing development of new harvesting machinery
and techniques. New equipment is expected to reach the market place
in the near future .

It is obvious that considerable time will be required to design ,
procure arid efficiently manage a harvesting system for a given
installation . While the design of wood fired boilers is relativel y “off
the shelf ,” the design of an efficient harvesting system is a function
of many variables . Consideration should be given to utilization of
wood for fuel , independent of the decision to harvest or not to harvest
existing owned timber for fuel .

4.8 Barriers to Utilization of Wood for Fuel: Appendix S addresses
several ins t i tu t iona l  and technical barr iers  to u t i l i z a t i o n  of wood .
Reference o addresses a rapidly developing barrier , i.e., environmental
preservation in the forest. It would take 20—20 foresight to predict
the extent of wood fuel utilization 20 or 30 years hence; however, in
view of the rapidly increasi ng fossil fuel costs and the limited
alter na tive fuels , it is reasonable to assume that a signi f ican t number
of wood fired boilers will be operating for the foreseeable future.
Evidence indicates there is enough wasted wood in the forest products
arid woodworking industries to support large numbers of additional wood
fi red boilers — all without harvesting a single additional tree. Private
industry is utilizi ng wood fuel and the momentum is build ing rapidl y.
Every job created further insures the longevity of the industry. The
Depa r tment of Energy arid the Depar tmen t of Agricul ture are actively
fund ing projects which will evaluate the efficiency of wood fired boilers
and which will develop techniques for growing and harvesting wood fuel
in the most efficient manner. State supported universities across the
country are ac tivel y promoting wood fuel utilization . The ntilitary ’s
utilization of wood fuel will be such a small percentage ~.f the na tional
consumption that we should simply monitor developments ar~ “follow suit.”
At this poin t in time , all  indicators are encourag ing .

n. Bryan ,~~~~~~r~iV~~., “Mobile Canter Works at Landing to Improve
Hardwood U t i l i z a t i o n ,” Forest Indus t r ies, Vol 105 , No 11 (Oc t 78) .

0. Wisdom , Harold W., “The Impact of the Environmental and Energy Crisis
on the ~~ Timber Suppl y, ” presented at the third World Pallet Congress
(Octobe r 1977).
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The barrier to harvesting fuel from military installations are more
formidable. At present, f unds from sales of merchantable timber must
be placed in a special aecount at the Treasury Lèpartrrent and used to

L support the installation forestry program. Since this program is
mandated by Congress (Referene 1 & p), the laws must first be changed
if military timber lands are to be converted to energy plantations.
As wood becomes a more popular source of energy , timber that is presently
non-merchantable iray very well become a valuable corrrrodity; therefore,
until the present law is changed the rnilitaty may be unable to harvest
any of its timber for in—house consinption. If the assumption is made
that the law can be changed or that fuel wood can be harvested under
the existing law , the military must then decide whether to harvest
in—house or by contract. Unless the present trend of personnel and
budget cuts is reversed, it is unlikely the military can justify in-house
harvesting. Contract harvesting with the whole tree chipper is runn ing
approximately seven dollars per ton (I~~ference i ) .  In viow of the
complexity of a harvesting operation , the capital investment requi red ,
the rate at which the technology is developing and the limited
flexibility of a bureaucracy, the seven dollars per ton is most
attractive. Perhaps the military’s tinber holdings could best be used
as an efficiently managed source of forest products during peacetime
and a fuel reserve during rrd)ilization.

If wood fuel is purchased on the open market , it must be recognized
that existing marketing or brokerage practices require the b~~’er to take
delivery as quickly as the fuel is manufactured. Ebr exanple, the owner
of a wood fuel heating plant will be expected to take delivery of fuel
through the sunner. As previously stated, process boilers with year
around steady loads are best suited for firing with wood.

In surrinary , the military should follow industrial practice and
consider installating wood fired boilers at those installations where
wood fuel is economic and available on the open market.

p. FIZ\M[~ - Forestry Lands Allocated for Managing Energy, US Air Force
Report CEEID-TR-78-l (Sep 78) .
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APP~~~IX A

W(~ D ENERGY RESOURCE BASE

U .S .  Resource Base

The stand i ng forests of the United States comprise over 700 million
acr es, about one—third of the contiguous U.S. lard area . The total
energy content of this resource is about 300 quads* —— 95 of whir}T are
in the Northwest , mostly in Oregon and Washington, 90 of which are in
the Southeast and Southcentral states, and 45 of which are in the North-
eastern states. Of these three major resource areas, the forest growth
ra te is hi ghest in the Southeast , next highest in the Northeast, ~nd
slowest in the Northwest. Today the U.S. uses wood to supply about 2.]
quads of primary energy. Over 90% of that usage is concentrated in the
forest products industry. The irdustry directly burns the fuel or black
l iquor for process steam and elect r i c i ty  (black li quor is a combustible
by—product of the pulpi ng process).

The theoretical maximum recoverable energy from wood per year is
approximately 10 quads. A more realistic estimate of the amount of
potential wood energy above what is already recovered today is 2.2 to
4~ L~ quads. This energ y range is about 6% to 12% of the U. S . oi l
consumption or 12% to 24% to U.S. oil imports. This represents roughi’
$3.3 to $6.6 billion worth of energy.

Wood in the near term will be a reg iona l energ y source.
Transportation costs outside a 30 to 50 mile rad ius from the harvest
si te quickl y reduce the economic competitiveness of wood energy.

One potential problem is the harvesting of wood for energy is that
if a stand of trees is cleared for fuel there is little or no incentive
today to replant with trees for fuel. The landowner is more likely to
raise sawtimber because it has 20 times the economic value of fuel trees.
Only when crops can be raised in less than 12 yeats do the economics
change in favor of fuel . More likely, however , the small private
landowner will replant with a cash crop that pays in a year or two,
rather than plant trees at all. Only the corrinercial industry with big
landhold ings and a stake in wood will replant with wood.

*1 quad = I quad r i l l i on BTU’ s = 1015 BTU ’s.
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Ont- strong p] us for the harvest ing of wood for energy is that  if
it is properly performed, much greater forest productivity will result.
For example , in the Southeast it is estimated that the rate of production
of wood in the forest can be doubled or perhaps even tripled if the cull
(rough , rotten , or dead trees) or competing small material is removed
from the forest. By hav ing two cuts, one to thin out the cull and
competing growth (which is used for wood energy) and the second to
harvest sawtimber arid pu1~~ood, higher yields arid higher revenues may
be produced for the landowner.

Resource Base of the South and Georg ia

The South contains between 0.9 and 1.3 quad s of realistically
recoverable annual wood energy. This is equivalent to approximatel y
1 4  to 266 million barrels of 1t2 fuel oil. This represents between 3%
and 4% of the anni~ l U.S. petroleum consumption or between $1.3 to 2.0
billion worth of energy.

Georg ia has a real isticall y recoverable energy potential of 120.6
to 277.4 trillion ETU’s. This is equal to 42% to 97% of Georgia ’s total
natural gas energy consumption in 1973 or 9%—22% of total energy
oonsurription in the same year. This amount of annually recoverable wood
energy also represents 5% to 11% of total energy demand projected for
Georg ia in 1990.

A-2
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tt’ lir’ ‘ i i i,:, i-Ic , It i h l u t os
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•JuJy 20, 1!J7,~
Si -t Idy or both, This IIt t- ttal,V ’,ted pettposal ad-
dee,sarls ltj iOlf tit, this tang ,

3, Inaplem.-nt a foI luu W-i , i ,  DOE Wood En-
ergy Gomtnert ’ ia I i ztutiOn Program wh ich
• ,,uld contain t h e  fol lowIng tc,ituh re s :

a Spon sors hIp of a natIon a l a void energy
data baee foe the coun l ry , I e . how muc h
wood is ava ilable for ‘energy usev , ’ where
is it available , and who Is currently usIng li--

b. Study of t - ise econom ic parameters that
aeo involved its wood becoming a huel “cons-
modity ’ i.e., l and  uwt se rs hl p. harvesting, re-
fore st at io rl , t ra t ,s l i ’ uv 101 lOll . -supply colt —
tracts ,

c, t ’ r t ,vi de brt u a,i pu iliu. ’u t v , , , ,  iI I t ’ , t t i ’ O ,  ,‘S
arid d isadva ls tages of W,lod niul’rgy t,t ‘iv l,ide
ers dor s em ’t o ts Iron ! US. F,1rr ’, t $c- rv lvl’ as
well as extolling el lo icOlIrnetI ua I i less po l lu—
Pots , better f l ier- s I - s b  and economIc blower
fuel costs , new Jo lt ’ , creultilanI bent’tII-s ,

d, Highlight the elemc tl t a in t h e  Nati t lnal
Energy Act that are alread y built Ill to help
the cot nmerc la li -zat io n dens on -teatio ni -I
wood energy t I e ,  I lsveshlnel ,t  Tax (‘ .1 011 ,
removal of co g etle rat lo ls ba r r : t - r ’ . p r lns urv
fl le ls tax , etc ,I -

e. Identify other in ret i t ives t lt at are vIm -
renthy available Forest Impeov r’tn ent Pro-
gram) or needed IHarv eot lng Equipment
Purohase Ince ntives ) to ft tr t he r encourage
wood energy C000eFs Ion O,

f. Implementation ,,r co mm (‘ rt il dem,i lt -
etratiofl progeamui IllIdet the nant e of w ood
as a commercIal bloolSos fuel, TI-c progr am
would mate wood ouppl y and demand (ni
industry , invl.ilnti ,t nn . and uti l I t Ies outs Ide
lb. forest prod ilcts industry. Tho progr am
baselin e Cou ld be a-ho le tree ch IppIn g toe
fuel Su pp ly and dIrect combu stIon for steam
energy prod t let lo n . Other program var iables
co uld Include wood wastes arid pelle’tieevl
wood ax eupp ly v arI abl es anti el ect rIcal ci’-
g etse rnt hot, as a demand var h aIt It ’~~
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Power plants turn to good old wood

harvesting leaves behind a great deal good.” Beardaley says wood fuel wouldOne utility In Vermont of “ slash” —unu sab le limb s , tops and produce a kilowatt-hour of electricity
and several manufacturers stumps , as well as diseased and other- for ½ inifla less than the cost of elece
are planning to do so wise unsalab le trees , Sawmills also dis - tricity mad e from the low-sulfur coal
_________________________________ card a fair amount of wood chips and that the company roust burn, And sup -

sawdust. According to a draft report ply is no problem. Green Mountain
In energy, as ~n econom ica the re is no done by Batte lle Memorial Institute wou ld use the slash left after harvest-
such thing as a free lunch . Still , experts for the Environmental Protection ing, plus unmarke table species culled
searching for untapped fuel supp lies Agency, nearly three quarter s of the from the forest. “ Half the trees in Ver-
seem to have dis covered something al- wood harvest ed each year is lost some- mont have no commercial valu e,” notes
most as good: wood . The rising price of where on the trail from the forest to Beardaley .
oil , coal, ‘nd natural gas has interested end products. This w ast e contains The fuel would be delivered in chip
both electric utilities and industrial enoug h energy to rep lace 2l’~ of the to- form , ‘ W e ’d probably need about
plants in the waste wood that is left in tal foss il fuels—including 50% of the oil 400,000 tons of wood chips a year .” says
the forest or discarded at sawmills , and gas—bur ned each year by U, S. Beards ley , “That ’s no more than a me-
Wood burns cleanly, is .:heaper than util ities , In some areas of the country, dium-si ze pulp mil l handles ,” The util-
fossil fuels , is often easier to get , and such as the Northwest , there is even ity would have to order spec ially de-
requires no new tec hno lcgy. more energy available from waste si gned grates and stokers , thoug h

At least one ut i l i ty—Vermont ’s wood than there is from all the fuels Beardaley claims the equi pment would
Green Mountain Power Corp—is al- burned by ut ilities , be very similar to coal-handling equip-
read y p lanning to build a wood-fired Suppl y. No one is suggesting that wood ment. More sophisticated controls
power plant . Several man ufact c ring power is going to eliminate oil imports , would also be needed because of the
plants that produce their own steam but to Batte i le , these facts are highly vary ing amount s of moisture in wood
are converting boilers from fossil fuel encourag ing. Says senior researcher fuel. ‘ But the technology for this is al-
to wood , Even the forest products in- Elton Hall: “The imp lication is that in ready here ,” he says All in all, Green
dustry, whic h has always used some of some areas of the country , incremental
its wastes for fuel , is stopping up ef- generating capacity using wood ap- The forest products industry
for ts to recover energy from wood , pears very attractive. ” Green Moun- Is stepping up efforts

So far no one is sure Just how much tam Power heartil y agrees . “We have to recover energy from wood
waste wood could actual ly be used eco- to build a 50-megawatt base-load plant
nomicall y for fuel , but it is clear that by the mid- 1980s ” says William H. Mountain expects to pay about $50 mu-
this discarded resource represents an Beardaley, ass istant to the utility ’s lion for the wood-burning plant , about
enormous amount oc energy , Timber president , ‘Wood looks extremely as muc h as it would have to lay out for

a coal-fired unit . t’The wood-fired
equi pment costs more ,” explains

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
Beards ley, “but pollution abatement
equipment is considerably less .”

In fact , that may be one of wood ’s
National average : 21% most alluring advantages. Most of the

particulate emissions t hat burning
Pacific wood gives off are large , obviat ing the
1O3%ffN

~
th ~~~~~ East Nøw need for cost ly electr osta ti c precipi-

Cantral _ ~°~~‘ ~~~~ EnQl~~d 
~~~~~ tator s. Moreover , wood produces no sul-

fur dioxide at all. The amount of ash~~~~~ ~~~~~~~~~ 
~~~~~~ ~~ left over is very small compared to coal

