
7 

Hay 27> 1^1 

To tho Oxadoato Cooiiollt 

X aa sutmittiag herewith a thesie written by Billy Qene Hieks 
entitled "Utilisation of Lov-Qoallty Hardwood in the Production of 
Charcoal." I recanaend that it be aooepted for nine quarter hours 
of credit in partial fhlfilliMnt of the requiresiente for^degree 
of Master of Science, with a major in Agricultural Scmomics. 

f- j-
l!ajor Professor 

lAi hare read tide thesie 
sad leeoansnd its acceptancet 

T 
Y, . /a--i- , c-

Ci Z^ "7 
Act^pted for the Council: 

c?/. 
Acting Wan of^Ora'duate 

•.v... .v..'., •-' 



UTIUUTION OiP I<CW>QUAUTI RABWOOD 

IN THE PRODUCTION OF CHARCOAL 

A rbmwia 

PrtMQtsd to 

tho Graduata Counoll oT 

Tho Unlvorslty of Tosnoasoo 

In Partial FUlflllmnt 

of tho BoqulroMnta for tho DogrM 

Naotor of Seloaoo 

hy 

6il3y Qono Bioko 

Juno 15^1 



327 

AOClKMIXDQlMSinS 

fte «rit«r wIsImis to oxpross his slneers sppreoiaticm to thoss 

vhe nade this stud^ possible. iflQr oaissions in this brief aoknoiflodgs* 

nent do not indieate a lack of gratitude. 

This stu^jr was earried out under the superrision of Dr* Joe Allen 

Martin. I m deeply appxeoiatiTO of the oiltioiaD and seasoned judgownt 

offered by bin throughout the stuc^, for idthout his help tiiis study 

vottld never hare cone into being. It is a pleasure to acknowledge his 

personal interest and help and to express, in all too inadequate tens, 

■gr gratitude. 

I am also indebted to Br. M. XJ^oyd Dommi and Br* Charles L« 

Cleland for their helpful suggestions and adiriee. 

Appreeiation is e^ressed to Mrs* Alice Swing for ^Ing the final 

nanuseript. I an also indebted to idie seoretaries and statistical clerks 

in the Departa«at of Agricultural Econooios for their help in preparing 

the mansoript. 

Appreciation is expressed to the Agricultural Sxperinent Statioa 

for the finanolel support of this studjr* 

Finally, 1 wish to express my indsbtedoess to iqt wife and son for 

sacrificss thsy nust bars aads daring the preparation of tihis thesie. 

479563 



TAB1£ OF COHTESIS 

CHAPTSR PAQE 

I. A EEFIBW OF OPPORTUHITIES IDE UTIUZATIOH OF 

LCW-QUAUTT HIkiffiWOOIB AHD THE PROBISN. X 

R«Yl«ir of Opportunities for UtUlsetion of 

Low-Qoalitgr Hardsood • • • • ••••• • • • • •• • • 3 

Pronisittg ontezpriaes k 

The Problao 9 

Purpose 20 

Method of Studtp 21 

II. PR0SPECTX7E SUPPUT AMD CSHAMD lOR mmOkL ........ lU 

History of the Charcoal Industry ll» 

Prodaetion and Gonsunption of Charcoal 

in the United States and Indicated Trends....... 16 

Production * . *... 16 

Fhture production 19 

Dtoend 21 

Charcoaling as a Ksans of Utilising Lov-QuaUty Trees.• 28 

III. THE BCOSOMICS OP CKiRCOAUMO ,.•• 29 

Cost of Dsstiroying Barduooda 32 

liunp Charcoal Pro<ticti<m 3$ 

The tvo«and"Oi»i«-half*cord kiln • 35 

The eeren-cord kiln * Ul 

The battor:;- of six five-cord kilns .......... k6 

Briquette ProdueldLon $1 



�

CH&PTEa FftOB 

Xattgrated ohaxtioal~brlquottf pXant with m 

of 2*500 tons per yntr * ••• •••• « • * • • 55 

Intogratod ohsrcosl-brlqaette plant vith an 

Fdor thoaaand ton per year brlquatting plant 

integrated with six charcoal retorts 

otttput of UfOOQ tons per year 63 

rr. sQHHifix km ooncu}si(»s.,.. 79 

BIBII0(»g!1iZ .• 50 

iPPfiRDU .,* • ..• • 9k 



UST OF TABUSS 

UBJS ms 

I, Charcoal Prodaotl<m in tha Uidted StateS;» 

Salectad laara 1899*19^ 17 

H* Imports and Exports of Charcoal^ 2S$2-'19$9 23 

nx. Approximats Cost of Doadaning or Controlling Bardsoods.• • 3U 

17. Estimatad Cost of Produeing a Ton of Charcoal in a 

2 3/2-Cord Cindsr-Bloek Kiln (Mo Maohaniaatioii) .• • • • 36 

7. MaxdLwni Amocnt ̂ lat Can B# Paid for a Cord of Stanpago 

with 7axying Wages and Prioos HaeeiTsd for 

Balk Charooal f.o.b. 2 l/S'-Cord Kiln 38 

71. MazlaaR Amount That Can Bs Paid for a Cord of Stampago 

with 7ar]ring Wages md Prieos BaosiTod for Charcoal 

in Four'Pound Bags f.o.b. 2 l/2«Cord Kiln 39 

7X1. Estimatad Cost of Prodioing Charcoal in a 7*Cord 

MascHuy Block Kiln k2 

7XXI. Maxiaua Amount That Can Ba Paid tor a Cord of Stunpaga 

With 7ar7ing Wagas and Pricas RacaiTsd for 

Bulk Charcoal f.o.b. 7*Cord Kiln UU 

IX. HaxXaaa Amount That Can Be Paid for a Cord of Stmpaga 

uith Tazjring Wages and Prices Recaired for Charcoal 

in Ibur-Pound Begs f.o.b. 7'^rd Kiln li5 

X. Estimatad Labor Cost in Operating a Battery of6 $-<iord 

Kilns Prodcoing Two T<ms of Charcoal par Oayt 

labor d $1.25|»r Hour ii8 



tU 

TABUS PftOE 

XI* SstiaAted p»r Ton and Taarly Cost of Prodoolag $00 

Tons of Cha]*ooal in a Battozy of 6 $<*Cord 

Cinder-Block Kilns..• • • * • • • • * • • •••• * • 

XII* Haximtn kmovaat That Can Ba Paid for a Cord of StiBq;>age 

with Vaxying Wages and Prices Becelrsd for Bulk 

Chaxi}oal f.o*b. Battszy of KUna ,.. . $2 

XIII* Kaxiann Anocnt That Can Be Paid lOr a Cord of Stunpage 

with Taxying Wages and Prioes Beoeived for Charcoal 

in POur-Pound Bags f*o*b. Battery of Kilns * • • « * • • $3 

XI7* Sstinated Labor Cost in (grating the Battery of IB 

Kilns with an Average Oaily Output of 8*614 Tons 

and Wage Rates at|1*2$ per Hour * .•. « • * • • *. « $6 

IT. Bstinated per Ton and Yearly Cost of Prodaoing Gtiareoal 

in an Integrated Chunk Charooal Briquette Operation • • $8 

X7I. Bstinated per Ton and Yearly Cost of Produoing 

Briquettes in the 1-T<m per Hoar Briquettlng Plant • • • $9 

I7II. Returns to ths Wood frm the 18 Kllnt 2>$C0 Ton Per 

Year Integrated Briquettlng Operation 6o 

XVIII. KaxLnnm Allowable Stusqiage Costs per Cord of Wood 

Channsled into a 2»$00 Ton per Year Integrated 

Briquettlng Pint with Variable Wage Sates • 62 

X1X« Bstinatad Labor Cost of Operating the Battery of 30 

Kilns with an Average Daily Output of liuU Tons 

and Wage Rates at $1*2$ per &iur • * • • • * •«« ••• 6I4 



Tlii 

niBLB PAOK 

XX* Estiswttd P»r Tod and Yearly Cost of Prodnelng 

Chareoal in an Integrated Chnok Charcoal 

Briquette Operation 6$ 

XXI. Setiaated Per Ton and Yearly Cost of Prodocing 

Briquettes in the 2*Ton Per Hour Briquetting Plant •.• 66 

XXII. Betnras to the Wood from the 3C*Kiln, kfOOO Ttm Per 

Year Integrated Briquetting Operation * 68 

XXIII. Hudmm AUowdtle Stonpage Cost Par Cord of Weed 

Channeled into a b»000 Ton Far Year Integrated 

Briquetting Plant with Yariable Wage Sates • • * • « • • 69 

XXI?. Estiaated Cost of Producing Briquettes in an Integrated 

Betort-Briquette Operation 73 

XX7. Returns to Wood fron tbe Six-Retort« U*000 Ton Per Year 

Briquetting Operation 75 

XZfl. MarLnuB Allowable Stwpage Cost Far Cord of Wood 

Channeled into an Integrated Betort«Briqustting 

Plant with Variable Wage Bates 76 

XXVII. CoHparison of the HaxLnan Allowable Stnqpage Cost 

Estinates for the Three Lump Charcoal Operations .... 82 

XXVIII. CoBq>arisen of the MaziauB Allowable Stoapage Costs 

Per Cord of Wood Channeled into Each of the Integrated 

Briqtwtting Plants with Plant Wages at $1*00 Per Hour 

and with Variable Wood Harvesting Wage Bates 85 



ix 

TAB1£ BAOS 

xnx. CoBparltOQ of tho Mudmn AUowiiblo Stwqp««o Coats 

Par Cord of Wood Chaimelad into Sneh of tho Xatogratod 

Briquottlng Plants with Plant Wagos at fl«25 Por Btour 

and with Variabla Wood Harvesting Wage Rates 87 

XXX. Bstiauited Cost of Harvesting and Delivering a Cord 

of Wood to an Integrated Chareoal<-Briquetting Plant... 95 

XXXI. Xstinated Cost of Harvesting and Delivering a Cord of 

Wood to a local Chaxooal Kiln 96 

XXXII. Ssttaated Wood Harvesting Cost with Taxying Wage Bates 

Delivered to a Loeal Kiln Operati<»i and to an 

Integrated Plant ............. 97 



OH/IPTER 1 

A RETlElrf OF OPPORTUNITIES FOR UTILIZATION OF LOW-QUAUTI 

HARDWOODS AND THE FROBLEH 

Mor* than 12 nilUen aorea of land in Tennossee am ooverod with 

conmorcial fomot, noarly ono-half of tho State's over-all aroa*^ Soom 

1*1 million acres of this forest land are publicly ovned* another 5 

million acres are in farms, and the remainder axe held by numerous 

industrial and other private ouners.^ Iten this vast area of woodland 

cones nearly a billion board feet of sawtiniber,^ and more than one-third 

million cords of pulpwood annually.'* In 1950, the value of timber 

products represented about 6 per cent of the total income paysents la 

Teimessee, or about $190 million.^ 

But if we show only the magnituds of forestry in Tennessee, we 

tend to mask problems of great significance* The State forests have a 

much greater potential than that shown above* It has been estimated 

lu. S* Department of Agriculture, Tennessee's Timber Economy, 
Pbzest Resource Report No. 9 (Washington: Government Printing Office, 
1955), p. 11*. 

^Ibld*. p* 

3u. S. Department of Agriculture, Timber Resources for Africa's 
fiiture. Forest Resource Report No. 11* (Washingtom Government Printing; 
bffice, 1958), p. 528. 

'^J. F* Christopher and M. E* Nelson, Southern Puljjwood Production, 
1958, Forest Service Release 82 (New Orleans: Southern I^brest Experiment 
Station, 1959), p. 1. 

^U* S* Department of Agriculture, Tennessee's Timber Economy, 
op* cit*, p* 1. 
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that a raasMabla growth goal for ToaaaaaM forasta would ba approxl-

sataly double our preaaat average gzwttt rate» which Is 23 cubic feet 

per acre amually for growing stock and 71 board feet for sawtimber.^ 
A problem that is aaaoclated with the low growth rate la the area 

in our foreats that la taken by ouU treea» virtually all hardwoods. 

Some 9*3 million acrea, or almoat 75 per eent of the cauBneroial forest 

area, are of hardwood and hardwoodkpine species.7 Of the 13*2 billion 

board feet of hanhiood sawtimber in Tenneaaee, about 70 per cent is of 

quality below that generally preferred by sawmills * that is, logs that 

will not grade no* 1 and 2*^ It has been estimated that about 17 per 

cent of the forested area of the State (tin equivalent of more than two 

million acres) is taken up by low<*quality hardsooda.^ 

Ibrest management studies have shown that the removal of cull 

hardwoods for the purpose of stand improvement may be achieved economi 

cally by several methods, which one to be used depends upon conditiona 

found in that particular area. The most conmum methods reoonmendad 

Inoluds girdlingt chmdcal killing, or controlled burning. So far none 

of these or any other method has been greatly used by forest land owners 

in the State* Under oonditions approaching that of pure competition, 

theoretically, these methods would be adopted if they tended to maximise 

the net returns to the forest land owners* asstraption here is that 

increased net returns are most inqportant to these individuals. The 

reoonnendation to uae these methods is based upon the ecoaomio gains 

^Ibid., p. 31. 7ibid., p. 1<5* 

8lbid«, p. 18* ^id., p« 1. 
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front rtplaoing lov<^ualit7 trees with higher quality ones and assunes 

that ̂ re is no eoononie loss in destroying the low-quality tinber* 

However, this assumption is not true if there is a market for the wood 

which would return to the owner a price greater than the differenoe 

between the cost of harvest and the cost of destroying the timber* 

I. REVIEH OF 0PP08T0KITIES fOR UTILIZATION OF 

LOW-QUALITX HARDWOOD 

Some of this wood is being used, primarily for fuel, fence posts, 

cross-ties, and pulpwoodj but the annaal volume going into various uses 

does not equal its annual rats of growth. According to the Qovemnent 

Forest Resource Report, in 19U9 the net growth of all merchantable treee 

totaled 286 million cubic feet. Logging removed about 2$2 million cubic 

feet of the total. Therefore, growth on all merchantable timber thus 

exceeded the total cut by 13 per cent. However, sawtimber-sise trees 

have been removed at a rate that outstrips growth on trees of this 

eise.^ 

A great variety of marketable products can be prodxced economi 

cally from Tennessee forests. And perhaps most important to this stu(^, 

many of these products can be made from low-grade, small-siaed timber* 

Existing plants and equipment with little modification ean be used in 

aannfaeturlng some of tits products. However, investment in plant and 

equipment for other products may be necessary and could be quite high. 

lOlbid. 



ProHdalng Entrprlaaa 

Charcoal predactlon. Thero has baan groat intorost in charcoal 

inroduotlon from lov-qaality har<hrood in Tonnosaoo as a small rural enteiv 

prise. So far, these ventures in Tennossoe have largely net vl^ failure, 

mostly because the supply to customers has not been of a uniform qjcality 

and of adequate quantity at a specified tine. 

Nevertheless, ehaxxioal production vill be considered in this 

study because it i»>t only utilises low«^uality trees and mill waste, 

but also because it is an enterprise which can be established with a 

relatively snail amount of capital. Tennessee, with its underemployed 

labor, large supply of wood resouzees, and proximity to raaz^cets, should 

be able to compete with other states in charcoal production. 

Wooden pallets. In Tennessee the wooden pallet industry is 

potentially an important outlet for low«quality hardwood logs and Imnber. 

Several advantages present thmnselves in the manufacture of pallets over 

most wooden articles: the use of lower grades of lumber assures the 

availability of adequate raw material at an economical price, operating 

efficiency is not greatly affected by the sise of the operation, and 

production can often be integrated with sawmilling or other wood process 

ing plants. Thus, pallet manufacturing can be started with a small 

amount of capital. All of this incidatee ease of entry into this 

business and is probably the reason for relatively small profits and 

keen competition.^ 

l^U. S. Department of Agriculture, Ftarest Industry Opportunities 
in Rural Development, Forest Service, Agriculture Information Bulletin 

222 (Washington: Qovenment Printing Office, March, I960), p. 1^* 
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Pulpwood* Aa polatad out earner* the State produeea pulpwood 

amually in excess of one-third million cords - almost one-third of this 

cones f^>oni hardsood species. The utilization of hardwood in Tennessee 

palp production may be expected to increase vith a3q;>ansion of the industzy* 

reduction of the pins pulpvood supply in the State* and as certain new 

processes gain wider use.^3 

The ▼olume of paper and other products nads Aram pulp is enormous 

and is eontinuiag to increase steadily. The applicability of new pulping 

methods such as the semi-chemical process are especially well adapted 

to har<trood speeias. Although softwood spooies are of major inportanee 

to tho pulping industry* har<trood pulps have aomo highly desirable charao-

terlstios* including high yield* good sheot fozmati<m* bulk* and smooth 

surface. In addition to tho quantity and quality of labor and wood 

resources* Tenaseeee has adsquate water supplies for the pulping industry. 

Flberboard. Both hardboard and insulating board belong to a type of 

fibezboard which Is sheet material largely manufactured £v<m fibers of 

wood with natural acfiiesire properties boadsd togel^r by heat. HoweTer* 

some binding agents or other materials may be added during manufacture 

in order to increase strength or other properties. Hardboard with its 

greater density and zlgldity* harder surface* and greater resistanoe to 

impact is thus dLstlnguished tram, insulating board. 

