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Chapter I 

INTRODUCTION 

Before 1860, wood supplied nearly all of the fuel 

energy consumed in the United States. During the Industrial 

Revolution of the late 1800's, the use of fossil fuels, such 

as coal, increased and wood use slowly declined. This trend 

of replacing wood with more convenient, easier to handle 

fuels continued through the 1960's. However, during the 

early 1970's, a reversal in this trend occurred and wood use 

as a fuel increased. The rapid rise in the costs of fossil 

fuels and the appearance of absolute limits on oil and 

natural gas availability encouraged a strong resurgence of 

wood fuel use in the United States (Tillman, 1978). 

In Virginia, the use of firewood has followed national 

trends. Fuelwood is believed to be Virginia's third leading 

timber product by volume, behind sawlogs and pulpwood 

(Knight and McClure, 1978). One important impact of this 

newly-developed firewood market is the opportunity for 

timber stand improvement. 

The Appalachian hardwood region has a long history of 

being cut over, with each successive harvest removing a 

greater percentage of high quality timber and leaving a 

growing stock composed of low quality residual trees. 

1 
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Historically, wildfire has also been a problem in the 

Appalachian hardwood region, causing the loss of young 

stands and damage leading to butt rot in older stands as 

well as losses in soil nutrients . Generally, the residual 

stands in Appalachia may be characterized as low in quality 

and also as slow growing. 

The current situation of overstocked stands, poor 

quality stems, and the presence of a large number of 

diseased trees or culls in the Appalachian hardwood region 

of Virginia, coupled with a developing market for fuelwood 

provides an excellent opportunity for landowners to improve 

their woodlots while receiving immediate monetary benefits . 

According to Knight and McClure ( 1978), approximately 

1,496,000 acres of timberland in Virginia would benefit from 

improvement cuttings. Improvement cuttings being thinnings, 

cleanings and release. Thinnings or improvement cuts on 

private lands offer landowners an excellent management 

alternative. Intermediate cuts for firewood production can 

also be a means of removing low quality trees, stagnated 

growth and culls from a stand, thereby leaving a more 

vigorous, . well stocked , higher quality forest. The 

advantages of thinning for a private nonindustrial landowner 

can be threefold: 1) a source of fuelwoodi 2) a source of 

income through fuelwood sales i andi 3) a means of increasing 
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stand quality, and hence ultimately income, through improved 

growth of residual trees. 

Landowners should be encouraged to manage their 

woodlots more actively and thus ensure a continued supply of 

high quality logs, such as oak, cherry, and walnut, for the 

region's furniture industry. Besides improving the quality 

of the forests, a strong fuelwood market that encourages 

thinning, helps to decrease dependence on nonrenewable 

fossil fuels. 

In some cases, thinning for fuelwood may also be 

justified by private landowners when it is not 

silvicul turally and economically justifiable. Landowner 

objectives may indicate thinning in order to maintain a 

certain wildlife habitat or for aesthetic reasons. 

From an energy use viewpoint, evaluating thinning of 

hardwoods for firewood is justified to determine the energy 

efficiency of the total firewood system. If the energy 

yielded by the firewood is less than the energy inputs used 

to procure the firewood then the system would be 

inefficient. 
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1.1 OBJECTIVES 

The objectives of this analysis are to: 

1. To evaluate the financial aspects of improvement 

thinnings for fuelwood in Appalachian hardwood 

stands. 

2. To determine direct net energy values from energy 

inputs and outputs for fuelwood harvesting in 

Appalachian hardwoods . 



Chapter II 

LITERATURE REVIEW 

The problems of thinning hardwoods from the 

perspectives of economic analysis and net energy evaluation 

will be analyzed seperately. Initially, the silvicultural 

and economic aspects of thinning will be determined, and 

then the net energy evaluation will be calculated. 

A study of forest management needs in the Northeast 

showed t:bat thinning or improvement cu:tting on more than 

one-half of the 42 million acres in the oak-hickory and 

beech-birch-maple types would improve financial yields. In 

the Appalachian region, a similar proportion of stands 

consist of overstocked poletimber-small sawtimber stands 

whose owners would benefit from thinning (Craft and 

Baumgras, 1978). 

Thinning of upland oak stands has been studied 

extensively by Gingrich (1971). The oak-hickory region 

comprises 108.9 million acres of commercial forest land in 

the U.S. (USDA Forest Service, 1978). Most oak stands are 

under 100 years old, are cutover, and are overstocked with 

unmerchantable stems and understocked with high quality 

stems. Approximately three-quarters of the upland oak 

stands have been classified as low grade or cull. 

5 
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Most upland oak stands are fully stocked according to 

guidelines established by Gingrich (1971). Full stocking 

implies full occupation of available growing space . One 

problem noted by Gingrich is that upland oak sites support a 

large array of species and overstocking may be more serious 

than understacking from a growth and yield standpoint. 

Overstocking with undesirable species results in inadequate 

growing space for high quality stems. In most management 

procedures, the high quality stems should be favored. 

The procedure for defining a level of stocking in 

upland oak sites is well documented. . Residual stocking 

levels for thinned stands of even-aged upland oaks is 

presented in Table 1. 

Thinning of oak stands represents a valuable silvical 

treatment in the upgrading of established stands of under 70 

years of age. In younger stands, age 30 years and less, 

oaks respond immediately to release. In stands ages 30 to 

70, growth response to thinning occurs in approximately 2 to 

3 years. Oaks over 70 years old, show little or no evidence 

of growth response to thinning (Gingrich, 1971). 

According to Hilt (1979}, thinning studies in upland 

oaks, indicate that diameter growth on the largest 40 trees 

per acre show a marked response to thinning regardless of 

site or age. Response to thinning was directly related to 
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TABLE 1 

Thinning policy for upland hardwood stands 

----------------------------------------------------------------------------------------------------------------
Stand age 
at first 

Residual stocking percent after--

thinning First Second Third Fourth Fifth Sixth 
(years) thin thin thin thin thin thin 

10 50 60 60 60 60 60 

20 60 60 60 60 60 60 

30 70 60 60 60 60 60 

40 70 60 60 60 60 60 

50 70 60 60 60 60 60 

60 70 65 60 60 60 60 

Gingrich, S. F. 1971. Management of Young and Inter-
mediate Stands of Upland Hardwoods. USDA For. Serv . Res. 
Paper NE-195. 26 pp. 
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the degree of thinning. He also found that younger stands 

had a better response to thinning, both in terms of diameter 

growth rates and growth response relative to a control 

stand. 

One primary goal of hardwood management is maintaining 

optimal growth of the crop trees in fully-stocked stands as 

defined by Gingrich (1971). The most effective means of 

obtaining optimal growth is through frequent light thinning. 

Characteristically, thinning of upland hardwoods is not 

started until trees have reached poletimber size, which 

occurs at about age 20 (Sims, 1981). Light thinning every 

10 years, followed by clearcutting of crop trees and 

subsequent coppice regeneration, is a common upland oak 

management regime. In general, thinnings should be made 

when individual tree growth, mortality and productivity 

dictate (Gingrich, 1971). 

Studies of even-age stands of oak indicate that the 

best trees to release by thinning are the already dominant, 

most vigorous trees that have the greatest opportunity for 

high quality timber production. Smaller, suppressed trees, 

even of desirable species, are not favorable trees to 

release in a thinning because of their characteristic poor 

form, lack of vigor, and questionable response to release 

(Gingrich, 1971). 
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The main purposes of thinning from an economic 

viewpoint are to realize an intermediate income during the 

rotation period, and increase the value of the residual 

stand. Using a yield simulator for mixed hardwoods (Hepp, 

1984), a single thinning versus a non-thinning harvest 

regime increased financial returns by 10 to 20 percent. 

From a stand dynamics viewpoint, the intended goal of 

thinning is to develop an adequately stocked stand with an 

even distribution of crop trees (Lancaster, 1980). 

Directly related to the economic value of thinning is 

the yield from thinning. An important factor in timber 

yield maximization is the age of the initial thinning and 

the completion of subsequent thinning treatments. Not 

surprisingly, volume yields from stands first thinned at age 

10 are 50 percent greater than yields when thinning is 

first done at age 60 (Gingrich, 1971). Gingrich also 

recommends against thinning on a pulpwood rotation after 

stand age 30 to 40 and for sawtimber after 50 to 60 years. 

Timber values depend greatly on tree quality and 

volume. Consequently, forest management practices that 

result in greater volume in high quality trees, will result 

in the largest stand value change (McCay and Lamson, 1980). 

Studies indicate that, by following a well-designed 

thinning schedule, the rotation age for upland hardwood 
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stands can be reduced dramatically. For example, when 

thinning is first done at age 10 or 20 and is followed by 

periodic thinnings at 10-to 15-year intervals, the time 

required for a stem to reach a given diameter can be reduced 

by almost 50 percent. Also, tree quality is enhanced 

through thinning (Gingrich, 1971). 

The recommended method for thinning is to thin from 

below. Low thinning simply involves the removal of trees in 

lower crown classes. In general, a light low thinning 

involves removing only those trees which are overtopped. An 

intermediate low thin removes intermediate trees and also 

overtopped species. A heavy low thin would remove all but 

the dominant trees and vigorous codominants. In its most 

basic form, a low thinning removes only those species which 

would eventually reach mortality due to competition and 

overtopping (Smith, 1962). 

The Appalachian hardwood region is difficult to manage 

because of the uneven-age character of the stands. 

Unmanaged stands typically have a minimum of three tree age 

classes. Among the age classes are: old residual stems left 

uncut during early logging; 

logging; and, the stands 

second growth established after 

established following the 

disappearance of the American chestnut. 



11 

Ideally, a low thin is designed for use on an even-aged 

forest. In the Appalachians, distinct age classes and 

stories have developed in stands as a result of prior 

management activities. In these situations, the thinning 

management alternative involves removing the culls, deformed 

stems, and low quality stems while reaching the desired 

stocking level as prescribed in Table 1. Thinnings from 

below result in an increase in the average tree diameter of 

the residual stand. Both large and small trees are removed 

thereby reducing the range of diameters (Gingrich, 1971). 

Gingrich also warns that thinning may not be 

economically justified at early ages because of the handling 

costs involved in dealing with small stems . Logging costs 

increase dramatically when small diameter material is 

harvested because more stems must be handled per volume 

harvested (Kluender and Plummer, 1980). 

Gingrich also stressed the importance of follow-up 

thinnings. If only one thinning is possible, then it is 

recommended that the stand be as young as possible. 

Another principle involved with thinning is the 

decision .of whether o"r not to make follow-up cuts. For 

intermediate cuts, old residuals, defective trees and trees 

of undesirable species can be cut with no concern for 

establishing regeneration . An intermediate cut results in a 
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higher guali ty stand and improved growth response while 

decisions concerning subsequent treatments on the stand can 

be made more realistically in 20 to 30 years (Smith, 1981). 

An accepted practice for the initial thinning of upland 

hardwoods in Appalachia would be to remove defective and low 

quality trees. According to Gingrich, merchantable yields 

from such a thinning would be low. However, with a market 

for the defective and low guali ty trees, merchantability 

would be achieved. 

As to which species should be favored in a thinning 

operation; if the landowner's objective is maximization of 

timber production with quality and time as constraints, then 

the oaks, sugar maple, black cherry, yellow poplar and ash 

should be favored. After a partial cutting, studies 

revealed that in terms of d.b.h., red oak had the fastest 

response time to release. Other species in decreasing order 

of response included sugar maple, basswood, black cherry, 

white ash, beech, and chestnut oak (Trimble, 1967). 

Numerous management alternatives exist for the 

landowner after the firewood harvest has been completed. 

The better the site quality, the greater the number of 

alternatives . Research has shown the feasibility of patch 

clearcutting, shelterwood systems, seed tree cuts and white 

pine regeneration. 
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Landowners can use a series of 1 to 5 acre patch 

clearcuts to harvest the residual sawtimber stand and 

enhance development of an even-aged stand . Regeneration 

would be in the form of seedling sprouts and stump sprouts. 

Patch clearcutting as compared to large scale clearcuts 

creates a broader range of wildlife habitat through the edge 

effect. Also, patch clearcuts offer greater water·shed 

protection and are more aesthetically appealing when 

compared to large clearcuts. 

Shelterwood systems in upland mixed oak stands require 

15 years between seed cutting and final harvest to enable 

adequate regeneration. This method favors regeneration by 

seed as opposed to stumps. 

The seed tree method requires that about 30 trees be 

left per acre. The seed trees are then left about 3 years 

before the final harvest occurs. Studies have shown that 

excellent stocking of desireable species can be obtained 

through this method (Wendel and Trimble, 1968). 

A final alternative, that of eastern white pine 

regeneration can only be used on sites which already contain 

an established white pine understory or on sites where 

eastern white pine is a viable species alternative. The 

prescription calls for underplanting of eastern white pine 

in a lOxlO spacing. The seedlings are then grown to age 5. 
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The hardwood stand is then clearcut. The resulting stand 

will be approximately 50 percent eastern white pine and 50 

percent hardwood. 

Landowners should 

comprehensive management 

be encouraged to develop 

plans for their timberlands 

order to maximize their management objectives. 

in 

In summary, the major advantages of thinning to the 

landowner are: 

1. an increase in average tree diameter; 

2 . a reduction in diameter range in the thinned stand; 

3. a reduction in the rotation age for larger diameter 

products such as sawtimber or veneer; 

4. higher tree quality; 

5. greater volume yields over the entire rotation by 

salvaging mortality; 

6. decreased mortality. 