and may prove to be a salable bypru.
duct because it can be used as a good
soil conditioner.
Sawdust bofir. But there are limitations
to wood as a utility fuel. For one thing ,
transportation mats rise rapidly as the
volume needed increases “l t s unlikely
that wood -burning plants larger than
100 Mw , would be bui lt ,” say. Beard-
sley , “because the fuel saving s would
be outrun by the added costs of trying
to get more than 800 000 tons of wood‘Mountain w it hin a reasonable distance of the

~~~ “W.st plant. ” Even some areas rich in waste
wood may find it uneconomical to use ,

Centra l South Atlantic the abundance of low -sulfur coal would‘- South East I South In the Mountain States, for examp le,
19% Central

29% 25% probably preclude much wood burning .
Whi le these factors may in hibit

growth of wood as a fuel in utilities ,
c--i60 0 BUSINESS WEEK March 15, 1976 ENERGY



they should not do much to dampen ci’ . gaL a day of fw’ l oil to dr~’ i t s lumber.
ceptance elsewhere in industry Last But r,’s~ur~’ from the stat e’ ,‘~nvl ron-
mont h Ito ssel I ( ‘ i rp ,  an A k-van der m,’n Ia I Q ual it I k’pt. m a l e  ,“,nt in ued
(‘ : tv  A la.) t ,’xt i l ,’  maker , r ) lt i .’ a u~ ’ ’ e , I ’ the’ w~~ s~e t mt impossilile , and iLe’
ee , al — t i re — d )xeile ’ r ‘ a jveie l i ’  f prci’ liii ’ ~~ n i l  a :ent,’,l , a l l  a s,’ ’ end kiln , w hich
tsi )— mi l l i, ri litus an hour w i th  a u r i t  w i t  ‘ ‘ . s, .~~ ,‘d fu,’ I requir’ m i n t —
tire,l by ~;esi l u—I  ‘‘ Re ’  ad ‘ —h ell ,t ‘ . ‘ ‘ , , ‘e , i r i ;, n, h i - ’ ’ ’ . .
pol lution control ,‘ ,1ui1m’’nt e r  g ei 1,, II. ’ i t  ‘ ‘ ‘ ‘ ‘ ‘ r w i t i  i ’ ’ . , ’  el
oil ,’’ says Benjamin Lu— s i ll, e mit i t i iry ’,i ~‘, 

, ‘S r . ’ e I I \  t i , ’  l i s t
of Russell Land Inc., in affi l iate ‘‘liv thi ng we ” , ’ ,‘~ ‘r don,’ ,” s as s  I’re’sident
using mill wastes instead , we ’ll cut our L. ~i”r 1 t i~i IBis,’). “ Ye “ re saving one
fuel hills about 4))’ , A n )  it won ’t ‘ te i ie , ’  h,’e’k ‘‘I a f’i ’l f u l l , and I ~ ii’ ’) we ’ll re—
the cutting of one a u d i  ti,,nal t ri’,’ ’ u’ov ,’ r t he $4) 5)00 ) in ,‘st men t in 3
Originally ,  Rusa,’ll hail iilanm~’l tee tir,’ litt le \ i’r two v , ’ te rs . ’’
the leoiler wi th c h i pped fe ri”h vi” idue . Enthusiasm li ke ’ t h is leads Al E. Ste—
hut he found that sawd u st was  ‘he.ap,’r ve ’nue ,n , niiimua ge’r of energy analyses
an d more r’ ’adilv av ai la ble ’  ‘‘ W, ’ ,, g e t  f i r  i ‘ a) if ,,roi ;e’I ,;ie,’d Aer ospace ’ Corp.
a num)’,’r of sawmills in e ,ur are ’s that ti , c,e mi ,’ liide ’ : “It ’s entirel y feasib le for
are too sma ll to its ,’ the’ i eis’n a a~ t ~‘e ,’’ the f,,r,’si j ,rodut’ts industry to achieve
he exp lains. “Th,’y (‘an t simp ly burn it , energ y se- If-su itiency in the near fu-
and it ’s nit good landfill. Th,’y a i r , ’  lure. ” That , he’ adds , would prov ide arm
glad to get nil of it, ” tt np , i rtant national energy saving even

As a r”sult of his ‘a n  i’ \)x ’ r ie’ nc i ’ . if t he’ ide-a of burning waste wood
Russell has f,,rme’ d ii su i is i i ha rv  , ne’v ,’r spread s much beyon d the lumber
Energy Conse’ rvati ,,n Inc ., to mark,’t e’ i m t uami ) e ’ e .  Stev ,’nson , who recently
sawm ill wastes to lix’s) in,iustr ies . Al— anaiyz ,’ei e’n,’rgv use in the’ forest prod-
t hough he has S i t  tee make a sal,’, hi’ r i -  ue ’ts industry f ur the’ Energy Researc h
ports dozens of i ne1ui ri, — ‘‘ It ’s like & I),’s e’ i’epmen t Administration , says
app le pie anil motherho,ee l,” he SaVe . t he industry currently uses 2.2 “quads,”
‘‘Every body is in ~ ‘, or of it .’’ or ~uadni lion Btus , a %‘ear hut gener—

Russell claims his installati,,n is the’ e t c  o l y  0 i1ita,fs internally. Thus, if
first use of was t e  wusid f,,r energy s i lt -
s ide the fiirest pr,uducts inilustr~ , whi c h Pollution control equipment
has been firing its i,oil,’rs wi th le’ft ov ,’r costs less for wood
chi ps an d eaw utu ~i f,,r uie ’, ’aii ,’s ~~~a . than for coal says Beards ley
though , many pull, and pa~e’r e’,,m-
panic’s e r ,’ re’e f i,uful ing their ,‘tT,,rts. t he’ industry air ,’ entirely ses f-su f-
“We wa nt to kee ’1e the~ ,’ i’ne’rgv i,ucks fcient , it wo uld trim the nation ’s need
from going ti , a thiril party.” says for fossil fuels by almost Z’ . And lie’-
James Rodge rs . eri~’rgv ,“surdi ntu t i ,r at cause virtua lly all the saving would
W eyer haeus,’r (‘Ce , in Tacoma , Wash, ,‘,,m,’ in ,,il, the ’ re su lt would ice ti , re—
“In 1975 we shav ed i;. itT our $fls m l —  due’ ’ the ’ i t , ’ , ’ , 1  f i r  oil imports i,v 74 — an
l ion energ y builg e ’t , and we hope to mi ri’ ’ ,i ,‘ amount.
shave anothe r f l i t  million or more this Appealing as this sounds, however ,
year .” waste wood will pro bab l y not prove to

Weyer hae user is ,,urrentl y abe ut 45’; i~i’ a long-term source of energy. For
self-suff i c ient in e nergy; its goal is to one thing, pul p and paper mil ls are us—
become completel y inuh’pendent u’v , ’ n- ing more’ and m,,rc’ of their raw mate—
tually. Right now the’ company gets rials in end pr,jelu<’ts , incorporating
most of its caste ’ wood at its mills.. ,‘v,’n l,ark nt , ’  ac me papers. Lumber
bark , tri m , anti ,uthe ’ r ru’su’ lue ’ ,. are rein mil ls , too , are’ making greater use of
t hrough grinders and mixed wi th saw- pr c ’v eiu sl y discar,h’il wood liy increa s-
dust le e’ f,ere i,e’ing fired t ee p” i,l uce’ in g pre e , fe ie ’ ti omm of such i tems as chi p
steam. But Reeel ge’r’s says ii’ i- ana lyz- t,e,ar,l. An,l integrated companies such
ing t he possi bil ity of i’hi~,ping s lash as Weye’rha ,’user art’ using more of
left in tb, f ,,r,’st I t~~eI usuall y l,urne-d their sie w efus t for pulp. ‘ ‘ As w ’  leac ,i
there) an’1 t ran e)iu rting it t i  the ’ mills , how I’ , is ’ ’ more u lcer for products,”
Silf-iufflcllflcy. W u’ ,e ’ r haeuse r is by flee s ums iii, Rodg,’rs , ‘a sma ller amount of
means a lone, Many small lumi,,’r corn- waste ’ will lee left f,ir energy purposes.”
panies t hat foun,i it unec,,ne,nii,’al tee Be’ardsle’~ ,,f Gree-n Mountain Power
use t he’ir wast u ’ i .  fi,r fuel in t h e ’  li iec t en,’ agre es. “We ”)) lie working ourselves out
now reeva luating the ’ s li ’a , l’ su ’  got a of t i source’ o f supp ly,” he’ says. “The
healthy backlog of or,k’r’u, l,,’ams one’ r(eugh trees we’ ui.e will tee replaced by
Seattle con s ultant w h ,i kn ’ews we e ,x t-  me’re valua b le ’ ‘ i n.’- worth too much to
burning boile rs. “Smaller mi lls an’ leurn , ”
being f ,erced into using the ir wastes in’ Stil l , ,‘v ,’r~ little liii helps these days ,
stea d eef thr o wing the m away. ” an d the experts s ,’em to think that

One e’xam p l ’  is tl icne’ l I,umii,’r (‘ a u  in wined has ‘a 1,13cc ’ in the complex sotu-
Hood Rive r , Ore l’ ntil la te ’  last year tie,n neede d for the nation ’s energy
the corn pany inc i mi,’rat eel su ns’ 2)) liens ier’ i i e m  Save Beardsley: ‘‘Wi’ look at
if wa s te ’  daily in a ‘‘ w igwam ’’ leurne’r wene,I as a i i -  yea r I riilge’ to breeder re-
At the ’ san te ’ t int ,’ , i t a - t e e  cu ing I,(XM) actors, fusi,,n , and so lar Isic’er.” a
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Fuelwood harvesting, chipping
operation encourag es forestry
Brick and tile company established woods operation to meet projected energy needs;
removal of low-grade hardwood makes it feasible to undertake reforestation efforts

By F~ICHARD W BRYAN hare iweieiei I’eur c’ehich the re cc i’, y e t  l i t t l e  t hun g f r c .m l in.  ut d cammmeme r u p .  [here is
Associ ate Editor mam ’kci , ‘ Saf ’t i t  said , ‘‘In t t i e,’ t .  the u,l. ‘,~~t ’~ li tt le’ in the ’ ci., ~ u ,) top’, i i de bits

ume is great enough to meet cmi’ needs le f t  es ., e esc il t . Ii ce’s . , r e  hu i it e Ii ee l in
almeist inde’f intte l , s kid d er pay ie iad .su ,ed bundle s end the

(,iei ~ Hit i , N (  . — Ileia dc,es le ne’n- ‘‘The land is pr i c t i t e l ,  e ’w ne’d , l’u , i ’ ihe s k idd i s t i c n e ’e i s h c ’ idm, , I ,~ i k i ) ’ i i ,  J u ic e r
forest  products compieny go about de~ most part . and has been high.grtcde’d ‘[he f ’e l fe r ’huincf ie ’r c i pet ’ t i t e ’s s i s  d .u y s

eloping t, f i d e l ht,rc e’st ing e.perat ion? through the e n s  unt i l  c e r ,  l i t t le  s ticcleig .i week mci it i t u i nt tu in  priedue ~~mii en As a
l ’e ,r l se n he cu ir i t , i ek ’,end lu le  (‘ ci . c c f har dw ,,c ud rema ins. Our di sc i iss uc ,ns normal reek the eec,  izit i pple ski ddeis
S.i l is h ury.  N (‘ . th e t en s w e i  is: c e r y  s y s - w i t h  Nuirtli ( ‘ te r i i l i n t i l ’e i r est  Se’ r u i c e ’ u t  puil l  t Ime hulk cei th e ae,ccei . cuu t te th ee .uh le
icmat,ca ll y . lic iti ls and ee l hers in the i nctu u tr y  led its skidder useci ii’ pie), tip i.l r u’ pped civ se it

A f t e r  ttu ireuu g hl y nc esmig at ing we, u,d t u i  belie s e th t c t  we c,uuild de,’ic e the ‘c ue) tered trees, and tus a spare
f ’m ic l l’eur e t i e m g~ . t he eu,m pan y c,i me to w e  eieeded tu nd at the st em e t ime promu ’ te At  the landing, the small mciii mit
the c ,, n cl us ie e n t hat three in g redient s bet ter te ’ res t management. \ er, f e w  e u) s e w  l e ig s u ed mt e t e ru te l  i s  l,igh~grt ided
a crc ’ needed, a pre’s i ciii’ ,) u nttepped the land cia ners tir e’ wil l ing t o spend the u,eit , huic Led tumid lusceted on a a, t , u tu ng lu ig
se ie i rce uul raw m ze ter y u l  a h t e l f  m i l l iu ,n money ne c esst ut  tee remu s e the cull tr t u le r h’, the l , u .u de i e ip e r t eteir .  I t  has
de mll ar equipment inve s tment  tund the m a t e r i a l ,  But ii d i e  f e l t  th at if te h~e rc Cci been ac ertegin g ,ihe ,u ,t a i rude,’ cited
m a n t e g e n mte l ski l ls  t e, put it  tell teig e ther cuper atie i n prei c uded a l i t t le  return s tal let e’S ci dan - Whe n l ’ ec ~ e s t  I ~ i m i S t i e d  i5

s in C e th es e req tuur e ’me nts youilc) he the’ sant e time provedcei most cul the s i te  s i s i t ed . lsen h e, i i i  had ne, i s e t  st ,, rt eef
met . c o mp an , cc ) )  c c u t e l s  e s t ab l i sh e d  pr e p i er t eticin needed mann cit them w e i i i l d u t u l i / ing chips trc i m the ’ lui gging c ’pe rtc-
l s en he , ur  I’ or est l’ re ,d u cts (‘ i irp.  , a he cc f l i ng  tc , ref e ires m their bui ldings; ’  tee m Sc , PIf l e chips a crc g,~c ng to (‘ ham
cc ) cu , t ln - , ianed subsidiary w i th  respe in- Sc efrut ex plained. piein lnt e rntct ui i na el  t , i  Re i tu n i uk e  Rtcp ids .
s i h i l i i i ~ s liii carr y ing ciut ,i pm’ es - ie ~eis l y t ’ .q u iepm c ni l’eu r the ’ crew c u i ns u s m s il a N C  tend har et wim i i d chips t ee  ,i lue ct e l
cnutu tc t e d  s t c a d ui s m purchase prcigr icm cml I_ iehhcrr u)401Cller .hiuncher three Jc,hn t’mhe’t’hc ,t ircl ce incern.
sta rtung the’ fuel lu gging cip eni et ie~n. [rn’ l)eere 1,4 )) s k id u l e is  ( I c e ,  u t  e grtepp le’.. ‘[he trtc c ks hc immg t u gged f i , i~ e’ c ii ied
c —st St el r i i  Jr. - administra t ive m i imitu y ’ e r ,i e c e , czchle skiddee’ ), .i ‘cliue ’h tce k me’de l f ic i r mi  1)) tee  5 )5 ) isa es . u l ihc iu u g h ct  least .1)1
cif Is e esfu imu ir Btu c k tend ‘Iu le ( ‘ c m  , a d s  22 l u u t , c l ( ‘ h ipar c es tu i r  c c i t t ,  d i r t  ,u e ’ u e s  es  d es i r teh ie  It ’ minim u,e the
n.emed sav e pie c ie tent gener iet nit ie i .,gei septet  i tor .  I’t e n t i c e  2 1) )  hy dra i u l iu . member i t  t imes the cre w mus t  he
of the flea c,,m pt c n ’ , le,ade r - m d  t in Owens le ,et tr te e ler . I - mr me,s cci , I t  is t i nmi c uptc ie d t le t i t  I r tc s Is cc i l l

N e s t  , ( i t t  r r, ~c I ‘ i i , ’ , . I c i n g - t i m e  I nt er nalu e,nal road I r e  t om ’ s antI f t  ce pe n pru c ht c f et mange tr uest 41) t ui I cii t i e  Fee  ifl

pulpweee,d deteler. producer tend equip- u p  and ce ,nven luu na f 40- f t  c f c i p s t i l l s  tire lie’ future \le ,re ’ts said. I he te n  e n coil
men m represent  c m i x  e , ate ’ ,  he red us fleer mall tessigned t o m lie’ leiggi mig crew . x is  ts meist i  u t  wel l  ‘drte i nec) i euf e l te n
a eeemd s supers uso r ,  IL cc c u e ,  , ha iili ng is c inder ih c’ dii cci ic ’ s In c -s pit, ,  nu ng I se nh die, r ‘ s d ecu si c m ted

I hc’mm . M’s ,‘ cs end t ither ccmmp any cit of the cuimpti nn s 0 .t ’ ’ ’  i t , t ce ,n , i i , e l i  en te i  the a ooct Iced hi isu ne ss . Ste t ’rit
f ’,c utc ls s pent a great de t c l ‘ if t ime tte l king ti ger tend the t i iemhe r ~cf c i i  - C id ass st ,id ‘ ‘‘e ke ’ I ,i’e’d uii cr hri~ k k i lns printten il
to pecip le in the f orest products endusir~ d en  he c’ tcreed ted meet prcwt i ict eo n tmeeds. a e t f u  nate i r te l  ge e u ntil t i v t i u he’i , I
tend leee .keng t i n  ee thc m’ eep e ra t ec d ns . A fleet u ,f ’ I I  Ini e rnt i tu ei ntel  t rucks tcnd 4~ a hen we cc e’re int ’e,rmcd t li.ui the cl t mi ‘ I

the  resul t  a les  the f e ,, ’ mt c m eei n e,rt c te ns have been tessigned to this and the unu nterreipted supply a us ‘ s e t  ‘uke
‘c i i  rcli I eel ’ ie v cry et l iceent . ‘)~mien log- sa w deis t proccere.’ment pruigram . In add i- ces i tdn ‘ m at ’t ’e,rd ted se w i l t, i i t , u e,’,insl m t
geng crew ahec h cx pree d uceng apprei x i -  t ie, n . a lathed trtuler is being vuum i c e e t e ’ t f  se t uirc e cit t ” mel s c i  w e  saetch eej t , ,  N,, 2
maid y 2 ~0 t cc ns eel c hips a day at about i nte u a s ece ind l u g  t rtuler. t eel oil t ha I s,cn,e m r te u m e t h tend in I ‘c~~ ccc
two-thirds t he c o s t u t No. 2 fuel  o i l .  At (rca members net eide un eeper t etcdr est , u h l eshe d n t r , u c i s  a et h  s .ec c  mills
the s ame time-, the crew ’ is help, ng I, me t u l f u r  cue h p ece’ i f equipment - plu s tc a i t hm n .u l)). m, r e e l i us t i e  , i h t ,ei ri s e  a
land owners empro v e their te n ds  b y pro - c e e m hi nati c , n m ee ht ,nc c ut i l i ty  nt tcm e end d ,ust -
co ding si te pr e pt m r te t i een henef t ts  and c re ss f’eer etvtt en l) te u ct isteevi te former ‘ I f  use cu c t  ul cc elc ’ pmen ts it the
utu liii ng ccitt mte me re al which pre ‘- u eu us I n Ne,rth ( cm u ‘ f in , ,  I’ (c rest Se’ i c ice , c s s u st , en t e net gc f ield led ii ’, Ii, — r ice ’ , e’ t h e m  s .c cc
h~d let t le dir f l u mierk el v te loe  c ed ien t  y t . im igem dust a cl i  he ee ’ n ee a u ’ i im pe’ t i t i c  et ~ p r i c ed

We’ des e c ,e e red i h te t  the e c u un t r ’ , l i - ic lc l l e ’r hee ncher  u p c r t m t e s  un Se f u e l  , u n e I  p e r f et ,p s  , m scarce h eel , c i t hu r t
ee ut hm n ii 0)’ me i ,,cI, te s cut Ste l ish u ir y cu, n- str l c i g l dt lu mm e,  mn tc ) . um ig ., swc eth f ’ m e , m edne y c i i  I Im e s led t i  ‘ m i ,  ente , ing i l i c  t ,ee l
i te u mm cd .i g me tu t  c e ’ l c mn,e  c ul le,w g i , u ulm. ’ h,, tu ~ u l . u i y  ii , the c , t t e em , t te k u rtg ec c ’ r ’ ,  h t e r s e s t i n g  b us iness S
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Clockwise , from top: )1) L,ebherr 941 t el ler-buncher with 22-in shear places mult ip le stems in bundle for grapple skidden
Shear has over 110 tOns of cull ing force Undercarriage is equi pped with 24-in triple-rib pads, 12) Ernest S at ru t  Jr left and
Gary Morris (3) Temporar y arrangement uses Morbark ScooprOveyor and chip screen plus mobile belt conveyor to unload
t rucks and store fuel (41 The set is arranged wuth the Morbar k 22-in Total Chuparvestor on one sude and the Pre nf u c e 2 t0
hydrauli c loader and trailer on the other Trees can be ‘~kidd ed to either side of the landung: saw logs are bucked out and
tr ansferred to the loader Sede Chuparvestor is powered by 600-hp Cummuns duesel , has dirt and bark separ ,c i or 15) John
Deere 640 gr apple skudder brings payload of trees to landing besude Chiparvestor.

iii) Si’ d Nt i l) STR1 ES Acqs ’ .t tg ~~ 
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APPfl”IDIX E

ECONOMICS

Utilization of wood as an energy source will provide a definite
economic boost to the area in which it is developed . It has been
conservativel y estimated that , for the state of Georg ia , a comprehensive
wood utilization program can provide $180 to $420 million in direct fuel
sales revenue. Applying macroeconomic theory’s multip lier effect to
this spend ing increase would indicate a magnification of busi ness
activi ty by a fa ctor rela ted to the publi c’s inclination to spend versus
save this additional income. A conservative multiplier value of 3 would
predict that the $180 to $420 million range in energy sales translates
to $540 million to $1.2 billion dollars worth of annual economic
activity.

Harvesting and transportation operations would be s t imula ted  in th i s
process with resulting employment benefits. Property values would most
probably increase as well , since many acres curr ently standing idle with
non—corrinercial grade timber would become a resource .

To give a clearer picture of the cost of wood compored to the costs
of other more conventional fuels, the follow ign table was constructed.

Fuel Cost per Mi l l ion BTU

No. 6 fuel oil $1.90

Natural  gas 1.75

Coal 1.75

Pel letized wood 1.75

Wood chips 1.45

These costs were developed using data from the southeastern U.S. and
while generalized , are felt to be representative values. They represent
price to the user , delivered within a 50 mile radius. Wood certainly
appears to be in a comparatively favorable cost position. Future
convent ional fuel ava i labil ity and costs would only be speculative , but