^Christoi^er and Nelson* 0£. cit., p. 9. 
13j, A. Hall, "Opportunities and Problems in Utilizing Wood 

Products*" Proceedings, Society of American Foresters, Memphis* Tezuses-
see* 1^6* p. 9. 



6 

Tb»M boards aro ased for masgr purpMos* including Insulation 

cors for furniture and vail panels* Therefore^ the aarket for fiber-

boards gives pronise of continuing expansion| and* with sorae of the 

largest manufacturers of hardboard using harttioodsi there should also 

be a continuing increase in utilisation of low-quality hardwoods* 

Rirniture, small dlmenaion« turtwd and shaped goods* Many species 

of trees found in the State's forest are favored in furniture manufao-

turing* Aocordiag to the Census of Manufacturing> «je fhrniture industry 

in Tennessee grew from a $26 million industry in 19U7 to one of $U3 

million in 19^U* Tennessee» with its wood resoureest ample labor, and 

proximity to markets, is well suited for this industry* 

Small dimension stock is a group classification for a number of 

parts or blaxdcs processed to a point where a maxianm amount of waste is 

left at the producing mill and a maximum of usable wood is delivered to 

a great variety of fabricators of wooden articles* This stock is 

ordinarily rmanufactured into a wimber of finished producte, furniture 

being the most oonran* Other items auioh as blanks for ball bats, handles, 

dowels, toys, and other items can be mads from poor quality logs and 

waste materials. 

Turned and shaped goods oan be made on lathes from square or 

rectangular pieces of wood, fhraiture parts, handles, toys, novelties, 

utensils, and other items can be made Aram hardwood* 

Good design, ability to deliver the quantity and quality of goods 

dnuuidBd by customers at specified dates with efficient manufacture and 

of articles azw critical factors in this business. However, if 
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tlMM eondltlAiui AM n«tf opportonltiAs am pMMot for thus IncMAsing 

thA utlliAAtlon of our labor and wood resources. 

flooring. Modern* high*grade seotioaial* square* or reetAaguXar 

floorlzig eaa be MuaufAotuMd from TennesMe's blnber. Not only Is this 

a raluable product but Its nAnufaeture prorldes an excellent outlet for 

the State's lov-quallty lonber and short stock material. This industry 

is by no means unknoun to Tennessee* but ty using neazby raw materials* 

attraotire yet simple designs* and by possibly integrating with the 

manufacture of other products such as molding or paneling* possibilities 

exist for additional production. 

Paneling. The tMnd in modern hones is definitely toward the 

use of moM wood paneling. Hone owners beliere that wood paneling 

improves the appearance of a room* and most of them would include panel 

ing in a new or remodeled hone. Hone builders* decorators* architects* 

and Mtailers have done a great deal to promote the charm and beauty of 

wood in this feast. The dntand is particularly good for wall paneling 

made of hardwood with a natural or clear finish that allows the distinc-

tive character of the wood to show through.^ 

Almost all species of hardwoods have distinctive grain patterns 

that can be utilised to pro(tice attractive paneling. Low grades of 

Inaber can be used if it is properly machined and finished. fUscolor** 

atlons* stMaks* pin holes* worn holes* knots* and other small defects 

^Richard C. Smith* Lee K. Paulsell* Lawrence Leney* 0^ Paneling 
Its Processing and Marketing* Bulletin No. 737 (University of Missouri 
Agricultural Experiment Station* July* 1959)* p. 1 and pp. 8*12. 
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aad irregularities add to the character and rarlety of the panels.^ 

A nost attractive aesortroant of paneling is being made from low-

quality hardwood by at least one maaufaotumr In Tennessee. Several 

million board feet of hardwood paneling vould probably be used to replaoe 

inferior knotty pins and other paneling aad building materials if proper 

processing aad nerehandlBing were carried out. 

Papei>overlald lumber. By covering low-grade lunber with resin-

impregnated paper, satisfactory panels and boards for Interior or exterior 

use can be manufactured. I^uiels are mads by gluing boards together edge 

to edge and covering. The boards may tbm be sawed to the desired width 

aad generally handled like ordinary lumber. Although this product Is 

now only eMrglng from the esperlmeatal stages. It appears to have an 

excellent future. 

Wlacellaneeus products* Quite an array of other articles, like 

mine ties and timbers, cross-ties, fbnoe posts, and similar products, 

can be made frona a variety of the State's hardwood species. Lower quality 

hardwood trees and waste material can be used for additional items, such 

as soil oondititmers, roofing felt, aad chemical derivatives. The field 

of wood chmiietry, pioneered at the Forest Products Laboratory, offers a 

host of products siash as sugars, molasses, alcohol,furfural, etc., 

made from wood. However, ee<mondoal production remains to bo worked out. 

S« Department of Agriculture, Forest InAmtry Opportunities 
in Rural PeveloTwent, op. clt., p. 17. 



II. THE FRCmXEM 

After eeveral years of national pro8perity> some areas are still 

plagued vith low incmes* Tennessee has its share of such areas. There* 

fore, inoreasing empl<^ent and returns in these narginal areas are of 

primary importance. This ean be done by developing onr vood^using 

industries and by increasing the productivity of our forests•two 

aspects which are aore than just casually related. By iaproving the 

quantity and quality of our tiidwr resources, Tennessee wood-processing 

and wood-using industries are suxe to increase in Importance. let it 

may be necessary to develop our forest industries more fhlly in order 

to realise anything approaching optimum conditions in the State's forests. 

This situation exists because past utilisation of hardwood trees has led 

to what is pretty largely a high-grading operation, creating a major 

problem in the managmnent of forests in Tennessee. Removal of low-

quality hardwood trees is meded to provide more growing space for thrifty 

merchantable timber. Qenerally, the improvement of forests solely for 

the production of lumber has not provided the necessary incentive. 

Therefore, the problem evolves into one of developing Mss utili 

sation outlets for low-quality hardwoods that will make ectmomically 

practical the re-estabUshment of good pine stands on hardwood-infested 

lands that are best suited for pine production and i^trove the qxudity 

and productivity of the State's hardteood forests where such species are 

best suited. This problematical relationship is based on the assumption 

that competition exists in the production of forest products, so that 

forest owners will endeavor to adopt pz^ctices that will increase the 
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8pr«ad between costs and retuzns* Usually, cenpetltion amrag producers 

is in the nature of cost eon^titlon because the producer has no control 

over the price receiYed for his products* However, producers will seek 

the oost profitable alternative mazkets for their products under competi 

tive conditions* Forest owners will se^ to maximise net returns both 

by reducing costs and by using the more profitable marketing alternatives* 

If a siseable Increase in hardwood utilisation can be developed, 

this will not only serve as positive enoouragment for forest stand and 

species impzovement and for a hig^r level of management* but will also 

bring In more income from this resource* Moreover, "cull hardwoods," 

idilch are now a liability, would become a base for procMctlve employaent 

In low-income areas of the State* 

Purpose* The purpose of this study was to investigate the econcmiio 

feasibility of utilising low-quality hardwoods in the production of char 

coal as an alternative to deetroying thm and as a means of providing 

employment alternatives for some of the State*s underemployed* In order 

for charcoaling to provide an alternative to destroying the timber, it 

might appear that tiie 8tuBq>age must have positive value after peiyment of 

all other costs. However, from the Btand|point of forest improvement, 

the stoppage value may be negative, but the returns to labor and other 

inputs must be comparable to those that could be received in other employ 

ment opportunities* Thus* if charcoaling does not return a profit but 

Is less costly than dsstroying the timber, it is economically feasible 

from the forest management viewpoint* 

The specific objectives may be stated as followsi (1) to estimate 
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th« fbtozv production possibilitios by analysing tiM aiqpply and dmand 

for charcoal) (2) to invastigata TeimsasM's oosipatitiTe position in tha 

oomraraicm of lov-quality hardwoods into eharcoal in tarns of location 

with raspaot to naikets, aoorca of raw natarials, labor s«q^ly and othar 

factors affecting cost of production and aaxkating) (3) To astablish 

astimatas of stunpage Talaa of low-grada hardwoods basad on tha 

marlcat valua of charcoal and/or briquettes less hanrasting* conrarsion 

and narkating costs, or to dataxadna if tha diffarsnca batvaan production 

and marketing costs and tha sales ralua of tha charcoal an<^or briquattas 

is lass than tha cost of destroying tha timber. 

III. HETHOD OF STUDT 

IMs stttdf began with a rsriaw of the litaratura to bring to 

light those hardwood products witii tha most promising future with raspaot 

to total dmand and aspactad azpansioa. k prime consideration in tha 

selection of the production of ohax«oal for study was its use of rala-

tirely large quantities of low-quality hardwoods and its adaptability 

to Tannassaa. Tha information upon idiich this study was basad was 

tainad mostly froa secondary sources. Production, consumption, and 

other pertinent economic data were procured to astablish trend and out 

look infomation to estimate tha future production possibilities of 

charcoal. 

An estimate of tha price receiyed by kiln operators in the State 

for lump charcoal in bags was dariyed frcm information obtained 

intaxriawing eight members of tha Charcoal Producers Association located 
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in 7an Boxtm County* Bulk oharooal prleos used In this thosis «rs ths 

MM as thoso paid by tha briquetting plant in CookarLlle, TennasMa* 

Tha plant at RuntsvlXle, Tannasaaa* wns xaportadly paying tha ssm prioes 

baforo baii% daatrcgrad by fira* Unlass otharviM spaoifled tha prieas 

ava quoted f.o.b. kiln* TranQ>«rtation costs incurrad in dsliToring Mm 

and product to tha etmsmer ars reflactad in the price paid for charcoal. 

ThttSf transportation costs waza not deducted as an itaa of cost in 

producing lump charcoal. 

An astinata of Idia price briquettors could aaqpact to rsoeiTe for 

their product vaa Mds by sidbtracting all costs incurred in getting tha 

and product to the final conswer frca the retail sales value of the 

product. Betailer and Jobber nark-up was eatiaated to be 20 per cent 

each* Freight rates for transporting briquettes to several points in 

the East wore obtained* Frm thoM an estiaate was nads of the average 

transportation cost par tm of briquettes. 

Psxhaps tha most critical phOM of this study vas tha estimation 

of stunqtaga value of loingrada hardsoods. An attMpt was made to deter 

mine from equipment manufacturers and publidied sources technical co 

efficients or iiqnit-output relationships for the various charcoal and 

briquetting operations used in this study* ^estimate of local char 

coaling and briquetting costs was mads Iqr applying costs applicable to 

Tennessee to these technical coefficients* The estimates wars mads by 

using the budgeting technique* The stumpage value for low-quality hard 

wood was estimated as the residual of the value of the end product, minus 

costs of harvesting, conversion and marketing the charcoal. Tmnesaee's 
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eompetltlT* position is detemined by tbs cost of producing and narkstlng 

tbs charcoal and/or briquettes relative to prevailing prices received 

for the product. 

The dsvelopnent of aass utilisation outlets for low^quallty hard~ 

woods as wll as the answer to our forest auuMMsssMnt problem mtgr vezy 

well hinge on the value of "cull hardwoods" going into the various uses. 

The major premise of this stud|sr is that the forest land owners will be 

intensted in improving their timber only when there is positive evidance 

of profits•only then will there be incentive strong enough to give 

relief to our low«>qttality hardwood situati(»i. I'Urthemorey if positive 

evidence is produced to show that labor and capital can be profitably 

employed in utilising this wood, there will still need to be an effective 

e^ational program developed to channel this information to the people 

in the forestry industry* 



CHAPTER n 

FROSPECTITE SUPPLY AND DEMAND CHARCOAL 

7h0 future possibilities of charooal production will be examined 

in this chapter. A brief history of the charcoal industry is given to 

indicate trends and production techniques used. An estimation of future 

production is made from the industry trends and from supply and dmuuid 

analysis. 

History of Charcoal Industry 

The charcoal industry has gone through three distinct phases in 

the United States. Behire kilns were the main production method through 

the late nineteenth century. Most of the charcoal, the sole product 

produced in these kilns, was used principally for smelting iron ore. 

A new reason for carbonising wood began in the l630*s, overlappiag 

the era of charcoal use in the iron furnacest expensive and elaborate 

plants were built primaxily for the puscpose of converting wood vapors 

and taze into ohendLcals for industrial uses. Charcoal was a joint product 

of this process and was only of secondary iiqportanoe. More than 100 

plants were in operation around 1920, accounting for most of our charcoal 

production.^ Many conmeroial and industrial uses of charcoal were 

developed, based on an abundant and low cost supply; "dosMstic" con-

Ijohn R. Wanner and William B. Lord, The Majcket for Domestic 
Charcoal in Wisconsin, U. S. Department of Agriculture Forest Service, 
Lake States Pbrest Expeilment Station, Sta^i.^n Paper Number I46, June, 
1957# P» h* 
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sunption was a amall pareaatage of tha total*^ 

ntt dLaoovary of ohoaper mathoda of obtaining many of t^aa 

chemicala aynthstioally xaaultad in a rapid daollna of the wood diatiX-

lation iaduatry* Charcoal again tmergad as the chief product* being uaed 

prinarily at this tine as XowinooMe houae IbeX in larger oitiea and for 

Xladted Industrial uses* Only *3 per cent of all pig iron output in-

Tolved the use of charcoal in 1929.3 By 1932 half of the harduood dla-

tlUatlon planta had oloaed*^ and by 1914? the total number had ahruxdc 

to 15.^ Today there are a nmber of wood chemical planta producing 

ebarooal and they produce a substantial WBOunt of our total supply, but 

only four or fire plants attei^t to recorer chemicals and these are 

operating under unusually favorable conditions.^ New Inrestments in 

such plants are prohibitive for charcoal production alone. 

Just prior to or a short time after World War II, the industry 

began tha third and current phaee. Over the past 1^ ysars there has 

been a steady dsolina in the industrial demand for charcoal but more 

^Domestic consumption has been defined in this thssia as that 
portion of the total charcoal and briquette demand used for such purposes 
as backyard or patio cooking. Chaixoal and briquette consumption was 
farther divided into ccmercial and Industrial demand. See page 27 fox* 
items included in these two subdivisions of the total demand. 

3Ronald Beazley, "Charcoal Maxketing in the United States, 
Description and Analysis," Wie Nortteastern Logger, Fbbruaxy, 1958, p. 3U«' 

Warner and lord, loc. cit. 

^Beazley, loc. cit* 

^Charcoal Survey, University of Arkansas, College of Business 
Adninistration, Industrial Besearch and Extension Center, little Rook, 
November, 1956, p. 36. 
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thaa up for this has b««n thu steadily inoreasing dOMStio rtswind* 

Today indleations are that less than half of the charcoal produced la 

being oonauiBed for industrial purposes* The rsaainder is used chiefly 

by middle-incoae groups for outdoor cooking and by dining ears and xos-

taurants. During this tine, vith charcoal^only product obtained fron 

carbonising wood, the kiln has again energed as an inportant producing 

unit* 

Prodaction and Conswiption of Charcoal 

^"ited States and Indicated Trends 

Production* Charcoal production in the United States reached a 

peak of orer oae*half aillion tons in 1909* As can bo aeea from Table I, 

there has been no decided trend in charcoal production* 7et, present 

production is considerably below that of the early 1900*8* Pro(tiation 

in 19^6 of 26Uf990 tons, a post-war peak, was less tiian half that of 

1909* Of thia anount the seven state area of Tennesme, Alabaoui, Miasis-

eippi, Azkansas, Louisiana, Oklahoma and Texas, produced 7U,260 tons or 

about 28 per cent of the total.7 

Eight large plants accounted for 69 per cent of the 1956 produc 

tion. The rwaalning 31 por cent was produced by 232 ssiall producers. 

Over half of these coaled less than 100 tons of charcoal eaoh* Three 

of the large plants are located in the seven state area Matitmed above, 

one in Arkansas and two in Tennsssee* In 1956 there were 29 producers 

7u* S. Department of Agriculture, Charcoal Production in the 
United States, Forest Service, Division of Forest Econcmios Bsaearch, 
July, 1957, pp. 2-3* 
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TABUS I 

CHARCOAL PRODUCTION IN THE UNITED STATES, 
SELECTED YEARS 1899-1956• 

Year Production Year Production 

Tons Tons 

1899 171,5U3 1939 250,780 

1905 266,701 I9I4I4 306,192 

1909 5514,785 I9I47 213,660 

191]* UU8,278 1952 251,7814 

1921 227,033 I95I4 2114,1481 

1925 1438,358 1955 237,770 

1929 1453,550 1956 2614,990 

1935 328,011^ 1958 23l4,l40l4 

^Source: All yoars prior to 1955 * Bureau of the Census, U« 3. 
Departaeat of Conmercej 1955 and 1956, Fbrest Service, U, S» Depart 
ment of Agriculture, as given in Charcoal Production in ̂ le United 
Stetes, U. S. Department of Agriculture :^drest Service, 3u5iy, 1957f 
1958, Census of Manufacturing, Bureau of the Census. 



In tha previously mentioned seven state area along with only 12 in the 

Ittke regioni accounting for less than one*8ixth of all producers but 6$ 

per cent of the charcoal* In the Southeast (Virginia, Horth Carolina, 

South Carolina, (Jeorgia, and Florida) there were ti6 producers or just 

under one*flfth of the total, accounting for only an estimated 10 per 

cent of the charcoal.^ 

A large part of the charcoal being produced today is being oen* 

verted into briquettes* Total briquette production anonnted to 125«000 

tons in 19^* This represents an average per capita use of about 1*5 

pounds of briquettes* There hae been oonsiderable interest in charcoal 

prodootion over the past few years and as a result several charcoal and 

briquette plants have been erected. Lees than 50 per cent of the 1956 

charcoal production was converted into briquettes and this was approxi* 

mately 25 per cent more than the year before.^ There are no reliable 

data on recent briquette production, but it is generally conceded that 

eonsidsrably more than half of today's charcoal is briquetted* Almost 

all of the ehareoal used for fuel is briquetted. 

