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Abstract

Market prices, roundwood costs, and other operating
factors are used to formulate algorithms that may be
used for estimating investment limits for small-scale
SDR (Saw-Dry-Rip) and EGAR (Edge-Glue-and-Rip)
sawmills. Afgorithms are derived from results of
discounted cash flow analyses approximating mills
producing between 6 million and 12 million board feet
per year (two-shift basis). The equations presented
provide an approximating method which can be useful
for assessing economic potentials for totally new mills,
or modification of existing mills for production of SDR
or EGAR lumber, and can be expected to be useful for
structuring more detailed analyses for final
assessments.

Keywords: SDR sawmills, EGAR sawmills, utilization
economics, financial analysis.
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Investment Limits for
Small-Scale SDR and
EGAR Sawmills

George B. Harpole, Research Forester
Forest Products Laboratory, Madison, WI

Introduction

>
[N

A viable investment must produce an output that can
be sold to generate enough revenue toicover operating
costs, return capital investment, and pfoduce sufficient
profit to attract investment monies. Market prices,
roundwood costs, and other operating/costs essentially
establish investment limits for new sawmills or
converting old sawmills to new produ¢ts. Using such
operating factors, this paper providesjequations for
estimating maximum investments for building or
converting a sawmiil to use the SDR (Saw-Dry-Rip) and
EGAR {(Edge-Glue-and-Rip) processes to manufacture
between 6 million and 12 million board feet (two-shift
basis) of random length structural lumber per year from
low- to medium-density hardwoods. This paper also
includes examples for both new and converted mills,
based on typical economic assumptions.

The equations are derived from discounted cash flow
analyses and are linear, even though discounted cash
flow analyses do not yield linear results when using
different estimates for input. However, results are
close enough to being linear 1o expect estimating
errors to be approximatety =5 percent of discounted
cash flow results when estimates of change are within
= 30 percent of those used for deriving equations, as
displayed in the appendix.

This procedure should only be used as a preliminary
step to assess potential investment viability. All site-
specific costs and related investment factors should be
identified and used for more careful analysis to provide
a basis for final assessment.

SDR and EGAR

The SDR process is innovative, enabling manufacture
ot quality structural lumber from low- to medium-
density hardwoods by eliminating the traditional
problem of warp. Logs are live sawn on the same
plane into 7/4 (1-3/4-in thick) tlitches (Boone and
Maeglin 1980, Gerhards 1983, Maeglin 1978, Maeglin
and Boone 1983). The fiitches are rough edged to make
compact kiln loads, dried to an average moisture
content of + 12 percent {dry basis), and then ripped to
width and dressed for use.

S ey rey

EGAR mills are compatible with SDR mills and can
utilize even small logs to produce lumber of any width
from live-sawn flitches edge-glued together and ripped
to the desired width (Bulgrin and others 1978, Kling
1979). SDR or EGAR are significant because they offer
the opportunity to better utilize the 68 billion cubic feet
of hardwoods now growing on U.S. commercial forest
lands east of the Rocky Mountains (U.S. Department of
Agriculture 1980).

Size Limits for SDR
and EGAR Mills

Economic efficiency of lumber manufacture is largely
associated with a balance of equipment, iabor, and
management that maximizes productivity with respect
to the fixed costs of facilities and management. For
sawmills, the most economical size seems to be
between 45 million and 60 million board feet per year
(Harpole 1983, Harpolie and others 1981). Less
economic, but more realistic, mill sizes for many
circumstances in the hardwood regions, however,
suggest smaller mills designed to produce between
6 million and 12 million board feet per year. Smaller
concentrations of timber and geographic barriers often
limit mill size.
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Equations for New SDR
and EGAR Mills

Investment limits for the SDR and EGAR mills were
estimated using discounted cash flow techniques and
previous economic evaluations of SDR and EGAR
(Harpoie 1983, Harpole and others 1981, Harpole and
others 1979, Stumbo 1981).

The following equation may be used to estimate
investment limits for SDR and EGAR sawmills and
working capital requirements on the basis of other
revenue, wood costs, and IRR assumptions.