Private landowners are faced with an assortment of 

management alternatives. Timber production is not 

necessarily the primary concern for the landowner. 

According to a survey conducted in West Virginia, landowner 

objectives were ranked as follows: (1) wildlife, (2) timber 

for own use, (3) soil protection, (4) pasturage, (5) 

recreation, (6) watershed, (7) timber for sale, (8) 

secondary products for own sale (Christenson and Grafton, 
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1966). The primary management alternative for industrial 

landowners has been clearcutting. Unfortunately, 

clearcutting is not a feasible management alternative on 

many private lands because of differing management 

objectives. 

In the past, landowners have been discouraged from 

thinning because many times there was no immediate monetary 

return. However, recent studies suggest that thinning 

hardwoods can be done economically. In a study of thinning 

of northern hardwood pole stands, Biltonen and others (1976) 

evaluated five different thinning treatments with two 

different harvesting systems. The results indicate that it 

is possible to realize a profit from mechanized thinning. 

A study conducted by Craft and Baumgras ( 1978) in 

upland hardwood stands near Elkins, West Virginia found that 

thinnings were profitable. Craft and Baumgras used two 

sample plots in pole-small sawtimber stands with a thinning 

goal of improving crop-tree spacing. Products from thinning 

included 13 tons of boltwood, 3.5 tons of sawlogs, 18 tons 

of pulpwood and 1 ton of fuelwood. The average cost per ton 

of harvested products was $9.50, while the average value of 

the products per ton was $9.85 (Craft and Baumgras,l978). 
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2.1 BACKGROUND ON WOOD AS A FUEL -- ---- -- - ----
By 1970, wood fuel use had declined to historic low 

levels in the United States, providing only one percent of 

the total amount of energy used to heat residential homes 

(U.S. Dept. of Commerce, 1979). However, as a result of the 

1973 oil embargo and resulting higher energy costs, millions 

of Americans now burn wood for heating (Smith, 1981). It 

now provides about three percent of the total U.S. energy 

requirement and, by the year 2000, wood is expected to meet 

ten percent of the total U.S. requirement (Kurstedt and 

Maxwell, 1980). 

Wood as fuel is basically a locally marketed product. 

Regionalized markets for wood fuel develop because of the 

low power density of wood (BTU(hrjcubic feet) which makes 

the transport of wood any great distance (>SO miles) 

uneconomical. Creation of a national energy market can be 

considered a critical constraint upon wood as a fuel 

(Kurstedt and Maxwell, 1980). 

Another facet of Americans returning to wood use is the 

implications of heating with wood. Many potential wood 

stove users are unaware of the time and cost involved in 

producing firewood and tending a stove. In a study done at 

West Virginia University, it was found that 15.7 person-

hours of work are needed to produce one cord of firewood. 
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This figure represents time required for cutting and 

stacking but does not include hauling. Stove-tending time 

averaged 10.6 person-hours per cord. Therefore, a total of 

26.3 person-hours per cord is required for fuel wood 

production and utilization (White and Wilson, 1981). 

All things considered, wood use has increased 

dramatically during the past decade. This trend can be seen 

by examining data on residential heating in the United 

States. In Table 2, wood use in residential heating has 

increased from 1 percent in 1970 to 2 percent in 1977, then 

to 6 percent in 1980. These large increases in wood fuel 

use for residential heating are reflected in wood stove 

sales. In 1972, fewer than 200,000 wood stoves were sold; 

by 1979 sales had jumped to 1.5 million a year (See Figure 

1) (Smith,1981). 
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TABLE 2 

U.S Energy Use In Residential Heating 

========================================================= 
Source 1940 1970 1977 1980 

Natural Gas 12 56 56 55 

Oil 10 26 21 18 

Electricity 0 8 15 16 

Bottled Gas 0 6 5 5 

Coal 55 3 1 0 

Wood 23 1 2 6 
---------------------------------------------------------u.s. Department of Commerce, "Residential Energy Uses, II 
Washington, D.C. I 1979 . 
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Figure 1. U.S. Sales of Residential Wood Stoves 
and Furnaces, 1972-80 
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2.2 NET ENERGY METHODOLOGY 

Net energy calculations are important in evaluating the 

technical efficiency of an energy system and also in 

comparing various energy supply systems. The next facet in 

analyzing thinning for firewood is determining net energy 

values. Baltic and Betters ( 1981) have_ developed a net 

energy methodology which will be followed with some 

modifications. 

Baltic and Betters used the harvesting of lodgepole 

pine as a case study to develop a method of net energy 

analysis. Comparisons are made to determine the value of 

energy from wood fuel versus fossil fuel systems. 

Initially, all of the processes included in a firewood 

energy system are identified. 

determining all the costs of 

Basically, this involves 

the wood resource from 

extraction (harvesting, transport of the resource, and 

processing) to distribution and administration if the 

resource is sold, and then to the consumption of the wood as 

fuel. Once the processes are identified, all energy inputs 

and outputs for each process are determined. Baltic and 

Betters start with a description of the wood resource, 

including its form. Different wood forms may be examined: 

e.g., solid wood, sawdust, or whole tree chips. Next, the 

density of the wood, total weight, volume and moisture 
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content of the wood must be available. Moisture content is 

extremely important when dealing with net energy. Moisture 

in wood reduces the heat content from each pound of fuel by: 

(1) reducing the amount of ignitable material in each pound 

of wood fuel: and, ( 2) by requiring heat to remove the 

nonignitable water prior to combustion (Murphey and others, 

1981). The drier the wood, the more energy that is released 

upon combustion. With wet wood, energy is required to: (1) 

raise the temperature of contained water in the fuel; (2) 

separate the bound water from the fuel; (3) vaporize the 

water in the fuel: and, (4) heat the water vapor up to flame 

temperature. Only requirements (2) and (3) are considered 

heat losses, while (1) and (4) are not considered heat 

losses because the energy is retained in the combustion 

products (Brown and Davis, 1973). Thus, the initial 

moisture content of the woody fuel is an important 

assumption in net energy analysis. Net energy analysis can 

be influenced drastically by changes in moisture content. 

Finally, a cruise is needed to obtain a detailed stand 

description to determine the total amount 

available. from the stand. More precisely, 

of energy 

total stand 

volume is essential for net energy calculations. Total 

stand volume varies however, with wood form. Different 

volume equations are required if whole tree chips are used 

versus pulpwood or tree length operations. 
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The next step is the energy flow calculations. Using 

the volumes harvested, coupled with the moisture content of 

harvested wood, a net heat value of wood can be calculated. 

The net heating value of wood is 

NHV=HHV (1-MC/100) - MC/100 x LH20 where: 

LH20 = heat needed to vaporize and superheat 1 lb. of 

H20 (1200 BTU's/lb.) 

NHV = net heating value 

HHV = high heating value 

MC/100 = moisture content (wet basis) 

Once the net heating value of wood has been calculated, 

calculations for energy" in procuring the wood are needed. 

Important parameters include: 

1. equipment productivity; 

2. operating times; 

3. fuel consumption; 

4. cost; 

5. maintenance and equipment depreciation. 

Equipment productivity is important to determine the 

amount of material harvested during a given time period. In 

conjunction with the volume per acre, and using a harvest 
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simulator, total operating times can be calculated for a 

specific volume or productivity for an 8-hour day. One must 

know the number of hours the system will operate each day in 

order to determine productivity. Fuel consumption is 

essential to calculate net energy values. All calculations 

are done in BTU values which represent the fuel potential 

and thus can be compared to the net energy value of the 

harvested tree resource. Cost, maintenance, and 

depreciation of equipment are important in the economic 

evaluation of the system, and also in determining machinery 

downtimes and mechanical availability of machinery. 

Once this information is available, energy flow 

calculations can be developed . Energy flow calculations 

involve determining the indirect energy used in equipment, 

materials, facilities and services for a process . Indirect 

energy expenditures are those embodied in equipment, 

materials and capital facilities involved in a process, as 

well as energy embodied in the capital facilities that 

produced the process materials and components. Indirect 

energy data coupled with direct energy data, result in 

energy intensity data. More formally, energy intensity data 

are values for total direct and indirect energy inputs per 

unit of a production sector in the economy. Using energy 

intensity data, the energy contained in any capital good can 

be determined. 
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As stated earlier, Betters and Baltic calculated the 

net energy ratios for the lodgepole pine system. Net energy 

ratio is the ratio of 1000 BTU's of energy delivered to the 

external loss in delivery. Delivered energy is functional 

heat and is the energy supplied to the system from burning 

the product . For example, if there are 800 BTU's of 

positive heat produced per 1000 BTU's of energy delivered as 

functional heat, then the net energy ratio would be 1000/200 

= 5.0. Positive heat is the delivered energy minus external 

losses, which are direct and indirect energy inputs. The 

value of 200 represents external losses. Net energy ratios 

for all energy systems analyzed were calculated using a 

value of 1000 BTU's of delivered energy product as a basis. 

After calculating net energy ratios comparisons can be made 

with other energy systems such as coal, natural gas and oil 

(Baltic, 1981). 



Chapter III 

METHODS AND PROCEDURES 

The problem of thinning stands for fuelwood can be 

evaluated from two viewpoints . First, from an economic 

viewpoint, one must determine whether the value of the 

material removed is great enough to offset the cost of 

removal and still earn the landowner an acceptable profit. 

The second view, that of net energy flows is more obscure. 

The goal is to determine whether or not the energy required 

to harvest the thinned material is less than the energy 

provided by the product. 

In both the net energy and economic evaluations, a 

harvest simulation approach will be used . Simulations allow 

the evaluation of different harvesting systems operating in 

a vari ety of stand types . Simulation also allows 

flexibility, by enabling the user to experiment with various 

systems at a fraction of the cost of actually field testing 

the system. 

The simulator to be used is the Harvesting Analysis 

Technique . (HAT) simulator developed at Virginia Tech 

(Stuart, 1980). Included in the HAT system is the 

Generalized Machine Simulator ( GENMAC), which is used for 

simulating harvesting machine performance. Simply, GENMAC 

25 
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models machine activities. GENMAC considers both the 

spatial location and individual tree characteristics to 

develop estimates of individual machine performance in 

harvesting (Stuart, 1980). The simulator evaluates machine 

performance on a variety of forest models. 

The Forest Model is a one-acre portion of various 

forest cover types. Measurements included in each forest 

model are diameter at breast height (dbh), diameter at the 

ground line ( dgl), bark thickness, merchantable height, 

clear bole length, crown width, tree form and tree location. 

Each stand harvested by the GENMAC simulator was a nine acre 

expansion of the one-acre forest model. 

The data provided by GENMAC used in this analysis 

includes number of trees harvested per acre, cords harvested 

per acre, and productive times to harvest the acreage in 

question. Using data on utilization, productive hours can 

be converted into actual hours worked and total system 

productivity can be calculated. 

Five Forest Models from the Industrial Forest 

Operations section at Virginia Polytechnic Institute and 

State University data base were used for simulation 

purposes. Forest Models 81, 82, 83, 84, and 85 are one-acre 

representations of natural mixed hardwood stands located in 

Montgomery County in southwest Virginia. The stands are 
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typical of the upland oak-hickory region of the 

Appalachians. Tables 3 through 7 present stand and stock 

tables for each Forest Model. 

Merchantability limits used in defining the stand and 

stock tables were: 

Cubic 

pulpwood < 8 inches d . b . h. 

sawtimber > 8 inches d.b.h. with at least one 

merchantable 16 foot log. 

foot volumes were converted to cord 

equivalents using conversion factors from Timber Mart South 

(See Appendix Table 1 ). Pulpwood figures are gross values. 

Residual's are defined as trees such as dogwood which are 

non-merchantable as pulpwood or sawtimber , but can be used 

as firewood. Table 8 presents a summary of the major stand 

characteristics for Forest Models 81 through 85. 

The most common species found in Forest Model 81 are 

chesnut oak, red maple, sourwood, red oak and white oak. 

The aspect is northwest, the slope is moderately steep, the 

site index is 60 feet (base age SO years) with an average 

d.b.h. of 7.0 inches. The stand is well stocked with 315 

trees per acre and a basal area of 113 square feet per acre. 