According to the 1958 Census of Manufacturing* charcoal prockction 

from the softwood and hardwood distillation industry, including a "small 

amount produced in kilns" was down to 23U,iiOU tons* The data from this 

census for the years 19U7* 195U and 1958 are the same as those given in 

Table I* Uhsther tbese data inoXude all of the charcoal produeod in 

^Ibid*, p* 3* 

9lbid. 
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kilns is not kaoim* but there are indications that they do not* According 

to the Charcoal Survey* the 1955 production amounted to 300,000 tons.^® 

In fact, unpublished data of the U. S. Tbrest Service, Fbrest Products 

laboratory, at MadLson, Wisconsin, estimated the national charcoal prodno-

tion in the iBid-1950*B to be nearly 375»000 tons.^ It is estimated that 

65 per cent of the charcoal vas produced in large distillation plants. 

However, if the census data does not include all of the charcoal produced 

(and it does not make such a claim), the 1958 <wn«as data would indicate 

tJMit the wood distillation industry is declining fiurther. But the issue 

is clouded by the fact that 1958 vas a reesssion year. Industrial produc 

tion was below normal; therefore, the demand for charcoal for such purposes 

vas cut. Also, charcoal for domestic use Is basically a "luxuzy** item and 

consumption may have been curtailed for that reason. However, charcoal 

makes up a very small fraction of the family budget and it is doubtful 

if charcoal use vas significantly reduced on that account, and in addition, 

charcoal imports suffered most during the recession as they were cut 

almost in half. 

Future production. Due to the obeolesence of wood distillation 

plants which formerly produced charcoal as a by-product, charcoal produc-

^on has been declining over the years. 1%us room has again been made 

for the kiln as a producing unit. 

lOCharcoal Survey, eg. cit., p. 82. 

^A8 given in Warner and Lord, og« cit., p. U. 

^Ibid. 
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In addition to tha miuxy kinda and of kilns in nsa today, 

tbaro aro porhaps ;|u8t as aaay differont kinds and sisss of retorts.^ 

Bstorts am dssoribed in ths literaturs ranging in price Aron less than 

IIOOO to liOO tines that amount, just as there are bri<& beehire kilns 

with capacities of 10 to 100 oords and einder«>blook kilns with oapaoitles 

ranging from (Mm to I4O cords* Which one of these kilna or retorts prorea 

to be most economical dapmsds <m the situation. Wood and labor costs an 

two major itmas involved. The economics of charcoal production will be 

eaamined mon fully in the next chapter. However, one thing is almost 

eertaini production of charcoal from either kiln or retort will increase 

in the fbtura. Fbrthexmora, briquette production will increase, which 

My improve the outlet for charcoal from the small retorts and kilns. 

fha Quaker Oats Caaq)any is producing charcoal briquettes from 

cobs and hulls after extracting furfural. Their briquettes are relatively 

small and are ''cog" shaped. They are packed in an attractive bag and My 

possess acms novelty appeal. There viU probably be sons consumer dis 

crimination against them because of the absence of "Made from hickory 

wood" on the label. However, some ooneumers seem to prefer them and the 

briquettes art being sold in this State and others in conpetition with 

Tennassae briquettes. It is difficult to predict what InfltMnee this 

product will have on TenMssee'e future production. 

The exact amount of charcoal produced and otmaumed in Teaaaesseo 

charcoal kiln ie a type furnace that allows the wood to 
casbonize through incomplete ooabustion. A retort differs from a kiln 
in that the furnace or chamber is heated in the absence of oxygen. Thus, 
It is not necessary for the wood to biiim partially to produce charcoal 
in a retort. 
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is not knowiy but thsrs is more produced in the State than is consuned* 

Charcoal oonsuaption in Tennessee would amount to only about 5*600 tons* 

assuming per capita etmsianption to be 3*2 pounds•the 1956 Hational 

awerage* Two of the oldest charcoal prodioers in the State each produce 

approximately this amount* and oos of the plants prodhices enough briquettes 

to supply the entire danestio nse^ of the State* The only other major 

charcoaling operation in "Uie State was destroyed by fire during the time 

this thesis was being prepared. It is now known whetlMr or not the plant 

will be rebuilt* A new plant is under construction elseidiere in ttm 

State and will offset this loss of production* Total charcoal production 

for Tennessee would be scoewhere around 12*000 to 15*000 tons per year. 

Therefoxe* it is reasonable to conclude that additional production must 

go into markets outside the State. However* the Southeast is a deficit 

producing area along with other states in the South} Georgia and Texas 

are examples* The Fbr Vest and the Northeast also consume more charcoal 

than is produced in these respective areas* At the present time* producers 

in the North and South are marketing oharcoal in all the States. Any nsw 

producer is not going to comer a very large segment of tlwi market. It 

will be neoessary to conpete over a wide area* Plants in Tennesses are 

competing at the preawnt and the next chapter will provide farther in 

sights into the coBq>etitive situation* 

Dsmand* Ssveml souxcss indicate that iii* demand for oharcoal 

during the mid-1950*s was strong with respect to the available erqiply* 

especially during summer* the peak dmand season. The briquette dsmand 

for backyard cooking and similar aaws* such as in restaurants* is probably 
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inalastlc and ha« baen increasing over ths past fev years. Sinca ohax^ 

coal cost is ninor compared to the total cost of a "oo<^»out" and thara 

is no good ssibstitata for charcoal^ a small change in prioa vill have 

only a slight affect on total sales on an industry-vide basis.^ Houever, 

the demand for charcoal from the in<kstrlal sector is probably not so 

inelastic and has been decreasing. There are other substitotes for ohar-

coal as industrial fbel, and as ths other fuel costs come down or as 

technology pexsdts, the maileet for charcoal here is reduced. 

The combination of incxeasing domestic draumd and reduced produc 

tion from the dis^llation plants gives the impressi^ of a rapidly 

increasing total charcoal demand. While the distillation plants in 

existence during the iBidfl9^*8 have failed to decline further, char 

coaling and briquetting facilities have been expanded via kilns and 

not-too-expensive retorts to change the producii^; struoture of the char 

coal industry. Indications are that charcoal demand la continuing to 

increase but perhaps not at the same rate as for the years 1951^-1957. 

The increase in U. S. Imports of ehax«oal beginning in 195U is typical 

of the overall increasing demand for charcoal, especially during 1956-

1957, and again in 1959 (Table II). The net isqports of charcoal would 

be enough to sustain two good-sised charcoal and briquetting operations 

if producers in the United States could capture tois sonant of the 

maxket. 

is indicated previously, there are no reliable data on the total 

amount of charcoal being produced in this country or just what the 

^^asley, o£. eit., p. 36. 
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TABLE U 

IMPCmrS AND EXPORTS OF CHARCOAL, 1952-1959* 

Tear Imports Exports Net iaports 

(tons) (tons) (tons) 

1952 3»290 b #1 

1953 3.328 b 

195U 5,806 b ee 

1955 6,521 2,665 3,856 

1956 13,522 2,216 11,306 

1957 13,082 2,U86 10,596 

1958 7,013 2,379 U,63U 

1959 11,338 2,891 BM 

•Source: Bureau of the Census, U. S* Department of Consaerce, 
U. S. laporta of Merchandise for Consuaption and U. S, Exports of 
domestic and Pbrelgn Merchandise, Aimual Reports." 

^Not reported. 
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oapaolty is» bat we do know that eeveral charcoal prodosii^ plants have 

been built in response to the Increasing; iteaestic demand* But even so, 

the prioe paid by the consuners for charcoal has remained about the ssas* 

Wholesale prices for charcoal hare fallen since 1956| hoveTerf a New Torfc 

source has been quoting approximately the same pzices over the past three 

or four years* One of the weekly quotations is listed below*^^ 
Charcoal, hardwood, In&p, bulk, c*l>, f.o*b. plant tcm•$$^*00 
BriqtMttes, bulk, e*l*, Ko*b* plant ton 80*00 

5-lb. paper bags, c*l« same basis ton - 106.00 
20~lb* paper bags, c.l., f.o.b* plant ton 90.00 
!4D-lb* paper bags, c.l. same basis ton 86*00 

The prices quoted should not be Interpreted as the prioe Tennessee 

producers could expect to receire for their charcoal if It went to the 

New York - New England points. There is a oonsiderable difference la 

transportation charges for charcoal produced and consumed in New Tozk 

and charcoal produced in Tennessee and consumed in New Tozk. Minimum 

freight rates from Tennessee to New York are around|20 per ton} there 

fore, the prioe of charcoal f.o.b* plant in Tennessee would bo lower than 

in New York* But the quoted prices can be used as an indication of the 

general prioe lerel and the relative stability of industry prices. Then 

is considsrable Tariation in the delirend price in diffennt consuming 

eenten because some centers an located near surplus-prodhcing anas 

and others an located in dsficit-produQing anas. However, due to the 

high-cost facilities that produce over $0 per cent of the charcoal and 

an nportedly openting near the bnak-eren point, it is difficult to 

^Oil,^nt and Drug Reporter. March 6, 1961 (Weekly Publication) 
Vol. 179, No. 9,30 Church St., New York, New York. 
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conoeiYs of angr farther significant reduction in charoMl prices* 

Daaaad for charcoal can be broken down into three priiutipal olas-

slfioations; Industrial, eonaercial and domestic* Most of the charcoal 

can be direrted to domestic use, idiich retails mostlj as briquettes, for 

seldom less than $135 per ton, but usuallj around $160 per ton. Host 

all of the total growth in charcoal sales over the past few years has 

been due to the increasing donestio market. The chief Ihctor that has 

giren ii^>etus to this trend is the increasing popularity of backyard 

cooking in aaall portable grills or in bazbeovm pits* A rapidly in 

creasing population along with the additicm of more people to the middle-

income groups will continue to add to domestic charcoal sales. The 

climate in the South as well as in other parts of the United States 

pendts outdoor cooking daring most of the year* But even in a state 

like Wisconsin the use of charcoal has increased dramatically in the 

past few years. Due to the rising popularity of outdoor cooking, retail 

sales ixusreased nearly four times between 155U and 1957*^ In 1957 sales 

were up to 3 pounds per persm in Wisoonsini about cms-third abore the 

national arerage. In Texas sales of charcoal Jumped from about 2 pounds 

per person in 1955 bo orer 3 pounds in 1957.^^ Sven at the 1^6 dcmstic 

consunqptioa level of around 2 pounds per person, today's domestic charcoal 

^^amer and Lord, ego. oit., p. 1. 

I7Bill R* Shelton and James R. Barodley, The Markstim and Produc 
tion of Charcoal Texas. 1955 and 1956, Research Report 58,"fexaa 
Engineering Experiment Station, March 1957, p. 2j and Bill R. SlMlton, 
Developments^lUje Texas Charcoal Industry Since 1956 (Supplement No. 1 
to the above), April, 1958, p. 2. 
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oonvtnptlon would b« up around 180,000 tras. And if danostlc eonsunption 

inortases, as many expect, to three or four pounds per pers<m, then total 

donestic oonsumption wlH be around 270,000*360,000 tcma. Of course, 

nangr families today use I|0 to^ pounds of charcoal each year while many 

others newer cook out* 

Peztiaps it might be well to point out that the rapid rise in 

donestic dsawd is associated with what night be regarded as a "fad." 

Usually %ra thliik of a f^d as something that is here today and gem 

tomorrow. Outside eoOking has been popular for eight to ten years now, 

and there are no signs of its diminishing* But the most important point 

to be gleaned from this is that it is too hasardous to prediet future 

demand entirely from the assumption'^t the fad will increase in pc^u* 

laxity* The portable charcoal grill has dms wonders for the charcoal* 

briquette industry* With a plentiful supply of charcoal there can be 

stock piling, new consxraers, new uses and sales expansion of present 

uses* Greater efforts in promoting, merchandising and salesmanship of 

complementary items such as the portable grills and o^r efforts to 

encourage aiddle*olass oonfoxnity would do much in esqpanding charcoal 

consumption* There is considerable room for increased oharcoal eonsimq>* 

tion for doMstic purposes* 

The coBBitercial classification is eciq>osed mainly of restaurants, 

steak and baxbecue houses and railjroad dining oars that use charcoal for 

cocking meats. This market dneands oharcoal of high quality because 

uniform heat with a minimum of smoke are a must to assure quality cookiag* 

The importance of this market is felt not so much by its total demand 

but for the relatiwely 8tead(y demand throughout the year as contrasted 
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to tha donestlo dnuuid* 

CoMserelal dMiand like the dOMStio demand la also gMwing* Char 

coal broiling and liaxbecuing are a epeoialty business and in nany oases 

signify a quality eating establishment* Fkcilities for this type of 

cooking are being added to many of the older restaurants as veil as to 

the am ones* niiSf however, is not Just a fadj baxbeouing has long 

been practiced in the South* Charcoaling meats is not new by aiqr means, 

but it is a growing euston, representing even more of a luxury than 

eobking eat* 

The industrial market differs frcn the other markets because of 

the various needs of the buyers* Orderliag by specification is not at 

all uncommon, as the charcoal use may vary from that of a highly special 

ised fuel to that of a catalyst or to that of "fines" for nursery soils* 

This market usually buys in bulk at a lower price, since bagging costs 

are lowered or eliminated* This segment of the market seems to offer 

the poorest oppor^udty for expansion* In fact, industrial sales have 

been declining and show little prospect for increasing* 

The overall demand picture for charcoal appears to be strong and 

will no doubt continue to be so if the present conditions are not altered 

too seriously* Whether the market will continue to improve is not the 

vital question) rather, it is in texme of just how the market will be 

siq}plied* Will most of the future charcoal market be supplied frem the 

large distillation plants, with or without -Uie recovery of chemicals, or 

will other cellulose nmiterials such as com ebbs come in for a larger 

share of the market? Will the kiln and retort producers contribute most 
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to oharooal production by using nill rssiduftSi or will tbs producers bo 

able to use low«quality hardsoods dirsot trm the woods? fbaaa quaations 

will be pursued in the followlag oliapters* 

Charepaling as a Means of Utilising Iw-Quality Trees 

One thing is certain•charcoal is one of the uses for which lev* 

quality har^oods and other cull matexlala are adnirably suited. It 

takes about 2.2 cords of hardwood to make one ton of charcoal. Thus 

about $73»700 cords of wood were used in charcoal nanufacture in 1956.^® 

Hardwood•chiefly oak« hickozy, birchy beech^ and laaple•accounted for 

92 per cent of the wood consusMd. Boundsood uaa amounted to 7k per cent 

of ttUB total; the remainder being residnas.^ Howeyer, even if charcoal 

consumption should increase to 500,000 tons, idiich would be an all-tine 

record, end if wood were the only raw material, only about one wiiiinp 

oorda of wood would be consumed* Hardwood pulpwood ia already being 

used in excess of six times this rate* But the oharooal industry is an 

axcsllant soarenger and possibilities exist to improve the tisdtMr industry 

by producing charcoal. If there is truly an interest in forest Impjrove-

ment, even the smallest opportunity should not be overlooked. 

3^8charcoal Production in the United States, op. pit., p. 6. 

3-9ibid. 



CHAPTER III 

THE ECONOMICS OF CHARCQALIin 

This chapter is devoted to that portion of the problsa dealing 

with the econoralos of converting wood into ohaureoal and briquettes. The 

purpose of tills ];diase of the investigation was to estimate the value of 

low-quality hardwoods when used in this manner. In tiiose situations 

w)»re the stunpage has a negative value, a comparison was made between 

the cost of destroying the timber and the net loss incurred in tiie char 

coaling operation. The loss involved in converting wood into charcoal 

is a Justifiable forest managonent cost only if it is less than the least 

cost metiiod of destroying the timber. Included also is the prKoise set 

forth in the first chapter that the least cost method of destroying the 

trees will return a profit. Tiui stumpage value of the low-quality hard 

woods was estimated to be the resiciial of the value of the end product 

minus all other costs of production and mazlceting. 

Several budgets on charcoal and briquette production are presented, 

ranging from a single two-and>one-half-cord kiln operation to a battery 

of kilns or retorts integrated with a briquetting plant. Fkoei these 

budgets and from the budgets estimating the cost of getting wood cut and 

delivered to the kiln, an estimate of the residual value of the low-

quality hardwood stumpage was obtained. The maximaB value of the stumpage, 

or really tiie amount that can be paid for the stumpage going into each 

operation, is oonditioned by several factors. Two of the important 

variables are the amount received for the charcoal and the labor cost. 
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S«T«i«l ftoiiMite raliuia estimated frm each of the operations by 

assuming different values for these two variables* Tariables that are 

more of a teohnical xwiture, such as the skill of the kiln (^rators and 

the moisture content and density of the wood, are assumed to be constant 

in this study* The ovendry weigdit of a cord of hardwood was assuaed to 

be 2»670 pounds* This is adnittedly low especially when compared wito 

the weight used by Tennessee pulpmiUs in purchasing hardwood. Although 

straight, neatly trim bolts are desizeble, such bolt characteristics are 

not critical for charcoaling. An ovendry weight of 2,670 pounds per cord 

would probably not be too low for the crooked and defective trees of aU 

species that would be burned from a timber-stand-improvement cutting* 

Charcoal yiel(lB were calculated at 30 per cent of the ovendry weight when 

produced in kilns and 3U per cent when produced in retorts. These are 

not exceptionally high yield rates and if conversion of Masoned hardwood 

is much below these rates, it would indicate very inefficient equipment 

operation. The potential producer must become familiar with these vari 

ables and control them to obtain high yields and favorable results. 