these factors again seem to favor wood.

In terms of original new installation costs , wood f i red syterns have
been found comparable to coal systems. In situations where a retrofit
of existing equipment is mandated , wood gasifiers appear to hold economic
pranise
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In sun’rTtary, wood looks economicall y viable as a fuel . Much work
remains to be accomplished in developing appropriate technologies and
obtaining reliable fuel , equi pment, and operating costs, but these points
are rapidly being addressed.
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APPENDIX F

DIRECT COMBUSTION

Direct combustion in the burni ng of fuel in the presence of ox~~en
for use as a direct heat source. In the case of wood , the fuel can be
logs, chips , pell ets, bark , sawdust, or wood waste from manufacturi ng
operations . The forest prod ucts industry has used wood to produce ent~rgy
for many years. As a waste product, wood was read ily available at little
or no cost . Consequently, dir ect combustion is a proven technology
for large scale operations.

One disadvantage of direct combustion , as with all wood systems,
is the handling of a solid fuel. A chipper may be required to reduce
the wood to usable size. A screw conveyor or front end loader is needed
to move the chips from covered storage to a metering feed system. Then
a grate is needed to catch the oversize pieces; and finall y, ash removal
and d isposal can be a problem .

Another disadvantage of direct combustion is air pollution . Wood
is vi rtually free of sulfur , but particulate emissions can exceed
allowable lim its if the burn ing process is not closely controlled to
ensure complete combustion . Existi ng technology to control particulate
emissions includes cyclones, bag—houses, and electrostatic precipitators .

As prices for gas and oil increase , direct combustion of wood for
energy will become more economical for small scale operations where wood
is readil y available. Furniture, picture frame, and other wood product
manufacturers need to be educated on wood as a fuel . Farms with woodlots
can use wood to heat animal shelters. In the residential sector , more
and more people are turning to woodstoves as a supplementary heating
source in their homes and workshops. Central wood burni ng furnaces are
now available , some even with multi fuel capabili ties, in sizes small
enoug h to heat average homes efficiently.

The key to increased usage of direct combustion for wood energy will
be education. Let the publ ic know what is available and how to use it
properly; encourage woodstove and furnace manufacturcrs to design more
e f f i c i e n t  systems.

4
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APPEND IX C,

- 
r ~~~~~~~~ ~~~~~~~~~R E G u 5  P A T  O F F

ALABAMA

Mobile River Sawmnill Company Mount Vernon
Bacon McMillan Veneer Company Stokton
Decatur Box & Basket Company Decatur
Scott Paper Company Mount Vernon

ALA SKA

Ketchikan Pulp Ketchikan

A RKANSAS

Anthony Wi lliams Lumber Company Calion
Desoto , Inc . Fort Smith
W. S. Fox Lumber  Company P ine  Bl u f f
Joseph Seagram P ine Bl u f f’

Potlatch Corporation Warren

ARIZONA

For t Apache Timber Company ~~iteriver

CALIFORNIA

Kroehler Manufacturing Company Fremont
Cal ifornia Cedar Products Company Stockton

COLORADO

San Juan Lumber Company Durango

CONNECTICUT

Eag le Pencil Company Danbur y
0. F. Mos s berg & Sons , Inc. N& ’ w Haven

C,EORG IA

Communicable Disease Center Atlanta
U. S. Public Health Service .“ur lan ta

HAWAI

Royal Hawaiian Nut Company t u b

IDAHO

Mo r t h w e s t  Timber Company Coerd ’Al ene

Clearwater Forest Products Kooskia
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ILLiNO IS

lntercr aft Corporation Chicago
- Turner Manufacturing Company Chicago

W. W . K imball Company Chicago
Jasper Wood Products Newton
Rock Island Mill Works Rock Island

INI)IAN A

Union Furniture Company Batesville
Indiana Hardwood Lumber Ctiand hr
Dale Manufacturing Company Dale
Cr addock Furniture Corporation Evansville
Evansville Veneer & Lumber Company Evansville
Jasper  O f f i c e  Fu rn itu re Company Evansv ill e
Ja spe r Chair Company Jasper
Jasper Corporation Jasper
Jasper O f f ice Furn itu re Company Jasper
Kimball International LaPorte
Indiana Mo u ld ing & Fr ame Company LaPorte
B. L. Curry Company New Albany

I OWA

Manchester Industries Manchester
Flour City Box & Manufacturing Company Waterloo

KENTUCKY

Young Manufacturing Company Beaver  Dam
Scott Lumber Company Henders on
Green Riv er Chai r  Company L iver more

LOU I S I A N A

H. D. Foote Lumber Company Alexandria

MA I NE

I n d i a n  Head Pl ywood , Inc . Presque Isle

MARYLAND

Beaver Dam Veneer Mi lls , Inc. Cock ey sv il le
Veneer Manufacturing Company , Inc. Cockeysv ille
W illiamson Veneer Company Cockey svil le
Miil co Products Indian  Head



M I C H I C~tN

Calumet & Hecla , Inc.  Cal ume t
L. L. Johnson Lumber Company Charlotte
B irds Ey e Veneer Company Escabana
Goodman Sta ni f o r th Div .  Escabana
Northwest Veneer & Plywood Corporation Gladstone
Th u r eson Lumber Compan y Howell
John W iddicomb Company Grand Rapids
Ahonen Lumber Company Ironwood
Fores t Center Sawmill Munising
Har tho Saw Mill (Cleveland Cliffs) Munising
Paramount Furniture Company Sturgis

MINNESOTA

Rajala M ill Big Fork
Raf ala Mill Deer River
Du rkee Manufac tur ing  Pine River
Marvin Lumber & Cedar Company Warroad
Marvi n Hill  Works Warroad

M I S S I S S I P P I

The Wur l i t zer Company Corinth
Rudol ph Wurlitzer Company Holly Springs
Mengel Wood Ind ustries , Inc. Laurel
U. S. Plywood Corporation , Inc . Laurel
Kr oehler Manufacturing Company Meridian
La—Z— Boy Chair Company Newton
Pascago ula Veneer Company Pascagoula

MISSOURI

La—Z—B oy Chair Company Neosho
Leggett & Platt Springfield

MONTAN A

Dieh i  Lumber Company Plains
Thompson Falls Lumber Company Thompson Falls

NEW YORK

El lenvi l le Handle Works Eli nville
Frewsb urg Furnitu re Company Frewsburg

Maddox Table Company James town
Chautauqua Cabinet Company Mayville
Reliance Pencil Company Moun t Vernon

R acquette River Paper Company Potsdam

Fan cher Furn iture Company (Mos. 1 & 3) Salamanca

Jam estown Table Company Salamanca
Columbia Box Board Mills Wallomsac
W’hitestone Wood Products Company Whi testone
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NORTH CAROL I N A

Southern Furniture Company Conover
Cary  Lumber Company Durh am
Fairfield Chair Company Lenoir
Abitibi Corporation North Wilkesboro
Edinb urgh Hardwood Lumber Company Washington

OHIO

Trailmobile , Inc . Cincinnati
Kr oehler Man uf a c tu r ing Compa ny Cleveland

OREGON

Ellingson Plywood Baker
Rickini Lumber Company Cottage Grove
Hanel Lumber Company , Inc . Hood R ive r
Hes ter n Sta tes Plywood , Inc. Port Orford
Hudspeth Pine , In c . P rinevi l le

PENNSYLVANIA

Sen sen ich Corpora ti on Lanca ster
General Interiors Corporation Lewisburg
Colonial Produc ts Company M i f f  linburg
M i f f l inburg Ind ustries M i f f l inburg
Mer chan ts Box Compa ny Dallastown
Williamson Veneer Company New Fr eedom
Eberhard Faber Pencil Company Wjlkes—Barre
West Virginia Pulp & Paper Company Williamsburg
Seiling Furniture Company Rai l road
Stewartstown Furniture Compapy Stewartstown

SOUTH CAR OL I N A

Roun dw ood Produc ts Company Florence
Stuckey Lumber Company Manning
Marion Lumber Company Marion

T IiNN ES SEE

Cavalier Corporation Chattanooga
La—Z—Boy Chair Company Dayton
Dyer Fruit Box Company Dy er
Roy Johns on Lumber Com pany H un t land
A shby Veneer & Lumber Company Jackson
Tennessee White )ak Jackson
Jasper Corporation La Fayette
Rockford Textile Mills Mc Minnvib le
Chapm an Dewey Lumber Company Memph i s
Tvers & Pond Piano Company Memp his
Memp his Furniture Manufacturing Company Mem pN i s
Prest Manufacturing Company Memph is
Cluck Bros., Inc . M o r r i s t own
Rhyne Lumber Company s wpor t
Wood Prod uc ts , Inc. (;-4 Newpor t



TEXA S

Curtis—Matches Manufacturing Company Athens
Olive—M yers Furniture Company Athens
Southern Pine Lumber Company Diboll

V ERN ONT

Weyerhauser Company Hanc ock

V I R G I N I A

Great American Industries Bedford
Ber ryvi l le  Baske t Company Berryv i l l e
U. S. Gypsum Corporation Banville
Interstate Veneer Company , Inc . Emporia
Quality Furniture Products Company Newport News
Dixie Veneer Company Portsmouth

WA SH INGTON

K innear of Washington Cen tra l ia
Simpson Timber Company McCleary
U.  S. Plywood Corporation “~-jrton
Peninsula Plywood Port Angeles
Burke Mi l lw ork Company , Inc . Seattle
S e a t t l e  Boiler Works (Export — Malaysia) Seattle
Tyee Lumber Company Seat t le
Long Lake Lumber Company Spokane
Buffelen Woodworking Company Tacoma
Coast Sash & Door Company Tacoma
Mutual Fir Column Company Tacoma
White Swan Lumber White Swan

WISCONSIN

Vulcan Corporation Arit igo
B irchwood Lumber & Veneer Company Birchwood
Nort hern Hardwood Veneer , I nc.  But te rnu t
Cradwick Manufacturing Company Coleman
Chippewa Lumber Ind., In c .  G l idden
Kern Furniture Division of De Soto Ho~~iiam
A. A. Laun Furniture Company Kiel
Dona ld Duncan , Inc. L uck
Marion Plywood Marion
Hurd Mill Work Corporation ‘Jedford
Mod ips Cedar Man~i factoring Company Nor l ips
American Woodworking Company Mon tello
Hardwood I’roducts Corporation Neenah
Menominee Int ian Mills Neop it
Id  ison Wood P ro d i i c  t s  Compan , Inc . New London
Simmons c ompany New l ondon
B! rchwood ‘ lanufac Lur ing Company R i c e  La ke
Marathon Corpora t ion  R o t h s c h i l d
We ber Veneer & t’l yw ood Company Shawano
;ecra I t Manufac tiir ing Company Stotighton

C .  B. Lew is Company Water tow n



W I S C O N S I N  — Continued

Underwood Veneer Company Wausa u
Conner Forest Industry Wausau
Pukall Lumber Company Woodr uff

PHILLIPINE ISLANDS

S t .  Cec i l ia  Sawmills , Inc . Manila
S t i . Ines Logg ing Enterprises Mindanao

CANADA

Columbia Fore st Pr oducts Company Sprague, Mani toba
Sta n ifo r th  Lumber & Veneer Ltd. Kiosk , On tar io
Goodman—Staniforth Ruthergien , Ontario
Volcano Ltd. St. Hyacin the , Quebec

SAMOA

Coconut Processing Corporation Island of Samoa

SINGAPORE

Seattle Boiler Company
Boise Cascade Corporation

MALAY S IA

Seattle Boiler
Bo ise Cascade Corporation

COSTA RICA

Bren da Company

N I CARAGUA

Plywood , Inc .
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INDUSTRIAL BOILER CO.
Post Ottice Box 936 — 221 Law Street — Tltomasvi ll e ,Ca. 31792 — 912~226-3O24

“WOOD FIRE D BOILER SYSTEMS ”

CUSTOME R CAPACITY STORAGE TYPE FUEL

Dixon Plywood 700 BlIP Slip Form Silo Pine bark
An d a l u s i a , AL 24 ,150 PSPH w/Flying and sawdust.
Mr. John Vick Dutchman
Mr. Bill Benson
(205) 222—4163

Ames-McDonough Co. 400 BHP Slip Form Silo Hardwood , bark ,
Parkersburg, W.V. 13,800 PSPlI w/Flying sawdust , chi ps ,
lix-. Max Wright Dutchman dry shavings
(304) 422— 6431 and sawdust.

Escambia Treating Co. 300 BHP Open Storage Pine bark ,
Camilla , GA 10 ,350 PSPH w/Drag Chain sawdust and
Mr. Tom Hayes chips.
(912) 336—0181

Florida Plywoods 500 REP Slip Form Silo Hardwood , bark
Greenvil le,  FL 17 ,250 PSPI-I w/Flying & sawdust, Dine
Mr. John Maltsby Dutchman bark & sawdust ,
(904) 948-2211 dry shavings &

sanderdust.

Rhyme Furniture 300 BHP Wood House Dry shavings
Marianna , FL 10 ,350 PSPI-I w/Drag Chain and sawdust.
Mr. Glenn Groves
(904) 526—2811

Stilley Plywoods 300 BHP Peerless Dry shavings
Conway, S.C. 10,350 PSPH and sanderdust.
Mr. Sonny Stil ley
(803) 248—4241

Schoolfield Industries 400 BHP Slip Form Silo Dry shnvings
M u l l i n s , S.C.  13 ,800 PSPII w/Flying and sanderdust.
Mr. John Adams Dutchman
(803) 464—6485
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INDUSTRIAL BOILER CO.
P.~I Ofl~~ k~ ~~ .221 Lav S*,wt. lb wjlh la fY32- 312 2233124

WOOD FIRED BOILER SYSTEMS
PAGE 2

CUSTOMER CAPACITY STORAGE TYPE FUEL

Butler Land & Timber Co. 1000 BHP Slip Form Silo Pine bark and
Creedmoor , N.C. 34,000 PSPH w/Flying sawdust.
Mr. Max Butler Dutchman
(919) 528—1612

Coastal Lumber Co. 1200 BHP Slip Form Silo Pine bark and
Havana , FL 41 ,400 PSPH w/Flying sawdust.
Mr. Jerry Williams Dutchman
(904) 539— 6443

Robbins Lumber Co. 400 BHP Stave Silo w/ Pine bark ,
Searsmont , Maine 13 ,800 PSPH Sprout Waldron sawdust & dry
Mr. Jenness Robbins shavings.
(207) 342—5221

Florida Veneer Co. 300 BHP Slip Form Silo Hardwood bark
Hosford , FL 10 ,350 PSPH w/Flying & sawdus t, pine
Mr. Ed Odom Dutchman bark & sawdust.
(904) 379—8675

Newton & Tebbets , Inc. 150 BHP Steel Silo Shavings , bark
West Bethel , Maine 5,175 PSPH w/Camron and sawdust.
Mr. Archie Young Unloader
(207) 836—2336

American Forest Products 725 BHP Open Storage Pine bark
Lump kin , GA ( P l a n t )  25 ,000 PSPH w/Drag Chain and sawdust.
Mr. Jim Kent
(912) 838—4358

Willamette Industries 600 BHP Slip Form Silo Pine bark and
Minden , LA 20 ,000 PSPH w/Flying sawdust.
Mr. Ivan Debben Dutchman
(318) 377—1030

Harden Furniture 435 BPH Stave Silo w/ Hardwood bark ,
McConnel l sv il l e, N.Y. 15,000 PSPH Sprou t Waldron sawdust  and
Mr. Gordon Babcock shavings.
(315) 245—1000 
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INDUSTRIAL BOILER CO.
Pist Oftice hi l3~ -2 2 1 Li. St,,,t - Tbssa,,j lk G, 31792 . 332 223 3424

WOO D FIRE D BOILER SYSTEMS
PAGE 3

CUSTOMER CAPACITY STORAGE TYPE FUEL

Sullivan Lumber Co. 1200 REP Open Storage Pine bark
Preston , GA 41 ,400 PSPH w/Drag Chain and sawdust.
Mr. Coll ins Sull ivan
(912) 828—3555

Lewittes Furniture 200 BHP Slip Form All dry wood
Taylorsville , N.C. 6,900 PSPH w/Laidig waste.
Mr. Joe Meister
(704) 632—4271

North Anson Reel 600 BlIP A.O. Smith Bark & sawdust.
Nor th Anson , Maine 20 ,700 PSPH Glass Silo w/
Mr. Henry Ilinman Sprout Waldron
(207) 635—2101

American Forest Products 600 BHP Open Storage Pine bark and
Vredenburgh , AL ( P l a n t )  25 ,000 PSPH w/Drag Chain sawdust.
Mr. Jim Kent
(205) 337—4321

Coulee Region Enterprises 200 BHP Stave Silo w/ Sawdust & dry
Bangor , Wisconsin 6 ,900 PSPH Laidig wood waste.
Mr. Dennis Wood
(608) 486—2882

Producers Lumber Co. 270 BHP Pine bark &
Boise , Idaho 9,315 PSPH sawdust.
Mr. Dallas Harris
(208) 344—2573

Salem Frame 400 BHP Slip Form w/ Dry fuel.
Morehouse, MO 13 ,800 PSPH Van Dale
Mr. Al Jones Unloader
(314) 667—5291

4
Burley ;mith Lumber Co. 400 BHP Stave Silo w/ Dry fuel.
Yazoo City , MS 1 3,80 0 P SPH Laid ig Unloader
Mr. Bobby Smith
(601) 746—4054
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WOOD FIRED BOILER SYSTEMS
PAGE 4

CUSTOMER CAPACITY STORAGE TYPE FUEL

J. R. Mains Co. 75 BlIP Live Bottom Bark , sawdust
Brid gton , Maine 2 ,580 PSPH Screws & dry shavings.
Mr. Joe Mains
(207) 647—3782

Bailey Mfg. Co. 600 BHP Slip Form w/ Pine bark &
Fryeburg , Maine 20 ,700 PSPH Flying sawdust.
Mr. Bob Robillard Dutchman- Mr. David James (Clarks Summit, PA)
(717) 586—1811)

Durgin & Crowell 200 BHP Metal Silo w/ Pine bark ,
New London , N.H. 6,900 PSPH Laidig sawdust &
Mr. Peter Crowell Unloader shavings .
(603) 763—2562

Tara Materials 400 BHP Existing Dry wood waste .
Lawrenceville, GA 13,800 P SPH Peerless Bin
Mr. Wally Klarman w/Screws
(404) 963—5256

Dickson Treating Co. 350 BHP Slip Form Silo Pine bark .
Canton, MS 11,550 PSPH w/Fly ing
Mr. Hugh Dickson Dutchman
(601) 859—1135

Stanley Tools 315 BHP Sli p Form Silo Medium M . C .
Pulaski , TN 10 ,458 PSPH w/Fl y ing Hardwood Hogged
Mr. Steve Swain , Plant Mgr . Dutchman Fuel.
(203) 225—5111

Stakmore Co. , Inc . 100 BHP A .O . Smith Dry wood waste.
Owego , N.Y . 3 ,450 PSPH Glass Silo w/
Mr. David Niermeyer Sprout Waldron
(607) 687—1616

R . Leon Williams 200 BlIP Metal Silo w/ Pine Bark &
East Eddington , Maine 6 ,900 PS I’S Laidig sawdust.
Mr. Leon Williams Unloader
(207) 843—7331
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INDUSTRIAL BOILER CO.
Pist Office l.. 934 .flj I~ fj.~ ~~~~ JJ. 3~ 3fl92. 132- 221-3424

WOOD FIRED BOILER SYSTEMS
PAGE 5

CUSTOME R CAPACITY STORAGE TYPE FUEL

Sprowl Bros. 400 BHP Slip Form Silo Pine bark
Searsmont , Maine 12 ,800 PSPH w/Fl ying and sawdust.
Mr. George Sprowl Dutchman
(207) 342—5211

Levesque Lumber Co. 600 BHP Slip Form Silo Pine bark
Ashland , Maine 19,200 PSPH w/Flying and sawdust.
Mr. Paul Levesque Du tchman
(207) 435—3011

Southern Wood Piedmont Go. 850 BHP Slip Form Silo Green hogged
Spar tanburg , SC 29 ,325 PSPH w/Flying fuel.
(Augusta , GA Plant )  Du tchman
Mr. H. I. Warrington
(803) 576—7660

Fort Apache Timber Co. 1450 BHP Clark ’s Green hogged
White River , Arizona 50 ,000 PSPH Live Botton fuel.
Mr. Hal Butler Bin
(602) 338—4304

Curtiss Lumber Co. 154 BHP Open Storage Green bark
Balston Spa , NY 5,313 PSPH and sawdust.
Mr. Bob Curtiss
Mr. Bob Robinson
(518) 885—5311

Union Camp Corp. 1 ,292  BHP Slip Form Silo Green sawdust.
Building Products Div. 44 ,584 PSPH w/Flying
Seaboard , NC 23851 Dutchman
Mr. Garland E. Gravely
(804) 569— 4321

Holmes and Co. 195 BHP Slip Form Silo Green sawdust
Columbia City , Indiana 6,728 PSPH w/F ly ing and bark .
Mr. David Holmes Dutchman
(219) 244—6149

Duke City Lumber Co. 650 BHP Green bark
Winslow , Ar izo na 22 ,425 PSPH and sawdust.
Mr. Ed McCau slan d
(505) 842—6000
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WOOD F U’ED BOILER SYSTEMS
PAGE 6

CUS T OME R CAPACITY STORAGE TYPE FUEL

Th~ F a i r b a n k s  Co. 323 BlI P Sli p Form Silo f~ixture Dry
Rome , GA 11, 12 4  PSPH w/Fly ing and Green
~ r. Freddy Ergie Dutchman Wood Resid~ies( 4 0 ~~) 2 3 4 — 6 7 0 1

(Jniversal Veneer Mill 465 SUP Slip Form Silo Green Hnrd~’ood
~ewarJ~, Ohio 200 P SI G  w/Flying Residue 9
“ar . Ci~rlo Iseli I-lot Water Dutchman
Z u r ~ ch , Swi t z e r l a n d

~~-t\ Forest Pr oduct s  600 BlIP Existing Bark
~ndaluzia , Alaba ma 36420 20 , 0 0 0  PSPH Shed Type Sawdust