Forest Model 82 is a wildland natural stand composed 

mainly of chestnut oak, red maple, sourwood, white oak and 

red oak. The slope is moderate on a northwest aspect. The 
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TABLE 3 

Forest Model 81: Preharvest Stand and Stock Table 

========================================================== 
dbh # of Hardwood Pine Hardwood Pine Residuals 

trees Pulpwood Pulpwood Sawtimber Sawtimber 
(inch) (cords) (cords) (MBF) (MBF) (TONS) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20+ 

total 

40 
40 
41 
35 
21 
20 
19 
18 
22 
12 

8 
8 
5 
8 
7 
4 
4 
2 
1 

0.2194 
0.8034 
0.9459 
1.0822 
1. 5500 
1.9292 
1. 4194 
0.6715 

0 . 4258 
0.5350 

315 9.5818 

0.0167 

0.0167 

0.5341 
0 . 4950 
0.5098 
0.5727 
0 . 4543 
0.9454 
0.9478 
0 . 4223 
0.5391 
0 . 3617 
0.2537 

6.0359 

0.4379 
0.4379 
0.3103 
0.0421 

0.0508 

0.0663 

1. 3453 
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TABLE 4 

Forest Model 82: Preharvest Stand and Stock Table 

=========================================================== 
dbh # of Hardwood Pine Hardwood Pine Residuals 

trees Pulpwood Pulpwood Sawtimber Sawtimber 
(inch) (acre) (cords) (cords) (MBF) (MBF) (cords) 

1 
2 14 0.1533 
3 42 0.4588 
4 23 0.1726 0.0184 0.1204 
5 28 0.6680 0.0150 
6 32 1.1704 0.0280 
7 20 1.1524 
8 13 1. 2079 
9 20 2.1124 0.0379 

10 13 0.5631 0.514 
11 10 0.1694 0.5839 
12 11 0.8654 
13 8 0.6924 0 . 1034 
14 3 0.3046 
15 6 0.6084 
16 4 0.5781 
17 2 0.3146 
18 5 0.9244 
19 
20+ 5 1. 3439 

total 259 7.2162 0.0614 6.7684 0.1034 0.7325 
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TABLE 5 

Forest Model 83: Preharvest Stand and Stock Table 

========================================================== 
dbh # of Hardwood Pine Hardwood Pine Residuals 

trees Pulpwood Pulpwood Sawtimber Sawtimber 
(inch)(acre) (cords) (cords) (MBF) (MBF) (TONS) 

1 
2 18 
3 41 
4 30 0 . 1554 
5 26 0.5766 
6 16 0.4909 
7 20 0.7979 
8 14 0.8494 
9 13 0.9539 

10 15 0.4367 
11 10 0.4306 
12 10 ----
13 8 ----
14 5 ----
15 4 ----
16 3 ----
17 1 
18 3 ----
19 3 ----
20+ 3 ----

total 243 4.6914 

0.0208 
0.1376 
0 . 3133 
0 . 2454 
0.3314 
0.1362 0.4877 
---- 0.3361 
---- 0.7232 
---- 0.6093 ---- 0.4910 ---- 0.4920 
---- 0 . 3547 

---- 0 . 5483 
---- 0 . 5495 
---- 0 . 6871 

1.1848 5.2789 

0 . 0357 

0.0594 

0.1753 

0 . 2704 

0 . 1971 
0 . 4488 
0 . 2112 
0 . 0329 

0.8900 
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TABLE 6 

Forest Model 84: Preharvest Stand and Stock Table 

=========================================================== 
dbh # of Hardwood Pine Hardwood Pine Residuals 

trees Pulpwood Pulpwood Sawtimber Sawtimber 
(inch)(acre) (cords) (cords) (MBF) (MBF) (cords) 

1 
2 19 0 . 1533 
3 50 0.4588 
4 38 0.2368 0.0184 0 . 1204 
5 23 0.4360 0.0699 
6 16 0.5164 0.0920 
7 7 0.3134 0.0520 
8 14 0.8997 0.1376 
9 17 1. 523 7 0.1010 0.0363 

10 7 0.4212 0.0802 0.1211 
11 3 0.1402 0.0611 
12 8 0.4460 0.0596 
13 8 0.3773 0.3659 0.0661 
14 5 0 .2059 0 .2 694 0 . 0961 
15 8 0.8346 
16 3 0 . 3463 
17 4 0.5773 
18 5 0.9481 
19 
20+ 8 2.1611 

total 243 4.7245 0.7386 6.2463 0.2829 0.7325 
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TABLE 7 

Forest Model 85: Preharvest Stand and Stock Table 

=========================================================== 
dbh # of Hardwood Pine Hardwood Pine Residuals 

trees Pulpwood Pulpwood Sawtimber Sawtimber 
(inch)(acre)(cords) (cords) (MBF) (MBF) (TONS) 

1 
2 26 
3 43 0.2737 
4 30 0.1968 0.0939 0.4707 
5 35 0.7793 0 . 1230 0.1204 
6 17 0.5693 0.0843 
7 16 0.6250 0.1872 
8 19 0.7990 0.6308 
9 23 1. 5583 0.6887 

10 11 0.6931 0.1362 0.2242 
11 10 0.4279 0 . 1021 
12 11 0.7701 
13 3 0.1854 0 . 1033 
14 3 0.3044 0.2026 
15 6 0.5706 0.1512 
16 6 0.5762 0 . 1653 
17 8 0.8854 0.1341 
18 6 0.9743 
19 2 0.3393 
20+ 5 0.9499 0.9664 

-----------------------------------------------------------
total 280 6.4751 1.9441 6.1224 0.6560 0.8648 
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TABLE 8 

Summary Statistics For Forest Models 81-85 

========================================================== 
Forest Model Basal Area Trees/Acre Volume Average 

Number (sq.ft.jac.) (cu.ft.jac) DBH 
(inches) 

----------------------------------------------------------
81 113 315 2614.64 7.0 

82 104 259 2576.30 7.4 

83 92 243 2107.27 7.2 

84 100 243 2320.49 7.3 

85 116 280 2665.73 7.4 

Average 105 268 2456.89 7.3 
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site index is 60 feet (base age 50 years) with an average 

d.b.h. of 7.4 inches. Forest Model 82 is well stocked with 

259 trees per acre and a basal area of 104 square feet per 

acre. 

Forest Model 83 is also a wildland natural stand, 

dominated by chesnut oak, red maple, white oak, red oak, and 

dogwood. The slope is moderate to steep on a southwest 

aspect. Site index is 55 years (base age 50 years) with an 

average d. b. h . of 7. 2 inches. Forest Model 83 is well 

stocked with 243 trees per acre and a basal area of 92 

square feet per acre. 

Chesnut oak, white oak, red oak, red maple, and hickory 

are the predominant species found in Forest Model 84. 

Forest Model 84 is a natural stand located on a moderate 

slope with a southwest aspect. The average d.b.h. is 7.3 

inches with a site index of 55 feet (base age 50 years). 

Forest Model 84 is a well stocked stand with 243 trees per 

acre and a basal are of 100 square feet per acre. 

Chesnut oak, Eastern white pine, red maple, red oak and 

white oak comprise the major species in Forest Model 85. 

Forest Model 85 is located on a slight slope with a north 

aspect. The average d.b.h. is 7.4 inches with a site index 

60 feet (base age 50 years). Forest Model 85 is well 

stocked with 280 trees per acre and a basal area of 116 

square feet per acre. 
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Forest Models 81 through 85 are very similar in nature, 

but due to aspect and slope, the stand composition varies. 

The stands can be described as slow growing or stagnated, 

dominated by culls, inferior species and non-merchantable 

trees. Trees defined as non-merchantable do not fit into 

the traditional pulpwood or sawtimber categories. 

3.1 CUTTING REGIME 

Ideally, clearcutting would be the most financially 

advantageous silvicultural operation on these stands, 

however, clearcutting is assumed not to be an acceptable 

alternative to the landowner due to conflicting management 

objectives . Instead, the landowner wishes to improve stand 

quality, obtain a financial return and maintain a fully 

stocked stand. In this instance, the cutting regime 

involves removal of all cull trees, inferior species, 

stagnated growth and pulpwood. In this area of southwest 

Virginia, the low price for pulpwood makes firewood a more 

attractive product alternative. 

After the thinning, the landowner will be left with a 

fully-stocked stand of sawtimber size trees in accordance 

with stocking levels defined by Gingrich (1971). The 

thinning will favor white oak, red oak and chesnut oak in an 

effort to establish a valuable sawtimber stand. The 
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residual stand will maintain the aesthetic value of the 

area, wildlife habitat will be enhanced by providing more 

production from understory species and watershed 

capabilities will remain unchanged. 

3.2 HARVEST SYSTEMS 

Two harvest systems were designed, one more labor 

intensive than the other. System One was designed to avoid 

a large capital investment in order to make ownership by a 

private non-industrial landowner more realistic. However, 

for firewood producing contractors, a more capital intensive 

system, System Two, may be justified to enable increased 

production on a continuous as opposed to a seasonal basis . 

In general, the two harvest systems will be evaluated 

on the five different Forest Models for financial as well as 

net energy performance. The labor organization, equipment 

spread and system operation are presented below. Figures 2 

and 3 are system flow charts. 
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System One: Chainsaw and pickup truck. 

Labor Organization 

1 - sawyer who fells, limbs, tops and bucks at stump 

1 - laborer who loads , unloads and drives pickup truck 

2 - total 

Equipment Spread 

1 - pickup truck 

1 - chainsaw 

Method of Operation 

Trees are felled by chainsaw, delirnbed, topped and 

bucked into 18 inch firewood lengths at the stump. The 

laborer loads the pickup truck to it's one-half cord 

capacity. The pickup truck is then driven to the final 

destination and unloaded and returned to the woods for the 

next load. 
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Figure 2. Flow chart for harvesting System One. 
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System Two: Chainsaw, skidder and truck 

Labor Organization 

1 - sawyer who fells at stump 

1 - skidder operator 

1 - deck sawyer who limbs, tops and bucks at the deck 

1 - laborer who loads, unloads and drives truck 

4 - total 

Equipment Spread 

1 - John Deere 540B cable skidder 

2 - chainsaws 

1 - dump truck 

1 - pickup truck 

- tools and spare parts 

Method of Operation 

Trees are felled by chainsaw and skidded tree length to 

the deck. At the deck a sawyer limbs, tops and bucks the 

tree to 18 inch firewood bolts. A laborer loads the dump 

truck and delivers the wood to its final destination and 

returns to the woods for the next load. 
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3.3 ECONOMIC ANALYSIS 

The financial analysis of thinning upland hardwood 

stands for firewood presents many alternatives. The 

procedures used will involve setting up two basic cases 

which may occur and then altering the assumptions to 

encompass a broader range of alternatives . The overall 

objective is to establish the financial feasibility of 

thinning upland hardwood stands for fuelwood. 

Cases to be examined are; 1) the individual owns 

timberland and operates a wood stove and, 2) the individual 

owns timberland, but does not operate a wood stove. 

In Financial Case 1, the objective is to determine the 

most inexpensive source of firewood for the individual. To 

determine if firewood produced from thinning is a 

financially feasible firewood source, comparisons between 

the costs of thinning for firewood versus the costs of open 

market purchases of firewood will be made. 

The assumption is that the individual owns a wood stove 

and wood . heat is the primary heating source for the 

household. Also, it is assumed that access to the stands is 

feasible with the harvesting equipment involved. Finally, 

landowner management objectives favor thinning rather than 

clearcutting. 
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For the individual, firewood can be procured from two 

sources; 1} from firewood thinning on stands he owns, or 2} 

firewood purchases on the open market. In producing 

firewood from the individual's own stands, two options can 

be explored, that of harvesting the timber himself or 

contracting out the harvest to a logger. 

In evaluating Financial Case 1, the individual can 

choose between: 

1. producing his own firewood. The costs involved with 

producing firewood would be the cost of owning and 

operating the harvest system, landowner costs and 

land management costs. 

2. contract out the firewood harvest. In this 

circumstance, the costs to the individual would be 

landowner costs, contracting costs and land 

management costs. 

3. purchase firewood on the open market. 

4. switch to a non-wood system. 

In Financial Case l, the option with the lowest net present 

value would be the most economic solution for the 

individual. Net present values were calculated by 

discounting costs back to a base year zero using the 

formulas presented in Appendix Table 2. However, this 

financial analysis only considers the costs of thinning and 
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does not include benefits from thinning such as the 

increased value of the residual stand. This portion of the 

analysis is designed to show landowners who own wood stoves, 

whether thinning is a financially feasible option for 

firewood production. 

Financial Case 2 is a variation of case 1, the 

difference being that the individual does not own a wood 

stove. The objective in this case is to evaluate the 

financial feasibility of marketing thinnings as firewood. 

The goal is to present forest landowners a management option 

of firewood production as a means for improving stand 

quality. 

In Financial Case 2, the landowner has at least three 

options. He can: 

1. sell firewood stumpage on the open market to the 

highest bidder. The revenue would be the stumpage 

price received, the costs would be landownership, 

sales and management costs. 

2. harvest the firewood himself and sell the firewood on 

the open market. The revenues would be price per 

cord received for the fuel wood. The costs would 

include owning and operating a fuelwood harvest 

system, land ownership, sales and land management 

costs. 
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3. contract out the firewood harvest and market the 

firewood. The revenues would be price per cord 

received for firewood. The costs would be costs per 

cord for the contractor as well as land ownership 

costs, sales and land management costs. 

4. do not harvest. 

In Financial Case 2, the most economic choice for the 

landowner would be represented by the one with the highest 

net present value. 

Each option will be simulated with both harvest systems 

operating on both timber stands, while varying haul distance 

and, where appropriate, land ownership patterns. Haul 

distances of 2, 10, and 25 miles will be used to show the 

effects of haul distance on final costs. 

An additional option can occur if the financial 

advantages of Financial Case 1 or 2 are overwhelming. In 

this event, the landowner in Financial Case 1 could opt to 

sell his wood stove and start selling his timber on the open 

market. Also, the landowner in Financial Case 2 could 

purchase a wood stove and stop selling firewood on the open 

market. Conversion to alternative energy sources is not 

examined -in this analysis , however, this option is available 

to the landowner. 
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Each case offers different circumstances and 

assumptions for evaluating thinning of hardwoods for 

fuelwood. In each case, the goal is to determine if 

thinning for fuelwood is economical, and if so, to find an 

economical method of thinning for the individual. 