The budgets were prepared by applying per unit costs to the input-

output data gathered from published sources and from equipment manu 

facturers. The $1.25 per hour wage rate is perhaps more applicable to 

the larger integrated operations, but by using the same rate in all of 

the budgets, the per ton cost of production can be compared for the dif 

ferent output volumes and techniques of production. 

The first three buckets were prepared for a small two-and-one-half-

cord, a seven-cord and a battery of six five-cord kilns* These budgets 
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h«rt two Mala parts. The first is aa aatlnatlon of charcoaling costs 

or the cost of produoliig bulk* lunp eharcoal to be sold f.o.b. kiln. 

The second part Is an estiaatlon of the cost of prodoelng and bagging 

Imp charcoal la four-pound bags also to be sold f.o.b. kiln. The cost 

of bags Increases sharply as tiw bag slse decUaes. In order to keep 

the caloulatloBs simple^ only four-pound bags vere used In the budgets. 

these budgets and from the budget In^appendix on the cost 

of wood procureneati equations were derlred to estisuite the naxlaim mount 

that could be paid for a cord of stumpage. Several estinates were nads 

by using a combination of eharcoal prices and wage rates. 

About the same procedure as above was used to arrive at the esti-

nated charcoaling cost minus wood cost and returns to capital for the 

Integrated charcoal-briquette operations. This cost was carried over 

Into the bud^t estlauitlag brlquettlng costs to give the total Integrated 

cost of producing briquettes. A somewhat different procedure was used to 

estimate the stmpage value of low-quail^ hardwoods going Into these 

operations. The retail market price for briquettes was assumed to be 

69 cents for lO-pound bags or $138 per ton. Here again, for the purpose 

of simplicity, mly 10-pound bags were used In the calculations. Jobbers' 

and retailers' profits were assumed to be 20 per oent each. It was 

further assumd that transportation costs to the wholesaler or Jobber 

would be an average of $12 per ton for a yearly production of U,000 tons 

and $10 per tm for an output of 2,500 tons. The above-mentioned mark 

up and transportation costs, along with the cost of producing the charcoal, 

and 15 per oent return en the fixed Invesbnent and operating capital were 
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dBdaeted from the retell sales price of briquettes. The rmalnder was 

the amount that could be applied toward tb» cost of the wood* Wood 

harvesting and delivery costs were subtracted from the rsmainderf leaving 

only that portion of the revenue that could be paid for the stuaqpage. 

ProAiction costs were calculated using both $1 and $1*2$ per hour 

wage rates. Thus there ware two estimates of the maximum amount that 

could be paid for wood. Wood harvesting and delivery costs were also 

calculated using wage rates of $0 cents, 7$ cents, $1, and $1.2^ per hour. 

Each of the wood harvesting and delivery cost estimates were deducted 

from the amounts that could be paid for wood. This gave eight estimates 

of the residual value of the stunpage, using the above combination of 

labor costs. 

Actual costs and retums will vary with the managerial ability 

and ingenuity of the producer as well as with the prevailing cost of 

inputs in a given area and the price received for the end product, 

fbrthexnore, it is not possible to make precise calculations due to the 

many variables of a charcoaling operation and data for lai^e, efficiently 

operated kilns are not available. For these reasons, interpretations of 

the cost estimates and other calculations of this study should be made 

with caution. However, the budgets should provide helpful guides for 

planning future charcoaling operations. 

I. COST OF DESTROYINQ HARDWOODS 

To be economically feasible, total revenue from any charcoaling 

operation using cull hardwoods must cover all costs with the exception 

of that portion of the total cost that can be attributed to forest 
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Muaagmient. TIm mudjnai Halt of total cost over total reTonuo is sat 

bjr the miaiann cost of destroying the cull hardwood tress. A typical 

cost estimate of destroying hardwoods is presented in Table III. It is 

not claimed that this is the least cost method of destroying trees. It 

is doubtful if the job could be done for less than 16 per acre where 

there are numerous hardwoods to be killed. Ii^ut data oampatible with 

that in Table III can be found in Data for Planning Woodland Opportunities 

on West Tennessee ibrns.^ 

There are costs involved in forest improvsment in addition to cull 

tree removal, such as implying chssdoals to the stump to keep down 

sprouting. The $3*70 per acre cost of axe girdling was used as the 

maximum portion of the charcoaling cost that could be charged to forest 

improvement since axe girdling accomplishes essentially the same results 

as removing the tree. The average number of cords of cull hardwood per 

acre in hardwood and hardwood«pine forests over the State has been esti 

mated to be 2.77 cords.^ If converting wood into charcoal is to be 

economically feasible, a loss of not more than $l*3k per cord on the 

average could be charged to forest management. This loss would be borne 

by the owner in the fora of harvesting cost, i.e., the value of the wood 

would not cover the cost of harvesting} however, the loss in this instance 

^olon L. Baraclough and Alfred Pleasanton, Data for Planting 
Woodland Opportunities on West Teniwssee farms. Bulletin No.276 (Univer-
sity of Tennessee Agricultural Experiment Station in cooperation with 
Southern Forest Experiment Station, U. S. Department of Agriculture, 
November, 19^7), pp. lU-18. 

^O. S. Department of Agriculture, Forest Stotistics for Tennessee, 
Forest Survey Release 70 (New Orleans: Southern Forest Experiraent Sta 
tion, June, 19^2), pp. 18 and 22. 
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UBl£ III 

APPROXIMATE COST OF DEADENINQ OR CONTROLLINQ HARDWOODS^ 

Itew of cost Cost per aci^ 

Labor 

Axo girdling (3*7 man-houra ® $1 per hour) - - |3*70 
Applying chamical (1*2 iian*>hottrs ® $1 par hour) 1.20 

Chamieala (2.5 gallons, 3 por cent solution of 
2, U, 5-T in fuel oil ® W cents per gallon) 1*08 

Total - $5*98 

Source: Prepared by Ernest B. Hoskins, Tennessee Rirer Pulp and 
Paper Compai^, Counce, Tennessee, and Carl B. Dalton, Southern Plywood 
Conservation Association, Montgomery, Alabama, for use in a future 
p\d)lioation for Tennessee Teachers of Vocational Agriculture. 
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vould be less than the cost of girdling the tlnber. 

II. LOHP CHIRCOIL PBOHJCTION 

The Two-and»one-half"Cord Kiln 

The kiln and technique of pro^tion upcm irtiich the budget in 

Table IV was based is siailar to those in operation on the Cunberland 

Plateau. While this kiln is knoen by seroral nanes, it is generally 

referred to in literature as "The Connectiout Charcoal Kiln." 

The budget in Table IV shows oharcoaling cost per ton to be 

126.75 and cost of producing bagged charcoal to be |lt6.25» plus any 

consideration for wood cost and with wages at $1.25 per hour. Witherow 

and Smith found labor costs to be $2U.05 and depreciation on the kiln 

to be $3.UU per ton of charcoal when produced in an experimental two-

cord kiln.3 Nerertheless, labor inputs for the two-and-one-half-cord 

kiln may seem a bit high when compared with the other budgets. Howereri 

high labor inputs are required for a small, nonmechanised, single unit. 

A lower range of wage rates is probably justifiable for tl» mailer 

operations due to the willingness of rural laborers to accept lower 

wages and also a large portion of the tasks may be performed by excess 

family labor, such as youngsters, in bagging, and elders or physically 

handicapped in tending the kiln. Therefore, a range of wage rates from 

50 cents to $1.25 per hour was used to estimate the maximun allowable 

3Boyd M.Witherow and Walton R. Smith, Cost of Operation for 
Thime Types of Charcoal Kilns, Southeastern Forest Ejqperiment Station, 
Paper wSber 79* p* 15» 
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TABUE I? 

KfJHAtED COST OF PRODUCIJW A TON OF CHARCOAL IN A 2 2/2-COBD 
CXNDER-BIOCK KILN (NO MECHANIZAnON) 

Item Cost per ton 
Bulk sale f*o*b. kiln 

Labor 9 $1.2$ per hour 
Loadiiig (6 man-hours) ------- « 7.^0 
Burmiag and cooling ($ man-hours) - ------------ 6.2$ 
Unloadiag (7 man-hours) - 8.7$ 

Depreciation on kiln ($$00 f 100 bumst producing 
1 ton of charcoal per bum) - ---- ----------- $»00 

Miscellaneous supplies (oil» mortar, sand, and 
re-usable bags) - --------------------- .$0 

Betums on iarestaent ($$00 x .06 ♦ UO bums per year) - - - »7$ 

Charcoaling Coat - ---------------- $28.7$ 

Fbr sale f.o.b. kiln in U-pound bags 

Weighing and bagging cost (labor -6 man-hours) ------- 7*50 

Bags(U pound bro«n-paper bags d $.02 each) - -- ------ 10*00 

Total Charcoaling and Bagging Cost - ------- $1|6«2$ 
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•ttaqpag* eost in ordtr to tnak wtu 

Both of the cost flgttres of Table IV are of interest to a oharsoal 

prodaesr* bat for the problem at hand, the maxiaum allowable stuapage 

cost estimates la Tables V and VI are more appropriate* Wage rates for 

^e kiln operation and wood procurement were varied and a range of prices 

received for the charcoal were used to make the estimates. 

In order to bz>eak even from the sale of charcoal produced in the 

two*and-one-half>cord kiln, a producer could not have more invested in 

the stumpage than that shown in Tables V and VI. Of course, sobm of 

the stumpage values are negative* The maxinvn allowable cost of wood 

on the stump ranges from a low of -^lO.lS per cord with wages at|1*25 

per hour and bulk charcoal prices of $30 per ton to a high of 16*56 per 

cord with wages at 50 cents per hour and bulk charcoal prices of $hS per 

ton (Table V)* For charcoal maxketed in four pound bags^maximum 

allowable stumpage costs range from *.$13*15 per cord with wages at $1*25 

per hour and the price of charcoal at liiO per ton to #7*36 per cord with 

wages at 50 cents per hour and charcoal priced at|60 per ton (Table VI). 

Only at the lower wage rates and/or relatively high prices for the 

product would the prediction of charcoal provide positive incentive for 

forest improvement. With wages Just under 70 cents per hour and the 

price of bulk charcoal at|35 per ton f*o.b. kiln, a break even point 

is attained, but there is no residual xwvenue for the stumpage. At 

present, the price being paid for charcoal in this form is from $30 to 

$35 in Tennessee* Assuming the value of stumpage to be sero, the returns 

to labor must be around 55 to 70 cents per hour if the charcoal operation 
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TABLE T 

MAXIMUM AMOUNT THAT CAN BE PAID IQR A COICD OF STUMPAGE 
WITH VARHNQ WAGES AND PRICES RECEIVED F3R 

BUIX CHARCOAL F.O.B. 2 l/2-CORD KlUf 

Price receired for 
bulk charcoal Wage rates 

f.o.b. 2 l/2-cord kiln $ .50 1 $ .75 1 $1.00 1 $1.25 

Maximum allowable stunpage cost^ 

$30.00 $0.56 -$2.91 -$6.58 -$10.16 

35.00 2.56 -0.91 -U.58 -8.16 

ilO.OO l*.56 1.09 -2.58 -6.16 

I45.OO 6.56 3.09 -0.58 -I1.I6 

^Equation uaadt C aP <• bX•ol•Z 
C = .U(P) - 7.2(X) - 7.09 (I) - U.29 
C « Maximum alXovabla stumpaga cost 
P > Price reeelred for a ton of charooal 
X 3 Per hour labor cost in charcoaling 
I 3 Per hoar labor cost in wood pjocurement (See AppendSji 

for estimated wood harvesting cost) 
Z Cost other tbBn labor 
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TABLE ?I 

MAXIMUM AMOUNT THAT CAN BE PAID FOB A CORD OF STOMPAOE WITH 
YAmm WAGES AND PRICES RECEIVED FOR CHARCOAL 
IN FOUR-POUND BAOS F»O.B. 2 2/2-COJ® 

Prioo roooived for 
bagged charcoal Wage rates 

f.o.b* 2 l/2-cord kiln $ .$0 1 ♦ .75 1 n.oo 1 $1.55 
MaxLaum allowable stumpage cost^ 

$i|0.00 •I0.6U •$14*81 •$8*98 -$13*15 

Ij^.OO 1.36 •2.81 •6.98 -U.15 

$0.00 3.36 •0.81 -14.98 -9.15 

$5.00 5.36 1.19 -2.98 -7.15 

60.00 7.36 3.19 -0.98 -5.15 

•Equation UMdt 0 « .UCP) - 9.6(1) - 7.09 (I) - 8.29 (Soe 
TabXs V for delliiitioiui of Tariablss). 
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l8 to b« Mlf-tttftainlBg (Table ▼)• 

The price being paid for bagged charcoal at the kiln ie arotUid 

|$0 per ton* or |l«0 if the bage are fbmiahed bjr the purchaeer. Return* 

to labor would be 70 cente per hour at thie price if the operation ie to 

break eren* asavming tiba etumpage cost to be aero (Table VI}• 

If the producer bage and eells the charcoal to retailers, assiaaing 

the mailceting cost to be $10 per ton and ttm %diolesale ralue of charcoal 

to be $70 per ton, and with wages at $1 per hour, harreetlBg, narketiag 

and conrersion costs would still absorb all rsrenue from the sales and 

each cord of stumpage would hare a negative value of 98 cents* With 

wages at 7$ cents per hour, the allowable stumpage cost would be $3*19 

(Not shown in the tables *• equation usedi 0 a •U(P) * 9*6(X) • 7«09(X) • 

12*29, or Just read $10 less for the price of charcoal in Table TI). 

The market for lump charcoal, regardless of the marketing channel, 

is extremely limited to the anall produoers in Tennessee. Until the 

dssund for lump charcoal is strengthened, charcoal production in the 

nnall kiln will be no more than a najrginal operation* Chances for an 

increased dmnand for lump charcoal are remote* The establishment of 

additional briquetting plants in the State would increase the demand for 

charcoal, but the briquettors would offer very little more for lump 

charcoal than the cost that would be incurred if they attmpted to 

produce their own. The budgets for the one-ton and the two-ton per hour 

integrated charcoal-briquetting operations show the cost of producing 

charcoal to be from $17 to $19 per ton plus the cost of wood and returns 

to capital* Total cost of producing charcoal in such plants would be 
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Ground $30*$3$ per ten, to eae eould mt expect the price of X«Hq» char 

coal to iaereaae greatly eren vith competition among the bnyere* 

But what about charcoaling in the small kiln as a tool of forest 

management? With the price of lump charcoal in bulk at $35 per ton and 

^per ton in four-pound bags, the vage rate eould be no more than 78 

cents per hour if charcoaling is to be economically feasible, i*e., if 

the loss is to be less than the cost of girdling the timber* 

The Seyen-cord Kiln 

The type of kiln for idiich the budget in Table VII «as prepared 

is similar to the tMo««nd-oae*half«cord kiln prsrioualy discuased* It 

is larger, of coiurse, and eould probably be constructed eith vide metal 

doors that vould allow a tractor and scoop or fork lift to enter and 

back out* Inetructions for building this sort of kiln (no metal doors) 

is giren in Production of Charcoal in a Masonry Block Kilnt Structure 

amd Operation.^ 

The budget in Table VII ̂ ows charcoaling cost per ton to be 

|25*05 and cost of producing bagged charcoal to be $U2*55 per ton without 

any oonsideration of wood cost and with wages at $1*25 per hour* The 

crerage cost of producing charcoal in a seven-cord kiln for Ih experi 

mental bums was found to be $27*UU by researchers of^Lake States 

Iw, S. Department of Agriculture, Production of Charcoal in a 
Mason^ Block Kilnt Structure and Operation, Forest Service Report Ho* 
208U (Madison: Fbrest Products Laboratoiy, 195?)• 
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TABIM ni 

BOTkTED COST OP PROroCIlC CHAHCOAL IH A 7-COED 
MAS0NR7 BLOCK KILN 

Itwn Oo»t PT ton 
Bulk sale f.o.b. kiln 

Labor 9$1*2$ per hour 
Loading {$,$ man-hours) - 6.88 
Burning and cooling (U.5 man-hours) ------------- $.63 
Unloading (2.0 man-hours) - ----------------- 2.$) 

Depreciation on kiln (81,2^ f 100 bums} producisg 
2.8 tons per bum) — ----------- — ------

Tractor operating cost (used for approximately *$ of an 
hour per ton for unloading and 1.9 hours per ton for 
loadii^) 
2.U tractor hours ® ll.lO per hour - 2.6U 

Miscellaneous supplies (oil, mortar, sand, etc.) ------- 0.^ 

Beturns on fixed inreetment (kiln - 8l,2$0)•/ (tractor -
$2,$00) 7^ (other improrements *|1,000)} ̂ ,7$0 x .06 y 112 
tons per year - ----------------------- 2.$U 

Charcoaling Cost - ----------------- $2$,0$ 

Ibr sale f.o.b. kiln in impound bags 

Weighing and bagging cost (6.0 man-hours) - ------ ---- 7,50 

Bags (U-pound broim-paper bags 9 1.02 each) - -- ------ - 10.00 

Total Charcoaling and Bagging Cost --------- $la*$$ 
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Fbrest Experliaeat Station.^ Vai^s of approxlmatelj ll.lt? par hour uore 

paid out in tho oxporimeatal oporation. If tho differoaco in vagaa vero 

•lininatedf the experinenial cost figure would not be greatly different 

trm the eetiaated charcoaling eoet j^aented here. 