~~~~~~~ James Forbes
( Evergreen P l a n t )
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Guarant y Performanc e Co., Inc.
P.O. Box 748

1120 East Main Street
L Independence , Kansas 67301

(316) 331—0020

~~~~~~~~~iN~LLi~i

BAS SETT F U R N I T U R E  iN D U S T R I E S ROEMM C so l i d  f u e l  b u r n e r  i n s t a l l e d
Bjssett Fiberboard Plant for a new boiler system with waste
P.O. Box 646 heat recovery .  Equi pment in
B a s set t , V i r g i n i a  2 4 0 5 5  opera t ion  9/ 77 .
70 3 — ( 2 9 — 7 5 1 1
Jim M i n t e r , V . P . /Enq i r ieer in g

BER T & WETTA SALES , INC . Two complete r o t a r y  drum dry ing
P.O. Box 317 systems for forage crops .
M~~ize, Kansas 67101 Equipment in operation 5/74.
3 1 1 — 7 2 2 — 0 2 4 0
Ray Bert , President

BOISE CASCADE CORPORATION Two fuel economizing systems
Box 1O converting two boiler stacks into
LaGrande , Oregon 97850 four rotary dryers comp lete wi th
503-963-3141 electronic controls. One system
John Schuh , Particleboard utilizing steam-heated furnace
Plant Manager for a rotary dryer.

CELOTEX CORPORATION Eng in~ ering and equipment for
Division Jim Walter Homes furnace modifications to steam
P.O. Box 8 heat in combination with boiler
Sellers , South Carolina 29592 stack heat into fiber tube
803—423—5053 dryers.
Bob Jennus , Plant Manager

DOMINION TAR s CHEMICAL CO., LTD . Two rotary drum dryer systems ,
396 do Ndsonnouve one 100—320 trip le pass and one
Montreal , Quebec , Canada 100-400 single-pass , complete with
514-282-5400 negative air system . Predryer
Herb Johnson , Central Engineer is heated from wet fuel boiler
418-285-2121 system . Equipment in operation
G. A. Paquin , Plant Manager 6/76.

EL CAMPO RICE MILLING CO. Complete design and engineering for
Box 110 par-boiled rice drying systems .
El Campo , ‘r’~xas 77437 Three-pass rotary drums with
713-543-2741 mechanical dryer discharge , primary
John Hancock , Jr. and secondary air and particulate

collecting system .

GEORGIA P A C I F I C  CORP . One comp lete ROEMMC wood burning
Box 520 (sanderdust) conversion firing two
Crossett , Ar kan sas 71635 rotary drum dryers , complete with
501-567-8111 Allen Bradley programmable process
Harold Rutled ge , Operations Manager controller system .
Particleboard Division
Jerry Ozmant , Project Engineer



HAMBRO FOREST PRODUCTS One single-pass rotary drum dryer
P.O. Box 129 complete with air system fired
Crescent C i t y ,  C a l i f o r n i a  95531 from a wet wood waste boiler sys tem .
707—464-4355 Equi pment in operation 6/75.
Hal H am i l t o n , President

HUDSON BAY D EHYDRATORS MUTUAL Desi gn , eng ineer ing , equi pment
Box 901 and construction management for
Hudson Bay , Saskatchewan , Canada a complete alfalfa dehydrating
306—865—3969 p l a n t .  E q u i pmen t  i n c l u d e s  a
Lockie Bracken , President 1 2 0— 4 0 0  t r i ple—pass rotary drum

dryer , 250 HP pe l l e t  m i l l , 300 HP
hammermill and 6,000 ton pellet
storage. Equi pment  in  o p e r a t i o n
12/75.

LOUISIANA PACIFIC Two comp lete ro t a ry  drum d r y i n g
P.O. Drawer CC systems with sanderdust burning
Arcat a , C a l i f o r n i a  95521 sys tem.
707—822—5961
Robert  Johnson , Plant Manager

MACMILLAN BLOEDEL INC . Four  comp le te  ro ta r y  d rum d r y i n g
Particleboard Plant systems . Heavy oil burn ers with
Pine H i l l , Alabama 36769 boiler stack hea t and s t e t m  pre—
205—963—4391 heaters. Neg a t i ve  ~ i r  s~- s L - ~
Werner  Westp hal , Plant Manager with oarticulat - control equipment .

Ec lui pment  in operation 2/75.

MASONITE CORPORAT ION O n -  comp lete wood dry in- ; system .
P.O. Box 378 Rep lacement  of one H e il  d ru r
Waverly, Virg in ia  23890  onl y. Equipment in operation
804—834—2201 3/74.
Cl yde R a t cl i ff , P l a n t  Manage r
Carl Shaw , Manufacturing Manager

NAVAJO FOREST PRODUCTS INDUSTRIES Two comp lete r o t a r y  d r u m  d r y e r
Box 1280 systems , one with sanderdust
Navajo , New Mexico 87328 burner and one steam heated
505-777—2211 furnace system . Equipment in
Hor st  S t rum linge r , o p e r a t i o n  6/ 7 6 .
Par t i c leboa rd  Manager

NU—WOODS INC . One complete rotary d r y ing system
P.O. Box 706 f o r  a particleboard plant.
Lenoir , North Carolina 28645 Negative air system . Vertical
704—758—4463 combustion tube .
Fred Fulmer , Executive Vice
President and General Manager

OCCIDENTAL RESEARCH CORP . One complete rotary dry ing system
1001 West Bradley Avenue fired with regenerative gas for
El Cajon , California 92020 municipal was te pyrol ysis system .
714—449—3910
Dale Barnh ill , Sr . Process Engineer
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PLUM CREEK LUMBER COMPANY Two sanderdust burner conversions
Box 188 to existing fiber tube dryers.
Columbia Falls , Montana 59918 Equipment in operation 2/76.
4 0 6 — 8 9 2 — 3 2 2 2
Bill Black , Plant Manager

PRODUCER~ S RICE Comp lete rotary drum dryer with
P.O. Box 461 pollution abatement package for
Stuttgart , Arkansas 72160 pre—cooked , par—boiled rice.
501—673—2551 A quality controlled drying
Charles Chastain , Plant Engineer process.
Ron Bailey, Vice President

SOUTH COAST CORPORATION Two complete rotary drum dry ing
P.O. Box 8036 systems , bagasse fuel preparation ,
Houma , Lou i s i ana  70361 boiler using boiler flue gas ,
504-868-1990 sys tem complete w i t h  convey ing
Albert Guidry, Vice President and handling.
Engineering

TEMPLE INDUSTRIES , INC . ROEMMC solid fuel burner
Particleboard Division conversion into four existing
Diboll , Texas 7594 1 rotary dryers for particleboard
713-829—551 1 p l a n t .  I n c l u d i n g  bo i le r  s tack
Bill Oates , Divisional Manager heat utilization.
Richard Krull , Plant Superintendent -
UNION CAMP CORPORATION ROEMMC solid fuel burner
P.O. Box 178 conversion into two existing
Franklin , Virg inia 23851 rotary dryers for particleboard
804—569-43 21 plant. Includi ng boiler  stack
Garland Gravely, Vice President heat utilization.
Bruce Jones , Plant Manager

U.S. PLYWOOD Four 120-400 triple—pass rotary
P.O. Box 558 drum drye r s  comp lete wi th  fossil
Gaylord , Michigan 49735 fuel and wood dust burners ,
517—732—5151 negative air systems and particulate
Lee Evans , Corporate Purchasing abatement equipment.
Max Stehman , Project Manager

VERHOFF ALFALFA MILLS One complete rotary drum drying
P.O. Box 87 system for forage crops .
Ottawa , Ohio 45875 Equipment in operation 5/74.
419—523—4767
Ray Verhoff , President

WAIALUA SUGAR COMPANY Boiler fuel preparation system ,
P.O. Box 665 equipment and engineering , for
Waialua , Oahu , Hawaii 96791 bagasse handling , three-pass rotary
808—637—4520 drum drying system utilizing power
Chester Shishido , Pro ject Eng ineer boiler stack flue gas for rotary
George Fraser , V .P./Production drum dryer energy .



WEYERHAEUSER COMPANY Two complete ro t a ry  drum d rye r s
P.O. Box 547 with combination gas/sanderdust
Add , Georgia 31620 burners , negative air systems and

— 
912—896—2215 product moisture analyzer and
Royce Stanford , Plant Manager controls. Equipment in operation
Tony Moore , Production Manager 2/75. Two existing dryer energy

convers ions  f r o m  f o s s i l  f u e l  to
boiler  f l u e  hea t  and excess steam
u t i l i z a t i o n .

WEYERHAEUSER COMPANY F uel economiz ing  system converting
Craig Box boiler stack into fiber tube
Broken Bow , Oklahoma 7 4 7 2 8  dryers comp lete with electrical
405-584—3318 controls. Equipment in operation
Jim Simon , Complex Manager 10/75. One complete fiber tube

dryer fired with solid fuel
(sanderdust) and electrical control
system . Equipment in operation
2/76.

WEYERHAEUSER COMPANY One complete designed and engineered
P.O. Box 135 ROEMM C solid fuel suspension burning

• Doswell , Virginia 23407 system with hot gas dampered control
804—876—3331 into two fiber tube dryers. Comp lete
Henry Ragar , Plant Manager fuel preparation consisting of
Gary Holmquist , Project Engineer grinding , screening , storing ,

reclaiming and burning .

WEYERHAEUSER COMPANY Conversion of existing No. 1
118 S. Palmetto rotary dryer system with new
Marshfield , Wiscons in  54449 controls and furnace , to solid
715—384—2141 waste burning (sanderdust)
Guenter  H e n n i g ,  P ro jec t  Engineer  Equipment  in opera t ion  1/77.

Modified and relocated No. 3
rotary dryer system with new
controls , furnace , and air system
and converted to solid waste
burner  ( sande rdus t )

WEYERHAEUSER COMPANY Fuel economizing system utilizing
Box 168 boiler stack heat into two fiber
Moncure , North Carolina 27559 tube dryers complete with electronic
919—542—2128 c o n t r o l s .  Equi pment in opera t ion
Bill Peek , Plant Eng ineer 6/75.
Jim Knoles , Pla nt Manager

WEYERHAEUSER COMPANY Particleboard plant dryer systems ,
P.O. Box 275 pollution controls , engineering
Springfield , Oregon 97477 and equipment.
503—746—2511
Richard Crabb , Project Manager
Bill Perry , Particleboard Manager
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Mix sawdust with coal for a
clean and cheap boiler fuel

Bill Hurnhani is blaiing ness t ra i ls  wi th sawdust front
• loca l-area lumber mills he ’ s feeding the wood wast e to the

boilers i t  Southern Colorado Power Div ’ s electr ical  getter-
lu ng s t a t i o n  in Canon ( it \  The saw dust , which is mixed

w ith coal before burning. is c heaper than conventional - -

energy sources . ( urre nt l~ , t he two  boilers ( 18-  and 24-MW
u n i t s (  arc burning an iv e r i ge  of about 120 tons of sawdust ‘

~~- ~• 
- -

a tl.i~ - ~h” - 
~
. .; • -

Burnhtim , the plant superintendent and an clect r ic-u t i l i t~ 
- 

• 
,~~~~ , •~~

- ‘ -

s pec,i i l ist  w i th  I xv ir of exp er ience wi th S( P (a subsid
i rs of ( ha. igo btsc d Central Telephone & I ti l i t ie s ) s t y , ~~~ ,i ~~

in describing the project . “T he sawdust simply falls out
from the back iii a truck and dow- n through a grating into a
hopper w i th  the coal. T hen it ’ s conveyed i~ a mix ture with

• the coal into the boiler and burned. It ’s not hing extrava-
gant .” he s,ivs .

The sawd ust is hauled in spec iall~ equi pped sem i t ra i le rs
wit h ca nvas tops that keep the d us ts bits from fl y ing ma~ Sawdust , hauled to plant in trailer , is dumped into grated
when the loads are in transit to  the pow er stat ion , Instead of hopper and mixed with Colorado subbi t um inous low-sulfur coal

dumpin g th e sawdust , each tra iler has a full-width conse yor
belt on the floor, which pulls the sawdust out of the truck ’s dol lars . ”

back door. The trai ler is parked on the grate over the lie points out that  each truckload ol s .iwdus t a r ies in
hopper at the plant. qua l i I~ - ‘‘Some va riet ies of sawdust don’t burn as wel l  is

Hurnham says that , in the beginning, he burned about others. Sawdust with ,i high mo isture Content burns less
l ive tons of sawdust a da~ “I just wanted iii burn small e l l uc lentl\  Our contract Is  based on a t~~’ f l l o l s t t i r e

amounts a nd see how it worked, ” An d four sears and a few conte nt. The higher the moisture content , t he lower the Blu
t ho usand tons of sawdust later , I3urnham has had no rating . One ton of co nt rac t-qua l it s s , tw d u st  produces about
problems In Fact , he ’ s found that the process can increase ID-million to Il-mil lion Btus , so w hen w e get drier saw dust
the fife of the boilers. Ii ’ s a bonus .” he s a ’, s

lie ex p la ins: “Burning a ton of our coal produces about Fturnham s i y ,  that one ton of sawdu st Costs about Sh.
200 to 600 lb of ash in the boiler The ash is  abrasive and while a ton i t the civil used it S( I’ tabout 20-m illion
erodes the metal. Sawdust , on the ot her hand, produces lMu/per ton) cost s about SI SIt “I’m pa~ ing a little less
a bout 60 lb of , i s h  An~ t hing you can do to cut dow n the per—m il l ion - l3 tus or the s, issdijs i In J;inu,ir~ 97% . the
amount of ash Just lengthe ns the life of ever\ thing -\ Is , sa x i ngs amounted to  I I  - t e per I -mill i on tItus
wi th the qu,inti t~ of ash reduced, there ’s less ash-handling “Anytime ~~iii can bu~ cheape r fuel I t 1 s l i ng for the
labor and equipment ins ilse il customer and the conipins, and this r ik e~ es e r \ o ne

Si nc e 974 . Bur n ham graduall y ir icre ,ised s awd ust  Ii;ipp~~’’ Burnhani
consum ption i i  the plant iii ID , 111 , III , 4 1) m d  50 ton s i \ r i iiher plus is t ha i  burning sawdust c. tu ses less air

F he plant It as burned is  much as I 20 to n ‘ u s  a nil is poll ut ion than c i a  I not onl~ beet usc i t  cont ,t ins less ash , hut
now . i s c r i g i n g  ibout l I f t )  ri i l , i s also because t I e  sulfur content is one t i t t h  that ol the

- ,  \ b u u i t  1 211 tons per d:i~ is t he maximum us e can hurtt, ’’ ( um luiradit subbituminous c iv il i t s e i t  in the plant ‘T h is  is
Burnham s a ss  ‘‘II we were  to burn mitre sa wdust  than h it , despite the Iii . t ha t  (‘ iuluu r , idi i  c i v il s i  l o w - s u l f u r  ~o , i l  w i t h
we ’d have u make equtpni ent conversions , and that t a k e s  an user age s u l f u r  c o ntent il on l~ It  S~~’ .

$4 UttNty M.tP,.d~ H —1 Fi~~ ric t Wo” $d . Nov.n ’be, I, t978
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APPENDIX I
MANUFACTURERS OF DIRECT COMBUSTION SYSTEMS

American Fyr-Feeder Engineers Burt Power Inc.
1265 Rarx~ Road 6405 New Tampa Highway
Des Plaines , IL 60026 Lakeland , FL 33802
312—298—0044 813—876—5329

Atlas Boiler & Equipmen t Co. Combustion Engineering , Inc.
W. 29 Spokane Falls Blvd. 900 Long Ridge Road
Spoka ne , WA 99211 Stamford , CT 06902
503—747—6001 203—688—1911

Automated Combustion Copeland Systems , Inc .
P0 Drawer 9 200 Spring Road , Suite 300
L.ake Oswego, OR 97304 Oak Brook, IL 60521
503—636—4569 312—654—2820

Babcock & Wilcox Company Detroit Stoker Company
20 S. Van Buren Avenue Monroe, Michigan 48161
Barberton , OR 44203 313—241—9500
216—753—4511

Bagot (Herman) and Company Ecl ipse Lookout Company
3143 N. Nott ingham P0 Box 4756
Chicago , IL 60634 Chattanoog a , Th 37405
3l2—637—603~ 615—265—3441

Basic Environmental Eng ineering , Inc. Energex , Ltd.
21 Hill Street PU Box 4208
Glen El lyr i , IL 60137 North Portland , OR 97208
312—469—5340 503—286—8231

Bigelow Company Energy Control Engineeri ng Corp.
PC) Box 706 P0 Box 3064
New Haven , CT 06503 Charlotte , t’X 28203
203—772—3150 704—375—1701

Bt,m’tstead Waolford Company Energy Products of Idaho
FO Box 448 PO Box l53
Wood in v i lle , WA 98072 Coeur d ’Aler ie , ID 83818
206—485—9646 208—667—6439

Burnham Corporation Environmetrix
PC) Box 27 4725 University Way NE
Lancaster , PA 17604 Seattle , WA 98115
717—397—4701 206—524—6350
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European Woodworking Machinery Co. Kewanee Boiler Corporation
PU Box 452 101 North Franklin Street
Franklinton , r~ 27525 Kewanee, IL 6)443
9l9—494—7’r1 55 309—853—3541

Foster Wheeler Energy Corporation Kipper and Sons Engineers , Inc.
110 South Orange Avenue 26 16 Western Avenue
Livingston , ru 07039 Seattle , WA 98121
201—533—1100 206—622—45”5

Gaskell Company, Inc. Lamb—G rays Ha r bo r Company
80 Box 13225 Hoquiam , WA
Mem~*uis, TN 38113 206—532—1000
901—775—3222

Lasker Boiler & Eng ineering Corp.
Harvey Eng ineeri ng and 3201 S. Wolcott Avenue

M a n u f a c t u r ing Corp. Chicago , IL 60608
Rou te 2, Box 478 312—523—3700
Hot Spr ings , AR 71901
501—262—1010 Marden , Inc.

3 129 E. Washington Avenue
Industrial Boiler Company Madison, WI 53704
221 Law Street 608—244—3331
Thaxtasville, GA 31792
912—226—3024 McBurney Corporation

PU Box 47848
International Boiler Co. Atlanta , GA 30362
E. Strousburg , PA 18301 404—448—814~’
717—421—5100

McConnell Ind ustries
Irv ington—M oore  Division of USNR Box 26210
80 Box 40666 Birm ingham , AL 35226
Jac k sonville , FL 32203 205—942—3321
509—747—7965

Mechanical Equipment Company
Johnston Boiler Company 7212 Woodlawn Avenue , NE
Ferryburq , MI 49409 Seattle , WA 98115
616—842—5050 20 6—523—8526

Keeler (E.) Company Moore—Oregon—Canada
238 West Street PU Box 4208
Williamsp ort , PA 17701 Portland , OR 97208
717—326—3361 503—286—8231
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Peabod y Eng in eer ir ~g Company Steel Craft  Corporation
Stamford , CT Box 12408
203—327—7000 Memphis , TN 38112

901—452—5200
Peabody Gordon—Piatt, Inc.
Box 650 Vogt (Henry) Machine Company
Winfield , KS 67156 P0 Box 1918
316—221—4770 Louisville, KY 40201

502—634—9411
Pyrotechnic Industries, Ltd.
Box 629 Woodamation, Inc.
Cochrarte , Alberta, Canada PU Box 1365
403—932—2274 Chalmette, LA 70044

504—279—1010
Ray Burner Company
1303 San Jose Avenue Wyatt Eng ineers, Inc.
San Francisco, GA 94112 3214 16th Avenue, SW
415—333—5800 Seattle , WA 98134

206—682—2501
Riley Stoker Company
9 Neponset Street York—Shipley Inc.
Worcester, !~~s 01613 PU Box 349
617—852—7100 York, PA 17405

717—755—1081
Rogers (John) Co.
4605 Illinois Avenue Zurn Industries, Inc.
Louisville , KY 40213 2214 West 8th Street
502—458—5400 Erie , PA 16512

814—455—0921
Seattle Boiler Company
5237 Marg inal Way
Seattle, WA 98134
206—762—0737

~nith (Perry) Co., Inc.
P0 Box 21282
Chat tanooga , ‘IN 37421
615—982—7130

Stearns—Roger, Inc .
PU Box 5888
Denver , CO 80217
303—758—1122
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APPENDIX J

COMPANIES MANUFACTURING DENSIFIED FUEL

Agnew Environmental Products
21], S. E. 10th 80 Box 1168
Grants Pass, OR 97526
503—47 9—3396

Bio—Solar Corporation
PU Box 762
Eugene , OR 97401
503—686—0765

Bonnot Company
805 Lake Street
Ken t , OH 44240
216—673—5829

California Pellet Mill Company
1800 Fol scin St reet
San Francisco, CA 94013
415—431—3800

Fou rply, Inc .
PU Box 890
Grants Pass , OR 97526
503—479—3301

Guaranty Performance Co., Inc.
PU Box 748
Ind ependence , KS 67301
316—331—0027

Hobbs (C. B.) Company
Elk Grove, CA 95624
916—685—3925

Papa kube
931 East Harbor Drive
San Diego , CA 92101
714—231—1490

Sprout Waldron and Co., Inc.
Muncy, PA 17756
717—546—8211

J,- 1



( APPENDIX K
DENSIFICATIUN

A fuel with high mass energy density and volume energ y density is
preferable to a fuel with low values because it is more efficient to
store, ship, and burn . Combustion efficiency increases with increasing
fuel density and decreasing moisture content.

The first U.S. Patent for densification was issued in 1880; it
describes a process where savdust or other wood residues are heated and
then compacted to the “density of bitum inous coal” with a steam harm’ter.
Since then , a number of additional patents have been issued for processes
that make dense forms of bianass. At first, the process were primarily
used to produce animal feed; several companies are now using various
forms of the same basic idea to produce fuel for the energy market .

There are now five forms of biomass densification being practiced
coriinercially: pelleting , cubing , briquetting , extrusion, and
rolling—compressing . The products vary considerably in size and
appearance , f rom 1/4 ” diameter pellets to 8” long by 7” diameter rolls.

The densif icat ion process is dependent on heat input. The heat both
softens the lignin (a “waterproof glue” that holds the cellulosic
material , or biomass , together) in the material so that it can be molded ,
and reduces the moisture content to somewhere between 10% and 25%.

The process of densifying biomass shows promise of providing a dry,
uniform , easily stored and conveniently shipped fuel from the wide
variety of residues produced in agriculture , forestry, and food
processing. Compared to coal , densified biomass is clean , easy to
handle , and burns with low ash and sulfur emissions. The process of
densification consumes about 7% of the energy in the feedstock.
Depend ing on the cost of feedstock, the cost of densified wood runs from
$1.20 to $3.40 per mil l ion  BTU .

Widespread use of densification could generate a commodity fuel
market capable of supplying both ~nall and large fuel users. Pellets
are also suitaole for use in gasifiers .
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APPENDIX L
WOOD FUEL SYSTEM USERS

I-

Densification
‘N

Applied Engineering Company ‘N
Box 1337 N
Orangeburg , SC 29115
803—534—2424

Collins and Aikman
701 McCullough Drive ‘N
Charlotte , NC 28232
704—596—8500

Edward Hines Lumber Company
Hines, OR 97738
503—573—2091

Minnesota, State of
Department of Corrections
Metro Square Buildi ng
Seventh and Robert Streets
St. Paul, MN 55101
612—296—3529

Sierra Power Corporation
9893 N. Blockstone Street
Frenso , CA 93710
209—439—6601

Pyrolysis

Cal i fornia , State of
Solid Waste Management Board
80 Box 160908
Sacramento , CA 95810
916—322—3330

Maryville College
Ma r yvi l le , ‘IN 37801
615—982—6412
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Rockwell International
Marysville , OH 113040
513— 644—3015

Weyerhaueser Company
Tacoma , WA 98401
206—259—0425

Gas i f i ca t ion

Interp ine Lumber Company
Picayune , t’lS 39466
601—798—5912

Kearsarge Reel Company
Warner , NH 0327~
603—938—2266

Direct Combustion*

Pmerican Fyr—Feeder Engineers
1265 Rand Road
Des P1 .nines , IL 60026
312—298—0fl’14

Ray Burner Company
1303 San 3os~’ Ave.
San FrEincisco, CA ~~ 112
4 l5—3 33— 5P00

~~u~~~~’ cor,1~~1nir~ are  among many which  w i l l  provide on request l i st  of
fijcilities using wood—fired boiler equipm ent .
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— GAS I F I E R S  FOR RETR0F :T— lNG GAS/OIL
COMBUST iON UNITS TC BIOMASS EDCTCCi:

T .L .  Reed , D. C. Jantzen & n. ? . Corcora r,
Solar Energy Research Inst itute

Golden , Col orado

ABSTRA CT

As oil and gas become more cos t~y and less available . tnere is increasing incentive to use bioma ss sou’- ces
such as mill wastes , municipal wa stes and aensif ied biomas s. Yet installation of completel y new equ itro ens fo ’~
bicmaSS combustion is expensive (typicall y $25/lb steam/sri. An attractive alternative is the Jse of c lo s e-
cou pled gasifiers to produce a gas of typicall y 160 Btu/cf . This gas can be burned in existing equipment w i t h
mino r mod ifications which permit return to gas/oil when available ,

Var ious types of close-coupled gasifiers will be described with conversion requirements , typical energy
oaia nces and cost fi gu res for conversior and bioma sS fuels. Problems encountered in conversion wi ll oe d iscucavO .

INTRO DU CT I ON size from 100,000 Stu/ri r to 100 ‘lBtu;hr anS ;1’ ld~’i .
a gas wi t h  energy content from AC Y t u y s c  to -

Indus trial concerns will need 20—20 foresight to 3tu/scf . The va rious methods f o r  gas’ ” ca ’ ion  O re
co pe w~~ t Y  tne increasing energy problems in our society. Shown irs F i g . 1 . We w i s ’~ to focu s ne’- v or t ”~- s i t . ? ’ ’
Many, who converted from coal to natural gas or O~ 1 type cf gas if ier . the ai r- blown . closC -ccuo~e.. tess’’
ta r ing t ne 1~ st decade to meet more stringent emission accen ted in Fig. 1 in which a r e la i v e l v  Ow ~ r,yfl,
requirements are ?aced now w i t h  much nigher fuel prices cont ent gas is manufactured on site anc turne c
and the possible curta ilment or total interruption Of isting eouipm ent a few feet away. ‘his is t ’ a  s o.-
suppl y. The most Obvious course is conversion of those calle d “ close.co u~ le d ’ mode of oOeratlc’ r. n ~~~ ‘ ‘
boi lers originall y us i ng coal  back to coal or woo d or there is no need to cool ari D scrac ‘ne o i ls  ‘ r~~’ t ’e