3.4 NET ENERGY ANALYSIS 

The procedures used for net energy analysis will follow 

the methodology developed by Baltic and Betters ( 1981) 

except for one difference. Instead of using input-output 

analysis and dealing with indirect energy inputs, process 

analysis using direct energy i~puts will be used. Baltic 

and Betters used indirect energy expenditures because they 

wanted to compare different energy system efficiencies with 

a fuel wood energy system across the entire economy. In 

contrast, the efficiency of the wood energy system in this 

analysis is not compared to other energy systems across the 

whole economy. Within an energy system, indirect 

expenditures tend to be constant . Efficiency will be judged 

on a positive net energy value or a negative net energy 

value. Direct energy expenditures are defined as energy 

values of all fuels and electricity used in a process and 

any internal use of the principal energy resource material 

being processed (Baltic and Betters, 1981) . In process 
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TABLE 9 

Summary of Financial Options 

========================================================= 
Financial Case 1 

Options 

1. Landowner produces his own firewood. 
2. Landowner contracts out the firewood harvest 
3. Landowner purchases firewood on the open market. 
4. Landowner switches to a non-wood system. 

Financial Case 2 
Options 

1. Landowner sells firewood stumpage. 
2. Landowner harvests the firewood and sells the 

firewood on the open market. 
3. Landowner contracts out the firewood harvest and 

markets the firewood . 
4. Landowner does not harvest at all. 
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analysis, the measurement of total energy cost involves only 

those activities directly involved in the process as shown 

in the process description. 

The initial step in the net energy analysis is to 

develop a trajectory for the fuelwood energy system (See 

Figure 4). Within the trajectory, all processes in the 

fuelwood energy system are defined. The processes examined 

are extraction, transportation, processing and endpoint. 

However, all data and results will be on a per cord basis, 

therefore if a landowner wants to become a firewood producer 

it is possible to do so by expanding the per cord 

calculations. 
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The required cruise data for the net energy analysis is 

included in the various forest model data sets. In defining 

the trajectory, the extraction phase involves the actual 

harvesting, which includes felling, limbing, bucking, 

loading, and transport of equipment. In this portion of the 

analysis, the harvest simulator will supply the raw data 

required to carry out net energy calculations. These data 

include production, operating times, maintenance data and 

costs. 

The transportation phase involves trucking, loading, 

and unloading the product. Operating times will be 

calculated using a method developed by Walbridge, ( 1976) 

(See Appendix Table 3). 

The final phase in the trajectory is processing which 

includes loading, unloading, and seasoning of the wood. The 

wood will be seasoned until the moisture content reaches 20% 

(wet basis), which is approximately the maximum possible 

through air-drying. 

Next, each process must be analyzed and described in 

detail, identifying all energy inputs and losses. A brief 

example of how the direct net energy calculations will be 

made is seen in the extraction phase. For System One, which 

involves just chainsaws, labor and a small truck, the direct 

energy calculation for felling , limbing and bucking is 
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fairly straightforward using data from the harvest 

simulator. First, daily production by the chainsaw will be 

obtained. A three horsepower chainsaw will use 0.15 gallons 

of gasoline per hour of operation (Myata, 1980}, using this 

data, total fuel consumption per shift can be calculated. 

In order to find BTU's consumed per cord of firewood 

produced, multiply the amount of gasoline consumed per hour 

times the hours of operation times the BTU's supplied per 

gallon of gasoline then divide by the cords produced per 

shift. 

Once -a value is obtained for the energy used by 

chainsaws, it can be included with gas consumption on the 

trucks and other fuel consumption to obtain the net energy 

inputs into harvesting. Energy inputs for each process are 

then totaled giving a total energy input value for the 

trajectory. 

Outputs are calculated based on the air dried moisture 

content of the wood. For example, one cord of air dried 

white oak at 20% moisture content (wet basis), yields 22.7 

million BTU's upon combustion. Using, a typical airtight 

wood stove operating at 60% efficiency (Auburn University, 

1978), combustion of one cord of white oak would then yield 

13.62 million BTU's. 
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In the final analysis, a net energy value can be 

obtained by subtracting the net energy inputs from the net 

energy outputs. Also, net energy ratios are calculated by 

dividing functional heat delivered by net energy 

consumption. Net energy ratios are representative of the 

degree of mechanization of the system and also the length of 

transport of the product. A net energy ratio is an index 

useful for evaluating which system is the most energy 

efficient, but should not be used as a means of determining 

whether or not to th~n. 



Chapter IV 

RESULTS AND DISCUSSION 

4.1 STAND CONDITION AFTER THINNING 

The silvicul tural goal of thinning Forest Models 81 

through 85 was to leave fully-stocked residual stands. In 

examining the stand and stock tables for the residual stands 

(Tables 10- 14), and employing Gingrich's stocking charts 

for upland hardwoods (1971), all of the residual stands were 

judged to be fully-stocked at the B-level of stocking. 

Residual stand stocking consisted of hardwood sawtimber, 

pine sawtimber, and all trees below 5 inches in diameter at 

ground line. The majority of the basal area in the stands 

is in the hardwood sawtimber class. Table 15 presents a 

summary of stand characteristics after thinning. 

Forest Model 81, after thinning, is 63 percent stocked 

with 151 trees per acre and a residual basal area of 71 

square feet per acre. After thinning, Forest Model 82 is 

fully-stocked with 63 percent stocking, 131 trees per acre 

and a residual basal area of 72 square feet per acre. 

Forest Model 83 is fully-stocked with 61 percent stocking, 

139 trees per acre and a residual stand basal area of 69 

square feet per acre. Following thinning, Forest Model 84 

is fully- stocked with 69 percent stocking, 141 trees per 

52 
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acre and a residual basal area of 80 square feet per acre. 

Finally, after thinning, Forest Model 85 is 79 percent 

stocked with 174 trees per acre and a residual basal area of 

91 square feet per acre. 

In terms of aesthetics, watershed protection, and 

wildlife habitat, the thinned stands will not lose 

considerable value. Harvesting will create some minor 

aesthetic problems due to slash accumulations. However, in 

a firewood harvest as compared to other commercial harvests, 

slash deposition on the forest floor is minimized due to the 

smaller merchantability limits on the firewood product. 

Watershed protection is altered slightly by the partial 

harvest. Streamflow is increased by a timber harvest which 

removes greater than 20 percent of stand basal area (Trimble 

and others, 1974). Simulated thinnings conducted on Forest 

Models 81 through 85 removed from 20.26 to 37.34 percent of 

stand basal area (See Table 16). With the exception of 

Forest Models 81 and 82, watersheds will remain undisturbed. 

However, studies have shown that within two years after a 

partial cut in Appalachian hardwood stands, watershed flow 

will return to its original level (Trimble and others, 

1974) . 

Wildlife values can be enhanced by partial harvests. 

By maintaining overstory species such as oaks, hickories, 
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TABLE 10 

FOREST MODEL 81: STAND AND STOCK TABLE AFTER THINNING 

------------------------------------------------------------------------------------------------------------------
dbh # of Hardwood Pine Hardwood Pine Residuals 

trees Pulpwood Pulpwood Sawtimber Sawtimber 
(inch) (cords) (cords) (MBF) (MBF) (TONS) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20+ 

39 
35 
11 

2 

11 
8 
8 
8 
5 
8 
7 
3 
3 
2 
1 

0.0132 

TOTAL 151 0 . 0132 

0.0167 

0.0167 

0.5341 
0.4950 
0.5098 
0.5727 
0.4543 
0.9454 
0.9478 
0 . 4223 
0.5391 
0 . 3617 
0.2537 

6.0359 

0.0826 

0.0826 

0.4268 
0.3831 
0.1094 
0.0109 

0.9302 
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TABLE 11 

FOREST MODEL 82: STAND AND STOCK TABLE AFTER THINNING 

========================================================== 
DBH # OF Hardwood Pine Hardwood Pine Residuals 

trees Pulpwood Pulpwood Sawtimber Sawtimber 
(inch)(acre) (cords) (cords) (MBF) (MBF) (cords) 

1 
2 14 0.1533 
3 41 0.4588 
4 11 0.0415 0.0184 0.0766 
5 1 0.0150 
6 1 0.0280 
7 
8 
9 1 0.0379 

10 9 0.5148 
11 9 0.5839 
12 11 0 . 8654 
13 8 0.6924 0.1034 
14 3 0.3046 
15 6 0.6084 
16 4 0 . 5781 
17 2 0.3146 
18 5 0.9244 
19 
20+ 5 1. 3439 

TOTAL 131 0.0415 0.0614 6.7684 0.1034 0 . 6786 
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TABLE 12 

FOREST MODEL 83: STAND AND STOCK TABLE 

=========================================================== 
dbh # of Hardwood Pine Hardwood Pine Residuals 

trees Pulpwood Pulpwood Sawtimber Sawtimber 
(inch) (acre) (cords) (cords) (MBF) (MBF) (TONS) 

1 
2 18 
3 37 
4 8 0.0375 
5 1 
6 4 
7 6 
8 3 
9 4 

10 11 
11 7 
12 10 
13 8 
14 5 
15 4 
16 3 
17 1 
18 3 
19 3 
20+ 3 

TOTAL 139 0.0375 

0.0208 
0.1376 
0.3133 
0 . 2454 
0.3314 
0.1362 0.4877 

0.3361 
0.7232 
0.6093 
0.4910 
0 . 4920 
0.3547 

0.5483 
0.5495 
0 . 6871 

1.1848 5.2789 

0 . 0357 

0.0594 

0.1753 

0.2704 

0 . 1971 
0.4050 
0.0547 

0 . 6568 
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TABLE 13 

FOREST MODEL 84: STAND AND STOCK TABLE AFTER THINNING 

=========================================================== 
dbh # of 

trees 
(inch) (acre) 

1 
2 19 
3 46 
4 11 
5 4 
6 2 
7 1 
8 2 
9 2 

10 4 
11 3 
12 8 
13 6 
14 5 
15 8 
16 3 
17 4 
18 5 
19 
20+ 8 

TOTAL 141 

Hardwood Pine Hardwood Pine Residuals 
pulpwood pulpwood sawtimber sawtimber 

(cords) (cords) (MBF) (MBF) (cords) 

0.0147 

0.0147 

0.0184 
0.0699 
0.0920 
0 . 0520 
0.1376 
0.1010 
0.0802 

0.2059 

0.7386 

0.0363 
0.1211 
0.1402 
0.4460 
0.3659 
0.2694 
0.8346 
0. 3463 
0.5773 
0.9481 

2 . 1611 

6.2463 

0.0611 
0.0596 
0.0661 
0.0961 

0.2829 

0.2080 
0.5035 
0.1094 
0.0110 

0.8319 
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TABLE 14 

FOREST MODEL 85: STAND AND STOCK TABLE AFTER THINNING 

========================================================== 
dbh # of Hardwood Pine Hardwood Pine Residuals 

trees Pulpwood Pulpwood Sawtimber Sawtimber 
(inch) (cords) (cords) (MBF) (MBF) (TONS) 

1 
2 26 
3 38 0.2846 
4 17 0.0745 0.0939 0.4159 
5 6 0.1230 0.0657 
6 3 0.0843 
7 4 0.1872 
8 9 0.6308 
9 7 0.6887 

10 6 0.1362 0.2242 
11 10 0.4279 0.1021 
12 11 0.7701 
13 3 0.1854 0.1033 
14 2 0.2026 
15 6 0.5706 0 . 1512 
16 6 0.5762 0.1653 
17 8 0.8854 0 . 1341 
18 6 0.9743 
19 2 0.3393 
20+ 5 0.9664 

TOTAL 174 0.0745 1. 9441 6.1224 0.6560 0.7662 
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TABLE 15 

Stand Characteristics After Thinning 

========================================================== 
Forest Model Basal Area Trees/Acre Volume Average 

Number (sq.ft.jac.) (cu.ft.jac) DBH 
(inches) 

----------------------------------------------------------
81 71 151 1738 . 40 7 . 3 

82 72 131 1925.72 8.1 

83 69 139 1667 . 43 7.8 

84 80 141 1905 . 55 7 . 8 

85 91 174 2080 . 80 7 . 9 

Average 77 155 1863 . 58 7.8 
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walnuts, beech, and gums, mast production will be maintained 

for wildlife. Larger mast producing trees offer food for 

squirrels and nesting cover for turkeys. Also, a partial 

cut increases the amount of sunlight reaching the forest 

floor, thus increasing the production of herbaceous and 

other undergrowth vegetation valuable as wildlife browse, 

especially for deer (Gillam, 1982). 

Aside from aesthetics, wildlife and watershed 

protection, stand conditions after thinning must be 

discussed. One major silvicultural problem is the presence 

of red maple in the residual stands. Even under partial 

shade, present following thinning, red maple stump sprouts 

will proliferate. In order to avoid increasing the 

percentage of red maple in the next rotation, the landowner 

would be well advised to spray red maple stumps to prevent 

sprouting . Chemical treatments such as 2, 4-D (amine), 

picloram or triclopyr applied to the cambium layer as soon 

as possible after cutting are recommended for sprout control 

(Shipman and Finley, 1982). Included in the financial 

analysis portion is a herbicide cost for stump treatment. 

The .oaks are generally prolific sprouters, but .the 

shade conditions created by the hardwood sawtimber overstory 

wi 11 minimize oak sprouting. As presented earlier, 

landowners are encouraged to harvest sawtimber stands 
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following thinning and to regenerate by using a series of 

patch clearcuts, seed tree cuts or shelterwood cuts. 
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TABLE 16 

Percent Basal Area Reduction From Thinning 

=========================================================== 
Forest Model Basal Area Basal Area Percent Volume 

Number Before Thinning After Thinning Reduction Cut 
(sq. ft . /acre) (sq. ft.jacre) (cdsj ac) 

-----------------------------------------------------------
81 112.76 70.66 37.34 9 . 60 

82 103.89 72.26 30.45 7 . 17 

83 91.64 69.37 24.30 4.65 

84 100.17 79.88 20.26 4 . 71 

85 116.46 91.00 21.86 6.40 

Average 104.98 76.63 26.84 6.51 
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4.2 SIMULATION OF HARVESTING SYSTEMS 

Each harvest system was evaluated based on unit cost 

per cord and cords per man-day. The final simulation 

results should not be perceived as absolute costs of 

harvesting, instead the results should be viewed as 

estimates which can be used to rank different alternatives. 