The aaxiiauBi aUowabls cost of wood on the atunp ranges from a 

low of •|6*67 per cord with wages at 11.25 per hour and bulk oharooal 

priced at 130 per ton to a high of I6.2U per cord with wages at 50 cents 

per hour and bulk charcoal priced at HO per ton (Table VIII). For 

charcoal naiketed in four-pound bags tiwi naxLam allowable stenpage costs 

range frosi -lU.d? per cord with wages at $1.25 per hour and the price 

of oharooal at lUO per ton to |7*0U per cord with wages at 50 cents per 

hour and charcoal priced at|60 per ton (Table IX). 

The naxiann allowable stumpage cost estimates for wood ecnnrerted 

into charcoal wia the aewen-cord kiln are rerj similar to those for the 

smaller kiln. In inet« tbout the sasm general interpretation could be 

made of the estimates in Tables VIII and IX as was mads for the previous 

operation. Bmmtar, there is at least one difference: the labor irqput 

is of less importance in operating the seven-oord kiln -Uum in the two-

aad-one-half-cord kiln das to the use of a tractor in loading and unload 

ing. At the higher wage rates, the negatire stumpage walue is less for 

wood converted in the larger kiln. The email kiln appears to have the 

advantage at the lower wage rates. The difference between the maximum 

allowable atimqMge cost on lower wage scale for the two kilns is 

S. Boldt and Carl Abbogast, Jr., "Charcoal Kiln Operation 
for Iiqjrowed Timber Stands," Fbrsst Products Journal, January, I960, 
p. UU. 
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TABI£ YIII 

MAXIMDM AMOOHT THAT CAN BE PAID FC» A CORD OF STUMPAQE 
vxTH ikscam wages and prices received for 

BUIK CHARCOAL F.O.B. 7-CORD KILN 

Prioe reoalTed for 
bulk charcoal Wage rates 

f.o.b. 7-cord kiln 1 .50 1 « .75 1 n.oo 1 ♦1.25
Haxinun allowable sttsapage cost'a 

130.00 I0.2U -12.73 -♦5.70 -♦8,67 

35.00 2.2li -0.73 -3.70 -6.67 

Uo.oo U.2U 1.27 -1.70 -I4.67 

lt5.oo 6.2U 3.27 -0.30 -2.67 

•Equation used: C » ,U(P) - U.8(X) - 7.09(1) - 5.81 (Sa« Tabla f 
for dafiiiltioa of 'Um varlablos). 
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nsm IX 

MAXlMim AMOUNT THAT CAN BE PAID FOR A CORD OF STtMPAOS WI1SI 
fARYIIIQ WAGES AND PRICES RECEIVED FOR CHARCOAI, 

IN fOUE«POUND BAGS F.O.B. 7»C0RD KILN 

Price received for 
bagged charcoal Wage rates 
f.o.b. 7-cord kiln 1 .50 1 $ .75 1 11.00 1 11*25 

Naxinun allowable atompage coet^ 

$U0.00 •10,96 -14.53 •$8.10 -$11.67 

li5.00 l.OU -2.53 -6.10 -9.67 

$0»00 3.04 -0.53 -4.10 -7.67 

55.00 5.0U 1.47 -2,10 -5*67 

60.00 7.0U 3.47 -0*10 •3.6? 

•Equation used: C s ,U(p) - 7.2(1) - 7.09(1) - 9,81 (Sae 
Tablo 7 for definition of the ▼ariablee. 
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flBiall eonparsd to that of ttw upper wage aeale. 

If charcoaling in the aeren-cord kiln is to provide an alternative 

to destroying the cull trees* the wage rate in operating the kiln and in 

wood proouruBent cannot exceed 63 cents per hour with bulk charcoal priced 

at 130 per ton. the stuiiq;>age still has a negative value of 73 cents per 

cord if the bulk price is $35 per ton and wages are 75 cents per hour. 

Vith wage rates arotoad 75 cents per hour, a price of I50 per ton for 

charcoal in bags is comparable to $35 for bulk charcoal. 

The Battery of Six five-cord Kilns 

Over the country* perhaps no two kiln installations hsve ths scss 

nunber of kilns or kilns with like capacities. The kiln sises range 

txm two*cord capacity to iiO cords. Thsre is a tsndsney to iiwrsase 

the sise of the kiln inetead of the nunber for the larger charcoal out 

puts. About the only other difference in kiln installations is the 

amount of laboi^saving equipment for idiich provision is made. 

The budget in this section represents cost estimates for eharooal 

produced in a battezy of six five-cord kilns* Individually* the kilns 

are similar to those previously budgeted. Capital requirements for the 

kilns* storage shed, tractor and other improvements would be about 

$12*000 to produce bulk charcoal. If the charcoal is to be bagged, an 

additional $6*000 would be needed. 

The battery of six five-cord kilns is not to be interpreted as 

the optimum coabination of ntnbsr and sise of kiln for the most efflcieat 

production* but the budget does indicate that economies of scale are 
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pr^MBt In prodaeiiic oharooal. 

Aasnadng it takes an average of six days to conplete one fUH 

ojole (loading, coaling, cooling ud nnloading), one kiln voold need to 

be unloaded and recharged each day of a sixoday vatk week* Thus,(hm 

fivo'^ord kiln would yield approxLnately two tons of charcoal per week. 

7o yield $00 tons of oharooal per year, the battery of kilns would need 

to be operated for around 290 days, allowing for Sundays or a imre lengthy 

cycle. 

the cost of labor to prodncw a ton of bulk oharooal at 11*2$ per 

hour was estinated to be |10«6U* Bagging labor cost amounted to 

for a total estimated labor cost of $1U*08 per ton of bagged charcoal 

produced* this cost was separated from the main budget, and is shown in 

Table X. 

Charcoalii^ costs were estimated to be 122*33 per ton and the cost 

of producing bagged charcoal to be l39*01. Both estimates are considerably 

below thOM of the preceding budgets.^ The total yearly coat of producing 

$00 toaa of bulk oharooal in this battexy of kilns was ostiaated to be 

111,1^, and of bagged charooal to bo |19,$0$ (Table XI}. 

The per ton oost of producing ehaxxtoal in the battery of kilae 

^If the cost of wood is eliminated frcm Shelton*s estinated oost 
of producing bagged charcoal, the u^per coet range would bo around|28 
per t(m, excluding taxes and insurancm. It was nsoessary to assums a 
rate of eonversi<»i of wood into charcoal to arzlTo at this figure. The 
assumed rate was two and (»ie..half cords of wood per ton of charcoal• 
the isas rate that was used in all the kiln budgets in this thesis. In 
addition to the above noted exclusion from Shelton's oost estimate, cost 
of tending the kiln, a major item, and repair and naintenanee are also 
omitted. Perhaps this explains some of the 111 differential between 
Shelt(m*s estimate and the one used here. Shelton, og* o^*, p* 5* 
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fABlB X 

ESTIMATEC UBOR COST IN 0F£R4TI» A BATTEBI OF6 KILNS 
PRODOGim TWO fOm OF CHARCOAL FSR SAT, 

LABOR d $1.2$ PER HOUR 

OpratAoa labor cost pr tea 

Tractor operation (used to bring wood inside^ 
kiln fron the staeke and to unload the charcoal) 
U aaa-hours per day) - $ 2.50 

Arranging wood in the kiln (5 aan-honrs per d«y) * #•-» 3.1> 

Hnloadiag (3 aan-hoors per day of extra labor to 
aid Uw tractor«scoop operator in unloading) *»•>••• 1.86 

Kiln operation (5 nan-houro) 3«13 

Charcoaling Labor Cost - I10.6U 

Bagging (5»5 aMn-baurn per dsy) - 3*Ut 

Total Labor Cost* $m.08 

*Allo«anoe is not mads here for additional or miscellaneous labor 
cost as in the budgets for larger installations because tMs operation 
does not include Sundays, and by adjusting the vosking hours of the 
three laborers, the kiln may be tended for 12-15 hours each dsy. The 
air inlets may be adjusted to niniiaise tending needs during the remainder 
of the day. 
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TABI£ XI 

ESTDIATSD HKR TOH AND YEARLY COST OF PROISJCim $00 TOSS OF CHARCOAL 
IN A BATTERY OF6 $«CORD GXRm-BLOCK KILNS 

Coat 
Itan Par ton Yoarly 

BoUc sale f*o*b. kiln 

Labor ̂ |1»25 par hour $10t6U ♦ 5*320 
Dapreolatlon on tha kllnat Assnme tba kilBS to cost 
llfOOO aaoh with a mininm Ufa of 100 bums; thus 
each of^6 kilns would be usad for about U2 bums 
aach year in producing 500 tons of charcoal, lasting 
2.U years. ($1,000 ♦ 2.U years•$106.6? par yearj 
U2 bums X 2 t<m8 par bum ̂ 8U tons per kiln par 
year.) $lil6.67 f8U - h»96 2,lt80 

Tractor operating cost (used for approximately 
U hours par day d $1.10 per hour•including 
fixed and Yariable costs) lU.liO t 2 tons ------ 2.20 1,100 

Repair and maintenance on kiln and other equipment 
(llOO per year t 500 tons per year) - ,20 100 

Taxes and insurance (2.0 % of fixed inrastaant *- « - .ItB 2I|0 
Miscollaaeous - .25 125 
Returns on fixed investment 
(kilns - $6,000) (tractor and equipment -
$3,000) (shed and land iaprovmaents - $3*000) « 
$12,000. $12,000 X .15 7 500 tons 3.60 1.800 

Charcoaling Cost - $22.33 $11,165 

For sale f.o.b. kiln in U*pound bags 

Depreciation on other processing and bagging 
equipment (coat $6,000, lasting 10 years * $600 

- 1.20 600 
- 1.80 900 

120 

• 3.UU 1,720 
5.000 

• 

Bags (U-pouad brovn-paper bags 3$.02 each) • 

Total Gharooaling and Bagging Cost $19*505 
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would appoar to b« much lass eostljr than cshareoal produoad In the singla 

units. The cost spread batwaan the badgats of Tables X7» VI1« axui XI is 

probably representative of the diffaranoe in costs batwaan the multiple 

and single unit installations with wages at IX*25 par hour. Houararf at 

aadiun to lew wage ratas» the oost adrantaga of the battery of kilns is 

not so apparent) because the battery operation is more efficient in the 

use of labor* 

The astinatad amount of labor required to produea one tim of 

charcoal is lass fbr the battery of kilns than for the sevan-cord-kiln 

and considerably lass than for the ̂ o*and-one«half-cord kiln. There 

fore) as the wage rate declines) cost of production declines noza rapidly 

when charcoal is produced in the single than when produced in the multiple 

units. At the relatiTely low wage of $0 cents per houT) there would be 

little difference in the maximum allowable stu^page oost per cord of 

wood to be e<Mrrarted into charcoal via the two-and-one-half-cord) the 

soTen-cord) and the battery of six five-cord kilns. Aseumii^ tho prico 

of bulk oharooal to bo 130 per ton and wages at 50 cents per hour) tho 

stumpago values were estimated to be 56 cents for the two-anct-oae-half-

eord kilH) 2U cents for the seven-cord kiln) and 28 cents per cord for 

the multiple kiln operation (Tables f, Till) and XII). However) for 

wages of around 60 cents per hour and above) the battery of kilns would 

have the adraatage. 

For the battery of kilnS) the maximua allowable cost of wood <m 

the stump ranges frcn a low of -17*56 per cord with wages at #1*25 per 

hour and bulk charcoal priced at 130 per ton to a high of|6*28 per cord 



$1 

with vagis at $0 oaats per hoar and balk charcoal priced at $1)5 per ton 

(Table III). If the charcoal is to be maxketed in foor-pound baga^ the 

naadem allowable etwi^tage costs rai^ from a low of •>$10«26 per cord 

with mges at|1*25 per hour and the price of charcoal at $1|D per ton to 

a high of $8*1)3 per cord with wages at 50 cents per hour and charcoal 

priced at $60 per ton (Table XIII}* An additional 86 cents to $1*15 

could be applied toward stwpage costa, dspending upon the method of 

aailceting the charooal, if the multiple unit prodooers were willing to 

accept eix per oent returns to capital inetead of the indicated 15 per 

cent* 

Prioee of $35 per ton for bulk charcoal and $50 per ton for bagged 

charcoal would allow a producer opera^jig ttM battexy of kilns to pay 

around 70 cents per hour for labor and still break even. In breaking 

even the operation would be returning 15 per cent on the flaesd investment* 

but the stompage value would be zero* 

At the above charcoal prices and with mges of about 83 cents per 

hour* the stompage would have a negative value of approximately $l*3lt 

per cord* This is asstmed to be the maxinmn cost that could be attributed 

to forest improvement* Thus* if wages ezseed this level or if other costs 

are higher than those assuned here* then it would most likely bo eheapor 

for the forest land ownsr to girdle the tiiAbor rather than harvest for 

stand improvemsnt. 

III. BRIQUETTE PRODUCTION 

Fexhaps at one time in the not-too-dLstant past* the ehareoal 

industry offered an opportunity to earn relatively high profits with a 
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T/LBLS m 

MAZINQK AMOUNT TBAT CAN BE PAID FOR A CORD OF STUMPAOS WITS 
YARIIMQ VAOES AND FRIGES RECEIVED FOR BUIX CHARCOAL 

F.O.B. BATT18I OF KILNS* 

Price reoelTed for 

bullc charcoal rates 
f.o.b, battery of Icilnc t I I.?r I il.ob I il.6i 

Maxianm allowable stmpage cost^ 

150.00 10.28 -42.3U >IU.96 -^.58 

35.00 2.28 '*0.3U -2»96 "5.58 

llO.OO 1.66 •0.96 -3.58 

lt5.oo 6.28 3.66 1.0b "1.58 

*Aa addLtional $0.86 per cord could be paid for the stirapage if 
the producers were wiliiag to accept 6 per cent returns on their inrest-
seat instead of 15 per cent. 

*>Equation usedt C•.U{P) - 3.U(X) - 7.09(1) - 6.b7 (See Table f 
for definition of Tariables). 
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TABIE nil 

H&XIMOH AMOUNT THAT aN BE PAID FOR A CORD OF STUHPAQE WITH 
7AmNG WAGES AND PRICES RECEIFED FOR CHARCOAL IN 

POOR-POUND BAGS F.O.B. BATTERI OF KILNS* 

Pric* r»e«if«d for 
bagged eharooal Wage ratea 

f«o»b» battery of kllne t:5^ I ».7^ { ii.oo 1 
MaximiBi allowable atumpage coat^ 

Il«o»oo •»1.57 -17.36 -#10.26 

1|5.00 0.1i3 -2.1t6 -5.36 -8.26 

50.00 2.1i3 -O.I16 -3.36 -6.26 

55.00 U.U3 1.5U •1.36 -4*26 

60.00 6.U3 3.5H 0.6ii —2.26 

65.00 8.U3 5.5I4 2*64 —0.26 

*An additioBal Il*l5 per eord coald be paid for the etampage if 
the produeers were willing to accept 6 per cent retoma on their ianreat-
nent inatead of 15 per cent* 

bEquation uaedt C « »U(P) - k.5(l)•7.09(1) - 11»77 (See Table 7 
for definition of Tariables). 
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small imraatmsat by eoBvartlng low«^allty vood lato lump oharooal. Today, 

hoMvrar, the dsmaad for briqaettoa has largely replaced the demaad for 

lamp oharooal as a soaroe of fuel* An additional $7$,000 to $100,000 

inrostaeat is the miaiman reqaireawat to giro tto consaner ̂ s extra 

serrioe. The total iamstSMmt for an iategrated plant may ran up to 

$250,000. 

Three integrated eharcoal-brlquette plants vere budgeted in this 

Motion. The first mas a briquetting plant vith a oapacity of one ton 

per hour and the Mcond had a capaoi^ of two t<ms per hour. Bo'Ui of 

these plants had a stqsportiag ansber of nine-oord kilns. Total yearly 

prodhction ms assumed to be 2,5^^ and l(|000 tons respeetiToly for the 

two plants. The third plant had a eapaoi^ of two tons per hour, sup" 

ported by six retorts. 