the “eplacement of the new oil/gas package boiler with gas as wo uld oe recu ireo for .rse in engine s or u ir
a new coal /wOod install ation. Both of these options pipeline use. This greatl y reouces tne cos t  aria fl-
are rela tively expensive and w i ll also require new emis- cneases the simplicity and e”’-c sxncy o~ ti e apparu ’~ s
sian controls.

‘he two princ iple types o’~ c~os v— co u rr eo c a s ’ ’ se ”s
A less Obvious option is cse use of a biomass (Or are the updraft gasifiers and the aownaraft za si fr e ” .

coai~ gasif ier to retrofi t the existing gas/oil Shown diagra m atica llv in Fig. 2, ~a, and ~o .  ~t-v’ -bO~ie r to an intermed iate energy gas genarated in-situ , types include cross draft and dual mOd~_g~~ r ?’~ rs. :~zsrng the close—coupled gasif ser ’. I n this paper we an updraft gas i f ie r , air f i rst  contac ts  a sec tf o u r’ ’ -,
examine the technology and economics of gasifiers and cha rcoal , generating hot CO and CC These gases sass
compare the economics of retrofi t with installation of successivel y througn tir e incoming gicmass. ‘ —sc
new solid fuel installat ions . pyro lysing i t  to form vo la t ive  o i l s  and ‘ r ia l l u  o ’ . -~~g

i t .  “be gas is diluted by any mois ture
~:tToR~ ~ND STATUS OF SA Ci F IEP.S Stock , but tne energy content is enhanced Dy the ‘ic”

m olecula r weight oil vapors whic r also roorov~ t h&
The tern “gas’ficatior’r” refers to the thermal con- burning onarac ter istics ,

version of siomass or coal or petroleum) to a gas to
se used for heat , power or chemical synthesis. Pyrol- in a downdraf t  gas i f i e r , the a i —  ‘S  ‘ “ l e c t e c
ysis ” u S S y i ly implies produ ction of char and oi l  as w e l l ,  through nozzles into the hottest so rt ;on  c ’ the ~~r 5 , _

A “- ,cenr t w o r low rae  survey li s t t  55 zorr r re”cia l or lemon— coa l f i r e  and is drawn down th ”o~~~n tne C ba rc ca ~ sec
stration ~~~~~~~~~~ and pyro lv sis proje ct s  in North along w i th  t ee cars  and mois ture f”o~ the ~ue i  fl t he
Amer i cu. l i ) In the 193C o . most c i t i e s  of the United signe r rersions . This causes the oil vapors s:
Sta tes  ‘a- ~ a “ ga swo rks ’, cas ify ing either coal  or into gase s . primari l y CC and ~ ,. Downdra~ t ~a c s ’’ er~occas iona i l y wood to provide gas for cooc ing and l ight-  are es o e t s e l l y useful for prodbc nq gas to ox usco ~ ii
le g. The se uns ts  have beeri closed down in tee Li. S. due engines , because th e oil vapors w i l l  c log  the en g r n e
to the availability of low cost natural gas and O il , but intakes. At present , both types are being used or
gasification of biomass has been widel y used In other retrofitting gas/oil boilers to biomass.
car t s  of the w o r l d . ( 2 )  Small portable gas i f ie rs  were
w ide l y used c u r s n ~ ootn aorld .~aro to drive cars  and A prel’ minary l is t  of manufacturers Of gasi ’iers
t ruc ks.  ~3, 4 , t u r t a b i e  f or conversion of Q as / o i i  bon le rc  is given r,

T a t l e  I. Th~~ Table also Snows tee type pas i ’ e” .
A l tnough we w i l l  probabl y not uce s i as i f r e r s  for  t i re s s ze , ana some pre l iminar y  costs  o s t o r n e c  ~~~ :‘-~s r ar ’rs’ i ort at io n In the U . S .  in the near f u t u r e . ,.e car s rnanu’actu rer ( Costs w i l l  be d iscuss e d  below Tie

u~e these sim p le dev i C e s  to provide ~as for r~~t r t ’ t t t n O  ncr j r t  are : i n t sn u rnQ  a larger st udy 0 gasi ’ie ”- .,“cgas or o i l  f’re~ boilers , thus elimina ting t he netes ts t y  wOu lt  ippreciat e more la ta from these unc o t h e r  ‘a iry ’
of r e p l a c i n g  the entire system , wni cb would be ret i red ‘ac tu re ”c
‘or co nv e” c ion to a so l id  fuel sucn as w000 ~r coa l .
‘Ydr i !  i n d u s t r i e s  In f act nave w aste b roma ss w h i c h  is  ~OC ; r i C P  F , E_ S
cr esentl y a a isoos a l  u ro s I e n . but wni cn w ou ld . rO vr de
‘ ecess ary  process neat if  s u i t a r ie s i : x  g a sr ’r e ’ - ire pr’n scoal , s v ’ ’ ’ier s tan ope rate on un- i co ” ocr - -

n ista i led .  3C~~t uS toht  ‘uel sucn as :ca i  . lignite or t i omas s . ,r
:‘“dC iC C . “OwP 1~ r , ‘ n ~a s ’ ; s a c o’- - o pe ra t i c”  o~ any

‘f°EC C~ GA t I r IE P: uar~ r~~~laf  la Sr ’ier w i l l  Se onno on ‘ t s  design re lusi ve
- 55€’ fye i’, useG , and aepends in par t i cu la r  on ‘ire

Th ere are ~oz ens if types of gas~~ n€ ’ r ’ . r a n c h- : in ‘ c e l  de n s i t y , r o i s t u r e , as ’ ‘us io n  t ems e r o tu ” e ,
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,i ar t s cl e s ize ,  -c tc. OV ER _ E Fb ICIE NCV GEt~ kATIOt CF t C C

“se satisfactor y operation of a gasifi er depends on The energy content c-f a sec is ~er~ rooc,rt snt cc
a ‘ ree anD uniform yas sage  of til e gas through the fuel the economics c’ sh ipp i ng by p i p e l i n e ,  however , t i e
bed. Therefore , s a t : s f a c t o r ’ ~ biomass fuel s should be energy content has l i t t l e  e f fec t  on the flame ceI ’ce” ,-
“~~a t : u e I y on for’ n c a ” c i c l e  si ze so Sho t the gases ture and mass of f lue gas produced , because l or e
t o ‘ icc ‘ ‘ i n -  c hannels. Pa r t ic le s i z e  s no u ld be greater quantit ies of air must ox added ‘or ~omtus t lO n . ‘ne
th ai: aoou ’ I t ”  so teat there is not too much back combustion e f f i c iency  tf  gases in bo i le rs  5 shown in
Dre c s ur e , pa r t i c u l a r l y ir- u~dro ft gasi ’iers . Dusts and Fig . 3 (af ter  reference A as a fun~ t o q  5’ e ner -.~ :sr-
‘ s i e s  a re s a r t i c u l a r l y t roublesome , S r  char  wh i cn  tent of the gas. Here ‘. car Se see ’ t ha t  e”: i e rc .  -

‘cr’ s uis cv ro l y sis shou t save moderate s hyo s ca l  ifl s l i gn tly  Sigher for the medium 85, gas MGE u t r  ‘c e”-
te’ ir ty tc . r o v e s t  co l lap se and plugging ~ ‘ t ie  bed. gy content around 350 Stu sc f  than i t  is ‘or i s ’  ES.

gas (H B G ) w i th  energy content about 1 ,3Cc os.. sc ’
For th e se eaco nt wood c u ps and bark make exce l -  E f f i c i e n c y  begins to fa l l  below about 200 Ct ..,  c c ’  ant

er-s ‘~~ is  for ga c i ’ iers . Cas i f ie rs  have been run it can be seen that there is l i t t l e  ef ~ is i en c y  loss
~u t i s ’a c t o r i l y  a l s o  on S h e l l s ,  p i t s  a nd corn cobs , for c lose —coupled gas ( IB C) ,  but there is a 1 0 — i t  oss
‘-ow e y v ” . other fue ls  such as straw , cotton gin trash , for law Stu gas (LB G) .
‘ood “es:lues, etc , nay require densif icat ion (cubing,
pe l le t i ng , briquett ing, extrus ion , e tc . )  in  order to SCALE OF CLOSE COUPLE S GAS I FIER E
be used sa t i s fac to r i l y  in gasi f iers .

It can be se en from Tab les  I and II tnat  Sn’”’
t io m as s ‘ a s  many a t t r a c t i v e  features as a f u e l , are a number of close-coupled gasi f iers  beinh deve lopea

incl u d i n g  -ier low su l’ ur , renewabi l i ty , low co st in in the range 1- 100 MBtu/hr . There may also cc cone
‘a ny r o s e s  ar i d no increase in long-term atmospheric need for even smal ler gas if ie rs , for instance f or
C C .  ‘lowever . biomass cOo r s  in a wide var iety of seat ing apartments and snapping i ns ta l l a t i on .  At
‘c fl’- - . and is  o’ t er -  too wet to burn and too oulky tO present there are no proven biomas c p as s  f iers ‘or oper-
sh ip . ‘i ecentl , a number of companies have begun to ation above 100 MBtu/hr and there would seers to Pc
‘iaee dens ’ied b i o ma ss fuels, “DBF” , to overcome thi s a need for this size for large process steam ho ts  la—

a n t s s a c and c rea te  a uniform conir~ dity fuel se l l ing tions , es pec i a l l y in the paper industr y, ?cweve’- ,
-C.S - , tos The cost of dry ini and densi f ying coa l gasifiers have been bui l t  at t his larger s c a i x

‘uri s ‘ron’ i f - I lS/ t o n  and ‘iust be weighed aga ins t  the and there seems to be no technica l  barrier t o  bu t l s C
- ‘ a l o e  of the O s o m a s s  w i t h  and without dens i f i ca t i on .  a v e r- , large c lose coupled gas : ’ er.
A -ece n c report s unmia r zes the energetics and econrom-

s ’ c e n s i f i c a t on . 5 )  A number of gas i f ic a t ion  EFFICIENCY OF CLOSE COUPL ED .3A3:r 05 E
tests save been run ‘in pel le ts  and they are found to
Se Su i te  sa t i s fac to ry  fuels. ( 6 -3 )  Since a l l  of the gas generated is ourned and t ie

sensible heat of the gas strea m is a lso  co nse nved .
EF has t y p i c s  par t ic le  densit ies of 0 .8-1 .3 , close coupled gasi f iers can have ver y yh e f f i c ’e n o i e s .

n ’ I& wood chips dry bas i s )  have densit ies of 0. 4-0.5 Essent ia l ly  complete combustion is acnieveo , as i’s’-
and most ot he r  broinass is  even less  dense. Therefore , sult of the tw o stage combustion in the gas i ie” and

‘ - .r ’.her advantage of densificat ion before gasification the boiler, The only losses are the heat losses fr isr’
I s  t ha t  tie c a pac i tj  of the gas i f ie r  is increased due the Outer surfaces and heat to the ass  wn cn is
to ‘is’ ni gner energy density at th~ grate. neg l igib le.  The Century qas i f ie r  is  reported to have

a thermal ef ’ i :iency is ’ ~S J -  ( 1 0) w n i le  the Davis Gas-
‘x  e’uer’5 ,i ,c.ntens of the gas produced in gas i f iers  i fie r  operates a t / p ca i  ef ~ ic ’enc , of 85 .  3. . Thy

is on Decause I tie  nitrogen content of the air  used ea r l y qas i f i e rs  us eo for transport in bu ”ope nas t ie r -
in —las r ’:ca5 on . In addit i on , it may be even lo wer mal effic iencies of 80 . even a f ter  scrubbing the - a s
due to water vapor in the gas. Therefore It is desir- and removing tars.
ac i e  ‘5 ‘ceo the water  vapor in fuel to a minimum.
Some t a s i f r e r s  can operate w i t h  up to 305 moisture con- T ECHNOLOGY OF RET ROFI TTING EXISTI NG BOILE~ S ‘TO
tent , Out as gua l i t y  is  degraded at hi gher moisture CLOSE COUP LEC GAsI0 :EF:
lev e ls .  Th is necessary to reduce moisture content
to 15-2? before densif i ca t ion and as a consequence The gases produced in the gas ’ ierc ~~‘ T h i e  : car.
nat ii a t t r a c t i v e ly  low moisture content , be burned in ex i s t i ng  i l igas ins ta l l a t i ons , ano a nun’-

ber of corimiercial i ns ta l l a t i ons  have seen mace. She
PROPERTIES OF PR O DUC E R GAS gas is somew hat more d i f f i cu l t  to burn than natural

gas and w i ll require insulated pipes to prevent can-
ine gases produced in the gasifiers shown in densation of pyrol ysis oils and tars . A gas pil ot

ati e I contain CO . H and hydrocarbon as their prin- flame or a flame holder is used to insure combustion .
cip e fuel ingredient ~. in addition , they contain N.,, however , tee conversion problems are minimal ,
‘.0, j r j  - ‘ . 0. as -J i luent s .  If tee oases arc cooled ana
‘..‘usoed ‘Sr use in engines or a pipel ine , they have a In general the mod i f i ca t i ons  needed for re’,r’sfl-
tyO Su l  ene rg y content of 90 Btu/s c’ and are called Sing ex is t ing  boilers are not documented . t j t  a rec e nt
isa she nones low Btu gas ( LBG) .  producer gas , Den—gas feasibilit y study at tee C a l i f o r n i a  Sta te  Central aeat-
or :e re” a t o ’ o a t .  A t yo r ca l  anal y s i s  Dav iS  ias i~~ier . ing and Lool ing Plant in Sacramento sac used tee ,av i s
w a . nu t  snel I s )  show : CO • 20.5 2;  H, 15. 35 ; 50, 7,4t gas fier to power one c ’ t he i r  boi lers fo r 15k sours. ‘ 7
0., l. 4% i hy drocarbons 8. 15 , N2 ~ 47 4 ’. - The gasi f ier is 8 ft. in diameter and 15 f t .  ta I l  and

produced 16 MBtu/hr . “ests were n.m us ing tisree fue ls ,
I’ t hes e  gases are to be used for heating only, l i l n dry wood chips purchased for S i / t on . or S iZ ,50 / t o n

it is not des irable to remove the pyrol yt is  oil vapors del ivered ; demoli t ion chips purchased for 59/ton or
and t i’ sensible heat, and t hen these same gaset have $ 12.50/ton del ivered ; and pe l leted white f i r  Sawdust
an errect ive heat content f 140-200 B tu/ sc f , depending purchaseo for $25. 50 to n or $35 .00 / ton  del ivered.  The
on temperature, feed s t oc k , type of gas i f ie r , etc . We heat ing va lue of the gas var ied  from 182 to 206 B t u is c f
propose the name ‘ i n te rm ediate Btu gas ” (186) for gas Emissions were: OS, SO, observed ( 0 - 2 -  a l lowable ,, 130
wi th t his  energy content, ppm NO (200 ppm Federal St vn idard ( ;  arid 0.703 lbs/fi r

parti culate s (4.09 lbs/hr a llowable ; . There was sonic
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condensate , tar and cnar col lecte d , Th e D iv is ion  of 5yste m ounning coal  or wood or Other oiamass. “h is
w at er Qua l i t y  concluded that they would not be a w i l l  cost on sne order of 513- 30/15 s t / h r  and a~ i l
serious disposal problem , require installation of new emiss ion ~cntr ’j l e c - u s c r e n t .

3. Insta l la t i on ‘j f a close—co upled p acYi er to
Minor problems were encountered during the test operate the evicting p as/o il es u lo rn e nt ,  Thi s ,.,sll

— runs , sucn as burning out of an auger motor and some cost on the order cs ’ 5 3- A ,  lb st  ‘ nr see Sus i e  1 ans
tar bu i lOup on tne de l ivery  line. Most of the prob— 11 1 and ma ces use of -russ s ’ tee e lst in ; ir. s tali a t’ cr .
(ems were associa ted with the temporary nature of the it also serynits using gas , o ’ 1  where and ~“e’ tie a e
hookup for testing and snould be no Obstacle to coniiier- available and economic. ser ’ nltc use 0 ’ c io mas c
cia1sz~tion . Tiere was no noticeable deterioration of wastes t-sa t would not nave other eaiu e as fuel ; .
tne metal parts and it is expected that gas i f ie rs  w i l l
Cave a long l i fe t ime.  (Ga si f iers  are s t i l l  in opera— in an early study for some wood industr e s
tion that were bui l t  60 years ago. )  During these tests Maine , the advantages of c l os e  cou pled g a s - ’ ’ e —t  ‘ 0”
tne gas i f ier  production rate was controlled manuall y by retrofitting exist ing boi lers were compares tc
controlling intake air. It is expected that gasifiers ation of new wood-fired equipment, :t wa . :orc iud e c
w i l l  be chara cterized by fast response time to changes that the gas i c ier would per mit ret”o ’it at a s o o t
in load , since they have been used to operate trucks , of S 5—l O/ lb  st / f i r , whi le  new i ns ta l l a t i ons  w o s i c  cos t
cars and tractors, on the order of $25/lb st ,1hr . ( I I ,

COSTS OF RETROFITTING TO EXISTING BOILER On the other hand a recent study Ps M h r r ~ , 10
concludes that direct combustion w i l l  sr~bat ,l~ DC ‘h e

Two manufacturers wi th coeirr ercial experience have most economical method of burning wood at least  ~r,
projected con’s for commercial size uni ts and  these large installations. However cne i do not a pp e a r  to
are compared in Table II. (8,10) have considered close—couple d gass ’i ers nor are tnie,

taking credit for retrofitting existing l’ i st a (ia ts ch ,
From these costs it can be seen that
- Gas costs are very low compared to current There will sometimes be a requirement for addi-
na tural gas costs tional capacity. Although the economics in this case

‘Ca pital costs of gasification are in the range do not so clearl y favor the use of a close-couple s ;as-
of 3.13 to 0.40 SfMBtu ifier , in certain size ranges the low cost arc ‘ r g n
Fuel costs are highly variable , but are the neat release rates of Package boilers for gas/oil
major costs in producing 186 and the low emissions from gasifiers suggest tnat tr u ss

option should be closely studied for new siorsass in-
Cos ts are given in detail for tee test operation stallati ons as well. A recent Study shows that in stal l -

o~ the Sacreniento gasifier. From this experience , costs ation of a medium Btu gasifier plus package poil e ” s
projected for a permanent 50 MBtu/hr gasifier System comparable in cost to installation of solid ‘.me1
add to a total of $2.5 million , including a 25% con- equipment , even though an 3MG gasi’rer is con sideru:
tingency fund. Operating costs are expected to be more expensive than the close—coupled gas :fiers sescr’o-
$150 ,000/yr including labor , electricity and m a i n -  ed in this paper . 13)
tenance. The present cost of gas/o il fuels is $340,000
/yr and would escalate to 5758,000 by the year 2000 at CONCL’ JS IOI ;
a 45/yr escalation rate. Over the 20 year period 1980
to 2000 th is would cost $10 mill i on. Fuel costs for The addition of a close—coupled gasifier so as
oromass gas ification would be $110 ,000 and $22O ,000/yr , ex isting gas/oil boiler appears to cc consi derabl y
assum i ng that residue biomass costs $10 or $20/ton , more economical teen subst : S u t t O n  o ’ sol i~ ‘url :o” -
However , inclu sion of capital and operation and main- bustion equipment. A number of manufacturers are cv-
tainance costs would bring the 20 year cost to $7.7 aeloping eQuipment for retrof ittsnc exI stin g boilers .
m illi o n  or $9.9 million for the 20 year period , assum ing
$ 10 and $20/ton for residue biomass fuel. (Sacremento A EF E RE NC ES
is the hub of a large timbershed and wood processing
and exporting economy generating over a million tons of (1) J.L. Jones , P.C. Phu i l i p s , S. “aeaos’a, uri c F .M.
residu/ur at costs from $0 to $50/ton. This facility Lewis , “Pyrol ysis, The rmal Gasi ’sca tion ano _ :que-
wo u l d  ~use 10 ,000 tons/yr). (7) faction of Solid Wastes and Resioues : ,,r..r i 4w id e

Stu tus of Processes ” , Presented at ASME Et c  B i—
COMPARISON OF CONVERSION ECONOMICS enn ial National waste Processing Confe rence , l:hi-

cago , IL, May, 1978. Av ai lable SR I Inte rn a t ional
If it is difficult to establish cost guidelines

for retrofitting gas/oil boilers with close—coupled gas— (2) R. Overend , “Wood Gasification: An Old ecnno lo cy
if iers , i t Is even more difficult to compare these costs wi th a Future?” in Proceedings Forest and Field
with other options in a time of repidl y changing costs Fuels Symposium , The Bi omass Energy Institute . I nc.
and availability of fossil fuels and combustion equip— Box 129 , Postal Sto. “C” , W innipeg, Cana da °-3M 357
sent. The refore we lim i t ourselves at this point to October i , 1977 . (Also ‘contains discussions V
l isting factors which affect the relative economics of var ious gasifi ers by R.E. Chant , E .R. 5fe il i ’ u g~ r ,
va rious options and coirrients on these factors . W . Stohlgren , 6. Finnie , S.C. SatIre ar-sd F.0..oi ee

The Option s available for conversion away from 13) “GENGA S” The Swedish Academy of Engineering. Ococ’-
pas /oi l  today are: holni . Sweden Availab l e in translation ‘ron Eo l ar

1 . Reconvers ion of an o r ig ina l l y so l id- fue led Energy Research Institute , Golde n , CO about Seti-
insta l lat ion which has been converted to gas/o i l  back temper 1978)
to sol id fuel . W her, possib le , Inns is probably the
‘u .s economical conversion - yet  often the solid fuel 41 Brian iorsf ie ld , “Current Eurooeen A c t i v i t i e s  n’

nand l ing equipment w i l l  nave been s crap ped , new emi s — Gas i f i ca t i on , “ ‘ 3 7 5 .  Ava i l a c e ‘n’on” ,niy e r s i t y  is’
sion control equipment w i l l  have to oe added , and the Cal i fo rn ia , Ag r i cu l t u ra l  Engineering .;esa rt uiie”S ,
ex is t ing  boiler is l i ke l y to be o ld and inef’ ic ient,  Favis , C A 95616 along w i th  12 p uo l r c a t i o ns  9 ’S-

2. Remova l of ‘.se e~ :c t I nq  gas /o i l  boiler (o f t en  77 from 8. Horsf ie l d , JR. l o s s . Jen e ins.
re ativ ely new and installation of a new so l i d  fuel Caster , 9. Peart , A D. w i l l i a m s , and F . Modem.
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5) T. 8. Reed and B. Bryant , “ Densi ‘ ‘ed B i omass: A
New Form of  Sol d 0ue 1 .“ SE P Report p 5 5 , The
S o l a ”  tner ’u, uese ar .~ : hs t r t u se , o ia e n , CO
iJul~ 19 75 ,

( 6) P .O .  ,~r l l r a m s  and J R . Do ss , ‘A n Ass essment of
the Dasu fn c ation Characteristics o ’ Some ,Fqr —
~;it ura l and Th res t  Industry Wastes ,” Manuscript
‘‘-on ecartment of A g ri cul tural Engineerin g,
S n n v e r s i t , 0 ’ S u l n f o r n ’ a , Da v is , November 1977.

ea sic i ’’t , Study : “Commercial Bio ma ss Gasi f ier
a t Stat e Centr ol Heating and Cooling Plant” , ore—
oare d ty  ri .me l S  Of f i ce  Al ternat ives D iv is ion ,
a li’ ornia State Enero_y Comission , Sacramento ,
Apri l 1978 1 .

i 8 )  J . R .  Do ss , “F ood , For est W astes • Low Btu Fue l” -

Agr icultural Engineering . p. 30. (January 19781.

. A (  ‘. 9 . Asnun dsen , “The Economics of Wood Gas i ’ ica-
t ion - , in Chaparral for Energy Inform ation E s—
cmu an ’se Conference , Sasadena , CA sponsored by
P5~ Exo e rsu ient Station , Angeles National Forest ,
.u l,  22 , 1 976 p. 118 ; also var ious publ icat ions
a v a i l able ‘ron Century Research , Gardena . CA
90 2 3 7 .

. 1 0 1  E. P .R. I ., “Fue ls from Municipal  Refuse for
‘Jt ’i t ies : A Technical  Assessment ,” EPRI report
26 1- i , Marcn 1975 (Prepared by Bechtel Carp) .

0 .5 .  Peed and ~~~ Stevenson , “Energy From Wood .”
Ma u ne W ood Study Group , November 1975.

)1 2 (  C. Salo , L. Gs ellman , 0. Medvi l le, and G. Price ,
“Near—Term Pot ential of ‘Wood as a Fuel ,” Mit re
Tecnnical Report MT R—786 0 (July.  1978) ,

(i~~ ’ P . Bai lie and C.A. Richmond , “Econom ics Associated
‘w i th Waste or Biomass Pyrolysis Systems ,” pre-
sented at ACS Symposium , Anaheim CA Mar 10-12,
1978.
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Table 1

PARTIAL LIST OF BIOMAC S GASIFIER i”.A%UFACT’JRERS Il~ THE S. S .

i)ame : Type Status~~~ S ize 1’ install. Cost~
3 ’ $ftlB’tu Sio mass

f~iE,’t u/~-ir SME’C -u , r ”r ’ Cost S/
Dry Ton

ApoTh e d Engineering, Orangeourg , SC Updraft 8 -- —— ——
3r c ’ u~.uss Fue l Conversion , luba Ci ty ,  CA Downdraft 0 lv —— (4 1 —— ‘ ‘ I  -—

er t -j ry Research . Dordena , CA Updraft C 85 4100 (4 1 l . O5 )4~ 10
C av: o  Gasi f ier , U. of Cal i f . ,  CA Downdraft 0 14 3920 0 . 7 3 ’  I

Ceealb Agricultural Research , DeKaib , IL Updraft 0 1.7 -— — —  — —

Forest Fuels , Keene , NH Updraft C 3-12 5000 -- --
Foster— W heeler , L iv i n g s t on , NJ Updraft 3 50 —— —— —-
na lcyon , E. Andover , NH Updr af t  C 8 -- -- --
Pioneer yi-Sreo Inst., Johnston , IA Updraft D 7 -— -- --
‘woode x Corp. , Eugene, OR Updraft C 10 —— -—

(1) Status of project; C , Comerci al — at least one unit in field
D, Demonstration , Testing

(2) Fuel Consumption in tons/hr Is approximatel y MBtr.4’hr — 16 MB~u/ dry ton
( 3)  :nc ta l la t i on cost in S/lb steam hr’~ — 10’ ( $118’tu_ nr)

Depends on many factors , see Table U and References

T a b l e  11

OPERATING COST OF GASIFICA TION

Davis Gas if ier 1
~~ entury Gasi fier lC

0uei Walnut hu l ls  Cnaparr ai
Pate s Gas Product ion (B / nr~ 14.1 M 35 M
Rated Feed Rate ‘Ton/Mn) 1.19 7.37
Capital Cost $325 ,800 5350.300
Eff iciency 851, 90-

Annual Oper at ing Costs:
Depre ciation (10%) 5 12 . 550 ( 10’ .) 535 ,000
Rep airs Maintenance ) 32 ) 3 ,774 ( 3,) 10 ,500
J t r l i t i e s  (Water , Power) —— 33 ,795
Operating Labor (250 oays~ 6,000 (365 days .- 14 ,503
Tax es & nsurance ( 21( 2, 516 --

r.tCrest ( 7 .( 8,806 - -
O ro fu t — —  — —

Sa s i ’lcat io n Siso t  £33 ,676 S98 ,c9t