The objective of these simulations is to evaluate harvest 

system performance, from a cost and productivity viewpoint 

in harvesting on the five different forest models. In the 

financial analysis portion, harvest system ownerships will 

be studied to determine the most financially advantageous 

method of firewood thinning. 

Initially, three harvest systems were evaluated. The 

first system (System One), is composed of a chainsaw, pickup 

truck, and two laborers. The second system (System Two), 

consists of two chainsaws, skidder, dumptruck, pickup truck 

and four laborers. The third system (System Three), 

contained two chainsaws, forwarder, dumptruck, pickup truck 

and four laborers. 

Preliminary financial analysis of each harvest system 

eliminated System 3 from consideration. As compared to 

System One and Two, System Three had much higher harvesting 

costs on a per cord basis. The high costs associated with 

System Three were a result of low forwarder efficiency. 
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Also eliminated from consideration were cases when the 

individual landowner owns and operates harvest System Two. 

Under the assumptions made, extremely high per hour costs 

for skidder use result from high fixed costs. The high 

fixed costs are caused by depreciating an expensive machine 

over a limited projected hourly use associated with the 

private landowner. 

Costs per cord calculated for the contractor include 

allowances for insurance costs, taxes, interest, and a 

reasonable rate of return on investment. Transportation 

costs were calculated using a method developed by Walbridge, 

(1976) (See Appendix Table 3). Costs per cord do not 

include allowances for stumpage costs assuming the 

contractor is cutting on the landowner's land. Revenue 

estimates for firewood were obtained from Timber Mart South, 

( 1984) . 

4.2.1 Unit Cost Per Cord 

Unit cost includes the cost of owning, operating and 

transport cost calculated on a per cord basis. Transport 

costs wer.e calculated based on 25, 10, and 2 mile haul 

distances. Tables 17 and 18 show the unit costs per cord 

for a contractor for both harvest systems on the different 

forest models. Across all stands, the lower harvesting 
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costs associated with the low mechanization in System One 

provide the lowest costs of harvesting at distances less 

than 5.2 miles. However, at distances greater than 5.2 

miles, System Two is economical due to greater efficiency in 

hauling the larger volume per load transported by a dump 

truck as opposed to a pickup truck. The effects of haul 

distance are critical when evaluating firewood thinning. 

Individual stand conditions also effect harvest costs. 

In general, the stands with higher stocking, greater harvest 

volume and larger diameters in the harvested classes result 

in lower per cord harvest costs. Forest Models 81, 82, and 

85, each with a higher site index, and higher volume 

harvested per acre provide the lowest per cord harvest 

costs. 

Logging cost data is not generally available to 

landowners . However, the landowner can determine the cost 

of contracting by requesting a price quote from the 

contractor. Landowners can obtain other harvest cost data 

from such sources as state foresters or cooperative 

extension personnel. 

The harvest sytems simulated were considered to be 

typical of many firewood harvest systems . However, 

landowner's and contractor's should consider variations in 

harvest systems. For example, a bobtail truck may replace 
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the dumptruck used in System Two. Also, smaller skidders 

could be considered such as farm tractors equipped with 

winches rather than a full-sized skidder. The objective was 

to establish a process to evaluate harvest systems, but the 

reader must realize that many other harvest systems are 

available. 

4.2.2 Cords Per Man-Day 

Harvest system productivity can be gauged by the cords 

per man-day figure. An eight hour shift or work day 

completed by an individual constitutes a single man-day. 

Simulation results are presented in Tables 19 and 20. 

System One has a lower level of productivity over all stands 

and haul distances. Lower productivities are also 

associated with increased haul distance due to the greater 

amount of time required to travel longer distances. Within 

stands, high productivities are associated with Forest Model 

81 due to high volume while low productivities associated 

with Forest Model 83 are due to low stocking and low harvest 

volume. 
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TABLE 17 

Contractor's Unit Harvesting Cost Per Cord, System One 

========================================================= 
Forest Model Haul Distance (miles) 

Number -----------------------------------------
2 10 25 

---------------------------------------------------------
81 $55.09 $74.23 $110 . 41 

82 $59.08 $79.15 $117.56 

83 $61 . 74 $82.52 $119.82 

84 $58.43 $78 . 96 $117.78 

85 $56.20 $75.84 $112 . 99 

average $58-.11 $78.14 $115.71 
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TABLE 18 

Contractor's Unit Harvesting Cost Per Cord, System Two 

========================================================= 
Forest Model Haul Distance (miles) 

Number -----------------------------------------
2 10 25 

---------------------------------------------------------
81 $56 . 52 $64.17 $78.58 

82 $60.36 $68.71 $84 . 44 

83 $70.47 $80.42 $99 . 18 

84 $64.55 $74 . 38 $92.92 

85 $60 . 66 $70 . 01 $87 . 55 

average $62.51 $71.54 $88.53 
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TABLE 19 

Cords Per Man-Day: System One 

========================================================= 
Forest Model Haul Distance (miles) 

Number -----------------------------------------
2 10 25 

81 1.34 1.16 0 . 93 

82 1.24 1. 08 0.87 

83 1.19 1.04 0.83 

84 1.26 1.09 0.87 

85 1. 31 1.13 0.91 

Average 1.27 1.10 0.88 
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TABLE 20 

Cords Per Man-Day: System Two 

========================================================= 
Forest Model Haul Distance (miles) 

Number -----------------------------------------
2 10 25 

81 1. 61 1.53 1.41 

82 1.49 1.42 1. 31 

83 1.32 1.26 1.16 

84 1.44 1.37 1.25 

85 1.49 1.42 1.29 

Average 1.47 1. 40 1.28 
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4.3 FINANCIAL ANALYSIS: CASE 1 

In determining the most inexpensive source of firewood 

for the individual, the decision relies heavily on the 

opportunity cost incurred by the individual to produce 

firewood and on the haul distance. In the first case 

examined, the assumptions are that the individual owns and 

operates a wood stove and wood heat is the primary heating 

source hold. The existing choices for the landowner are 

producing firewood, contractor harvest, firewood purchased 

on the open market, or switch to a non-wood system . 

Additional economic assumptions used in this analysis 

are: 

1. due to a very limited regional pulpwood market , with 

the exception of high volume tracts, the only market 

for the products harvested by the thinning regime is 

firewood; 

2 . the landowner faces a horizontal demand curve for 

firewood at the regional delivered market price per 

cord, based on the landowner consuming a small 

percentage of the total firewood consumed. 

Several types of landowners are recognized as potential 

firewood producers. When evaluating the trade-offs between 

hiring a contractor to harvest fuelwood and harvesting 

fuelwood by oneself, there is an opportunity cost to the 
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landowner that influences his decision. In one case, there 

are landowners such as doctors or lawyers, who have a very 

high opportunity cost of producing their own firewood . From 

a purely monetary standpoint, their time can be spent much 

more productively engaging in medicine or law. However, 

these landowners may produce firewood because they value 

firewood production as a recreational activity rather than a 

revenue producing or saving venture. 

In the second case, there are landowners, such as some 

farmers, whose opportunity cost can be measured if they 

choose to cut firewood. In this instance, the farmer's 

opportunity cost of harvesting firewood can be gauged by the 

amount of money the farmer is willing to pay a replacement 

to complete farmwork neglected while the farmer produces 

firewood. In this analysis, varying landowner opportunity 

costs of labor will be used to represent different 

situations and to determine a breakeven value for labor when 

the landowner is indifferent between a contractor and 

harvesting the firewood himself. 

A benchmark case wi 11 be used to illustrate the 

decision the landowner must make . Assume: 

1. an existing timber basis when the landowner purchased 

the land; 

2. thinning takes place 10 years after purchase; 
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3. a cost of $3.00 per acre per year for land management 

and property taxes; 

4. a charge of $2.50 per acre for herbicide treatment in 

year 10; 

5. a real interest rate of 4 percent; 

6. an inflation rate of 0 percent; 

7. an open market price of $80 per delivered cord for 

firewood; 

8. contractor's wage rate is $7.50 per hour. 

Figure 5 illustrates the decision the landowner must 

make. The cost curves presented show the relative cost to 

the landowner of harvesting timber off his own land (i . e . no 

stumpage value is included in the costs). Per-cord costs 

for land management and land ownership are assessed to the 

contractor, landowner, and open market cost curves. Land 

management and land ownership costs are added to the open 

market price because the landowner is assumed to own and 

manage a forested tract of land. 

A lowest present net value criterion is used to 

determine the most financially favorable solution. The cost 

curves illustrated in Figure 5, represent the costs to the 

landowner for: 

1. having a contractor harvest the landowner's timber; 

2. harvesting the wood himself; 
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3. purchasing wood on the open market. 
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A landowner must first choose an opportunity cost 

value. For example, assume $5.00 per hour. In present net 

value terms, the most economical choice up to a 17.3 mile 

haul distance is to harvest the wood himself using System 

One, beyond 17.3 miles an open market purchase of firewood 

would be chosen. 

In another instance, the landowner values his time at 

$10.00 per hour . Essentially, the landowner is indifferent 

between a contractor using System One and cutting the wood 

himself up to a distance of 5 miles. From 5 miles to 17.5 

miles, the landowner is better off with a contractor using 

System Two. Beyond 17.5 miles, open market purchases of 

firewood are more attractive for these assumptions. 

In Figure 6, the effects of a lower market price for 

firewood are illustrated. With a market price of $70.00 per 

cord and an opportunity cost of $5.00 per hour, the 

landowner is better off harvesting the timber himself at 

distances of up to 13.1 miles. However, beyond 13.1 miles 

an open market purchase is more economical. At $10.00 per 

hour opportunity cost, indifference between a contractor and 

a landowner using System One occurs at 5 miles or less. 

From 5 miles to 8 miles, a contractor using System Two is 

favored. Beyond 8 miles, an open market purchase is 

favored. The effect of a lower market price for firewood is 
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to lower the economical distance for a landowner to harvest 

his own timber, either by contractor or by himself. 
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Figure 7 illustrates a high market price for firewood 

of $90.00 per cord. At this price, open market purchases 

are essentially non-economical except for distance beyond 26 

miles. Contracting or independent production of firewood 

would be favored at all distances less than 26 miles. 

In conclusion, a landowner who values his time at low 

levels ($0 or $5), in most instances will favor thinning the 

stands himself. At higher opportunity costs, contracting 

and open market purchases prevail as the most economical 

choices. Increasing haul distances favor open market 

purchases. However, a thinning regime as opposed to a no 

thinning option may be favorable to a landowner if increased 

yields are attained in future harvests. These graphs do not 

attempt to show increased economic values of future stands 

as a result of thinning~ Again, general trends should be 

recognized rather than specific values. Landowners should 

notice that if prices for producing, contracting or open 

market purchases become exhorbitant, than the option of 

switching to another form of energy is available, although 

not considered in this analysis. 
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4.4 FINANCIAL ANALYSIS: CASE 2 

In determining whether thinning for firewood is a 

financially sound management alternative when the landowner 

markets the firewood as opposed to consuming the firewood 

himself, a benchmark case was set up. Using the concept of 

present net worth, three landowner firewood production 

options were examined: 

1. the landowner sells firewood stumpage; 

2. the landowner harvests and sells the firewood 

himself; 

3. the landowner contracts out the firewood harvest and 

markets the wood himself. 

4. do not harvest at all. 

4.4.1 Benchmark Case: Taxes 

The analysis assumes after-tax treatments of revenues 

and costs. Tax calculations were adapted to a typical non-

industrial private landowner's situation. A marginal 

ordinary income tax rate of 28 percent was used, 

representing a $29,900 to $35,200 level of taxable income. 

Capital gains taxes were computed as 40 percent of the 

marginal ordinary rate or 11.2 percent. Tax rates were 

based on Schedule Y, a married couple filing a joint return. 

Also, at the time of all sales, the timber sold has been 
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owned for 10 years and all revenues from timber sales will 

be treated as capital gains. Assume that any sale of 

firewood or stumpage represents an occasional sale by the 

landowner, therefore, for tax purposes the landowner is not 

in the business of firewood production. Real interest rates 

were used excluding the effects of inflation. In the 

benchmark case, a 4 percent rate of return is used. 

4.4.2 Benchmark Case: Present Net Worth 

For the stands in question the financially optimal 

management regime is c learcutting. However, assume the 

landowner wants a timber harvest with firewood as the 

product but not a clearcut. Presented is a feasible 

management regime with a thinning in year 10. From the 

landowner's viewpoint the harvest year is unimportant, the 

only criteria is the landowner wants to maximize the value 

of the harvest, under the stated conditions. The option 

with the highest present net worth is considered the most 

financially advantageous. A positive present net worth 

means the investment yields a higher rate of return than the 

alternative rate of return. Investments with a negative 

present net worth should be rejected. 