All of the budgets vere designed to estimate the maximisB amount 

that oould be paid for stumpage. The cost of labor was assumed to be 

$1.25 in budgeting thoM c^rations, but $1 per hoar wu also oMd la 

estlaating the maxtmam aUowable stasqMge cost. Vood harrestlag map 

rates were allowed to range from 50 eents to $1*25 per hour in o<iad>laft'* 

tion with the two wage rates of t}» ohareoal*brlquette plants to make 

the staq>age estimates* 

nie output for the briquetting plants does not a{^roaoh the maxi-

mia. During tiw peak demand Mason -Uis plants may double their daily 

output, but daring the winter months, especially, the industxy oaa send 

Ibw briquettes to market. Doe to the storage problem, most of the 

briqoettors oosm production during the lowest demand period* laoh of 

the budgets were prepared on a one-shift basis only. The plants would 
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epti«t» ttm 250 to 300 d^rs per y«ar. The budgete mf pa% together in 

seoUmis so that, if it vere desirable, tibe oost of produolng charcoal 

or the ooet of brlquettlag oould be easily dsteznined* 

Integrated Chareoal->briqttette Plant ylth an Output of g»500 Tons ger Tear 

To famish 2,500 tons of charcoal per year, a battery of 18 kilns 

of nine-cord capacity would be aeedsd. Assuning it takes approxiMtely 

seren and one-half days to eeaq>lste me fbll cycle, an arerage of g.U 

kilns would ba unloaded and xeoharged each day* At the oomeraion rate 

of 800 pounds of eharooal per oord of wood, the kilns would yield 17,260 

pounds or 8.6U tons of charcoal each day. The kilns would need to be 

operated for approxinately 290 days on a oontinuous basis* 

An estimation of labor cost for the battexy of kilns is presented 

in Table XIT. Ten per cent wae added to the cost of producing ee^ ton 

of ehareoal beca\xse of the anticipated increased cost of labor for week 

end work* Total labor cost per ton of charcoal was estimated to he 

tl0»19* Tan Oeuns assrated that a labor cost of $15 par ton for charcoal 

produced in a 30 kiln battery "would likely not be too low."7 To Justify 
this oost, referenee was made to threa sources. Howewer, none of the 

operations for which cost data ime given by the sources would eonpare 

with the slxe of operation undar discussion.® Tha labor cost in Table XIT 

TSobert E. Tan Oeuns, Charcoal Briquettesi A Manufacturing Qppor-
tunity in Georgia (Georgia Institute of Technology Ingineerlng Srperlnent 
Station Industrial Development Branch, Prepared for the Georgia Depart 
ment of Conawroe, August, 1958), pp. 11-12. 

Sfbrthexmore, it would be difficult to obtain a $l5 labor cost 
figure from the budget in Charcoal Survey (one of the references) with 
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vsm xrr 

SSTIMATIH) UBOR COST IM OFERATIIIQ THE BATTEHT OF 18 KIXJ6 
WITH AH AYERAOE miU OUTPUT OF 8.6U TOIQ AHD 

WAOE RATES AT $1.25 F£H HOUR 

ItwB Cost p>r ton 

Tttndlng the wood ymrd (8 nazh-honrs per dz^r) «•••••• ^ 1»16 

Tractor, fozlclirt and track operator 
(8 nan-hours per day) - 1,16 

Arranging vood inside the kilns (20 nan-hours per day) * 2*69 

Unloading (12 nan-hours per day 5Ln 
addition to the tractor-scoop operator) - • l»lh 

Kiln operation (16 nan-hours per day) 2,31 

Charcoaling labor Cost - ----------|- 9.26 

Hiscellaneous labor costs (10 per cent of abore) •--- .93 

Total Cost - ----------------- 110,19 
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^ould not bo too low for « Xoxie, efficiently run bettoxy of kilns. 

The $10*19 labor cost was included in the chunk oharooal budget 

in Table X? aloog with ottwr oharooaling oosts to give a total cost of 

119*37 to produce a ton of ohareoalf and the yearly oost of produoing 

2f$00 tons of ohareoal would be Cost of wood delivered to the 

kilns and returns to capital are not included. 

The cost of producing charcoal was carried over into tlw brio 

quetting portion of the bu<^et. Although all known itms of oost were 

included in the budget, ten per cent was added to cover any contingencies 

and to keep the estinate eonservative. Total integrated oost ninus the 

cost of wood and returns to capital aaounted to 1^2*02 per ton or a 

yearly outlay of|130,090 (Table 171}• 

After reducing the $136 per ton retail price for ten-pound bags 

of briquettes by the espeoted maxk-up of jobbers and retailers and 

farther by $10 per ton to cover transportation charges, the rmainder 

was $8$«83 (Table X7II}* This can be considered the price nanufacturers 

could e3q>ect to receive for their briquettos f*o.b. plant* Thirty-threo 

dollara and 81 eonts rMiain after subtracting tho cost of producing 

briquettes, fifteen per cent return on investaent and grating capital 

wood hauling and bagging labor eliminated* labor cost of about $11*50 
would bo wore nearly correct. Labor cost would bo no sore than $13*33 
including bagging labor in tho battery of seven nine-cord kilns described 
by Sinmons* If bagging labor oost wers taken frcai this and tho same wood 
to oharooal convorsion rate applied as was used in Ibis thesis, labor 
cost would be around $8. See the Charcoal Survey, op. cit., p. 87, 
and Fked C. Simmons, Guides to Manufacturing amd Marketing Charcoal In 
the Northeastern States, fbrest Seryice, tfnlted States Departanent of 
il^ieulture. Northeastern fbrest Naqperiment Station, Station Ps^r No. 95, 
1957, p. 15. 
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TABI£ X? 

ESTIN&TEO FER TOH AHD XSARU COST OF FRODOCim CHARCOAL IN 
AN INTBCmATED CHUNK CHARCOAL BBIQUSfTS OFSRAnON 

Prodnclag 2»$00 tons per y»ar * I-ton per hour brlguatting oapaclty 

Cost 
ItSM Rr ton Yearly 

Labor - - |3j0.19 |2$,U75 

ABortisatlon of kilns 
Assubm -Umi kilns cost BlltOO oach with a nininiun 
life of 100 boms; thus each of the 18 kilns 
would be used for 39 boms each year in producing 
2|$(X) toM of obarcoal, las^ng 2.6 Tears. 
(llyljOO T 2.6 years * 538.U6 per year. 39 bums 
X 3*8 tons per bum a HiO.lt tons per kiln per 
year.) 538.1(6 7 lUO.U 3*81| 9#600 

Amortisation of 1 trucks 1 forklifb, 1 small 
tractor and scoop, buildinss, land improrements, 
etc., orer a 10*year period q8,000 t 10 years * 
$1,800) $1,800 7 2,500 tons per year - ,72 1,800 

Repair and maintenance on kilns, equipment and 
miscellaneous costs (oil, etc.) .60 1,500 

Operatiag (Tariable expense) forx tractor, 
truck, and forklift - ---------------- 1,82 ltf550 

Property taxes and insurance (2 per cent 
of fixed inroetnont) — - ,35 875 

Superrisien a $2,00 per hour - 1.8$ lt,625 

Total Cost (does not include wood 
cost and returns to capital) « - $19.37 $U8,1(25 
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TABLE m 

ESTIMATED PER TOM AND lEARU COST OF PR(H)OCINQ BRIQUETTES 
IN THE 1«T0M PEE HOUR BRIQUBTTIMS PUNT 

Cost 

Item l^r ton 

Chttt^ charcoal cost (does ziot Includs 
wood cost and returns to capital) - ^19«37 $1*8,1*25 

Starch - - •«•-« 1,00 2,^00 

Paper bafs (white with attractlre lettering, 
lO-pouad siae # $.03 each) ------------ 6.00 15,000 

Amortisation of briquetting plant and equipnent 
($110,000 over 10 years « $11,000 per year) 
$11,000 f 2,500 tons per year ----------- U.liD 11,000 

Wages and salaries 
5 men ® $1.25 per hour - • 6.25 15,625 
1 foreman « $2.00 per hour 1,85 U,625 
1 adaialstrative eaployee - l.LJ* 3,600 
1 maaageivsaleanan-teohaiclan 3.^ 9,000 

OUlitles - 1,00 2,500 

Repair sad nainteaance 1.20 3»000 

Operating st^plias - ---- ------------ .30 750 

Taxes and insurance (2 per cent of fixed investment)- .88 2,200 

Subtotal - - $U7.29 $118,225 

Miscellaneous costs (10 per cent of above) •-•«• U.73 11,825 

Total Integrated Cost (does not include 
wood cost and 

returns to capital)- $52.02 $130,050 
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TAfiI£ X7I1 

BETUBliS TO THE WOOD fROf THE 18 KILN, 2,^00 T(» PER lElR 
INTEQB&TBD BRIQUETTINQ OPERATION 

It— Par ton learly 

B—aindar aftar dacbiation retailar'B and 
jobbar's mark-up* - - $95*83 $239,575 

Traasportation oosts, asraidiig prodaear to 
wholesalar arerage traneportation costs 
would ba 30*00 25*000 

R—aindar $85*83 $2lU,575 

Cost of prodietloa - 52*02 130,050 

R—aindar - $33*81 $ 8U,525 

Satums to fiaad Inrestaant 
(kilns = $25,200 ■/ charcoaling buildings
and equipnant « $18,000 briquatting plant * 
$110,000 s $153,000) $153,000 * *15 f 2,500 tons - 9*18 22,950 

Ranainder - $2U*63 $ 61,575 

Raturns on oparating capital
$35,000 * *15 f 2,500 tons - 2*10 5*250 

Ramaindsr $22*53 $ 56*325 

*Sao the budget for the two^ton par hour briquatting operation 
on page 68, Table XUI. 
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fitrthar r«(iac«d th« rerentw to « rtsldoal of $22.53> It vas asswMd 

that InooM and othor taxas would eona from tho 15 par eant. fhan, 

$22.53 would be tha aaxiaum anount tiiat could be paid for wood to pirodaoe 

one ton of bzlquettee. 

Aaauning it takes two and one**half cords of seasoned round bardr-

wood to yield one ton of charcoal, the amount that could be paid for a 

cord of wood would be limited to $9.01. With wages at $1 per hour, 

instead of $1.25, the residoal would be $26.15 par ton, and the amount 

that could be paid for a cord of wood would increase to $10.U6 per cord. 

The marlmum amounts that could be paid for a cord of wood on the 

stump with plant wages rarying from $1 to $1.25 per hour in caad>ination 

with wood harvesting wages ranging from 50 cents to $1.25 per hour have 

been calculated (Table 17X11}. With wood harrasting labor eost at 50 

cents per hour and plant labor cost at $1 per hour, $3.26 could be paid 

for a cord of wood on tha stump. An incxease up to 75 cents per hour 

for wood harvesting labor would bring the residual left for stvsQMtge down 

to $l.lt9 per cord. Even a low stoi^>age return of $1,149 per cord would 

prorida incentiTs to rmnore heretofore ummrchantabls timber. 

Briquette production would still be economically feasible with 

plant labor at $1 and wood harvesting labor at $1 per hour. The negative 

stu^)0ge value of -28 cents per cord would be less than the previously 

indicated maximum of $1.3U per cord that could eoonomieally be invested 

from tha stanc^int of forest managamaat vis. - vis. girdling the timber. 

Zt would be difficult to Justiiy wage rates higher than $1 per hour for 

wood harvesting or plant labor. 
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TABU WLU 

NAXIMOM ALlJGWABIi: STQHFftOS COSfS FBB CORD OF WOOD CHA101EI£D 
IMIO A 2,500 TON FIR TEAR INTEORATED BRIC^JETTINO PIANT 

WITH VARIABLE WAOS RATES 

Naxiwa aaoont left 
If vood harraatlng vage rates are;

♦ .50 I I .t5 I li.oo I 11.^5 
to pay for a eord of then coat of hanrestlng a cord of vood vlll bei 
vood vith plant wagea 
of 11.00 and $1.25 17.20 •8.?7 ♦10.7U ♦12.52 

per hoar 
and the aaxlaai allovabie stwpage cost vonld be> 

♦1.00 ♦I0.1i6 ♦3.26 ♦l.U? •♦0.28 -♦2.06 

♦1.25 ♦ 9.01 ♦1.81 -♦O.OU -41.73 -♦3.51 
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Integrated Chareoal-brlqnette Plant ylth an Oatpnt of U.OOO Tona per Tear 

To sni^ly ItfOOO tmas of eharooal per year, a battezy of 30 kilns 

of nine-cord capacity voald be needed. An aTorage of four kilns would 

be unloaded and recharged each day, assuming it takes approxiaately 7*5 

dbgrs to coa^lete one full cycle. The kilns would yield around Ui.U tons 

of charcoal each day. To yield U>000 tons of charcoal per year, the 

battezy of kilns would need to be ̂ zated continuously for approxLnatoly 

280 days* Cost of labor por t(m of charcoal has boon estimated to bo 

#9.15 when prodoced In^battezy of 30 nlno-oord kilns (Table ZIZ). 

Total cost of prodbieing oharcoal exolusiwe of wood cost and returns 

to capital was estimated to be 117.23 or a yearly outlay of $68,920 

(Table XX). The lower per ton cost of produelng oharcoal in the 30 kiln 

over the 18 kiln battezy wae doe primarily to more efficient use of labor 

and lower oMt of superriaion. 

The total ostiauited cost of producing a ton of briquettes was 

litU.99 or a yearly outlay of $179,960 in producing U,000 tons as shown 

in Table XZl. Briquettes are less costly to produce in the larger plant 

primarily because wage and salary costs are 17 per cent less per ton in 

the larger operation. 

Assuming retail price of briquettes in ID-pound bogs to be 69 

cents and with Jobber and retailer mark-up at 20 per cent. It was eati 

nsted that^briquettor would reeoiwo $95*63 per ton or $363>320 yearly 

for delirered briquettes* It was further assumed that transportation 

eoits would arerage $12 per tcm - $2 higher than for the 2,500 ton 

operation since the latter need not roach out into the more distant 
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tkBu m 

ESTIM&TED lABOR COST OF OPERATIliQ THE BATTERI OF 30 KlIHS 
WITH AH AfEBAQE lAlIT OUTPUT OF lU.U TONS AMD 

WACE BATES AT $1,2$ PEB BOOK 

Itmt Coat par ton 

TttndLng th« voodffurd (8 aan-henirs per di^^) |.69 

NmIc lift operator(8 aan-hottrs per digr) ^ ,69 

Arraagiag vood Inside the kiln (32 man-boora per day) >• 2,78 

Traetor and trook operation(8 aan-hoors per day) «• • • ,69 

Unloading (16 aan-hottra per day in addition to the 
traotor scoop and tmok operation) 1,39 

Kiln operation (2l( Ban-hoars per day) - 2,08 

Charcoaling Labor Cost - 18.32 

Misoellaneoas labor oost (30 per cent of abort) -••-- ,83 

Total Cost - - 89.15 
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TABIE ZX 

ESTIHATED PER TOE kSD lEARLT COST OF PRODOCINQ CHARCOAL XE 
AH IMTEQRATER CHOHK CHARCOAL BRIQUETTE OPERATION 

Prodttolng lt,000 tons per yar » 2 tw pt hour briquettlng capacity 

Cost 
Itwi Par ton Yearly 

Labor 19.15 $36,600 

Amortisation of kilns 
Assum tha kilns to oost $1,1(00 aneh vlth a 
ninimom Ufa of 100 boms; thoa aach of tha 
30 kilns would ba usad for 39 bums aaoh yaar 
in prodoolng U,000 tons of charcoal, lastiJie 
2.6 yaars. ($1,1^ x 2.6 yaars « $538.1(6 par 
yaar; 39 bums x 3*6 tons par bum"ll(0.1( tons 
per kiln per year). ^38.1(6 7 ll(0«l( 3,81( 15«360 

Amortisation of 1 ^ok,1 foxklift, 1 small 
tractor and scoop, buildings, land Improraments, 
ate., orer a 10-yaar period. ($20,000 ̂  1S> 
yaars » $2,000) $2,000 f U,000 tons - ------- .50 2,000 

Repair and maintsnanoe tm kilns, aquipmant and 
miseallansous costs (oil, ate.) ---------- .50 2,000 

(grating (Tariabla axpmasas) fort tractor, 
forklift, and tztiok - ---------- ----- 1.82 7*280 

Property taxes and insurance (2J( of 
the fixed israstmant) --------------- .31 1,21(0 

Superrision•$2 par hour - ------------- 1.11 1(,U1^ 

Total Cost (does not include wood oost 
and returns to capital) - - - - $17.23 $68,920 
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fA3lE m 

ESTIMATED PER TOM AND lEAHLT COST OF PRODUCINQ BRIQUETTES 
IN TEE 2-TON PER HOUR BRIQUETTINO PUNT 

Cost 
Itsm Par ton Yearly 

Chiuik ehareoal cost (ninua wood cost 
and iwtums to capital) - -------------|17»23 ♦68^920 

Starch - — - 1.00 U»000 

Paper bags (white with attractiwo lettering, 
10-pound size 9$.03 each) — - 6,00 2lt|000 

Aaoirtizatiott of briquetting plant and eqoipnsnt 
($130,000 over 10 years « fl3,000 per year) 
$13,000 7 li,000 tons - - — • 3»2$ 13#000 

Mages and salaries 
7 nan 9 $1.25 per hour - 1^,38 17»520 
1 fomoan 9|2 per hour --- ---- -- ----- 1,11 U,lUiO 
1 adalnlstrative employee - ------------ ,90 3*600 
1 manager-engineer - --------------- 2.25 9,000 
1 salesman --- ----------------- 2.00 8,000 

UtiliUee - -- ---------- ---- ,88 3,520 

Repair and maintenaaee - -------------- 1,00 U,000 

Operatiag supplies --- -------------- ,25 1,000 

Propertgr tax and insurance (2$ of fixed inrestment) •• .65 2,600 

Subtotal - Ui0.90 $163,600 

Miscellaneous costs (IDjC above) - - - - , k*09 26,^60 

Total Integrated Cost (does not include 
wood cost and 
capital returns) - « $y).99 $179,960 
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maz1c«ts« After subtraetiag traasportetion ooste* the reeldoel ae indl-

eated la Table XXXI was 183*83 per ton* There was $29*76 per ton 

remaining to pajr for wood after subtracting cost of prodnction and 

returns en investMnt and operating capital. This gars a figure of 

|11»90 per cord that could be paid for wood* With wages at $1 per hour 

instead of $1*2!^» $13*09 could be paid for a cord of wood. 