~~~ .os t ( $4/Ton) 28, 571 5 10 / To n , S682 ,o5 :
To ta l  operat ing Cost $6 2, 247 $ 788 ,345
Annual Gas Production (~~ tu( 85, 000 744 ,600
Dusif ication Cost )S/M BTu) S 0 .40 5 0.13

Gas Cost 5iM BT u) S 0 .73 2

1 .,ata ‘ron Doss, J.P.., ” Food , Fores t Wastes Low B Fuel .”
_ nr’~ jl tur a l Engineerin9 , p. 30 , January 19 78.

(2 , ‘.at a v roni Ar-nundsen , 1. P,. , ”Tf ie Economics of wood Gasi f icat i on ,”
‘n i.naoarru i nor 

~.O!13~. 
Information Exchan ge Conference , -

‘acace n~ , ~~
.. ,  sp onsored by PSW Experiment S ta t ion , Ang el es

‘ a t l ona l Sorest , Jul y 22 , 1976, p. 118.



I E(8H

-

seEo ~ p ~~ .1.

(

-

—1~~L L__J 

“
~~~~~

“ 7

— 

-

~ ~ I 
— 

~ueouad

0 0 ~~
I-’ 0

t ~~~~~~~~~~~~~~~

P4.-6



APPENDIX N

GASI FICI\TION

G a s i f i c a t i o n  is the term for the thermal conversion of biomass
(agricultura l or forestry products) or coal to a gas that can be used
in produci ng heat, power, or chemical synthesis.

The first gasifiers were built around l8~ 0 and steadily developed
throug h the 1940 ’s. Both stationary and portable gasifiers were
manufactured and sold to power ships , automobiles , electric power plants ,
arx~I tractors. During World War II, over 700,000 vehicles in Furope were
adapted to run on gas from small gas i f ie rs  attached to the vehicle.

Feec]stock for these original gasif iers included nearly every
conceivable form of cellulose includ ing wood , coconu t husks , r ice h u l l s ,
and olive pits. With the advent of inexpensive natural gas and fuel
oil , however , this technology diminished . It is now be i ng revived .

Gasifiers can be retrofitted to existing natural gas and o i l — f i r e d
boilers. This eliminates the need to replace the entire system , as
required for conversion to direct combustion of a solid fuel such as
wood or coal .

Although gasifiers can theoret ical ly use any carbonaceous solid fuel
such as coal, li gnite , or bianass, proper operation depends on its design
relative to a given fuel as well as the fuel densi ty, moisture , and
par t ic le  size. Due to these and other considerations, wood chi ps and
hark make excellent gas i f i e r  fuels. Various shells and pits , as well
as corn cobs, are also bei ng used satisfactorily; but fuels such as food
residues, straw, and cotton gin trash would normally require some form
of densification prior to use.

The energy content or the gas produced in gasifiers is comparatively
low ( typical ly  140 to 200 BTU per cubi c foot) ,  due in part to the
ni trogen content of the air used in gasification. However , overall
combustion efficiency can reach 80% to 90%.

The close—coupled gasifier arrangement is one of the simplest and
least expensive. It entails manufacturing gas on—site for use in nearby
equipment. While the relative econom ics of retrofitti ng an existing
gas/oil system with a gasifier versus installation of a new sol id fuel
system have not been def ined , several studies place the cost of the
former option in the range of $4 to $10 per pound of steam an hour ,
compared to S15 to $30 for the latter alternative . E~ ission control
equipuent in an add itional cost factor for sol id systems (particularl y
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c o a l ) .  As in pyrol ysis , ga s i f i c a t i o n  is a re ’ 1~~~ivel y clo~in process
env i r onment/ i l ly .

In surrvia ry, g a s i f i c a t i o n  provides the v a r i o u s  advantages of biomass
waste disposal , fuel production , and maximun use of existi ng systems.
It appears that  g a s i f i c a t i o n  w i l l  be a real  facto r in  the switch awa y
from conventional fossile fueis.
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APPENDIX 0

PYROLYS IS

Pyrol ysis is the decomposition of organic material , s~uch as
agricultural and forestry products, with heat. Pyrolysis differs from
direct combustion in that the “burn ing ” is acco~pl ished ~n the absence
of oxygen. The intense heat, ranging from 1100 to 2200 F depending
on the process, causes both a physical and chemical decomposition. In
practice , pyrolysis units often utilize small amounts of oxygen to
support the process, but this is typicall y only 5% of that necessary
for d i rect combustion .

The prod ucts of pyrolysis include carbon char , pyrolytic oil ,
combustible gases, and water containing soluble organic compounds. The
relative proportions of the products, or yield , can be varied by
controlling the type of feed material and regulating operating parameters
such as bed temperature and rate of char recirculation . While it is
possible to provide indirect heating to supply the necessary heat, it
is generally considered more efficient to use a portion of the feed
mater ial as a fuel. After absorbing a relatively small amount of heat
to initiate the process , the pyrolysis action is then self—sustaining.

Most of the development work on pyrolysis was originally motivated
by a need for environmentall y sound methods of waste disposal; the
process also appears to have a real potential for fuel production. Solid
waste is reduced to a fraction of its original volume while a
clean—burni ng fuel is produced .

Pyrolysis is not widely used corrinercially at this time . However,
char from the pyrolysis of wood waste is being used in the manufacture
of charcoal briquettes. Char also has fuel value as a low sulfur coal
extender or substitute and can be used in the production of activated
carbon. Pyrol ytic oil has been demonstrated as both a fuel and chemical
raw material . The gas from the pyrolysis system , in add ition to its
use as a dir ect combustion fuel , has been tested as a fuel for an
internal combustion engine. Preliminary studies show some promise in
this direction .

In sumary, pyrolysis seems a likely cand idate for comercial
applications beyond the current level. The technology appears to be
avai lable for large scale use, although additional research will no doubt
bri ng refinements.

4
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APPENDIX P

ALCOHOL PRODUCTION FROM W(X)D

Production of chemicals from wood is an old concept, and a number
of commmerica l plants have been operated in the past. These plants ,
which were handicapped by single product production , proved to be
noncompetitive with chemical plants based on an abundant supply of cheap
petroleum as the feedstock. However, the recent increases in the costs
of crude petroleum and the continuing prospects for further increases
as petroleum resources diminish has resulted in better prospects for
the economical v iability of producing chemicals from a renewable
resource, wood.

Alcohol is a chemical of primary importance that can be produced
from wood. It can be mixed with gasoline to form gasohol , a
transportation fuel , or it can be used as a chemical feedstock.

Methanol , often called wood alcohol , can be made from the gas that
is prod uced from the pyrolysis of wood. However , methanol is not as
desirable for use as a fuel as is another form of alcohol, ethanol .
Methanol does not mix well with gasoline , and the gasoline—methanol
mix ture does not combust properly without engine modification . Ethanol
is not as difficult to mix or combust as methanol. Also , according to
recent work at Georg ia Tech, producing ethanol from wood is cheaper than
producing methanol. Maki ng ethanol involves hydrolysis , which converts
the cellulosic material into sugars, and fermentation , which converts
the sugar into ethanol . Most fermentation processes presently use corn
or wheat to produce ethanol . Though feasible , using agricultural
prod ucts does not presently produce an economical fuel. The key to
mak ing fermentation competitive is in finding low—cost sources of sugars.
Cellulosic biomass such as wood is the most abundant potential source.

Georg ia Tech is developing a pilot plant to test the technIcal
feasibility and economic viability of producing ethanol from wood. The
best approach is an integrated plant that would utilize the whole tree
to produce chemicals.

The non—struc tura l  components of wood such as f a t t y  acids and resin
acids can also be recovered and marketed .

The structural parts —— cellulose , hemice l lulose , and l i gn in  —— can
be separated and processed into var ious  chemicals.  The cel lu lose , about
50% of the structural part of wood , is hydrol yzed via either acids or
enz~.mes into sugars which are fermented to produce ethanol.
Hemicellulose , 25% of the wood , is hydr olyzed to xylose which is
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converted into furfural. Lignin , the remaining 25% of the wood , is
pyrolized to produce phenols, char , oils and a combustible gas. The
char , oils , and gas can be used to reduce the energy requirements of
the process while the phenols can be sold as by—product credit.

The economics of a large scale production facility appear promising
particularl y if a mul tiple product plant is considered. Economic
analyses indicate that , with the credits available for the by—products,
such a plant can produce ethanol at competitive costs.

Georg ia Tech anal yzed the costs for a plant capable of produc ing
over 406 tons per day of enthanol (123,000 gallons plus many other
products from 3 500 tons per day of wood input. The capital investment
for a plant this size would be $65,299,000. The cost of producing
ethanol in this plant is estimated to be $1.29 per gal lon for a wood
cost of $34 per ton. If the cost of wood is S20 per ~~~ (oven dry ton)
then the cost of ethanol drops to $1.01 per gallon. If by—product
credits equivalent to 65% of the market price of phenol and furfural
are assumed , the selling price of ethanol from a softwood processing
plant becomes ~0.50 per gallon and S0.78 per gallon for wood prices of
$20 per COT and $34 per CDT respectively. For a hardwood processing
plant the price of ethanol is estimated to be $0.30 per gallon and S0.5~per gallon for wood prices of $20 per COT and $34 per COT.

These prices can compare favorable with gasoline production costs
of roughly $0.40 per gallon and are more attractive than the costs of
prcx3 ucing ethanol f rom gra ins  which are  $0.75 to $ 1.50 per gal lon . Also ,
this process is a net energy producer whereas fermentation of ethanol
from grain is often not.
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One Hundred Per Cent Timber
Harvesting: A Dream Come True?

placed in piles Two grapple skidders
Field experiments in Michigan and Mississippi dem- 

~~ 
e
t~~~~ ip~

d
ng
h
&;
i
t~

l
t ~~ ei~~~~onstrate that the concept is achievable. Highly trees are fed into the chipper by a

mechanized , low manpower operation is the key. ~~~0 p t ~~~m a t ~~~ an

men operate the skidders and the fel-
ling machine,Realization of the goal of 100 per l’he field experiments conducted to 

Two more men meke lip the six-cent harvesting and utilization of a date have been tn Mich igan and Mis- man crew , One is a maintenance manstand ing timber crop may be in sight , sissippi . and the timber sites have who services the machin es and dciii -
~iih the results coming from several been clear-cut , The chipper literally bles as a sa .sman. In the latter capac.parts I the country (in experiments eats tip whatever the other machines ity he trims branches off the largerconiliicied by a Michig an’based corn- supply, including trees, saplings, bran, 

trees be fore they go to the chipperpany, Morha rk industries , Inc. I)c ’ ches and leaves . No attempt is made The same function may be required ifsp ite the name , Morbark is actually to remove bark. Chips are blown di- these bigi.cr trees are to go to a saw.in the pr i~ es s of demot istrutung a rect ly Into ad jacent vans iii he II instead of being chipped. Thehighly mecliaiiuzed harvesting ss’ste m trucked t i  the mill s , If des i red , s ix th  man su perv ises the screening op-tb ,, produces ‘total” wood chi ps out screening can be added to the system cration and ,ucis ~us t e - i le r  spotter . di-Of cser ’, t hing from smal l branches between the chipper and the vans, , 
rceting the chi p v .uns to parking to~.u-to 2(i’tnch diameter trees . Only six people run t he operation, t ions and overseeing the chip hiossingl~ustgned to supply wood chips at a a resu lt of the high degree of eqttipni en tcost signifi cantly lower than any other mechanization . Yet the total ut tl t z. a. 

Since all si/es u t  timber are Idledmethod now in use , this s y st em c xciii- lion concept has permitted unusually iind chipped, the harvesi~ I arc., is
plilie.s tw o basic priticipies : use of high yields of wood chips frot iu the the n more amenahk to pl.uni -d refor’
machines wil l increase harvesting experimental pl(uts estaUon ptn grams. In addition , the
pt I i s t us  ity . and I IX) per cent har. t itiluiation of branches, mops , trim-vesting of standing timber iiti li,’es the How the system works fl ings and hark means s- urt ual ly no
Iiircst resource to best advantage. Four men operate the majo r pieces slash cii’ l i t ter  left behin d ‘ Ib is has
l ou t machines do the work. I hey are of equipmen t. ‘l’he feller , hiin eher definite benel it s fro nt the point of
a feller/huneher , two s kidder s , and a cut s al l timbe r f rom a few inch es up s i l-w of re - seeding th e sliC and great-portable chipper. The las t unit is Muir- to 21? inches in diameter. Trees are Is reduces the t ire hazard that slash
bark’ s own Metro Chiparvestor. chopped off close to the ground and often ‘rcsc uts .
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Total h:evesting makes better use ca n he equi pped with an auger con- of h,irdhoard. At present the report is
ol the exi ’ tung timber resource , and s-e~or to deliver the t iff-size material sti lt not in on the results if the s t udy .
has already pros’en nmorc productive to a storage bin or truck to be hauled ‘I’he l,ute st eshibition of Morbark s
than conventional niethod s . The chi ps aw ,uy, s~ s t emum u .us held June 2t throcugh Jul y
so prc~luccd are suitable for pulping ‘I h~ chips so harvested were 2 . once ag u in in Mich’gun. This t ime
operations, and C m  also he used for trucked to a near-b’.’ paper company the cooperating company Was U.S.
making p.irtucle board , pressed board in Michi gan where they were mixed l’ Ix-ss ood-( ’hampuon P.uper. The site.
and hardboard, 1-yen the bark on into the sirc,usn of convcntioriai chi ps near (i,u’.lord, Mic h,, belonged to the
some of the chips going to a kraft entering the pulping pl.unt . Several paper company, and only chips were
mill appeared to has’e no effect on the test runs of a few hours each were produced, They subsequently went
finish ed paper prod uct . made ; the chips went throu gh the into the production of particle board ,

standard kruft cook and the final Agai n, the final evaluation is not in
Field demonstration bleached pulp was used so produce yet on the hoard that was made. bus

A welt-documented study was ru st paper. The pa per company reported the harvesting project was considered
in earl y 2slay this year on a 40-acre no difficulties in using the “ total” a decided success .
timber plot near Winn . Michigan . chips , and finished paper showed no
(Winn is the home of Morbark Indus - abnormalities from the usual product . The last word
tr ies), The object of the experiment The norm al chip furn ish to ‘the mill is J . H, McLeod, log and chipwood
was to produce 2.500 tons of “total” short -fi be red hardwood , and during processing manager for the Masonite
chips from the aite in five days usin g a the test period the “total” chip con- mill in Laure l, liked what he saw and
s ix-man crew. Before cutting began , trihution to the di gester in-feed ran as said of the underl y ing concept: “Most
professional paper company woods- high as 35 per cent, companies are going to ‘clear cutting’
men su r veyed the area, and estimated of forest are as , It leaves a clear area
a yield of 60 to 75 tons per acre if Further proof that you can replant and get an even-
conventional pulpwood operations i,ate in June Morbark provided age stand of timber , Just like sugar
were used, another demonstration of the 100 per cane or any other crop.”

Over the five -day test period , a to- cent harvesting concept at a hard- And Norval Morey, chairman and
tal of 25 12 tons of c hips was pro- wood timber plot near Ellisvi l-le , Miss, chief executive of Mor bark , pro-
duced and loaded into vans . Forty- This time the experiment was a coop- nounced -the expe riments a success
five hours of actutal operating time erative adventure with Masonite now and for the future, “Wood bar-
were involved. In all . onl y slig htly Corp . which operates the largest vesting is one of our oldest jades-
over 18 acres of the plot were bar- hardboard plant in the world at tries,” he said , “but with new ma-
vested , resu lting in a yield of appro x- Laurel , Miss , chanics and systems such as those in
imately 136 tons per acre. Th us the In this case all felled timber suit - our exper iments , it may soon be
yie ld was twice what the foresters cx- able for lumber was segregated out among the most progressive. With the
pected from conventional techniques, and sent to the sawmill. The remain- constantl y rising costs of timberland
and w ith a much smaller operating ing trees , tops and branches were and of doing business in general, we
crew, chipp ed, screened and blown into must institute the most efficient sys-

The acreage harvested contained 3, vans to be transported to Laurel. At tems using highly productive, labor-
235 trees under six inches in diameter t he Masonite mi ll the chips were to saving machin es, so we can keep this
st t he base , 3 ,468 trees s ix to twelve be used for experimenta l production industry healthy and profitable. ”
inc hes in diameter , and 1.198 trees
larger than 12 inches , The timber was
predominantly poplar, with lesser
quantities of oak and other hard-
woods. From these a total of 95
trailer loads of chips was produced.
The equi pment aced in the harvesting
project included a Drot t Tel
ler! Bunc her , two Timberj ac k Grap-
ple Skid ders , and Morhark’s “Super
Beever” Metro Chiparveseor . Tree di-
ameters ranged froni two  inches and
less up to 20 inches , All t he trees (‘hipping unit blows

chips to this screen: -were chipped, with no saw logs being accepts gu m directly into
ta ken , iu,u s to hi’ traniporteul

Chips were hjusss-n out of the rim the mill.

Chiparvestor directl y into an (mn-s ite
screen which culled out fines (eonsi%-
t ing mainly of hark ) and osersule
c hips . The screen a- is diesel-powered
and hydraulica lly o per.ute d . it haul
capacity of one and a hal f tons of
chips per minute ‘I he screen ed chi ps
went into thc wai l ing sans ,

( hip sc reen rej ec ts left at the har-
vesting s ite were spread out by bull .
dozer. However , i f  the chippe r is to
be operated at one lo~at,on for a hun-
ger time , a large volum e at rejects
could accumula t e. Hence the screen

Q-3Paper Trade Journal /July 26, 1971 “Now in Our Hundredth Year ” 29



P 
Reprinted from Forest Products Journal . Copyriqht 1978, Forest Products Research Society,

ALL RIIHTS RESERVED ,
APPENDIX R

Economi c Aspects of Low-Grad e
H ardwoo d Utiliz ation

Irving S. Goldstein

D. Lester Holley

Earl L. Deal 

— - - - — — t r ues , min d hark untau usablu- mmuti ’rimu l I or t hi’si’ t ic m i s s e sAbstract 
lea ’ .’ itm g vi ’ rv little residue in liii ’ forest.l”m ’ r  t h i s  uli .s, ’uiss iofl luuw—gr uudi ’ hardwi,m,,ls .ure di’I’ini’d as

i ii- t i im ut , ’ u ’ i mi l rm-u i mi imnul g un high grmidm’ul stmu , i uls f nov --I hmurc l- lmpuurtant eciunomic asp€s ’ts of the ut i l iz at i u rn
w , , , mu ls  m r the ii m in i w,u, ud u-mi ni  pu~ni ’nt u uf Juini ’ st minds . i-m n tim in i ng alternatives pruuposed in vol vi’ the delivered cm st u if such
s i - i ’ . m w  ut  ualm tv i ri- I-s unit gi’nu’rmil ly unmi’nu ’h muntmi lil i’ d ui ti m luua- hardwood material at a cen trmil luucati u n  - the puuten t i ii

.m l u m ’ m utuu l  , - s , - u - l , s s u t uju l y .  ~ uu-l i ma mte rim il is suit able neither f,ur value of the pruuducts , min d the uvm u i lah i l i t v  uif thest ru m -i urmul .m~ uml au t s ,uus mu uur fuur put ju ng lu,’i’a use ‘ml s i/ i -  s~ u ’ , - iu ’ s - material These are c’uinsiderc’d in detail below ( )thu uli-lis ts , uur lum irk u ’ um ntu ’ mi t ,  ‘l’hnu’i’ potential m it u p lmi ’ m i t u mun s fu,r this impiurtant f m um- t i , i -s are i’mipital requirements and plantiuu; u tm ’ r im u l. indi ’tum-uidm ’nt uif ’ th,’,s,’ l i tnit m l t i o i u s . mn m-l uul ,’ usu- mis Iuu’l . oj~’rmut ing u’iu ,sts While ruiugh estimatu’s uuf i-apit al need_su ’ u , m l v i ’ r s u m m m i  mit e i - l u , ’ t mvu i -muls , unit , - , m r m v i ’ r s u m u f l  m i m i  f i l u u ’ r b ,um um- ul, I lii- 
will be presented, umpermit ing cui ’,ts iru- dependu’nt in,li’ l is - i’rt ’u f i - , , s t  m t  such limirdwu iuiuj mmut,’nmul a t mi  u- i’ntrmil lms ’ mu t i uun  is -

rr nil I t h in s m lii r tu n f d r  v, mm1 Ib m in t ri I ‘,peimfti pri wi s monf’ikur i tumins m d  pl tn t lu  utlon .inmi
i- mmm um ir i’ u t I,, t h u  pim t i ’ ntim ul v mulw ’  ri ’ turni ’ u h mv the vm i r iuu u s art ’ hi’ iu nd the scope I i f this preliminary duscuss uuun -
utu / u l l ,  in si’hui’mu- m, ‘l’hi’ puutu ’nt liii m u s’ m u i  l m u hui l tv u ifsui’h mmuti’rimil Cost of Raw Ma t i-n almit i s  pm ’ c tm s i t , - mm the t ’ ui ’ u l t nu irm t u uf North ( ‘ m ur mu l m m ,  us , lm- su -nj ju i ’ uf ,  -- - — — Wh uil e-tr ei ’ tn-w m i ui ds chipping his uncremused ra it md lv

in tbi US. Siuuth with appriuxi mm itelv 1(1(1 ojw rmu t iuun s in
existence . Thus system is ideal for the m up p lica ti u un s und er
u’iin,sideration, Th,’ presence of hark , iuluj ei-t iuunmu ble fiur
pul p chi ps 13) , dus’s nmut inter fere with huriiingA M~’ .J(ik PRiHit.EM in the U S , South is thu’ u’uu nvi ’rsi i u n Cmi u-hemicals. Bark die’s u’ mu us,’ aimi’ strengthut i lization uif ‘mw-grade hard wuuuids. As Anderson i t  h ms rid uu’tiu mit in Ii herhuia rd luut hoards m u guuu id qua lit v i ‘usnj ) iui n ted out mnu is t trmudit  tonal prod uc Ls th utt could lie made he mmide front I mi rky hardwoi ids pru uvid,’d ri ‘St m u dist i’m hu-I ruum luu~ -grade ha ruiwiunuls u-i old be made more u’heaply t i u in is adu’q uate 11t h.bruim lii’ t t i  -r hardwu mu id s. ( ‘uinsi ’uj mn tl y the 71) in ii lion

- .5m m- i’ wh uu le-t ree chips mire u ’ u , t t v i - n t t u , t u mi l l  v m mir k ,- l u- dmu - r i-s oh s i t u - s  s u i tm u l t i e  for puma’ pI untatiuun s in the I. -~~ . -
- - on a green basis , and the voids ,mf pruuduct — uli’iueoul m mSm iuth t utu t t hat mire now cm v u-r i d with a m mu ntlu’ of -dry weight , i’ i - m unuum u u ’ pr u i) i ’ i ’h u mm ns r i’u iuure’ thi- m’ ’ st of thuur iwmit u tm ’ ml  hardwm mu , ul s (-umn not hi’ em ’uun u imucmlly 11,0-

w uuuid min i dry l umusu s  I he muver iuge mm mi s t u r i ’ m -m ut i t m ’ nt M( us u ’ r t i ’ d f_ u , i tui ’  unl,’ss Suu mu ’ new ius i ’s (‘itO be fuuun d f u r  f_h us . - - - -  -tiet’ded for this u’ m i lu’ u lui t uuun is  i lm ’ r i \  i-il i t t  I alu m’ I I , , is, - ml mu t th mirdwm uiud t u umu t i - r uum I - ‘ -s~mm ’ u ’ mi ’ s (latui frmurn thu Su’ut hem l o c u s t  Fs m u ’rin um ’ ntI m r thu s u l i s u i m s s i m m n , Iow .grm idu ’ ltmirdwo iud s ,irm ’ Sta tiu m n TI m in d Ml ’ u luitti ciump il u ’ul liv Smith s m  ‘l bi lm’h iti ,’ ul as t h u  msu mite n im tl rm ’m ut tn m ng in hugh -g rm td u’uh (‘m i l m ’ u lml t m ’ ml  Mi ’ if S~ fs ’ rm ’ent is s, m in u ’whmit gi’m’ utc’r t h u imSt ,ito ls mit m mxiii l i , i rdw mi , m uls , mm r t lm m ’ hmicrula 
, 

muutl  i ’ iu rn l m lmni . nt  the valui’ if 5.6 pi’ru - m’ n t mictua llv dm ’t i-rm ined fuur upperm m )  ju m ni’ st,it iml s , u ‘ u t m t . t i nlng u ’r ~ 1mw q umi l u t s  tr im’s m iOi l  (‘,m m n t nl p l ain hta rdwmu uuds u- iunt ai m uin g mu ru’ uk mi d ,gi ’ rmu- r ,i Ily m i n r t mm ’r m:hm u n t ;ilul m ’ mliii’ t im liuw v ui lum ’ ,nul i - x m - u - ~
_ ’_ 

priuv im lu’s a noire , ‘m , t i s i - i ’ s~ u t mve ’  u m i s is  f i u r m ’m m s t c u l c ’ u l , u t u , m n s— mu t u t , lv Sum -h mm i ,i t t ’rumm l is s u t t u h m l i -  ni’ ithu’r ‘ mr s t r u u - tuur.uI
ui l u l i l i u - m i t i u m n s  numr for juuul pitig l, u - u -; u u usm - uuf s i / i ’ . S l i m- m i .- S
ulu . Im ’ u - t s , m u m lu um ’k u’ u mt utu ’nt , ’l’h mri-u ’  p m utm’nt m mi l m i l ujmIti’ m uituut t s tumr ‘l’he m m ut i u , , rs  mm. ’,’ , re’ ‘~~

- ti vu - I s lm n , t , - s s , , r , ,  ~V , , , . I u u i m f  l’,iClii ’ . m m i t u ’ r i m u l  vs’hum ’h mr , mn i mlm ’jmm ’ t m uh i ’t it i f  t l iu ’ s i -  l m t i t i t u h i i , m m s  Si e m il ’ ,-\s’’,,- i m u t i -  j r. ’  f , - ~~~ m mt t ’, m r . - ’ i i r s  m m ,! l - ;s i ’ -umvui , i i
i mum lu I lu i I u It mini  ii toil hi hu e rhm mmd Ii a j, r id h irm i 

~~im I ‘.
i I~~t 

~ ~ 
1 m ur i I n~

’. r th ( in mm ~
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being re placed. II u mwt ’v e ’m , al l c r11 o t t  vt use’ uif t m  uuul , dupe nd I. mm st mtwne ’( I h’. lur i ‘.‘mii i ’  n um nln( 1 ust ro t I land holders
ing ‘~n its pric e me n d ; u v m i t l ; m i I I i i t v ,  w ,mult l have tA m hut ’ (SIC I. f ’ ’ r m ’ s l  undustry ( T I . m ind the public s m ’ l ’ t , , m  (1-~~(,
u ’ m, i uIs l l l t ’ r , ’ uf  h e n ’  l” urt he ’ r n imm re ’ the ’ s mall sm/ I ’  m f  h it’ s t , ’ ; u m m i  }Iuirdwiut,ds i’,mmp nist ’ Is’mu ’u’nt mu ) ’  the’ grumw ing ,ut,g’k,

I m r s  mm uI I ,) ru ’qu in’ miin v i l is t  uI l u  t I m  os tmi o t t o In I )n I 12 pen ‘e’n Ii if t hi’ fi , rest I and ms Im’ss thu n 6(1 percent

R-3
l i m b O -  ,°i l ’ I t l l l u  I - i - - I ’S  . h u m t ’ i l N , \ l ,  ‘.,~~~.‘ ‘. \ -  ‘



‘I’Att I ,E I II - I’, .1 ’,, ( mm ~! 
,, 

m ,uu / shiul u ( S 
~~ 

(m ,,m- m /m , ,smd i’h m;us s u m/ m u ,, \‘( ‘ ,l rs i’nuirt ’ d r  less , E yen th eu ug h a gi vt- n luwne’r ma v
II ,,,m ! ,‘ r,,m /m m, s ,mf !? ,,t ( tm, ,” , .V,,rl(m ( ‘ o r, ,/ ,,u, u preserve’ huru timber , t he’ prolummhi lity that harvest a-ill

5 ‘I’ ,m I m us ‘ - i m t u m rs- lii Ii,, r,lss - , ,,, ul g r” c mug ,m t,m , ’k ’ 2 , 75 I , I 5,u , I H I i It ‘ umc cur in c rm ’ mus , ’ s m ’ s’u ’m s - f_ i me the’ pr(upe’mty c ha nges hands,

I 1: 1 I ~ ~~ 
I he new emwne m m iy hi isi at t mt ud e’, diffe rent  from tho se

I ’  Es , - ,-v v g r m a m b m m s r r i - , , m . m s  ‘ Iv 019 ~
,, 

~ ‘ 
eif the ’ J mr m ’v mo us umwn er ; the vmi lu me’ avai l m m h le fo r harv est

I’  ‘ mu-mu t u a l  hu m ru s I  m , l i i s ’ , ’ l l  i, m n ;utm ou, ’ , m v url ’ t lm , s 
,I - 11 , 1,1, 1 I) w u uu Id have been bum It UI) ill the’ mcii n while ’ mit km ng ii

m
u I I, ~ 

lb Ii m 
5 iIuils fi 

, 
tim ber s ile mmmre mtt raa l ive end the new ,,wn u_r may

II I’, ‘1,-n iu ; , i l , ,u rs - , ’sl Iv ,  s ’ m m 21 scu I I s: / t ,nv i i rs m nee’d tmu reetmu ~ sum ine’ mm ) his mnvestnie’ nt in land utnd
I “. I j I  t rl 

~ I 