A 10 year investment plan was analyzed, assuming the 

land was purchased in year 0 and thinned in year 10. 
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Present value analysis will ignore initial land purchase 

cost because the land purchase will be viewed as an 

investment in the land with timber production as a secondary 

goal. Also, an initial timber basis is present on the land 

as represented by Forest Models 81 - 85. Included in the 

analysis will be costs and revenues associated exclusively 

with timber production. Costs include a $3.00 per acre per 

year land management fee and a one time $2.50 per acre 

herbicide application cost in year 10. Harvesting expenses 

are included in Options 2 and 3, where the landowner cuts 

his own firewood or a contractor cuts the firewood. As in 

Financial Case 1, the landowner opportunity cost of labor is 

variable at $0, $5, $10 and $15 per hour when cutting his 

own wood. In the benchmark case, firewood stumpage is 

valued at $5 per cord and the firewood market price per cord 

is $80. The procedure used to calculate after-tax net 

present values is outlined by Gunter and Haney (1984). 

4.4.3 Benchmark Case: Sensitivity Analvsis 

The effects of variations in real interest rates 

ranging from 2 to 8 percent representing a changing economy 

and alternative investments are examined. Present net 

values for the benchmark case using various alternative 

firewood stumpage prices of $7 and $10 per cord show the 
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effects of changing prices . Sensitivity analysis was also 

conducted to examine the effects of higher or lower market 

firewood prices of $70 and $90 per cord. 

4.4.4 Results 

Option 1, that of selling firewood stumpage, results in 

low returns and in some cases negative net present values 

(See Table 21-24). Using a $5 per cord stumpage price and 

interest rates ranging from 2 to 8 percent, Forest Model 81 

is the only stand which yields a positive net present value 

at all levels of interest rates. The major factor in 

determining whether a stand will have a positive net present 

value is the firewood yield. Forest Model 81 yields 9.6 

cords per acre under the stated harvesting regime (See Table 

16}, all of the other stands yield considerably less . A 

breakeven production rate of approximately 7.5 cords per 

acre will attain a positive net present value at 2, 4, and 6 

percent rates and a 0 value at 8 percent. The five-stand 

average yield of 6.51 cords per acre results in positive 

returns at 2 and 4 percent , but unacceptable returns at 6 

and 8 percent. Option 1 indicates that a satisfactory rate 

of return can be obtained on stands with good to excellent 

firewood yields. On stands with low firewood yields, the 

rate of return is not adequate to support a firewood 

stumpage sale. 
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TABLE 21 

NPV For Firewood Stumpage Sales (2% discount rate) 

========================================================== 
Forest Model Stumpage Price Per Cord 

Number ------------------------------------------
$5 $7 $10 

81 $14.09 $28.07 $49.05 

82 $5.24 $15.68 $31.35 

83 $-3.94 $2.83 $12.99 

84 $-3.72 $3.14 $13.43 

85 $2.43 $11.76 $25.74 
----------------------------------------------------------

Average $2.83 $12.32 $26.54 
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TABLE 22 

NPV For Firewood Stumpage Sales (4% discount rate) 

========================================================= 
Forest Model Stumpage Price Per Cord 

Number ------------------------------------------
$5 $7 $10 

81 $10.06 $21.58 $38.85 

82 $2.77 $11.37 $24.28 

83 $-4.79 $0.79 $9 . 16 

84 $-4.61 $1 . 04 $9 . 52 

85 $0.46 $8.14 $19.66 
----------------------------------------------------------

Average $0.79 $8 . 60 $20.32 



87 

TABLE 23 

NPV For Firewood Stumpage Sales (6% discount rate) 

========================================================== 
Forest Model 

Number 

81 

82 

83 

84 

85 

Stumpage Price Per Cord 

$5 $7 $10 

$6.90 $16 . 42 $30.70 

$0.87 $7.98 $18 . 65 

$-5.37 $-0.76 $6.15 

$-5.23 $-0.55 $6.45 

$-1.04 $5.31 $14 . 83 
----------------------------------------------------------

Average $-0.76 $5.69 $15 . 38 
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TABLE 24 

NPV For Firewood Stumpage Sales (8% discount rate) 

========================================================== 
Forest Model 

Number 

81 

82 

83 

84 

85 

Stumpage Price Per Cord 

$5 $7 

$4.42 $12.31 

$-0.58 $5 . 32 

$-5.76 $-1.94 

$-5.64 $-1.77 

$-2.17 $3.10 

$10 

$24.16 

$14.16 

$3.80 

$4.05 

$11.00 
----------------------------------------------------------

Average $-1.94 $3.42 $11.45 
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The effects of a higher stumpage price for firewood 

increase the revenues from a stumpage sale and in turn 

increase the range of feasible solutions . At $7 per cord 

and 2 and 4 percent interest rates, all stands yield a 

higher return than the discount rates. However, at 6 and 8 

percent, low firewood yielding stands, Forest Model 83 (4 . 65 

cords per acre) and Forest Model 84 (4.71 cords per acre), 

return a negative net present value. The average stand 

returns a positive net present value at 2, 4, 6, and 8 

percent interest rates and $7 per cord stumpage price. 

Again, the stands with the highest yield, Forest Model 81, 

provide the greatest net present value. A breakeven level 

of 5.25 cords per acre will achieve approximately a 0 net 

present value at 8 percent and $7 per cord. 

An increase in the projected stumpage price to $10 per 

cord results in higher returns than the discount rate at all 

levels of interest across all stands. Even firewood 

thinning of low yield stands are feasible at $10 per cord. 

At 3.83 cords per acre, a 0 net present value is achieved at 

8 percent interest . 

In summary, adequate returns on the sale of firewood 

stumpage depends upon the yield of firewood and the price 

received for the stumpage. At lower prices, only stands 

with relatively high yields(> 7.5 cords per acre) can 
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achieve an adequate rate of return for a firewood stumpage 

sale. However, at higher price levels, stands with lower 

yields (< 7.5 cords per acre) may provide a positive a net 

present value. 

4.4.5 Option ~ 

The present net value of Option 2, that of the 

landowner harvesting and selling the firewood himself, is 

dependent upon the landowner opportunity cost of harvesting 

and also the haul distance involved with the harvest (See 

Table 25-26). In the benchmark case a market price of $80 

per cord was used and an average stand volume of 6.51 cords 

per acre. Also, the landowner operates harvest system one, 

a chainsaw and pickup truck. As in Financial Case 1, high 

wage rates and long haul distances result in rejection of 

the investment. At all wage levels (0, 5, 10, 15 per hour) 

and all interest rates (2, 4, 6, and 8 percent), a firewood 

thinning based on a 2 mile haul distance results in positive 

net present values. As expected the highest net present 

values are attributed to the lowest opportunity costs. In 

the case of a 10 mile haul distance alternatives involving a 

$15 per hour opportunity cost are rejected due to negative 

net present values. At 25 mile haul distances, both $10 and 

$15 per hour opportunity costs result in negative net 

present values. 



91 

TABLE 25 

Net Present Values Per Acre: Option 2 

========================================================== 
Landowner 

Opportunity 
Cost of Labor 

($/hour) 

0 
5 

10 
15 

2 

$255.34 
$194.59 
$133.84 
$73.08 

Haul Distance 

5 

$202.01 
$132.22 

$62.43 
$-7.36 

10 

$101.46 
$13.98 

$-73.49 
$-160.97 

* At 2% discount rate, market price $80/cord. 

========================================================== 
Landowner 

Opportunity 
Cost of Labor 

($/hour) 

0 
5 

10 
15 

2 

$208.74 
$158.71 
$108.67 
$58.64 

Haul Distance 

5 

$164.81 
$107.35 

$49.87 
$-7.60 

10 

$82.01 
$9 . 97 

$-62.06 
$-134.10 

* At 4% discount rate, market price $80/cord 
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TABLE 26 

Net Present Values: Option 2 

========================================================== 
Landowner 

Opportunity 
Cost of Labor 

($/hour) 

0 
5 

10 
15 

2 

$171.12 
$129.76 
$88.41 
$47.05 

Haul Distance 

5 

$134.81 
$87.31 
$39.81 
$-7.70 

10 

$66.37 
$6.83 

$-52.72 
$-112.26 

* At 6% discount rate, market price $80/cord 

========================================================== 
Landowner 

Opportunity 
Cost of Labor 

($jhour) 

0 
5 

10 
15 

2 

$140.64 
$106.33 

$72.03 
$37.73 

Haul Distance 

5 

$110.52 
$71.12 
$31.71 
$-7.69 

10 

$53.75 
$4.36 

$-45.04 
$-94.43 

* At 8% discount rate, market price $80jcord. 
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Lowering the market price to $70 per cord cause the net 

present values in all cases examined to fall compared to the 

benchmark case (See Tables 27-28). Aside from lower NPV's, 

an additional negative net NPV occurs at the $5 wage rate 

and 25 mile haul distance. 

Higher market prices for firewood are depicted in 

Tables 29-30. At $90 per cord the effect is to raise net 

present values above the levels established in the benchmark 

case. However, negative NPV's still exist for opportunity 

costs of $10 and $15 per hour and 25 mile haul distances. 

4.4.6 Option ~ 

Option 3 examines contracting out the firewood harvest 

with the landowner marketing the firewood. Net present 

values are indicative of haul distance, degree of 

mechanization and market price per cord . In the benchmark 

case a market price of $80 per cord is examined. The 

results (Table 31) are similar to the results obtained in 

the section on analysis of harvest systems. In general, at 

lower haul distances, harvest System One provides the 

highest NPV due to lower harvesting costs. At longer haul 

distances the landowner is better off contracting to a more 

mechanized operator, as represented by System Two. In 

present value terms System One is the better option at a two 
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TABLE 27 

Net Present Values Per Acre: Option 2 

========================================================== 
Landowner 

Opportunity 
Cost of Labor 

($/hour) 

0 
5 

10 
15 

2 

$207.92 
$147.17 

$86.41 
$25.66 

Haul Distance 

5 

$154.59 
$84.80 
$15.00 

$-54.78 

10 

$54.04 
$-33.44 

$-120.92 
$-208.39 

* At 2% discount rate, market price $70/cord. 

========================================================== 
Landowner 

Opportunity 
Cost of Labor 

($/hour) 

0 
5 

10 
15 

2 

$169.68 
$119.65 

$69.62 
$19.59 

Haul Distance 

5 

$125.76 
$68.29 
$10.82 

$-46.66 

10 

$42.96 
$-29.08 

$-101.12 
$-173.15 

* At 4% discount rate, market price $70/cord 
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TABLE 28 

Net Present Values Per Acre: Option 2 

========================================================== 
Landowner 

Opportunity 
Cost of Labor 

($/hour) 

0 
5 

10 
15 

2 

$138.84 
$97.48 
$56.13 
$14.77 

Haul Distance 

5 

$102.53 
$55.03 

$7.53 
$-39.98 

10 

$34.09 
$-25.45 
$-85.00 

$-144.54 

* At 6% discount rate, market price $70jcord. 

========================================================== 
Landowner 

Opportunity 
Cost of Labor 

($/hour) 

0 
5 

10 
15 

2 

$113.86 
$79.56 
$45.25 
$10.95 

Haul Distance 

5 

$83.75 
$44.34 

$4.94 
$-34.47 

10 

$26.97 
$-22.42 
$-71.81 

$-121.20 

* At 8% discount rate, market price $70jcord. 
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TABLE 29 

Net Present Values Per Acre: Option 2 

========================================================== 
Landowner 

Opportunity 
Cost of Labor 

($/hour) 

0 
5 

10 
:1.5 

2 

$302.77 
$242.01 
$181.26 
$120.51 

Haul Distance 

5 

$249.43 
$179.65 
$109.86 

$40.06 

10 

$149.89 
$61.40 

$-26.07 
$-113.55 

* At 2% discount rate, market price $90/cord. 

==================·======================================== 
Landowner 

Opportunity 
Cost of Labor 

($/hour) 

0 
5 

10 
15 

2 

$247.79 
$197.76 
$147 . 73 

$97.70 

Haul Distance 

5 

$203.87 
$146.40 

$88.93 
$31.45 

10 

$121.07 
$49.03 

$-23.01 
$-95.05 

* At 4% discount rate, market price $90/cord 
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TABLE 30 

Net Present Values: Option 2 

========================================================== 
Landowner 

Opportunity 
Cost of Labor 

($/hour) 

0 
5 

10 
15 

2 

$203.40 
$162.04 
$120.69 

$79.33 

Haul Distance 

5 

$167.09 
$119.59 

$72.09 
$24.58 

10 

$98.65 
$39.11 

$-20.44 
$-79.98 

* At 6% discount rate, market price $90/cord. 

========================================================== 
Landowner 

Opportunity 
Cost of Labor 

($/hour) 

0 
5 

10 
15 

2 

$167.41 
$133.11 

$98·. 81 
$64.50 

Haul Distance 

5 

$137.30 
$97.90 
$58.49 
$19.08 

10 

$80.53 
$31. 13 

$-18.26 
$-67.65 

* At 8% discount rate, market price $90/cord. 
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mile haul. At 10 miles System Two offers a higher NPV, 

although System One still has a positive NPV. However, at 

25 miles System Two has a positive NPV while System One is 

negative. 

Table 32 illustrates the effects of a lower market 

price for firewood of $70 per cord. At $70 per cord, system 

rankings remained unchanged for the benchmark case. 

However, at 25-mile haul distances neither system provides a 

positive NPV . System One or Two use at a 25 mile haul and 

$70 per cord is then rejected. 

At $90 per cord, higher NPV's are obtained as compared 

to the benchmark case (See Table 33). System rankings 

remain unchanged due to the higher price, however, firewood 

thinning becomes even more favorable in present value terms. 

4.4.7 Option ~ 

The optimal approach when negative net present values 

occur for the other options is to not harvest at all. 