The BMcdjaun amounts that could be paid for a cord of wood on the 

stump is shown in Table XXXII. Plant labor cost and wood harresting 

labor cost were raried as indicated In the table in order to make the 

estinates* With plant wages at $1*25 per hour and wood harvesting wages 

at $1> about $1*16 would remain to pagr for each cord of wood on the stuaqp* 

At lower wage rates, tee forest ewaer would hare an eren gxeater ineentire 

to remove the low-quality timber* Eren if both plant and wood harvesting 

labor were to cost $1*25 per hour, briquette produotim would still be 

ecmismioally feasible. The forest owner could afford to invest 62 cents 

per cord in forest improvement id»re low-quality hardwoods are a menace. 

Another way to approach the problem of determining the ralue of 

the wood going into a charcoal-briquette operation is to tue an appro-* 

priate f.o.b* pries and subtract harvesting and processing costs* Eighty-

fiTS dollars par ton f*o*b* for briquettes in 10-pound bags is a reasotiabls 

prios and is quite low eompared to prieos in some areas. However, allow-

aaoe must be made for transportation costs* But at $8$ per ton f.o.b. 

plant, there is room for 20 per cent mazk-up by the wholesalers and 2$ per 

cent mark-up by tee retailers if charcoal is retailed at IlliO per ton 

(70 cents for lO-pound bags - most chain grocery stores in Knoxville get 

slightly more), and there still rsmains $12*$0 for transportation. 
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TAB1£ mi 

SSTQR16 TO THE WOOD fROif THE 30-KILN, UiOOO TOH PER TEAR 
INTEGRATED BRIQUETTING OPERATIOM 

It«EB Per ton Yearly 

Retail Mies d |«69 for 10*pottnd bags 8138.00 8552>000 

Retailor*B aaxk-itp (20$) 23.00 92.000 

RemaindBr - 8115.00 81t60,000 

Jobber*i aark-up (20$) 19.1T 76,680 

Hemaindor - ♦ 95.83 »383#320 

Transportation oosts* asraaiag prodoeer to 
idioloBaler average txnaeportation cost would be ̂  12.00 US.ooo 

8 83.83 1335,320 

Cost of prodaetion - ltU.99 179.960 

Benaindsr - % 38.8U 8155,360 

Returns to fixed investisent 
(kilns = IU2,000 eharcoaling buildings and 
equipnent a 820*000 briquetting plant a 
1130,000 a 1192,000) 1192,000 * ♦IS f U»000 
tons 7.20 ,28.800 

♦ 31.6U 8126,560 

Returns to operating capital
(say 850,000) X .15 f U,000 tons 1.88 7.520 

Remainder 8 29.76 8119,0140 
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TABU mil 

MAXIHUM ALLOWABLE STUMPAQE COST FES CQBD OF WOOD CHANNEUD 
INTO A U»000 TOM PER XSAR INTBORATED BRIQUETTINO 

PIAMT WITH 7ARIABU WAOE RATES 

MaxLmn uoimt loft If wood harreatlss vaRo rates are: 
to pagr tor a cord of $ .$0 1 $ .75 1 ll.OO 1 $1.25 
vood ulth plant vagea then cost of harvesting; a cord of vood vill bet 
of $1.00 and $1.2$ $7.20 $8.97 1 $10.7U $12.52 

per hour 

t and the naxtnnaa allovable stunpaRe cost voold be: 

11.00 

$1.2$ 

t 

» 
t 

1 

$13.09 

$11.90 

$5.89 

$U.70 

$U.12 

$2.93 

$2.35 

$1*16 

$0.57 

«$0.62 
--
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To tho briquette produotlon coat of I5U*07 (including 15 per cent 

returns to eepital)* om oust odd the wood haxresting end transporting 

cost before en estimate oen be meds as to the amount tiiet could be paid 

for wood. With harrssting and transporting cost aaiounting to 110.7U per 

oord (wood harreetlng wages at $1 per hour)* the stoppage value of the 

wood would be 11.63 per cord. See the Afqpendlx for cost of wood har 

vesting and transportation. 

Jbur Thousand Ton per Tear Brlcuettlna naat 

Integrated with Six Charcoal Betorta 

Mew ^rpes of retorts have been developed that are reportedly more 

efficient in converting wood into charcoal than previous methods of 

manufaeture in relatively small units.' Apparentlyi the outside source 

of fuel used to bring the heat up to the optimtn coaling tmaperature 

and maintaining it Is a major faotor contributing to the inoreased effi 

ciency. It is not necessary to burn a person of the oaxb<m as in the 

kiln to coal the wood. Reported yields of 3? to 38 per cent of the oven-

dry weight from seasoned hardwoods are not unconmcm.^ An Increase in 

the conversion rate of four per Mat naans an additional 107 pound yield 

of charcoal from each cord of wood* or an increase in revenue of fl.60 

per cord of wood coaled when the priM of charcoal is $30 per toa f.o.b. 

'FTed C. Simmons* "Three Mew Charcoal Retorts*" Forestry Squip* 
meat Motes* Food and Agriculture Organisation of the United Mationa* 
Rome* Italy* October* I960. 

H. Pritohard* "A Siaplified Charcoal Retort*" Forest Products 
Journal, Deesmber* I960* p. 6ltl. 
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tdLla. 

fh* awdtNir of man*hour8 roqulzod to prodoeo a ton of eharooal in 

retorts Is rery low in ocatparisoQ to the kiln operations* In retorts* 

only about four nan-hours are required to prodoeo a ton of eharooal. 

Hoverer* in order to approach this Ion labor xequirenwnt* the oharcoaling 

operation must be neehanised* Amortisation costs and the added cost of 

fbel boosts iba cost of producing a ton of charcoal in retorts almost to 

a level equal to the production cost in a battery of kilns* Therefore* 

it would probably be difficult to Justify the higher capital investment 

of the retorts solely on the basis of the snail reduction in charcoaling 

cost* But for large* continuous operations titie increased efficieney of 

wood conversion would give the retorts the advantage. 

Charcoal retorts are sold and leaaed in the Bnited States by both 

domestic and foreign manufsacturers. If purchaaed fron ceaawroial maau-

faeturers* even the mall, simple retorts are quite expensive. Several 

•ouroes indicate that the retort cost can be lowered considerably if a 

producer has ingenuity end is mechanleally sdnded enough to develop his 

own retort*^ 

There axe a nmber of basic difforancas in the protraction processes 

of these retorts. One type features a continuous process whereby wood is 

introduced through the top and charcoal is eliminated at the bottom* The 

llSimone* loo* oit* 

^Hemy E. Steitz* "Ingenuity and Hard Work Go Into Rapidly
Biqpaading Charcoal Businoes*" Texas Foawst Mews* April-May-June* 1959, 
VoluM 38* p. 3; and Robert S. Aries, "Charcoal Manufacturo in SzuOl 
Continuous Retorts," Southern Laaberman, January, 1956, p* 39. 
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wight of tho vood hraaks tho eharcoal into piecos, forcing it out through 

diachargo orifloos into quonehing drums, fho hot dniM must bo storod for 

sovoral hours before further proeossing. Seme of the gams giren off from 

tho vood pass into a eaxburotor vhoro thoy are ai»d vith a limited amount 

of air and bumod. Suffioiont boat ie goneratod from tho gases to oar-

boniso tho vood vithout an outside souroo of fuel. 

Another type of eoBmereial retort rocbntly put en the market 

oporatos on a batch basis* Beoaaeo the retort does not opoxato continu 

ously* an outside sourw of fuel is needed to bring the retort vp to the 

optimna temperature and maintain it. n>e carburetor is designed vith 

autontatio controls to out in gases from the vood upon their release* 

Quenching drums aro also used vith those retorts. 

The retort upon vhieh the budget in Table XXIV we based ws 

similar to the above batch cporation. Hovever* tho retorts vere to bo 

cycled only onoo about evezy 2h hours* elisiaating the nood for quenching 

droaa and the extra labor involved* Preheating and coaling time vould be 

around 6 to 6 hours* leaving 16 to 18 hours for the charcoal to cool. 

Six retorts producing 2«$ tons of charcoal eaoh day vould need to 

be operated for approximately 26? days to produoe U*000 t«is of charcoal. 

The vood vould be placed on a conveyor and dumped into the retort. After 

coaling* the bottom of the retort vould be qpened* alloving the charcoal 

to fall onto a conveyor and be carried to a email storage bin. To xvduee 

the fire hazard* the eharcoal should rmnain in ̂ le small bins for several 

^Aries* Ibid* 
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TAfil£ m? 

ESTIMATBD COST OF FSODEJCINO BiaQDETTES IN AN INTEGRATED 
' BETQRX-^QUETIS OPERATION 

__J^ditolng j^jOOO tons per yaar"2 ton per hoar brlqwttljng capacity 

C08t 
jpier ton Yearly" 

tabor (two 3Haan shifts ® 11.25 per hour) t.oo 16,000|
SupezTlsion and retort operation («|2 per hour) - - 2.13 8,520 
Amortisation of retorts (6 retorts f|15,000 each 
OTor fire years)* - 1^,50 18,000 

Amortisation of other bidJLding and e<{uipnent
($30,000 over 10 years) - ---- — --- ---- ,75 3,000 

Ihel cost - 3,25 13,000 
Operating expenses for tractor and scoop ------ .75 3,000 
Taxes and insurance of fixed iirrestment) ,60 2,1*00 
Repair and maintenanoe (3$ of fixed inrestaent) - - - .90 3.6OO 

Charcoaling Cost (not including vood 
costs and returns 
to capital)-------|16.88 I 67,520 

Briquetting costs^ 23,67 9lt.660 

Subtotal - ---------------- 1162,200 

Hlscellaneous costs (lOjC of above) --------- lt,06 16,21*0 

Total Integrated Cost (not including 
vood costs and 

returns to capital) - - - $l*l*.6l #l?8,liliO 

*Thi8 cost might possibly be reduced if the producer has in 
genuity and is mechanically minded enough to develop his own retort. 
The retox*t cost used in this bu<%et is nsar those of commercial manu 
facturers* n*s rate of depreciation and amount of maintenance is not 
known; however, they are in line with other estimates and can be ccsa-
pared with iha 30-unlt kiln operation. 

^^The briquetting cost is the sane as in the two-ton per hour 
briquettii3g budget on page 66, Tablo XXI. 
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hours bsfors bsins nadt into briquettes. 

The eost of produoixig oharooal In the snail retort was estisuited 

to be $16.88 per ton* not Includliig the eost of wood and retuzns to 

capital (Table 1X17). This conpares favorably with the 117.26 per ton 

cost estiaate for charcoal prodiuMd in the 30 kiln battezy. Adding 

briquetting and nisceUaneous costs to the cost of charcoaling gawe a 

total integrated eost of $ltU*6l per ton without any consideration for 

wood cost and returns to capital, or a total yearly outlay of|178,UtO. 

After subtracting pro<hietion costs and 1^ per oent retunui on the 

fixed inrestnent and operating capital, $27.96 remained to pay for the 

wood necessary to prodwm a ton of charcoal « or a total of $111,6I|0 for 

the yearly production of 1^,000 tons (Table IXf). less wnmm rsaains 

to pay for the total amount of wood going into the retorts to produce a 

ton of charcoal than if it were going into the kilns because of the 

higher capital charge on the increased inrestawnt and fuel costs. How 

ever, the amount of wood required to produce a ton of charcoal in the 

retort is sttfficiently less than the kiln requirmaent so that more revenue 

rsmains to pay for each cord of wood. 

Assuming it takes 2.2 cords of seasoned hardsood to yield one ton 

of charcoal, the maximua amount that could be paid per cord of wood to 

break even would be $12.71. Vith wages at $1 per hour instead of $1.25, 

the maximaB allowable eost would be $13*5^ per cord. 

The maximum amounts that could be paid for a cord of wood on the 

st«Rq> with varying plant and wood harvesting wage rates have been esti 

mated and are shown in Table XX7I. All of the stusqMge estimates were 
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TABX£ m 

RETURIB TO WOOD HWH THE SIX-BETORT, U,000 TON PER ma 
mOOBTTlNO OFSEUITIOM 

Itm Per ton Year3j 

PxlM wwlwd for th« charcoal f»o»b. kiln^ - «••|83«83 l335»320 

Cost of production - - UU»6l 178 

Ronaindor - $39.22 $156,880 

Returns to fixed lureetBient ($25^,000 x «15 7 
U,000 tons} - 9*38 37«$20 

Bmainder t29*Bk $119,360 

Returns to cmratlng capital ($50,CXX) x .15 J 
U,000 tons) 1*88 7.520 

Bwaainder - $27.96 $111,8J|0 

*S«e the two-ton per hour brlquettlng budgot on pa^e 66, Table 
mi. This is the rwaalnder of the retail sales after deducting 
retailer and jobber naz^C'-ttp and transportation costs. 
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TABZX mi 

KOIKQH kUMASUt STDMHUIS C06T PER CORD OF WOOD CH&IlliEl£D 
INTO AN 1NTE(»ATED BETORT-SRIQUETTim PIANT 

KaxiAwi amwmt l«fl 
to pay for a cord of 
vood with plant wages 
of $1.00 and $1*2^ 

per hour 

$1.00 $13.55 

$1.25 $12.71 

WITH TASIABXE WAOE RATES 

If wood hanreatiag 

t -5° I t .75 I 
then coat of harvesting a 

$7.20 $8.97 

rates aret 

fa.OO I 
oord of wood will be: 

$20.7U $12.52 

and the aaidlaiai allowable stwpage cost would be* 

$6.35 $U.58 $2.81 $1.03 

$5.51 $3.7l» $1.97 $0.19 
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po8itlY«* With plant wagaa at|X*25 par hoar and vood harveatiag vacas 

at lit aboat I1.97 voald ranain to pagr tor each cord of wood on ttaa ato^)* 

If the forest oanars coald raeaiva this nuch for their lo»»qaality hard* 

voodst thars voald ba positive ancouragsnaiit for forest iqprofinaiit* 



CMPTEa I? 

SUMMARY AND CONCLUSIONS 

Although the oalo of tlober pxvdoots in Tennessee is of major 

importanoef little effort l»s been made to ixpron or maintain the 

prodhctiTity of the State's forests* A continuous doun-gradiag of the 

growing stock has been occurring for several genezationS) allowing a 

tremendous Tolmme of low-quality hardwoods to build(9 in the State's 

oaoe fine forests. T)uirefore» only about ime-half of the produotive 

potential is now being realised from the forests of Teimessee. And even 

though forest managmient studioe have shown that stand improvement nay 

be achieved 1^ replacing the low-quality hardwoods with marketable timber, 

and done eeononioally by several mmthods, none has been greatly used. 

Hew if it can be idiown ^lat there is a way to turn the low-quality timber 

into a marketable produet, the forest owners should be prcaqjted into 

action by the greater gains to be earned in the process of improving 

their stands of timber. 

This thesis was emicemed with the utilisation of low-quality 

hardwoods in the production of charcoal as an alternative to destroying 

then and as a means of providing employment alternatives for some of the 

State's underemployed* criteria used to deteraine if charcoaling 

does provide an econemic alternative to destroying the cull trees was 

-ttie value of the stumpage when used in this manner* The stwpage value 

was estimated to be the value of the end product minus all other prodoo-

tion and marketing costs. Fbr charcoaling to be eeononically Ibasible, 

the stuspage value could be negative by no ntore ^an tbe leaat cost method 

of destroying^trees. A positive stumpage value for the low-quality 
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luurdwoods vould pxt>irldB additional Ineantiva for foMst lapreifinMiat* 

Estorna to labor aost alao be oontparable to otlwr eaplegment opportunities 

fbr obarooaUng to provide job altematlTea for eam of tbe State's under* 

eaiploTed* 

The infomatlon v^on whioh this studjr vas based ease froa a host 

of pnblislMid sources and from equipiMnt manufaoturers* Production, con* 

soqytion and alailar eeoaaade data were procured to estinate the future 

production possibilities of charcoal. An estijaate of local eharcoal and 

briquette production costs were wads for tlw different <^rati<m8 that 

were budgeted in this thesis by applying costs applicable in Tennessee 

to the technical coefficients obtained trm the indicated sources. Produc 

tion and marketing costs are also influenced by the availabilily of raw 

materials and location of the markets. Data co these factors were brought 

together to estimate the competitive position of eharcoal producers in 

Tennessee relative to prevailing market prices. 

Adjustments in charcoal siq^ly and dasumd have bMn occurring for 

several years. Since ohraioals formerly recovered from wood are now 

cynthesised by cheaper methods, it is not economically practical to build 

the high-investmmt distillation plants solely for the produetion of 

charcoal. While those plants still produce the majority of the charcoal, 

room has bean made for less expensive producing units sudi as the kiln 

and maall retort. 