f _ um ber Indi s t a in s are th ml ‘i ll cat e,g uune s t f t u a ne ms hmp

Fuis ’r I,,,., r , I ‘II 7,4111, lu in t he’ study are a now mumke their lands available fm m r
I ‘hi’,,,,, - m ul ‘II - 17 ,1 cm , :1 harvest ,

- ‘u s ’  r, m c ’ -  i ris ur,’ ,Iu,-,mi rm ,,luus f ,m r m u i r plant ‘
S(e~ uttl u I mu tm - s  l’he- ece unm m mm c incentiv e ’s for supplying woemd te l the
l’mls- rl,,,,, rul I l i u m n ,u I,-,, lurm mce ’ ss m ’ s under (‘uunsideratimun cm muld be. ve ry high
I h,noi ui 

- - 
.5 m~

, mI, , , . re lative’ tel what the market has eiffered in the past. The
I ,I,utuu tr ,mn, l’,m rrv u ,mu r u m ’ s -  pn~j i- ,- i  Si,u th , ’ m us t , ’ r ,u I” mr ,’vu imverage’ veil ume (if hardwm mm m d gnumw I ng s h uck m in the ’

m r  ,m , ’ ,mt S ( u t u , , , m  predominantly hardwu,imd sites is 16.6 cu rds per acre’ by
ceunven t ium na l merc hantability standards or at least

stoc ked with trees , and only 4 percent is in deep swamp twice that vemlume ’ in terms of whemle-tr ee’ chips . At $4,511

or ste ep slop es suu harrie rs to harvesting are minimal. pe’r ceir d for green w he,le’tree chips this is an attractive ’

Table Il l summarizes the peitenti ui l harvest of hard . 
return um f $ 15(b ~e’r acme fair wumod , muc h of whtch Was

wluelchs liver and ah mve ’ the vmulume currently being 
prevt (mUs ly considered wu mrth less mind unn ierchantu eb le -

re moved by m’x ms t ing mills. The potential harvest for new I” umt hermore the ’ wh t ml e ’tre es (‘hipping Imigging

prmm cu ’ss es is defined as the huu lance mm )’ hardwood growth system resul(s in mu well pre’pared site with all culls

d yer current r e m m mv u e ls sum that the ’ existing inventmury of merni mv ed and re ady fm m r plmmnt ing with minimum ad.

har (Iwlleud gruiwing stack is nell depleted While the saw dm tmuuna l pmt ’pmuntmtie in . Ordinuu rlly the task euf cull tree-

l ug pmmrt i um n mu ) ’ high qualihy hardwotmd stems w mmuld likely me’mumvu u l would u- ,mst $51) pe’r uecre emr metre , and s u mme mi f f _ he

be’ sumrtc’d out, thus reducing the potential volume’ t if 
sil l ’ w m u lml be’ take n up a- ith w m ndre m ws. With this lmmggmng

w h mtli ’ - Iree’ chi ps, a com pensat ing umdditiu u n would be’ the s~’st e’m sit u ’ I re ’plu mati iun comes a lmost free ’ , ane mt her
inevita ble ’ must ’ iu f s u’ um tt c ’ nm ’~h and lam - qua l ity sm mftw oo d v m mlua h l e_’ m n ce ’ ntm v e tmu the’ landown e’ r,

species. Summary
‘l’he F’m, re ’ s t Sumv e’y inventeiry data summarized in - 

Wh uml e-tree e’hup s fm umm Immw .gr ade hardwoods can Is’
‘l ’~ihtIe ’ Ill art ’ h ;u sm ’d (III ( ‘eunventiumnal uti l ization stan~ 

(le’ Iiv (’ re’d within a radius if SI) miles for less than $211 per
da r ,f rs l’~x lmem iene’e has shm iwn repeatedly that the dry ton, ‘I’hese’ chi ps arc,’ su itable feur direct combustion ,
11111 h i 1~~i’ y ield umf wh t m le -trt ’ m ’ chi ps is between two and e’ o nversi lm n int u ich e’ mica ls and int am fib erbmmard , and s ue’ h
t hree’ t um m uu ’ s the vu)Imne that would he e’xpee-ted from prlmcesses appe,mr I’ m euffer attractive returns em invest-
e’m,nv e’ntim ,nal cruise inventory data. A facteir u ,f  tw c m is me’nt , An examp le is given emf th e’ availability mmf
(‘m,l,sc ’rvlmtive ly used in Table Ill in gumingfrom E to I”. The sufl’mcue nt kuw’grade hardwumemds within a 5((.mile radius
u’ hip ,iverrun ‘ mm mc’s frtmm nm un(’uummer eia l hardw im od ,,I Rmuxbeirei , Nmurth Carm Il in le , to supp ly l;’ml) steam plants ,
s ( um ’ m ii’s . mmiug h’rl’tten’cufl tru es , tmup s mi nd Iimhs nmmmma lly I l l  f ihemhu um uird plants , i ur :1 chemical plants while
Ic- It in the w tim m d s , and tre e ’s be’ lmmw the convent it mna lly returning e’ x c m ’ pt muu n a l lv attractive ’ inc uu me hIm the land-
mere’hantahlm’ diummeter ,mt breast height (I)BU I limit , imwner s mu M we ll .
‘I’h,-su’ s uu ure ’e’s mure’ miure ruignificu ent in hardw uod stands
t hu mn in pine ’ L iterature ’ (‘ited

I As u , .  ISs , s W e - i mi7 t A ,m ,‘i- ,,1l, , mtot r su m - us ’  , ,f ibm ’ pm uu’ sit,’ I,,ur,l
It is m ’s ~u e ’ m ’ u all y n mutewe irthy that this small regl mmn is s i  ~,r,,i,I,’o, F,,r,-st I ‘r,ai, .1 /1, - t m - I 4 - to

cii pa Im Ie ’ euf suppu irtung thre e large ’ plants f umr ce m n vertin g 2 I I t s  u, , I’, I. 11, 71, II 1, 1,’ I r,-,- Imm , rs ,’ s i m ,mg l’s rh, iulumog , u ,m ’ t h msh s is

w m uu t d in t Im e he mi( il ’s I his con c I usuimn m’c in m irked ‘5 him 
p ru I If 

‘Am I~e 1111 vn, p flu 
m 

II, Cu 
Is 

I 
I I Il

cont r~ist tam the. t ’ mmnu ’ e ’ rn mchmuwn in a pre ’v l umus repuirt (91 ,(~ l u au us , , r ’  .t~ I-I 1117 1, I tA ’, , u ’ ,s ’u ng ( irk Iri ,nu i’/u ,m,Ihi,’r,u (v. , r , Iw ,m ’m , I

thue I I .5(111 tl,n s pe’r day emf ha rdwlsid w~este’s wemu ld is’ ss’h,il,- - tr ,-,- ,- is m t ,s t’ .mr,’,’i l’ r’ il .1 11,/I, I ‘ I s

di f f icu l t  tuu missemhk l r sue, h ip l unt 
I ( i i  a i l s ’  ( L v i  f r  n mung w I ,,ut p l t

Evm’n ml nmmne’ tml ’ the~cut uuvm’ r hind guuc ’s iu umu - k inte l hard— - ,  1117 1, W,i,, ml v ,v , m s ,,u r, ’ , ’ , m I  , h,-mu, ml f ,s- ,k t ,, , ks Pr’s , , mmih

mem ,ud ’, t he tumt ul innu ml h mrv St given ~n ‘1 mh le 10 
‘ t~m m ~ l~~~ l~~ hl- V~ 9 In e m i t  I C II r, I

including mu nrc-nt arid ptute’ntia l re-rn ovals wemu ld reduce’ s, ’ , um -m ’ r , ’ , l  I’ ‘us , I , - , , ,m ,s  l i I , ,- r lm ,, , i r , f  fr,’m h,,rdw ’ ‘.,u I I ‘I il Ire, ’ -h , t v

t he’ current inve’ntuiry by u nIv (iS percent in 2(1 s ta rs . - 
i” ,, r, -o t I’ ri ,ul .1 4701, .55 ,17 

—- SI, m mi v - , I A , ,ut,uI il~ A Ksi , . m , , 1 1 1 , 1  l l m , r , i um , m i I  r , ’ ,,,,ur ,, -s ‘i ll
I Im ua’ m ’v m- r , uu mp le ’ phvs uc m il  mis - uim lalmi lity t m f woe m d is m m nly Sii,utiier,m (m,n~’ silu ’s F,, r,’s , l’ r ’’ mI .1 .11,71 - 1:1 Ic;
,ne’ i ,u ’ m - m ’ ss um n ’ u ’ i’ m ,ne hm t i mmn - In v It’W u,f th e’ high pe’rt .’e’ntage’ Is 5,1 ‘lit , ~ Ii PcI.) ‘I, ui,,) mm ’ . , m , ,  m ’ luu ’ rgv s , s ri ’ ,’ I_ / mr tb,, 5, ‘s u bo rn lul l’

eu f pr iv ; ite ’  nt , i m industr i,cI eu ’ .e ’nc ’ rship w emuld the wm u umd Ix’ . ,,mI pa; ,’ r ,,,l m, ’,t rs I ‘ n~u u b m Im v 1osI Mm mi’ , ’  hha’p ou ’u ‘ sm , r t h  I ,,r ,,l,n mu

in idu c v u I  ult l e fum r h urve st elm wmm ul d e.nvire m nm e,nt il I I “ dm A I “, I I I I I I  I I I I  I ut u t m ny I
m’mmn , - , ’ nm l s  min d iuppems i tmm m n tt , m - Ie ’ m e r e ’ut t m n g mil itate against r ,’o uul ,,, ’s ( m r  m - , m ’ - m’ v m ,~m~I i- I ui ’ , , ,~,-;,l s (‘14 .1,5 m, u m u Nv , l u i , n m , /  I’ m., ’h , i ui- , , I

~ 
C, ” 

Su’rv I, ’ ,’ - ‘mur ,,iem i m u ’ I mh , ‘s
m S US - III .‘ is ~ i~s~~S , 1, g 1970 l’3 I,-,is ‘ ‘ I  m n ,  ul ,’ns ,ls ,r , , ImIi- tn,( n’S,,,

A lt hmmum g h the rm’ is mt the’,mrv that sl um p pr ivate’  uiwne’rs ‘ 1,1,-ni ‘“ I ,n,’ul,i,u,u u i u ’ , , vm ls  l ’ ,I~ - r I ’ , , , , r ,  I’ . f r’ ,,n S.,utli ,’ ri , h , , r uhw , , ,s ls

wi ll re lii e I II timbe r thu liLt r iture tndu i t t  sth ml the tm ~

‘ 

~~ ~ Iti usAm j I I ¶ m An (‘ ml s m m mi v
i tve ’ r u mg ’ ’  Ic’ ri gt h ui t e’ nur e’ l ,,r prlv mmt a’ emwn e ’ rs is munly IS s ’ ,  u, u. s

R-4
c ALIG I 15_ I ’  197 14



APPENDIX S

BARR r~~- ’ ‘
~~

‘ I ,‘!IDESPREA D W~OD USE

There are two maj or institut ional barriers preventing a more
widespread use of wood in the ind ustrial commercial sector. The first
is supply ard lack of knewledge about the technology, its costs , ard
its availability. The second relates to the long term availability of
the resource. To the extent that fuel is the least valuable economIc
use of wood , there is no incentive to replant land cleared for fuel wi th
new growth. This is complicated by the ownership pattern of the forests.
In Georg ia , with a large forest of 25 million acr~ ‘ 24 mill ion are
privately owned . Strong incentives may be needed to encourage the ~~al)landowner to contract with a fuel collector and ut imately replant w ith
trees for future use.

A less d i f f icult , but still important , barrier relates to the current
regulatory climate. A favorable climate arKi a responsive bureaucracy
can measurabl y impact a corpora te decision to conver t or not to conver t
to wood systems. An example will serve to illustrate the point. A
textile mill held up a scheduled increase in their wood burning capacity
for almost a year because they could not get a clear response from DOE
on whether such a conversion would fall under guidel ines that had been
wri tten for oil ard gas conversions. When assured by DOE that they did
not fall under their guidelines , they committed instantaneously to the
conversion , thereby nearly doubl ing their woodburning capacity.

A major institutional barrier for utilities is the acceptance of a
new technology. Regulatory and/or federal incentives can nudge the
utilities into a more aggressive position . Another important barrier
for utilities is the assurance of a long term wood energy supply. In
addition , the high costs of collection pose a problem . Finall y, the
increasing val ue of wood chi~~ ard sa~snill resid ue in the manufac tu re
of pulp and particle board is seen as a deterrent .

Besides the availability of a technology suitable for home
installation and use , the major barriers in the residential sector
involve the acceptability of a new fuel form by a market that has been
accustomed to never seeing its heating fuel. Will the homeowner accept
the fact that he or she needs a bin for wood — like the old coal bins
that most people were delighted to get ri d of? Is he or she l ike ly  to
accept a product that is wet ard potentially moldy in the basement?
Will the wood have to be dried or pelletized? Does a distribution system
exist or can one be created that is as reliable as today’s oi l , gas ,
and electricity system? These and many more questions on wood
availability must be answered before any major swi tch to wood occurs
in the residential sector.
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MANUFACTURERS OF TIMBER HARVESTING
AND LAND CLEAR I~~ EQUIPMENT (PARTIAL LIST)

Feller—Buncher Shears

Morbark Industries , Inc.
Winn , M ichi gan 48896

Deere and Co.
Industrial Division
Molin e, Illinois

Flor ida Machine and Foundry
P0 Box 2370
Jacksonv il le , Florida 32203

Sk idders

3. I. Case
Construction Equipment Div ision
700 State Street
Racine , Wiscons in 53404

Clark Equipment Co.
Benton Harbor , M ichigan 49022

International Harvester Company
Pay line Group
Schaumburg , Illinois 60196

Caterpillar Tractor Co.
Government Sales Office
1815 K St., NW
Washing ton , DC 20006

Whole Tree Chippers

Morbark Industries , Inc.
Winn , Michigan 48896

Strong Manufacturing Co.
498 8-mile Road
Remus , M ichigan 49340
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Truck Dum pers

Screw Conveyor Corporation
700 Ho f fman Street
Hammond , Tndian ia  46327

Air—O—Flex Equipment Co.
3030 E. Hennepin Ave.
Minneapolis , Minnesota 55413

Live Bottom Tra i l e r s

Bocats, Inc.
Box 1021
Garden City, Kansas 67846

Hydro Mowers

Pettibone Corporation
4700 West Division Street
Chicago , Illinois 60651

Log Loaders

B ark o Hyd raul ics
Superior , Wisconsin
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~~. t~.iIi t~~ s~ ~~~~~~ AF C i v i l  En~j r  Center/XRL
ATI’N: Dept of ~‘~ ch~n ics Tyndall AFE , i~L 32401
West Point , NY 10996

Naval Facilitie s E~igr Command
US M i l i t a r y  Acad~~ y ATmiIt’~: Code t~4 -

A’i ’i~~~ Library 200 Stovall ~t
West Point , NY 1C996 Alexandria , VA 22332

HQDA (DAEN—ASI--L) (2) Defense ~~ci.i’nentation Center
rc 20~~ 1 AT~I~ : TCA (‘,2’i

Cameron Station
HQDA (LA~~J—MP0—E) Alexandria , V1., 22314
WAS h DC 20314

Coirnar,dor and Di recto r
HQCIu (DAEN—Ft P) USA Cold Reg ions Research Engineering
WASH DC 20314 Laboratory

Hanover , NH 03755
HQDA (DAEN—MPO-U)
WASH DC - 2C314 FCRSCC~1ArrN : AFF~
HQDA (DAEN-MPZ-A ) Ft McPherson, GA 30330
WASH DC 20314

ETJRSCc~4
HQDA (DAEN -MPZ-F) ATrN: AFEN-FE
WASH DC 20314 Ft McPherson , GA 30330

HQDA (DAEN—MPZ—E) Officer in Charge
WASH DC 22214 Civil  Et~g ir,ccring L~boratory

Naval Construction Battalion Center
HQDA (DAEN-MPZ--G ) ATTN : Library (Code LO8A)
WASH DC 20314 Port Hueneme, CA 93043

HQDA ( DAEN—RDL ) Comnander and Director
WASH DC 20314 WA Construction &igineering

Research Laboratory
Director , USA—WEE P0 Box 4005
AT’fl’~: Library thampaign, IL 61820
P0 Box 631
Vicksburg , MS 39181 Command ing General , 3d USA

Arn,4: Eng ineer
Commander, TPADGC Ft McPherson, GA 30330
Officer  of the F~sg ineer
AT’I’N: ATEN Commanding General , 5th USA
Ft Monroe, VA 23651 ATTN : Engineer

Ft Sam Fb uston , TX 78234
Commander , ¶IflADOX
Office of the ~sgir,eer AFCE Center
ATI’N: ATaJ — FE—U Tyndall AFB, FL 42403
Ft t~bnroe , VA 2 651
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Commander , CARCCt4 Commander
Director , Installation Naval Facilities Eng ineering Orud
and Serv ices Western Division

5001 Eisenbo~er Ave. Box 727
Alexandria , VA 22333 San Brun o , CA 94 066

Commander, DARCOM Civil Eng ineeri ng Center
A~2N: Chief , Eng ineering Div. ATflul : 1~~reell Library
5001 Eisenbower Ave. Port Hueneme, CA 93043
Alexandria , Vp, 22333

Commandant of the Marine Cor~~
A ir Force Weapons Lab/AEWL/BE UQ, US Marine Corps
Chief , Civil Engineer ing Washington , DC 20380

Research Div ision
K i rt land AFB , NM - 87117 National  Bureau of Standards ( 4 )

Materials and Composites Section
Strateg ic Air Command Center for Build ing Technology
ATfl’~: C~ C/CE (DEEE) Washington , DC 20234
Offutt AFB, NE 68112

Assistant Chief of Engineer
Headquarter USAF Pin 1E 668, Pentagon
Directorate of Civil Engineering Washington , CC 20310
AF/PREES
Boiling AFB , Washi ngton, CC 20333 The Army Library ( ANPAL—R)

ATuThJ: Army Stud ies Section
Strategic Air Command Room 1A 518, The Pentagon
Engineering Washington , CC 20310
ATI’N; Ed Morgan
Offutt AFB, NE 68113 Commander in Chief

USA, Europe
USAF Institute of Technology ATTN: AEAEN
AFIT/DED AR) New York, NY 09403
Wright Patterson AEB, OH 45433

Commander
Air Force Weapons Lab USA Foreign Sc ience and
Technical Library (DOUL) Technology Center
Kirtiand AFB, FL 87117 220 8th St. N.E.

Charlottesvil le, VA 22901
Chief , Naval Facilities
Engineer Command Commander

ATrN : Chief Eng ineer USA Science & Technology
Depa r tment of the Navy Info rmation Team , Europe
Washi ng ton , CC 20350 AR) New York , NY 09710

Commander Commander
Naval Facil ities ngineering ~nd USA Army Science & Technol ogy
200 Stovall St Center — Far East Office
Alexandria , VA 22332 AR) San Francisco , CA 96328



Commanding General  F a c i l i t y  Eng ineer
USA Engineer Connand , Euro pe Fo rt Benni ng
AR) New York , NY 09403 For t  Bennning , GA 31905

Deputy Chief of Staff Facility Eng ir~ cr
for  Log istics Fort  Bliss

US Army, ‘rho Pentz-gon Fort Bliss , TX 799 16
Washing ton , CC 20310

Faci l i ty  Eng ineer
Coinand~ r , TF~ASCC Cdrii~~ e Bar~~ c~~ A
Office of the Engineer Carlisle Barracks , PA 17013
ATTN : Chief , Faci l i t ies
Engineeri ng Division Facility Engineer

Ft Monroe , VA 23651 Fort Chaf fee
Fort Chaffee , AR 729 02

Commanding General
USA Forces Command Facility Engineer
Off ice  of the Eng ineer Fort Dix

( AF EN—FES ) Fort Dix , N.J 08640
Ft Mc Pherson, GA 30330

Facility Engineer
Commanding General Fort Eustis
USA Forces Coms~’.and Fort Eustis , VA 23604
ATI’N: Chief , Facilit ies
Eng ineering Division Facility Eng ineer

Ft McPherson, GA 30330 Fort Gordon
Fort Gordon , GA 3C905

Commanding General , 1st USA
Arn’1: Engineer Facility Engineer
Ft George G. Mead e , MD 20755 Fort Hamilton

Fort Hamil ton, NY 11252
Commander
USA Support Command, Hawaii Faci l i ty  Eng ineer
Fort Shafter , HI 96858 Fort A.P. Hll

Bowling Green, VA 22427
Commander
Eighth US Army Facility Eng ineer
AR) San F rancisco 96301 Fort Jackson

Fort Jackson , SC 29207
Commander
US Army Facili ty Engineer Facility Engineer
Activity Korea Fort Knox

AR) San Francisco 96301 Fort  Knox , KY 40121

Commander Facility Engineer
US Army Japan Fort Lee
AR ) San Franc isco, CA 96343 Fort Lee , VA 23801

Facili ty Eng ineer
Fort Belvoir
Fort Eelvoir , VA 22060



Facility Engineer Facility Eng ineer
Fort McClellan Pine Bluff Arsenal
Fort t~cCle1lan , AL 36201 Pine Bl uf f , AR 71601

Facility Engineer Facility Eng in eer
Fort ~‘onroe Rad ford Arm y Pmm~~ii tion Plant
Fort Monroe, VA 23651 Radford , VA 24141

Facility Engineer Facility Engineer
Pre~Jdio of ~ont.erey Rock Isiar~J Arscn al
Presidio of t ’bnterey, CA 93940 Rock Island , IL 61201

Facility Engineer Facility Engineer
Fort Pickett Pocky Mcur~tain Arsenal
blackstone, VA 23824 Dever , CO 80340

Facility Engineer Facility Engineer
Fort Rucker Scranton Army Airniunition Plant
Fort Ruc ker , AL 36362 156 Cedar Ave.

Scranton , PA 18503
Facility Engineer
Fort Sill Facility Eng ineer
Fort Sill , OK 73503 Tobyhanna Army Depot

lbbyhanna , PA 18466
Facility Eng ineer
Fort Story Facility Eng ineer
For t Story, VA 23459 Tooele Amy Depot

‘Iboele , UT 84074
Facility Engineer
Kansas Army Armunition Plant Facility Eng ineer
Independence, MO 64056 Arlington Hall Station

400 Arling ton Blvd .
Facility Engineer Arli ngton, VA 22 212
Lone Star Army Ar~nunit ion Plant
Texarkana , TX 75501 Facility Eng ineer

Cameron Stat ion , Bldg 17
FaciliLy Engineer 5010 Duke Street
Picatinny Arsenal Alexandria , VA 22 314
Dover, NJ 07801

Facility Eng ineer
Facility Eng ineer Sunny Poin t Mil itary Ocean Te rminal
Louisiana Army 1~c~unition Plan Southport, !‘.X 28461
Fort MacArthur , CA 90731

Facili ty Eng in eer
Fac i l i ty  Eng ineer US M i l i tary Academy
Milan Army Ammunition Plant West Point Reservation
Warren , MI 48089 West Point, NY 10996



Facility Engineer Facility Engineer
Army Materials & Mechanics Fort Ritchie

Research Center Fort Ritchie , MD 21719
Waterto~~~, ~~ 02172

Facility Eng ineer
Facility Engineer Vint Hill Farms Station
Ballistics Missile Pdvanccd Warrentown, VA 22186

Technology Center
RD Box 1500 Facility Engineer
Huntsville, AL 35807 Twin Cities Army Airrnunition Plant

New Bri ghton , MN 55112
Facility Eng ineer
For t Wainwr ight Facility Eng ineer
172d Infantry Brigade Vol unteer Arm y Amm unition Plant
Fort Wainwr ight, AK 99703 Chattanooga , ‘IN 37401

Facility Engineer Facility Eng ineer
Fort Greel y Watervliet Arsenal
172d Infantry Brigade Watervliet, N Y. 12189
Fort Richardson, AK 99505

Facility Eng ineer
Facility Eng ineer St Louis Area Support Center
T~rheel Army Missile Plant Granite City, IL 62040
204 Grartham-l-b pedale F~
Burlington, t’t 27215 Facility Eng ineer

Fort Monirouth
Facility Engineer Fort Monir~ uth , NJ 07703
Harr y Diamond Laborato r ies
2800 Po~~1er Mill Pi3 Faci l i ty  Eng ineer
Mel phi , MD 20783 Redstone Arsenal

Red stone Arsenal , AL 35809
Facility Eng ineer
Fort Missoula Facility Eng ineer
Missoula , MT 59801 Detroit Arsenal

Warren , MI 48039
Facility Engineer
New Cunberland Army Depot Faci l i ty Eng ineer
New Cunberland , PA 17070 Aberdeen Proving Gro und

Aberdeen Proving Ground , MD 21005
Facility Eng ineer
Pac i f i c  1’brthwest C~itport Fac i l i ty  Eng ineer
Seattle, WA 98119 Jefferson Proving Ground

Mad ison , IN 47250
Facility Engineer
Oakland Army Base Facility Eng ineer
Oakland, CA 94626 tX~gway Proving Ground

lligway, UT 84022



Facility Engineer Facility Eng ineer
White Sands Missile Range Fort Mcpherson
White Sands Missile Range, Fort McPherson , GA 30330

NM 88002
Fac i l i ty

F a c i l i t y  Eng ineer Fo rt Georg e C. Mea-de
Yuma Prov ing Ground Fort George G. Meade, MD 20755
Yuna, AZ 85364

F: -c i l ity  E~~~i r ’~ -r
Facility Engineer Fort Polk
Natick Research & Dev Ctr Fort Polk, LA 71459
Kansas St.
Natick , MA 01760 Facility Eng ineer

Fort Riley
Facility Engineer Fort Riley, KS 66442
Fort Leonard Wzod
Fort Leonard V~od , MO 65473 Facili ty Eng ineer

Fort St~wart
Facility Engineer Fort Stewart, GA 3F312
Fort Bragg
Fort Bragg , tC 28307 Facility Eng ineer

Indiana Army Ammuni tion Plant
Facility Eng ineer Charlestown , IN 47111
Fort Campbell
Fort Campbell, KY 42223 Facility Engineer

Joliet Army Ammunition Plant
Facility Eng ineer Joliet, IL 60436
Fort Carson
Fort Carson , CO 80913 Facility Eng ineer

Anniston Army Depot
Facility Engineer Anniston , AL 36201
Fort Drun
Watertown , NY 13601 Facility Eng irteer

Corpus Christi Army Depot
Facility Engineer Corpus Christi , TX 78419
Fort Fbod
Fort Fbod, TX 76544 Facility Eng ineer

Red River Army Depot
Facility Eng ineer Texarkana , TX 75501
Fort Indiantown Gap
Annville, PA 17003 Facility Eng ineer

Sacramento Army Depot
Facility Engineer Sacramento, CA 9~8l3Fort Lewis
Fort Lewis , WA 98433 Facility Eng inec-r

Sharpe Army Depot
Facility Engineer Lathrop, CA 95330
Fort MacArthur
Fort MacArthur , CA 90731 Facility Eng ineer

Seneca Army Depot
Facility Engineer Pixtulus, NY 14541
Fort McCoy
Sparta , WI 54656



Facility fl~g ineer COL E. C. Lossier
Fort Ord Fitzsimons Army Med Center
Fort Ord , CA 93941 ATIN: HSF—DFE

Denver , CO 80240
Facility Eng ineer
Presid io of San Franciso US Army Engr Dist , New York
Presid io of San Franc isco , ATIN: NAN EN— E

CA 94129 26 Federal Plaza
New York , NY 1COC7

Facility Engineer
Fort ~~eridan WA Engr Dist, Baltimore
Fort Sheridan , IL. 60037 ATThJ : Chief , Engr Div

EU Box 1715
Facility Engineer Baltimore , MD 21203
Fblston Army 4~tnmunition Plant
King sport , ‘IN 37662 WA Engr Dist , Charleston

ATTN: Chief , Engr Div
Facility Engineer RD Box 919
Baltimore aitput Charleston , SC 29402
Bal timore , MD 21222

LEA Eng r Dist , Detroit
Facility Engineer RD Box 1027
Bay Area Mil i tary Ocean ‘I~ rm inal Detroit , MI 48231
Oakland, CA 94626

WA Eng r Dist , Kansas City
Facility Eng ineer A?IN: Chief , Engr Div
Bayonne Mi l i t a ry  Ocean ‘I~ rminal 700 Federal Office Bldg
Bayonne , NJ 07002 601 E. 12th St

Kansas City, MO 64106
Facility Eng ineer
Gult Oitput tEA Eng r Dist , Qt~aha
New Orleans , LA 70146 AT’IN: Chief , Engr Div

7410 USR) and Courthouse
Facility Eng ineer 215 N. 17th St.
Fort Huachuca Qri aha , NE 68102
Fort Huachuca , AZ 86513

tEA Engr Dist , Fort Worth
Facility Engineer ATTN : Chief , SWF~~—D
Letterkenny Army Depot £0 Box 17300
Chambersburg , PA 17201 Fort Worth, TX 76102

Facil i ty Eng ineer WA Eng r Dist , Sacramento
r~ichi gan Army Missile Plant AT’IN: Chief , SPKED—D
Warren , MI 48089 650 Capitol Mall

Sacramento , CA 95814

LEA Eng r Dist , Far East
ATTN : Chief , Engr Div
AR) San Francisco , CA 96301

t2’~
4

~~7



LEA Eng r List, Japa n USA Engr Dlv, Ct’nio River
AR) San Francisco , CA 96343 ATTN : Chief , Engr Div

£0 Box 1l5~USA Engr Div , Euro pe Cincinnati , Ohio 45201
European Civ , Co r ps of Engrs
AR) New York , NY 09757 USA Engr Civ , Nor th  Central

ArrN : Chief , Eng r Div
USA Engr Div , North Atlantic 536 S. Clark St.
AT IN : Chief , NA DEN—T Chicago , IL 60605
90 Church St
New York , NY 10007 LEA Engr Div , Southwestern

ATTN: Chief , 9s’~DFD—Th1USA Eng r Div , South Atlantic Main ‘Ibwer Bldg,  1200 Main St
ATTN : Chief , SAEN—TE Dellas, TX 75202
510 Title Bldg
30 Prior St. 9.~ LEA Eng r Dist , Savannah
Atlanta, GA 30~03 ATfl~: Chief , SASAS—L

£0 Box 889
USA Engr Dist, Mobile Savannah, GA 31402
ATTN : Chief , SAMEN-C
£0 Box 2288 Commander
Mobile, AL 36601 US Army Facilities Engineering

Support 1~qency
USA Engr Dist , Louisvil le Support Detachment II
ATTN : Chief , Engr Div Fort Gillem, GA 30050
RD Box 59
Louisville, KY 40201 Commander

US Army Facil i t ies  Eng ineering
USA Engr Dlv , Norfol k Support 1qenc y
ATIN : Chief , ~~CEN—D ATIN : MAJ Brisb i ne
803 Front Street Support Detachment III
No r folk , VA 23510 RD Box 6550

Fort Bliss , TX 70015
USA Engr Div , Missouri  River
A’N’N: Chief , Engr Div ~~OIC
P0 Box 103 Downtown Station US Army Faci l i t ies  Engineeri ng
Cinaha , NB 68101 Support Detachment

Support Detachment III
USA Engr Dlv , South Pacific ATI’N : FESA—III—SI
ATTN : Chief , SPCED—TG P0 Box 3031
630 Sanscine St, Rm 1216 Fort Sill , Oklahana 73503
San Francisco , CA 94111

NCOIC
USA Engr Div , Huntsville US Army Facilities Eng ineering
AT’IN: thief, HNDED—ME Support P~ ency
RD Box 160C) West Station Suppo rt Detachment Ill
Huntsville , AL 35807 ATIN: FESA—III—PR

£0 Box 29704
Presidio of San Francisco, CA 94129

I



~‘COIC t~COIC
US Army Facilities Engineering US Army Facilities Engineering
Support 1~gency Support Pqency

L. A’lTh: FESA—III—CA Support Detachment II
Post Locator ATIN: FEA-II-JA
Fort Carson , Colorado 80913 Fort Jac kson , South Carolina 29207

Cornnander/CVf Rya n ~~OIC
US Army Facil i t ies Engineering US Army Facilities Eng ineering

Support ~~ency Support ~gency
Support Detachment IV Support Detachment II
EU Box 300 £0 Box 2207
Fort MoniTouth, New Jersey 07703 Fort Benn ing ,  Georg ia 31905

t~X O IC ~~OIC
US Army Facil i t ies Engineering (iS Amy Facilities Eng ineeri ng

Support ?gency Support P~ ency
ATIN : FESA—IV—M U Support Detachment II
PC) Box 300 ATfl’J: FESA—II-~~Fort Momouth , New Jersey 07703 Fort Knox , Kentirky 40121

~~OIC
LE Army Facilities Engineering

Support Pi ency
Support Detachment IV
A’I~~: FESA-IV-Sr
Stewart Army Subpost
Newburgh, New York 12250
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IS THIS ONE 
_ _

OF YOUR NEEDS? , 1~1

Right-of-wa y , 4Site preparation , 
_ _ _Slash reduction , 
_ _ _

Pre-commercia l thinnin g or 
_ _

Land clearin g. ______

Here’s why it’s Pettibone. ________________
Pettibone’s PM-800 Hydro
M~~er with its many advantages 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

has become one of the most
valuable pieces ofequipment in 4 U
land reclamation. Important en- •

vironmental advantages include 
~j~•;[~~ T ~~~~~ .

__

-~:.3~L,q 
-

the ability to minimize soH dis- - .

turbance. This results in more ~~~~~~~~ • 

- •l ~~~~~~~~~~~~~~~~~ ~ - .;.ii’
erosion control and brings the 

. .
• 

-~ 
• : • 

•

survival rate of new plantings ~~~~~ ‘~ A
up. Greatly reduced time spent •

~~
- • 

• :;~~~~~~~
. ,. •

on site preparation and pre-com- $~~~i~~ W M  •

mercial thinning brings about ~~~~ ~~~~red uced costs.

_ _ _ _ _ _  ~~~~~~ rid’ Jf r
- 

____  
___

Top Photo: With the PM-800’s extended cut 

-

____

ter head and 4-1/2” cylinders reaching an • _____

extended height of 13’6”, the felling of trees I 
• 

-:::: - 

I
is accomplished with relative ease.

Bottom Photo: Demonstrates how oscillation • - ,~~ _____

of frame maintains balanced weight distribu- . ~~~~~ ~: 
- —‘——.. . —

tion and vertical positioning of cab in rough ~ 
- .

hilly terrain. This is accomplished by the cab • - 
• •

• 
- 

.‘ 
. • 

• ; 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

being positioned by means of a hydraulic ~~~~~~ ~~~~~~~~~ ~~~~ ~~~~ ~~~~~. - . ,, 
~~
. • •  ~~sway control cylinder. •~~ 

• ,. .



Utility companies throughout the country
WHY THE PM—800? are finding the PM-800 Hydro Mower a

dual asset, saving both time and money.
The control of brush around power and
distribution lines has been a constant prob-
lem, involving cost and time consuming
manual labor.

f ~~~~~~~~~
- _____ Increased production is one of the main-

I ___ 
_____ stays of the PM-800, and in this time of

- increased costs, that is important. Depend-
• ____ 