4.4.8 Optimal Solution To Financial Case Two 

The overall objective of Financial Case Two is to 

examine the landowner firewood thinning options to determine 

which options offer the highest financial returns for a 

firewood sale. After analyzing each option separately and 
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TABLE 31 

Net Present Values Per Acre: Option 3 

========================================================== 
Harvest 
System 
Number 

One 

Two 

2 

$135.06 

$118.15 

Haul Distance 

5 

$58 . 05 

$83.42 

10 

$-86.41 

$18.10 

* At 2% discount rate, market price $80/cord. 

--------------------------------------------------------------------------------------------------------------------
Harvest 
System 
Number 

One 

Two 

2 

$109.69 

$95.75 

Haul Distance 

5 

$46.26 . 

$67.16 

10 

$-72.70 

$13.36 

* At 4% discount rate, market price $80/cord. 

--------------------------------------------------------------------------------------------------------------------
Harvest 
System 
Number 

One 

Two 

2 

$89.24 

$77.73 

Haul Distance 

5 

$36.82 

$54.09 

10 

$-61.51 

$9.63 

* At 6% discount rate, market price $80/cord. 

========================================================== 
Harvest 
System 
Number 

One 

Two 

2 

$72.72 

$63.17 

Haul Distance 

5 

$29.24 

$43.57 

10 

$-52.33 

$6 . 68 

* At 8% discount rate, market price $80/cord. 
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by combining options a decision can be reached. In general, 

determining factors are the opportunity cost to the 

landowner of harvesting firewood, haul distance, market 

prices and interest rates (alternative rates of return). 

Various combinations of these factors result in markedly 

different decisions. Low interest rates result in higher 

net present values and a greater number of feasible 

alternatives. Low market prices result in lower net present 

values. Longer haul distances result in higher costs and 

lower net present values. Also, higher landowner labor 

opportunity costs per hour contribute to higher costs and 

lower opportunity cost. 

The best or greatest net present values alternatives 

for firewood thinning involve low haul distances, low 

alternative rates of return, high market prices and low 

opportunity costs of harvesting. 

In the benchmark case, $80 per cord, 

stumpage and 6.51 cords harvested per acre, 

$5 per cord 

the highest net 

present values are obtained by a landowner harvesting with 

an opportunity cost of $0 or $5 per hour. However, at a 

breakeven point of slightly less than $10 per hour, higher 

net present values are attained by contracting to a firewood 
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TABLE 32 

Net Present Values Per Acre: Option 3 

========================================================== 
Harvest 
System 
Number 

One 

Two 

2 

$87.64 

$70.73 

Haul Distance 

5 

$10 . 63 

$36 . 00 

10 

$ - 133.84 

$-29.33 

* At 2% discount rate, market price $70/cord . 

========================================================== 
Harvest 
System 
Number 

One 

Two 

2 

$70.63 

$56 . 70 

Haul Distance 

5 

$7.21 

$28 . 11 

10 

$-111.76 

$-25.69 

* At 4% discount rate, market price $70/cord. 

========================================================== 
Harvest 
System 
Number 

One 

Two 

2 

$56.96 

$45.45 

Haul Distance 

5 

$4.54 

$21. 81 

10 

$-93.79 

$-22.65 

* At 6% discount rate, market price $70/cord. 

========================================================== 
Harvest 
System 
Number 

One 

Two 

2 

$45.95 

$36.39 

Haul Distance 

5 

$2 . 46 

$16 . 79 

10 

$-79.11 

$- 20.10 

* At 8% discount rate, market price $70jcord. 
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producer. Also notice that if stumpage prices rise to $10 

per cord, and haul distance exceeds approximately 24 miles, 

then the highest net present values are obtained through the 

sale of firewood stumpage. 

As market prices for firewood are increased to $90 per 

cord at wage rates of slightly less than $10 the highest 

NPV's are associated with Option Two, the landowner 

producing and selling the wood himself. However, at $90 per 

cord and 25 mile haul it is now more economical to contract 

harvest and sell as opposed to a stumpage sale. 

Finally, as market prices are reduced to $70 per cord, 

alternative rankings similar to the benchmark case are 

obtained. However, a lower market price results in stumpage 

sales becoming favorable at shorter haul distances and lower 

stumpage prices . 

General trends the landowner should consider are, if 

harvesting his tract of land requires more than a 20 to 30 

mile haul he should consider a firewood stumpage sale rather 

than a final product firewood sale. Also, the landowner 

should consider the market he faces, if the sale occurs in 

an area where high prices for firewood can be obtained then 

it may be feasible to haul longer distances. However, in 
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TABLE 33 

Net Present Values Per Acre: Option 3 

========================================================== 
Harvest 
System 
Number 

One 

Two 

2 

$182.49 

$165.57 

Haul Distance 

5 

$105.47 

$130.85 

10 

$-38.99 

$65.52 

* At 2% discount rate, market price $90/cord. 

--------------------------------------------------------------------------------------------------------------------
Harvest 
System 
Number 

One 

Two 

2 

$148.74 

$134.82 

Haul Distance 

5 

$85.32 

$106.21 

10 

$-33.65 

$52.42 

* At 4% discount rate, market price $90/cord. 

========================================================== 
Harvest 
System 
Number 

One 

Two 

2 

$121.52 

$110.01 

Haul Distance 

5 

$69.10 

$86.37 

10 

$-29.23 

$41.91 

* At 6% discount rate, market price $90jcord. 

========================================================== 
Harvest 
System 
Number 

One 

Two 

2 

$99.50 

$89.95 

Haul Distance 

5 

$56.01 

$70.34 

10 

$-25.55 

$33.46 

* At 8% discount rate, market price $80/cord. 
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areas of lower market prices a long haul (> 25 miles) may be 

uneconomical. In conclusion, the landowner who places a low 

value on his time (< $5 per hour) should produce and market 

firewood himself under the pricing structure analyzed. If 

the landowner places a moderate value on his time ($5-15 per 

hour) he should, at shorter haul distances (approximately 

<25 miles) contract out the sale and at longer distance 

(approximately >25 miles) sell firewood stumpage. 

Price schemes used were felt to be indicative of the 

area-wide markets in question. In time, landowners may 

expect higher stumpage prices for firewood in certain 

markets as accessible firewood is depleted. Also, if for 

any reason alternative energy prices were to rise rapidly, 

shifting markets would cause market prices and stumpage 

prices to rise beyond current levels. A sudden price surge 

would favor firewood production and increase financial 

returns. 

4.4.9 Combinations of Financial Case 1 and 2 

For this analysis, Financial Case 1 and 2 were 

seperated, however, a landowner could face both situations. 

Tha average household which relies primarily upon firewood 
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as a source of heat burns 2 to 4 cords per year. The 

logical solution involves thinning for firewood consuming 

the required amount of wood and then marketing the unused 

portion of the firewood harvest. 

4.5 NET ENERGY ANALYSIS 

The objective of the net energy analysis is to 

determine direct net energy values from energy inputs and 

outputs for firewood harvesting in Appalachian hardwoods. 

Based bn direct net energy values and net energy ratios, the 

relative energy efficiencies of each harvest system can be 

evaluated and compared. Inputs into the net energy analysis 

include energy allowances for site selection, timber 

marking, harvesting, transport of the wood resource to a 

final destination, and post-harvest herbicide application 

(See Figure 4). 

Tables 34 through 37 present the overall net energy 

values for each harvest system on the various forest models. 

Fuel consumption data was calculated from simulation results 

using an individual machines' productive hours worked 

multiplied by its' fuel consumption per productive hour. 

BTU values were calculated using 114,300 BTU's per gallon of 

gasoline and 137,500 BTU's per gallon of diesel fuel. An 

air dried cord of upland mixed hardwood at 20 percent 
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moisture content (wet basis), was assumed to yield 21.5 

million BTU's upon combustion. Using a wood stove operating 

at 60 percent efficiency, combustion of one cord of mixed 

upland hardwood would yield 12,900,000 BTU's. Other 

pertinent assumptions are listed in Appendix Figure 4. 

Net energy ratios are the best indicators of relative 

energy efficiencies, the higher the net energy ratio, the 

more energy-efficient is the system. Tables 38 and 39 

present the net energy ratios for both harvest systems over 

all stands. The effect of mechanization and haul distance 

are easily visible in examining the net energy ratios. In 

general, the highest ratios involve the shortest haul 

distances, because of the significant energy consumption 

associated with the transport phase. Degree of 

mechanization also effects the net energy ratio. The zero 

haul distance column isolates the relative effect of 

mechanization. The greater the degree of mechanization, as 

represented by System Two, the lower the net energy ratio 

value. At a zero mile haul distance, System One is 

significantly more energy efficient than System Two. 

As haul distance is increased to 25 miles, the more 

mechanized system, System Two, becomes the most energy 

efficient system. The main reason for this is the volume 

capacity in trucking. The dump truck used in System Two 
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TABLE 34 

Net Energy Values: System 1 and 2 

========================================================= 
System 1 Haul Distance (25 miles) 

Forest Energy 
Model Consumed In 
Number Harvesting 

81 
82 
83 
84 
85 

(BTU's/Cord) 

1,540,467 
1,542,261 
1,543,804 
1,541,073 
1,540,604 

Average 1,541,641 

Wood Energy Functional Net 
Value Heat Energy 

Delivered 
(BTU'sjCord)(BTU's/Cord) (BTU's/Cord) 

21,500,000 
21,500,000 
21,500,000 
21,500,000 
21,500,000 

12,900,000 
12,900,000 
12,900,000 
12,900,000 
12,900,000 

21,500,000 12,900,900 

11,359,534 
11,357,738 
11,356,196 
11,358,927 
11,359,396 

11,358,359 

========================================================= 
System 2 Haul Distance (25 miles) 

Forest Energy 
Model Consumed In 
Number Harvesting 

81 
82 
83 
84 
85 

(BTU's/Cord) 

1,306,607 
1,316,607 
1,369,983 
1,344,534 
1,313,161 

Average 1,330,182 

Wood Energy Functional Net 
Value Heat Energy 

Delivered 
(BTU's/Cord)(BTU's/Cord) (BTU's/Cord) 

21,500,000 
21,500,000 
21,500,000 
21,500,000 
21,500,000 

12,900,000 
12,900,000 
12,900,000 
12,900,000 
12,900,000 

21,500,000 12,900,900 

11,593,393 
11,583,393 
11,530,017 
11,555,446 
11,586,839 

11,569,818 
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TABLE 35 

Net Energy Values: System 1 and 2 

========================================================= 
System 1 Haul Distance (10 miles) 

Forest Energy 
Model Consumed In 
Number Harvesting 

81 
82 
83 
84 
85 

{BTU's;cord) 

625,312 
627,107 
628,650 
625,918 
625,450 

Average 626,487 

Wood Energy Functional 
Value Heat 

Delivered 
{BTU's/Cord)(BTU's/Cord) 

21,500,000 
21,500,000 
21,500,000 
21,500,000 
21,500,000 

12,900,000 
12,900,000 
12,900,000 
12,900,000 
12,900,000 

21,500,000 12,900,900 

Net 
Energy 

(BTU's/Cord) 

12,274,688 
12,272,893 
12,271,350 
12,274,082 
12,274,550 

12,273,513 

========================================================= 
System 2 Haul Distance (10 miles) 

Forest Energy 
Model Consumed In 
Number Harvesting 

81 
82 
83 
84 
85 

(BTU's/Cord) 

635,094 
645,095 
698,470 
673,041 
641,648 

Average 658,670 

Wood Energy Functional Net 
Value Heat Energy 

Delivered 
(BTU's/Cord)(BTU's/Cord) (BTU's/Cord) 

21,500,000 
21,500,000 
21,500,000 
21,500,000 
21,500,000 

12,900,000 
12,900,000 
12,900,000 
12,900,000 
12,900,000 

21,500,000 12,900,900 

12,264,906 
12,254,905 
12,201,530 
12,226,959 
12,258,352 

12,241,330 
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TABLE 36 

Net Energy Values: System 1 and 2 

========================================================= 
System 1 Haul Distance (2 miles) 

Forest Energy 
Model Consumed In 
Number Harvesting 

81 
82 
83 
84 
85 

(BTU's/Cord) 

138,852 
140,646 
142,189 
139,456 
138,988 

Average 140,026 

Wood Energy Functional 
Value Heat 

Net 
Energy 

Delivered 
(BTU's/Cord)(BTU's/Cord) (BTU's/Cord) 

21,500,000 
21,500,000 
21,500,000 
21,500,000 
21,500,000 

12,900,000 
12 1 9001 000 . 
12,900,000 
12,900,000 
12,900,000 

21,500,000 12,900,900 

12,761,148 
12,759,354 
12,757,811 
12,760,544 
12,761,012 

12,759,974 . 