Charcoal demand has been changing more in oompoaition than in 

total. Industrial dmaad for charcoal has paralleled the declining 

distillation industry. Total dsmand has remained relatively steady, 

however, beoauae of the increasing use of charcoal for such purposes as 
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cooking ontdoors on portablo or patio grilla* 

Tho incroaoiiig domstio dMand and dsclining prodaotion of 

distillation industry has prorided impetus for the construotiaa of 

soTeral briquetting plants in tho East. While requiring a cleans unifon 

product of good-burning qualitgrf the dosestio nazkot can bo supplied with 

less difficulty than most of the remaining markets. It is probably easier 

for the relatiToly small charcoal producers to ocaqMite vith the larger 

ones in tlw (Espersed dosestio market than in the industrial or comnereial 

markets, therefore^ if potential producers in Tennessee can coapete at 

the prevailing market prices* there iduyold be little difficulty in 

marketing the prodaot. 

Three lump charcoal operations mere budgeted in this stuoy in 

order to estimate the value of lovquality hardwoods when used in this 

manner. The stmapage values reveal Just how eompetitive one might expect 

prodooers in the State to be in the production of lump charcoal and 

briquettes. Bowever* an estimated average loss on the forest li^>rovement 

cuttings of I1.5U per cord could be charged to forest menagmBent if char 

coaling is to mersly provids an economic alternative to destroying the 

low-quality hardwoods. This loss would be borne by the forest land owner 

in the form of harvesting coats* and even though the owner should happen 

to be subjected to such a lose* it would not be greater than the oost of 

girdling the timber. 

Budgets on the cost of producing bulk and bagged charcoal were 

prepared for a two-and-one-half-cord kiln, a Mven-oord kiln and a battery 

ef six five-cord kilns, ftom these budgets end from the budget on the 
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oost of vood proeuromont, oqaations vors derived to eettnato the neximuBi 

wowit that could bo paid for a oord of vood on the atunqp and still allow 

the operation to break even. The stuepage estimatea for the different 

operations were soBBariaed in Table IXVII* OnlT^ the eeet i4>plicable 

labor eosts and prioes reooiTod for the charcoal were included in the 

table. In breaking even the single operations would be returning six 

per cent mx the fixed investment. Both 6 and 1$ per cent returns on the 

imrestment were used in making the atanpage estimates for the battery of 

kilns. 

Only at the lower wage rates would the prodaoti(m of charcoal In 

the oporaticms budgeted in this studlgr provide incentive for forest 

improvement. Assuming the prlee of bulk eharoeal to be 830 per ten and 

wages at 50 cents per hour, the per cord stunqpage values were estimated 

to be $6 cents for^two*and-one«half*cord kiln, 2U cents for the 7* 

oord kiln and from 28 cents to 81.1U for the multiple-unit operation» 

depending vg>on the investment chargo used* A price of $35 per ton for 

the chareoal and 50 cent wages would increase the maximum allowable 

stumpage eosts by |2.00 per cord. With wages at 75 cents per hour and 

the price of charcoal at l30 per ton* the charcoaling operations budgeted 

here would not be economically feasible even as a tool of forest manage 

ment. nm $35 per ton charcoal price would allow Urn kilns to be used 

for stand improvement with wages of 75 cents per houTf since each of the 

negative stumpage values in this instance are less than the $1.3U loss 

per cord that could be charged to forest mensgsment. 

With the $1.3U negative etusqMge value charged to forest management 
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tABIS mil 

COHPA&lSOlf OF THE HAXIMOM ALUWABIE STIMFAGE COST ESTIMATES 
K« THE THREE LUMP CHARCOAL OPERATION 

Bulk gale f»o.b. kiln only 

If wood prooumnent and kiln hourly wages were: 

♦*50 8*75 11*00 
and if the price of charcoal was: 

Type of 130 1 $35 $30 I 135 $30 $35 
then the maximum allowable stumpage costs would be: 

One 2 l/S'-eord kiln $0.56 $2.56 -$2.91 -10.91 -$6*58 -$U.58 

One 7-cord kiln $0*2U $2.21: -$2.73 -$0.73 -$5.70 -$3*70 

$1.11: $3*11: -$1*1:8 $0*52 -$i:.10 -$2.10 
Six S'-cord kiln* $0.26 $2.28 -$2.3lt -$0.31: -$i:.96 -$2.96 

*The two rows of stuaqMge estimates represent residuals walues 
using 6 and 15 per cent return respectirely on the fixed investment* 
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and with the prlea of boUc chareoal at l35 par ton f*o.b* kilUf ti» 

naxiaua waga ratas that could bo paid to produoa tha charcoal in the 

aaall kiln, tha aaaan-cord kiln and in tha moltipla units would ba 78, 

So and 83 oant8> ra^aetivaly. Higher wages could ba paid by operators 

of the Bultiple units, but it is doubtful if a six par oant return on 

the comparatively high investment would ba enough to attract the capital 

into the industxy* Nawarthelass, tha battery of kilns would saaa to 

hare tiia advantage over tiia single units for the relevant wage rates* 

Sbr soM areas in the State the charcoal kiln can be used as a 

tool of forest managsmnt and will, perhaps, provide additional enploj-

ment for soie of the tmdsrmplogred areas* However, 1^ unpleaaaot working 

conditions around nost charcoal kilns cotQiled with^low imge rates 

aakes charcoaling a poor alternative for the laborers* 

The nazket for lump charcoal is extremely limited for the small 

producers in Tennessee* About the sasw »a.ir1muw stiaqpage estimates were 

obtained regardless of the marketing cdiaanel, with the posftLble exception 

of direct sales to retailers, but this market for lufiq> charcoal is liUiltcd 

even more than the others* However, the deaend for charcoal briquettes 

is not marly so limited, and possibilities exist for additional brl-

qustting plants in the State* 

Three integrated diarcoal-briqiMtte plants were also bu^eted in 

this stu<!^ in ordsr to sstlmate the maxiaum amount that could be paid 

for the low-quality hardwoods idien used in this manner* The first plant 

had an output capacity of one ton per hour and the second had a oi^paoity 

of two tons par h<mr* Total yearly productioa was aaaumed to be 2,^00 
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aad hfOOO tons mspeotlvely. Both of th« ̂ ntlcrao hod a ss^porting 

ntmbor of nlna-cord duireoal kilns* ^third budget was for a tHO ton 

per hour briquettlng plant supported by six retorts. 

All costs incurred in producing and mazketing the briquettes almg 

tdlth a retail and Jobber Mrk-*ttp of 20 per oent each, md a 1$ per cent 

return of the fixed plant investment ead c^rating capital vere subtracted 

from the estimated retail sales price of 1133 per ton in order to deter 

mine the aaximuB maount that could 1m» paid for the los-qualitgr hardsood* 

Production costs were calculated using both|1 and 11*25 per hour 

rates* Thus there were two estimates of the maximum amount that could 

be paid for the hardwood for each of the three operations. These esti 

mates were further reduced by the cost of wood harvesting to give the 

residual aaounts that could be paid for a cord of wood on the stump. In 

making the stumpage estlaatea* wood harvestii^ wage rates were varied 

from a low of $0 Mnte per hour* by 25 cent Intervals* to a high of 

ll*25 per hour. 

The stts^>age estimates for the three briquettlng operations* with 

plant wages of j^l.OO per hour, were suanarlsed in Table XXVIXI. Vith 

wood harvesting wag^s at 75 cents per hour, all of the stumpage eetimates 

were positive* and if the forest comer could receive the lowest of the 

values ($l,k9 per cord), there would be positive Incentive for forest 

improvemsnt. Operators of the two larger plants could offer a suffi 

ciently high price for a cord of wood to allow the forest owner to pay 

wood harvesting wages of #1*00 per hour and still receive positive returns 

for the stumpage* The $10.U6 maximum amount that could be paid for a cord 
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of wood to bo eOBVorted Into brlquottoo in tbo «utll pliat voold not 

allow tbo forest owwr to harvest thB wood and break oven with harvesting 

wages of 11*00 per hoar. HoNever» tbs 28 eont loss per oord eoold be 

eharged to forest management. 

Stunpage estimates for the three briquetting operaticms using ll*2^ 

per hour plant labor costs were sumnarised in fable XXIX. Operators of 

the two larger plants could again offer sufficiently high prices for a 

cord of wood to allow the forest owner to pay 81*00 per hour wood har 

vesting labor costs and still receive froa |1*16 to|1*97 per oord for 

the stonpage* The naall plant operator could pay only |9*01 for a oord 

of wood with plant wages at 8l«2^ per hour. It would not be economically 

feasible to harvest the low-quality hardsoods at this price if the forest 

owner must pay harvesting wages of 81*00 per hourt since the negative 

stvqpage value of 81*73 is below the 8l*3U maximun loss that could be 

ehaxtpid to forest improvement* The forest owner would break even har 

vesting the wood for 89*01 per cord with wages at 79 cents per hour. 

Briquette prodaeti(Hi in the two largest plants would be economically 

feasible with both plant and wood haxvesting labor costs at 11*29 per 

hour. In the retort briquetting plant the naxiaum amount left to pay 

for the wood was high enough for 19 cents to remain to pay for the stump-

age after subtracting wood harvesting and delivery costs. 

Briquettes were less costly to produce in the larger plants pri 

marily because of the more efficient use of labor* To make "Uw greatest 

profit* potential producers should considar the larger plant eapaci^ 

where the drayand warrants. 



T
A
B
Z
£
 X
X
I
X
 

C
O
H
P
A
R
Z
S
O
N
 O
F
T
H
E
 M
&
X
I
M
D
M
 
A
L
L
C
U
&
B
I
E
 S
f
S
U
f
P
A
G
S
 C
O
S
T
S
 
F
E
S
 C
C
B
D
 O
F
W
O
O
D
 

C
H
A
M
H
E
I
E
D
 I
S
f
O
 E
A
C
H
 O
F
 T
H
E
 I
N
T
E
O
B
A
T
E
D
 M
I
Q
C
S
m
m
 P
U
H
T
S
 

W
I
T
H
 P
X
A
H
T
 W
A
G
E
S
 A
T
 $
1
.
2
5
 F
E
R
 H
O
i
m
 A
M
D
 W
I
T
H
 

7
A
E
I
A
B
L
E
 W
O
O
D
 B
X
R
F
E
S
T
I
I
i
G
 W
A
G
E
 R
A
T
E
S
 

I
f
 w
o
o
d
 h
a
r
v
e
s
t
i
n
g
 w
a
g
e
 
r
a
t
e
s
 a
r
e
:
 

$
.
5
0
 

1
.
7
9
 

♦
1.

00
♦

1.
29

t
h
e
n
 c
o
s
t
 o
f
 h
a
r
v
e
s
t
i
n
g
 a
 c
o
r
d
 o
f
 w
o
o
d
 w
i
l
l
 b
e
:
 

M
u
d
M
E
R
 
a
a
m
m
t
 l
o
f
t
 

1
7
.
2
9
 

♦
8.

97
♦

10
.7

4
11

2.
92

t
o
 p
a
y
 f
o
r
 a
 c
o
r
d
 

T
y
p
e
 o
f
 p
l
a
n
t
 

o
f
 v
o
o
d
 

a
n
d
 t
h
e
 r

aa
x
i
a
i
m
i
 a
l
l
o
w
a
b
l
e
 
s
t
u
e
p
a
g
e
 c
o
s
t
 w
o
u
l
d
 b
et
 

1
8
 k
il
n»
 1
 t
o
n
 p
e
r
 h
o
o
r
 

b
r
i
q
u
s
t
t
i
n
e
 p
l
a
n
t
 

1
9
.
0
1
 

♦
1.

81
-♦

1.
73

 
-♦

3.
91

 

30
 k

il
n
, 

2 
to

n 
pe

r 
ho

ur
 

b
rl
q
u
e
tt
in

g
 p

la
n
t 

m
.9

o
 

IU
.7

0 
♦2

.9
3 

♦1
.1

6 
-1

0.
62

 

6 
re

to
rt

, 
2 

tc
m

 p
er

 b
oo

r 
b
ri
q
w

st
tin

g
 p

la
n

t 
♦1

2.
71

 
♦9

.5
1 

♦3
.7

U
 

♦1
.9

7 
♦0

.1
9 

C
O

 



88 

Vhile onl^' lov-quality tditbar ww astoMd to %» luod «a xtw 

Mtorlal for oonvorslon Into oharooal, aiU residoes (Mm and are being 

used* llbert «111 reaidaee are plentiful and etieap, the integz^ted plant 

operators viU probably find it adrantageoos to use than. Hoverer# the 

nil! residues are usually dlspezaed over a vide area and vould have to 

be collected and transported for several miles to support a large 

briqusttii^ operatiai* More ums are being found for the residues end 

in the future nay jM>t be plentiful; therefore, a plant would nead 

euU hardwood reeerres to rely on in ease a shortage of residues did 

ooeur* 

It is not necessary for the briquettii^ plants to be integrated 

with the ohasraoal kilns or retorts* Where the eharcoal can be sui^lied 

by loeal producers at a price eomparable to^cost of procSooing it in 

the integrated plant, the briquettor and the local oharooal producers 

would receive mutual benefits, the briquette manufacturer would not 

need the |lt0,000 to 150,000 for charcoaling equipment and local ohax^soal 

prodbcers oould use the kiln as a tool of forest management if wood 

harvesting rates were around 75 cents per Iwmr. 

It is doubtful if the local producers in this instance would use 

mill residues einoe the cost of harvesting the low^uality hardwoods 

minus the charge that could be madb to fnreet nanag«Mnt would be about 

equal to the cost of^residues delivered to the kiln. !nie inoentive 

to prodboe tiie charcoal would come from forest iaqtrovement instead of 

profits. 

Charooal briquette production does offer a manufacturing opportunity 



8^ 

in TeuMSMe* and low-qoality hardiroods oan b« auppUad as the basie 

ratf naterial at costs Idiat are ec(xiomlcal. In this way oharooaling and 

byiquettixig operations would upgrade otherwise almost worthless material 

and at the same time improTo^forests of Tennessee. 
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fABLS XXX 

ESntUTEI) COST OF H/lRYISfI!K} AHO fiEUVmiK} A COBD OF WOOD 
TO AH IBTSOBAtED GHABCQAL-BRIQSEmm PUHT* 

Cost 

Oporstlon P»r cord 

F)9illiiig» liabisg, snd backing 
Labor (3»6 auui«>hoaziB) - I lt»|50 
Power saw - - - .SU 

Bunehing 
Labor { man-h^wtrs) *$0 
Tractor-two plow (.ii naGhins boar i $ltl9 per hoar) - -•- *li8 
CableS} etc. .03 

Loading 
Labor (1»3 nan-bours) ------------------- 1.63 

Hauling (Assumingt (l) the parolAser baa mchanical means 
of unloading tbe truck, (2; a 2-toa trudc hauling 2«77 
cords of wood over 1 mile of woods road, 3 miles of 
gravel roads and 16 miles of paved road, and(3) a total 
grating cost per rotmd trip mile per cord of 2? e«eita 
for woods road, lii cents for gravel roads and 9 cents 
for paved roads)^ 
Truck cost 2.13 
Labor (.78 man-hour plus 10 per cent for stand by 
tinea * .86 man-hours) 1.08 

Subtotal - 110.89 

Profit and/or riSk (l5 per cent of above) I.63 

Total cost --------- ----------- $12.52 

^Hourly wage coats of $1*25 were used in making the estimate. 

^ruok operating costs were taken from Bardaood Lo^lmc iiethoda 
and Costa in the TemM>asee Yalley, Beport No. 232-60, Diviaieai of 
Fbreatry Bslati(m, Forestry Investigations Branch, Tennessee Valley 
Authority, Horzis, Tennessee, A|:q)endix Tables J sad K. 
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TAB1£ yttt 

ESimiED COST OF HARVESnNG AHD DEUVEHINO A COSD OF 
lOCH) TO A LOCAL CHAHCOAL KIIS* 

Operation 
Cost 

per oord 

All costs trm.felling through loading are 
the same as those In preceding bad|^t $ 7«68 

Hauling (Assumingt a 1 1/2 tcm truck hauling 1*^ 
cords of mood orsr 2 miles of moods road^ and 
a total operating cost per round trip mile per 
cord of 37 cents for moods road)^ 
Truck cost 
Labor (1*08 man-hours plus 10 per cent for dele/ or 

..ylj 

stauidby- » 1*19 man<>h(mrs at $1*25 per hour ««>«> •••«»• l»i»9 

Unloading labor (*6 man-hours) ,7^ 

Total Cost $10*66 

hourly mages of|1»25 mere used In making the estimates* 

^"^Hardwod LogsriL^ Ifoth^s and Costs in toe Tennessee Valley^
Report No* 232-60, Mvl)^on of Forestry Relations^ forestry lirrestl-
^tlons Branchy Tennessee Valley Authority^ NorzdSf Teiuiessoe^ 
Appendix Tables J and K* 
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TABIS xxni 

SSTSUTSD WOOD HARtTSSTINQ COST VI7H TABTINO WAOE RATES 
BEUTESED TO A UXAL KIIH OPERATION AMD 

TO AM IMraORATED PIANT 

Was* xtttss 

Cost of wood dtllTOIWd 
to a brlqwttor 

(stunpasa cost not included) 

Cost of wood dsllwsnd fraa 
the forest to a local kiln 

(stwpase cost not included) 

11.25 112.52 110.66 

1.00 10.71* 8.88 

.75 8.97 7.U 

.50 7.20 5.31* 