~~~~~~~~~~~ ing on the types of brush or trees to be
...
~‘i ~~~~

• L _  cleared and the density of the acreage and
___ the terrain, the capability can climb up to

4 acres per hour.

____ 
Durability and power provide

— the 800 with ability to climb_______________________________ 
hilly terrain and still maintain

_____ £ 

a maximum amount of power
• : ____ to cut and clear brush.

Whether it’s clearing hun-
dreds of acres or just a path,

___ its operating power provides

____ 
~~~~~~~~~~~~~~~~~~ top efficiency, and in any busi-

______ 
___________  

ness that’s found and saved
___ - - ____________ dollars.

• . . ____ Top Photo: High ground clear-
• ance and front and rear floating

- ~~. • . 
• 

- 
~~~~~

- • 
• 

- • ,.~ 
cradles, together with 4-wheel

• ,. • 
________ drive and planetary type axles__

~~~~~~ 
. ~~~~~~~~~ •~~~, 

~~~~~ provide unusual stability under
all work ing circumstances.

Center Photo: Multi-job versatility is the
• 

1 

• PM-800’s trademark. Utility companies , for
- example, are finding the Hydro Mower an

~~~~~~ 
• .

~~~~~
• , ~~ •i~~J~~ 

invaluable asset in maintain ing brush con-
ê

~~~~~~~~ ..: - 

• 

trol around and under transmi ssion and
,~: 

~~~ 

- 

~

. 
I 

distribution lines.
- Bottom Photo: After felling a larg e tree, the

cutter head is then lowered on the remain-
ing trunk , easily shredding it to ground level.



A FEW OUTSTANDING FEATURI

Protective heavy~duty canopy over
operator gives excellent operator visi-
bility and ease of control.

Four 3/4” free swinging T-1 steel blades
increase the mulching effectiveness
which produces a finer biodegradable
chip. p

-
—

-

.4
• 

•



:S PETTIBONE

(~Pettib one , with its ful ly -ar t icu la~~~~~~
f rame , reduces the turning radius ,

I 
giving it greater maneuverabil ity in

4 I~~~those difficult cutting areas.

‘I IIT I’

\\
~ttibone planetary front and rear axles Standard equipped with interchang~T”\
,ith 5 to 1 gear ratio for better trac- I I able 23.1 X 26-10 ply wire reinforced
ion available. I logger specials. Note: Shown here with I

optional swamp type 67 X 3400 X ~~~~~



S

PETTIBONE 
•

RELIABILITY AND
VERSATILITY MEAN
PROFIT AND EFFICIENCY

Pettibone’s Hydro Mower is powered
by a G.M. 6V53 diesel engine with these
money-saving advantages. A pull-out ,, • -

type oil cooler allows easy access for ~ ~~~~~~~~

cleaning and maintenance. The protec-
tive steel belly pan eliminates possible ‘

1 . . ç
damage to the engine and drive line • . ..~~ •

components. Power loss on hilly terrain • 

~~1 

•

is kept to a minimum by the rugged 4-
speed hydrostatic transmission. As a 

.

result, production is maintained at peak
efficiency.

CAB HIGHLIGHTS (Top Photo): ~In the rigidly built cab all OSHA requirements are met ,
adding to the operator ’s protection and safety. The ‘

~~~~~~

fully-instrumented dash board combined with our —

new simplified control panel increases productivity
and creates less operator fatigue.

ARTICULATION AND OSCILLATION
(Lower Photos): 

~~~~~~~~ ~~~~~~~~The fully-articulated frame , four-wheel drive and re- ~~~~ • -.‘

duced turnin g radius give the 800 greater maneuver- ~~~~~~

ability in difficult cutting areas. Oscillation of the body / ‘

maintains balanced weight distribution , keeping the • - 
-

cab in a safer vertical position.



MAINTENANCE AND UPKEEP (Top Photo):
The pull-out type hydraulic oil cooler allows easy
access to the engine radiator and oil cooler. This saves
time and reduces cleaning problems. Inspection and
lubricatio n are made easier by the removal of strate-
gically located access plates.

~~~~~~ PULLING POWER PLUS (Center Photo):
The 15,000 lb. hydraulic winch system with self -
retrieval capabilities enables you to break free from

• unseen hazardous terrain . The winch is equipped with
• a hefty 250 foot , 5/8” thick cable .

MORE CUTTING EFFICIENCY (Bottom Photo):
The four 314” thick T-1 steel free ~winging blades
increase mulchin g effectiveness to produce a finer

• 
. 

- . biodegradable chip. Time . .
~ greatly reduced on site

preparation and pre -commercial thinnin g,
resultin g in a reduction of costs.

• 

~~~~~~ Peftibone’s PM-800 handles the terrain

- - 

:. radius provides maxium productivity
- • in all phases of land clearing.

I
Outstanding features and construc-

p 

tion combine to make the PM-800 the
leader in its field. By bringing together

• j L. ease of maintenance, durability and
j •. power, Pettibone makes the forestry

• • equipment of tomorrow for your
needs of today.



SALES AND SERVICE:

• .~~~ D~~~on

- 
_ _ _  _ _ _

( 9  ~~ ~~~~~~~~~~~~~~~~~ 
_ _

I —~~~ ~~~~~~~~~

SPECIF ICATIONS : ____  ______

Pettibone Corporation reserves the nght to change specifications without notice to ________ 
. .1~• ~~~. •

.

follow its policy of constantly striving to manufacture a better product .

OVERALL DIMENSIONS: WEIGHT (Approx.):
Height . . . .  9’-l 0” !~dth 9’~ 0” Total Weight 24,350 lbs.
Length 25’- 4” G :und clearance . 1’- 7” Front axle 12,780 lbs.
Wheel base 9’- 0” Rearaxle 11,570 lbs.

ENGINE: CUTTER:
Make . . . . . . . .. . . .  GMC Model 6V53 Diesel Shaft, rotor . . . . .. .. . . . . . . . . .. . .  ec Mechanics Universal
Horsepower... . . .  180 R.P~M 2400 BearIngs . .. . . . . . . . . . .. . . . . . . ... Timken rollerbearlngs
BoreiStinke . . . . . . . . . . . . . . . . .. . .. .. . . . .  37/s”X4½” Blades F0Ur¾”Tisteelfree gwinging
Nurnberof cylinders 6 Overall Width . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 -0”
Elsctrlcaley$tsm 12V. Drive motor Sundstrand Hydrostatic
Fuel tank capacity 55 gal. RPM Variable, control In cab

POWER TRAIN : BRAKES AND AXLES:
Transmission Hydrostatic Brakes Disc., hydraulic with brake lock
Tranafer case 4 speed Axles.front&rear Planetarywithnospin

TRAVEL SPEEDS: WHEELS AND TIRES:
1st • . . . ,~~ 1.4 MPH 2nd 3.3 MPH Wheels (Interchangeable) ..... 20 X 26w/reinforced flanges
3rd 8.2 MPH 4th 15.0 MPH Tires (Interchangeable ) . . . . . .  23.1 X 26-10 ply logger special

TURNING RADIUS: HYDRAULIC PUMP:
Articulated steering 17’6” Outside wheel Main 39 GPM at 2400 RPM & 1500 PSI
Hydraulic oil reservoir 64 Gal. Strg 21 GPM at 2400 RPM & 1250 PSI

HYDRAULIC CYLINDERS: WINCH:
Liii 4’/2”bore 23¾” etroke Model HJ l5ARa maey
Tilt 4½”bore24¾”stroke F.P.M 20
Steering borel3”stroke Line pull 15.000# baredrurn
Level 3½”borel2” stroke Cable capacity ¾”X25 8’Max .

STANDARD EQUIPMENT: 
_____  

OPTIONAL EQUIPMENT:
Articulated steering, Cradle, Adjustable upholstered seat , Cab, Heater, Air conditioning. Wipers, Defroster, Lights, Winch
Hand friction throttle, Alternator , Starter, Voltage regulator, and tairlea d. Hour meter , Tachometer (Engine), Hydraulic
Batt.iy, Ammeter. Oil pressure gauge. Air cleaner, Engine oil leveling (Re sr section), 67 X 3400 X 25 swamp type tIre, 250’
filter , kydraulic oil filters, Chrome cyl inder shafts , Exhaust of ¾” Cable.
muffler, Water temp. gauge. Heavy duty canopy with roof.

\.,S~~dle wrench, No spin axles.

PA INTED IN .1

P E T T IBO NE PETTIBONE
CORPORATION

4700 WEST DIVISION ST. CHICAGO, ILLINOIS 60651 312-772-9300 . • . -
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E Kewanee ~C~-f t,  qr a de Ieve~
dumper un!oadiig grain .

Scrap batteries are dumped by
this installatio n in Texas.
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FOR HAULING SAWDUST ,
WOOD CHIPS, BARK , ETC.
BOCATS - a pioneer in engineering and design of a self-
unloading trailer to provide an easy , fast , and profitable
way of transportation .

BOCATS live bottom trailers , all have high standard
of quality materials , components , and workmanship
Insuring greater reliability while hauling a maximum
payload .

BOCATS - Efficient unloading with trouble free heavy duty
conveyor chains and slats , built INTO floor structure . -. -

CHOOSE A BOCATS LIVE BOTTO M TRAILER
YOUR TRANSPORTATION PROGRAM WILL BE COMPLETE



CHECK THESE FEATURES

ft[1~ 
Unload a full capacity payload in 8 to 10
minutes .

I -
~

Full open doors allow comp lete unloading.
- 

Uneven ground and side winds have no effect
on this unit .

Lengths from 30’ to 50’ let you choose the
trailer that fits your operation.

Full open top with roll away tarp makes easy
loading.

A valuable piece of equipment to any portable
chipping operation . Blow chips directly into
trailer , transport and unload at any destination.

Hydraulic PTO powered direct from tractor
truck makes unloading a simple one man
operation . (Self-contained power units
OPTIONAL. )

Hydraulically driven conveyor bed with 48,000
lb . tensile strength chain and 3” channel slats
extending the full width of the trailer.

THERE’S NEVER BEEN A BETTER TIME TO FIND OUT THE VALUE OF YOUR WOOD RESIDUE

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ SPECIFICATIONS
CAPACITY Up to 3,000 Cu. Ft.

136’ (Opti onal )

- 7’4” front
Load Capacity Lega l payload
‘Tires 10:00 x 20
Axles 5 spoke cast (standard )

10 hole Budd (Option )
Kingpin Location 48”
Suspension Location 102” or 90”
Inside Height 96” Approximately (front)

I.
104” Approximately (rear)

Exterior Panels Alumin um

Floor ~Weight 40’ 15 ,B5O lbs.

H i:u i::i is ICC REGULATI ON LIGHTS-MUD FLAPS-LA NDING GEAR

GAR DEN CITY, 1(5. Garden City Div . Box 1021 , Garden City, Kansas 67846 316-275-71 67
MARTIN, N_fl. Martin Div. eux 326 , Martin , Nort h Dakota 58758 I 70 1-693-6776



MDRBARK’S

MDDEL45 SCDDP-RDVEYDR
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2
1 r1

SPECIAL FEATURES OF THE NEW MODEL 45:

• Extended unloading capability. Can unload vans
up to 45 feet long.

• Operator ’s cab, with optional electric heat and
electric lights.

(ov er)

MORBARK INDUSTRIES, INC. 45 s R775
W I N N  M P C H I I , A ,  4 8 & ~~ • ~~i 7 - 8 ’ o . 2 1 ’ ’  • , 

~ :i  ~~~~~~~~~~ W I N N I



MORBARK ’S
MODEL 45 SCOOP- ROVEYDR

THE MORBARK MODEL 45 SCOOP-ROVEVOR.4..-

, - -

,. 

-
~~~~~~~~~~~~~~ ~~~~~~- 

• Unloads a 45-foot van in approximately
- 15 minutes.

• . ... - • Will handle wood chi ps, hogged bark ,
sawmill shavings and numerous other

• 

. 

~—_,j , . , materials , such as corn cobs . 

: • Not only unloads, but also transports

- 

~~~. .  chips.

i
,,
” “~~~~~~‘1 • Eliminates long unloading lines

- . 4 
~~~~~~~~~~~~~~~~~ . 4

• Can be installed quickly and easily

A curling retractable hose carrier
I 

- ~. ~~~~ 

~ ~~~~~~ neatly carries the hydraulic hoses
— ç 

— 
~ • 

‘.-1~~~r
’ which supply power to the Scoop

• .
~
, 7 .., - - . ~ , ,~.. ,

- — , ~~~~~~~~~~~~ 
•
‘ .
~
-.;.• .;~ ;. — ..,,..,

.. ~~~~~~~~ ,~ 
Roveyor .

~ c’ • k-’ - I~- . p

~~w;~~~~ffi1 I~ ~SPECIFICATIONS ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—.

Length (retracted) — 61’6” .
~~~ 

- 
. T~.

Length (extended) 107’ 
- 

.
~~ 

. . .

Length of ramp movement — 10” ~ . •-~ -/
Overall width — 9’6” ~‘1~ ’ f~’ ~

.
Minimum van width inside — 91 

~~~
, / .

Weig ht of top conveyor and scoop — 10,000 lbs. ft ~ .

Wei ght of bottom conveyor and pivot — 10,500 lbs. - . 
~~~~~~ . ~~

Conveyor rotary head speed -- 19 R.P.M. - 
... 

S

Hydraulic fluid pressure — 1,500 to 2,000 PSI ~
‘

Maximum hydraulic pump capacity — 60 gals. .

(ove, i

MORBARK INDUSTRIES, INC. 45 5 R 778

W r ~N I C H H A~ 4~~. ,  • 5 ; (  i~~ €, - , . i 8 1  • T i  ..U -  ~2 7  4 1 3  ‘ I O R B A R K  W I N N I
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G E N E R A L  FE AT U R E S  & S P E C I F I C A T I O NS C H I P P E R

Model • • - L.H. Rotation , Horizontal Feed ,
Air Brakes & Lights to ICC Regulations End Discharge
Air Compressor & Tank (from Main Engine) Disc dia. . round
Chicago Pneumatic Wrench Type - . Optional — Separator or Nonsenarator
Knife Babbitting Tools Pockets Optional 2 or 3 Knife
Optiona l Parts Kits (conventional )
Lenqth 34’ 6” Chi p Size Optional — 5/8” ,3/4 ” &7/8”
Width 10’ 0” (max.) 1” Chip
Height 13’ 6” Discharcj e Spout Hydraulically-Powered
Wei ght 65,000 lbs. Swivel Optional—Electric Quick Fli p

~~~~~~~~~~~~~~~~~~~~~~~ 
SS- 300 Loader STANDARD MORBARK MODEL SS - 300

Fuel Tank Capacity 150 gal . L O A D E R

Suspension Dual Tandem Axles
Boom Reach 30 feet
Swing 90 degrees

F E E D  SYSTEM Power Supply 2620V Hydraulic Pump
on Main Engine

Standard Air Conditioner , Heater ,
Hydraulic Power . . .(2) 2620V (21 - 14) Pumps Hydraulic Tilt , Removable Insulated Cab

(5) 10 ,000 — 57 Motors
Side Wheels 16” dia . x 23” long OPTIONAL POWER SUPPLY (DIESEL)
Top Wheel 20” dia. x 47” long Cummins 380 380 HP
Conveyor & Chain . . Morhark 30” Cat-Type Cummins 450 K 450 lIP
Beo Length 12’ 6” Cummins 600 K 600 HP

GMC 12V7 1 425 HP

MORBARK INDUSTRIES, INC.
B O X  1000 • W I N N  M i C~1i G A N  4 8 8 9 6  • 5 1 7 - 8 6 6 - 2  ~8 1  • T E L  IX 2 2 7  4 4 3  ( M O R B A R K  W I N N )
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The Morbark Model SS 300 ‘~‘ i i ’ s  quickl y and is
desi gned for ef f ic iency.
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Model 12
I ~~~I •

Totai Lnlparvestor
Specifications

FEED SYSTE M
Hydraulic Power Compression Feed Rolls
Side Rolls Dia. 8”

- ~~~~~~ Length 21”
- I ________

.• : -- - Bottom & Top Feed Rolls Dia. 8”
I : ‘T~~~A.4—~ 

‘ Length 24”

FEED RATE
— t ’” ~~

. 

5/8” Chip 84 ft. per minute

J r~ ~ ~~~~ 3/4” Chip 101 ft. per minute
7/8” Chip 118 ft. per minute
1” Chi p 135 ft. per minute

C H I P P E R  Note .- at 2300 Engine R.P.M.

Number of ,knives POWER UNIT SMax. Opening 12 John Deere 6466AAvailable with Optional Dirt Separator Engine Type In Line 6 Cylinder Diesel
Horsepower 230 H.P. at 2300 R.P.M.

LOADER Fuel Tank 45 Gal.
Make-Morbark SS25
Boom Reach from Centerline of Feed Wheels . . 13’ POWER UNITS
Swing 90 Cummins VT 903
Available with the choice of either the Brush & Engine Type V8 Diesel
Round Wood Grapple or the Stem Wood Grapple. Horsepower 310 H.P. at 2300 R.P.M.

Fuel Tank Capacity 45 Gal.
STANDARD EQUIPMENT
—4 Hydraulically Powered Compression Wheel In-

~~~~~r a c y p t e c eveting Jack 

____  

____

_ i ’ La net ~~~~~ ____  

-

— Single Axle Suspension -
~ dual wheel 8.75-16.5 - 

~~~~~~~~~~

10 ply rating t~’ . 
‘ --- 

-
— Manual Swivel Discharge Spout 

~~._:.~I
•

— Totally Enclosed All-weather Operator ’s Cab -

GENERAL I
Length 16’ 6” ~Width 
Height 9” wo /cab
Height 12’ w/cab ~,. . -

Weight 14350 w/cab 7.(Approximately 12,700 over rear axles ) L _____________________Approximate Tongue Wei ght 1650 ‘~~~~~‘ ____________________

MOR BAR K INDUSTRIES, INC. 112061078
W IN N , ~uc~iic ; i~ 4 8 8 9 6  • 5 1 7  866 2 3 8 1  • 1 F L F ~ 2 2 ’  4 H  M O R B A R K  W I N N )
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