========================================================= 
System 2 Haul Distance (2 miles) 

Forest Energy 
Model Consumed In 
Number Harvesting 

81 
82 
83 
84 
85 

(BTU's/Cord) 

278,478 
288,479 
341,854 
316,425 
285,032 

Average 302,054 

Wood Energy Functional Net 
Value Heat Energy 

Delivered 
(BTU's/Cord)(BTU's/Cord) (BTU's/Cord) 

21,500,000 
21,500,000 
21,500,000 
21,500,000 
21,500,000 

12,900,000 
12,900,000 
12,900,000 
12,900,000 
12,900,000 

21,500,000 12,900,900 

12,621,522 
12,611,521 
12,558,146 
12,583,575 
12,614,968 

12,597,946 
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TABLE 37 

Net Energy Values: System 1 and 2 

========================================================= 
System 1 Haul Distance (0 miles) 

Forest Energy 
Model Consumed In 
Number Harvesting 

81 
82 
83 
84 
85 

(BTU's/Cord) 

17,236 
19,031 
20,574 
17,842 
17,374 

Average 18,411 

Wood Energy Functional Net 
Value Heat Energy 

Delivered 
(BTU's/Cord)(BTU's/Cord) (BTU's/Cord) 

21,500,000 
21,500,000 
21,500,000 
21,500,000 
21,500,000 

12,900,000 
12,900,000 
12,900,000 
12,900,000 
12,900,000 

21,500,000 12,900,900 

12,882,764 
12,880,969 
12,879,426 
12,882,158 
12,882,626 

12,881,589 

========================================================= 
System 2 Haul Distance (0 miles) 

Forest Energy 
Model Consumed In 
Number Harvesting 

81 
82 
83 
84 
85 

(BTU's/Cord) 

188,181 
198,182 
251,557 
226,128 
194,735 

Average 211,757 

Wood Energy Functional Net 
Value Heat Energy 

Delivered 
(BTU's/Cord)(BTU's/Cord) (BTU's/Cord) 

21,500,000 
21,500,000 
21,500,000 
21,500,000 
21,500,000 

12,900,000 
12,900,000 
12,900,000 
12,900,000 
12,900,000 

21,500,000 12,900,900 

12,711,819 
12,701,818 
12,648,443 
12,673,872 
12,705,265 

12,688,243 
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carries 2 cords per load, while the pickup truck in System 

One, has a hauling capacity of 1/2 cord. On a per cord 

basis, System One must make two trips while System Two uses 

1/2 of a trip. At longer haul distances, it is more energy 

efficient to haul larger loads. 

Figure 8 depicts the average net energy ratios for each 

harvest system. The resulting curves cross at a breakeven 

energy efficiency value of 16 miles where both systems are 

equal in terms of energy efficiency. At distances greater 

than 16 miles, System 2 is more energy efficient because of 

greater hauling capacity. At distances of less than 16, 

System 1 is more energy efficient because of degree of 

mechanization. 

In conclusion, the net energy ratios are indicative of 

relative energy efficiencies and are representative of the 

degree of mechanization and haul distance. Higher net 

energy ratios are obtained at low haul distances and low 

degrees of mechanization. Also, by hauling a higher volume 

per load a more energy efficient system is obtained. 
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TABLE 38 

Net Energy Ratios: System One 

========================================================= 
Forest Model Haul Distance (miles) 

Number ------------------------------------------
0 2 10 25 

---------------------------------------------------------
81 748.41 92.90 20.63 8.37 

82 677.84 91.72 20.57 8.36 

83 627.00 90.72 20.52 8.36 

84 723.00 92.50 20.61 8 . 37 

85 742.51 92.81 20.63 8 . 37 

Average 700.65 91.50 20.59 8.37 
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TABLE 39 

Net Energy Ratios: System Two 

========================================================= 
Forest Model Haul Distance (miles) 

Number --------------------------------------------
0 2 10 25 

---------------------------------------------------------
81 68.55 46 . 32 20 . 31 9 . 87 

82 65.09 44 . 72 20 . 00 9 . 80 

83 51.28 37.74 18.47 9.42 

84 57 . 05 40.77 19 . 17 9.59 

85 66.24 45.26 20 . 10 9 . 82 

Average 60.92 42.71 19.58 9 . 70 
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Chapter V 

SUMMARY AND CONCLUSIONS 

The goal of this analysis was to: 

1. To examine the financial aspects of improvement 

thinning for fuelwood; 

2. To determine direct net energy values from fuelwood 

harvest systems; 

In examining the financial aspects of thinning, first, 

two cases were designed. The first case viewed the 

landowner as a firewood consumer, whose source of firewood 

could be obtained by thinning his own stands or from open 

market purchases. The second case presented the landowner 

as a firewood producer, with markets in firewood stumpage or 

in firewood. 

Required financial data included harvest costs, land 

management costs, and transport costs. Harvest costs were 

ascertained from the Harvest Analysis Technique (HAT), which 

simulates harvesting operations. Two harvest systems were 

identified. Simulated harvests occurred on five different 

stands located in southwest Virginia. 

As a firewood consumer, the landowner's financial 

decision was based on a lowest net present value of the 

costs. As a firewood producer, the landowner's most 

115 
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financially advantageous option was the choice with the 

highest net present value. 

The second goal of the analysis was to determine direct 

net energy values from the fuelwood harvest systems. Direct 

net energy values were calculated from data provided by the 

harvest simulator. Using production times combined with 

energy consumption data, total energy consumption for 

firewood harvesting was calculated. Net energy values were 

obtained by subtracting total energy consumption from total 

energy produced through combustion of the wood resource. 

The results of the financial analysis are separated 

into two parts. In Financial Case One, the landowner is a 

consumer of firewood. The objective was to determine the 

most inexpensive source of firewood for the consumer while 

encouraging firewood thinning on the landowner's land. The 

resulting analysis revealed that in cases where landowner 

opportunity costs of labor were relatively low ($0 to $10 

per hour), the most inexpensive source of firewood was the 

landowner thinning the stands himself. However, at higher 

opportunity cost values ( > $10 per hour), use of a 

contractor to thin stands or open market purchases of 

firewood were favored. Haul distance was also a critical 

factor. Depending on the open market price, at haul 

distances greater than approximately 20 miles, the most 
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inexpensive source of firewood for the landowner could be 

open market purchases. 

The results of Financial Analysis Part Two indicate 

that under reasonable assumptions and conditions landowners 

can attain a reasonable rate of return (4% or more in real 

terms after taxes) on a firewood thinning in Southwest 

Virginia. Inherent to the results are that the landowner 

does not include any land cost in his decision; assuming, 

instead that timber production was not the motive for land 

purchase. The landowner should notice that his perception 

of the value of his time in producing firewood greatly 

influences the final decision. Another important factor is 

the distance the tract of land is from the market. This 

factor has a major impact on harvesting costs. Economic 

factors which influence the decision are market and stumpage 

prices for firewood. In general, lower market prices limit 

economical haul distance and favor stumpage sales at longer 

distances (> 25 miles). Higher market prices were favorable 

to longer haul distances and either contractor or the 

landowner production of firewood. Assuming a low labor 

opportunity cost value per hour ($0-5) favors production by 

the landowner himself. As opportunity costs are increased, 

contractor harvesting is favored. 
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Individual cases vary, the results of this analysis 

have established instances where commercial firewood 

thinning can yield an adequate financial return to private 

non-industrial landowners. To conclude that all stands in 

southwest Virginia can be thinned for firewood and provide 

financial benefits would be foolish. However, landowners 

should realize there is market potential for their 

timberlands in southwest Virginia. They should be 

encouraged to talk to their state forester and examine the 

possibilities available to them. 

The second objective was to determine direct net energy 

values for the fuelwood harvest systems. Net energy ratios 

were then used to interpret the results. The harvest 

systems analyzed 

(System One), and 

represented a labor intensive system 

a more capital intensive system (System 

Two) . Higher net energy ratios are indicative of more 

energy efficient systems. In conclusion: 

1. lower haul distances resulted in higher net energy 

ratios; 

2. System One was more energy effi cient in hauling 

distances of less than 16 miles because of less 

mechanization; 

3. System Two is more energy efficient at haul distances 

of greater than 16 miles because of greater hauling 

capacity; 



119 

From a net energy viewpoint, the ideal system would 

combine a larger hauling capacity with low mechanization. 

In general, landowners should recognize this analysis 

as a process for determining the feasibility of conducting 

firewood thinnings. Individual stands and conditions vary 

and result in a variety of solutions. A wide range of stand 

conditions can be considered other than those depicted in 

this study. For example different sites, stocking levels 

and harvest sytems can be analyzed using this process. 

In conclusion , results from this analysis indicate that 

in many cases the financial returns are equal to or greater 

than the landowner's alternative rate of return. 

Silvicul tural results reveal that a financially sound 

thinning can be conducted while leaving fully-stocked 

residual stands. Yields from thinning are adequate to 

provide a reliable source of firewood for the landowner who 

produces and consumes his own firewood. Also, yields are 

high enough to provide an adequate financial return to the 

landowner acting as a firewood producer. The development of 

a firewood market does provide, in many instances a 

financially and silviculturally sound management option for 

timberland owners in southwest Virginia. 
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APPENDIX TABLE 1 

Conversion Factors Used in Stand and Stock Tables 

------------------------------------------------------------------------------------------------------------------

1 cord = 90 cubic feet 

1000 board feet= 3.0 cords (hardwood) 

Timber Mart South. 1984. Stumpage and delivered prices for 
southern wood products, April, 1984. 
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A:t-FENDIX ·,rABLe . ~ 

Discount formulas used for calculating present values 

========================================================== 
1 

(l+i) n 

i(l+i) n 

Present Value 
of a Single Sum 

Present Value 
of a Terminating 
Annual Annuity 

i =interest rate (in decimals) 
V = initial value 
V = value in year n 
n =no. of years of compounding or discounting 
r =value (revenue or cost) occurring annually 

Gunter, J.E. and H.L. Haney, Jr. 1984. Essentials of 
Forestry Investment Analysis. O.S.U. Bookstores, Inc., 
Memorial Union, Oregon State University. 337 pp. 
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APPENDIX TABLE J 

Hauling Cost Example : System One-10 Miles 

========================================================= 
Time per Load 
-------------
loading 46.2 minutes 
hauling 20.0 minutes (10 mile haul at 
unloading 67.2 minutes 
return trip 15.0 minutes (10 mile haul at 

148.4 minutes (2 . 47 hours/load) 

Operating Costs 

$0 . 31 per mile for 20 mi les - $6.20 

Labor Costs 

$7.50 per hour for 2.47 hours= $18 . 53 

Total Costs 

Operating 
Labor 

$ 6.20 
$18.53 

$24.73 

Cost per Cord: 
$24.73/0.5 cords per load= $49.46 

30 mph) 

40 mph) 

Walbridge , T.A . , Jr. 1976. Revised logging cost tables. 
Unpublished tables . 30pp. 



WOOD RESOURCE 

WOOD RESOURCE 

SPECIES 
MIXED UPLAND HDWDS. 

FORM 
FIREWOOD 18" LONG 

MOISTURE CONTENT 
20% WET BAS IS 

VOLUME 
90 CUBIC FT. PER CORD 

INTERMEDIATE PROCESSES 

SITE PREPERATION 

INVENTORY DATA 
FROM VPI FOREST MODEL DATA 

VOLUME 
SEE STAND AND STOCK TABLES 

(TABLES 3-7) 

OTHER STAND VARIABLES 
5-30% SLOPE 

SUITABLE FOR HARVEST BY 
SYSTEM 1 AND 2 

STAND SIZE 9 ACRES 

HARVESTING 

CHAINSAW 
3 H. P. 
0.15 GALLONS/OPERATING HOUR 
50% UTI Ll ZAT I ON 
COST- $300 
USEFUL LIFE 1 YEAR 

END POINT PROCESSES 

TRUCKING DIRECT COMBUSTION 

COSTS WOOD STOVE 
DIJMP TRUCK $21,000 60% EFFICIENCY 

PICKUP $11,000 

MPG 
DUMP TRUCK 8 MPG 

PICKUP TRUCK 12 MPG 

MILES PER YEAR 
20,000 

FUEL 
UNLEADED GASOLINE 
$1.25/GALLON 

USEFUL Ll FE 
100,000 MILES 

CAPACITY 
DUMP TRUCK 2 CORDS 
PICKUP TRUCK 0.5 CORDS 

21.5 MILLION 
BTU'S PER CORD 

OUTPUT 
12.9 MILLION 
BTU'S 

APPENDIX TABLE 4. DETAILED PROCESS DESCRIPTIONS 



The vita has been removed from 
the scanned document 



EVALUATING THE FEASIBILITY OF IMPROVEMENT 

THINNINGS FOR FUELWOOD FOR PRIVATE 

NON-INDUSTRIAL LANDOWNERS IN VIRGINIA 

BY 

DAVID CALVIN CUPP 

(ABSTRACT) 

The major objectives of this study were to: 

1. evaluate the financial aspects of improvement thin-

nings for fuelwood in Appalachian hardwood stands. 

2. determine direct net energy values from energy inputs 

and outputs for fuelwood harvesting in Appalachian 

hardwoods. 

The landowners decision on whether or not to thin was great-

ly influenced by haul distance and his opportunity cost for 

time spent harvesting wood. Other considerations included 

the market price for both firewood and firewood stumpage. 

Two cases were analyzed using discounted cash flows, the 

first considered the landowner as a firewood consumer. The 

results of this portion indicated that at low haul distances 

(< 15 miles) and low opportunity costs ($0 to 5 per hour), 

the landowner should produce his own firewood. At longer 

haul distances an open market purchase should be made and at 

higher opportunity costs a contractor should be hired to 



harvest the firewood. In the second case, the landowner 

acted as a firewood producer. The results indicate that at 

low haul distances and low opportunity costs of harvesting, 

the landowner can attain reasonable rates of return on the 

investment (approximately 4% after-tax in real terms). At 

greater haul distances and higher opportunity costs the in-

vestment returns diminish . 

The second objective concerning energy resulted in favor-

ing larger scale operations at longer haul distances and 

smaller operations at shorter distances . The major influ-

ences on energy values were haul distance and degree of me-

chanization. 

Overall, this analysis presents a process for evaluating 

firewood thinnings and offers the landowner the capability 

of examining a variety of sites and harvest systems. Howev-

er, the results should be viewed only as an example situa-

tion. 
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