SDR$L = (2.08 — (IRR*0.054))*((Q((2.15* AR) —

(4.729*WQC))) — 1,027,749) (1)
EGARSL = (2.075 - (IRR*0.043))*((Q{(1.9003" AR)
—-{4.3476"WC))) - 1,018,700 2

where

SDRS$L = investment limit for cost of SDR
facility in doilars
EGARSL = investment limit for cost of EGAR
facility in dollars
IRR = desired after-tax internal rate of return
expressed as a percent
Q = output of lumber per year in

thousands of board feet

AR = average realization for lumber in
dollars per thousand board feet
WC = average cost for roundwood in dollars

per cord (assumes 78 ft* of solid wood
per cord).

Working capital requirements must be estimated and
added to the investment [imit for facilities to estimate
total investment limit. Working capital requirements
may be estimated using the following equation:

SWK = 35,838 + (14.29 * Q) )]
EWK = 41,675 + (14.87 * Q) (4
where

SWK = estimated working capital requirement
tor SDR milt in dollars
EWK = estimated working capital requirement
for EGAR mill in dollars
Q = annual output of lumber in thousands
of board feet.

For a new EGAR mill, the following equations can be
used to calculate investment limits.

Once an investment limit has been calculated, an
approximate budget for various cost components for
facilities construction can be calculated on the basis of
assignments to known construction costs and
distributions of any balance on the basis of estimated
costs.

Table 1 presents the author’s best estimate of likely
distributions of costs to various construction
categories, allowing 10 percent of the total investment
limit to cover some disparities. If a sawmill cannot be
constructed within given investment limits, then there
should be serious concern to whether the project

can be made economically viable.

Table 1.—Estimates of investment limits for SDR and EGAR
sawmilis producing 12 million board feet of lumber per year
(1984 basis)'

ftem SDR mill* EGAR mill®

Facilities
investment
limits
Land and site
preparation $ 122,500 (4.90) $ 122,500 (4.08)

Buildings 150,000 (6.00) 200,000 (6.67)
Processing

equipment 1,427,500 (57.10) 1,777,500 (59.25)
Dry kilns 300,000 (12.00) 300,000 (10.00)
Mobile

equipment* 250,000 (10.00) 300,000 (10.00)

Contingencies 250,000 (10.00) 300,000 (10.00)
Facilities tota!  $2,500,000 (100.00) $3,000,000 (100.00)

Working capital® 207,344 220,115
Investment limits,
total $2,707,344 $3,220,115

‘Components and relationship of costs largely derived from
previous work by author {Harpole 1979 and 1983).

investment limits for SOR mill based on average realization
of $237/1,000 fbm and operating costs and tax allowances
from tables A-1 and A-2.

}Investment limits for EGAR mill based on average realization
of $280/1,000 fbm and operating costs and tax allowances
from tables A-3 and A-4.

‘Assumes replacement of mobile equipment at end of fifth
year of operating.

Working capital for SDR mili = $35,838 + ($14.29° 1,000 fbm
output). Working capital for EGAR mill = $41,675+
($14.87* 1,000 fom output).
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Equations for Modifging Mills
to Use SDR or EGA

Because there are many situations where existing
sawmills may be modified to allow production of SDR
and EGAR lumber, estimating investment limits for
such modifications can be useful. Equations (5)
through (8) are based on the same assumptions and
discounted cash flow analyses as equations (1) through
(4) and may be used for estimating investment limits for
mill modifications. The fundamental requirement for
application of the following equations is that the
candidate sawmill is similar to the described SDR or
EGAR sawmill, except for facitity components and their
related operating costs that might be introduced to
accomplish an SDR- or EGAR-operating standard.
Estimated investment limits from equations (5) through
(8) should be fairly accurate ( +5 pct) for mills already
producing from 6 million to 12 million board feet of
lumber per year on a two-shift basis. For modifying
sawmills with intentions to expand operations to a
second-shift for producing SDR lumber, conventional
engineering economy methods should be used for
evaluation because of the effects of full-second shift
labor, power, maintenance and other operating costs.
Justification for using the following procedures for
estimating investment limits is where SDR or EGAR
lumber production only replace existing production of
other types of wood products.

Equation (5) may be used to estimate investment limits
associated with an increase in average lumber
realization and/or reduction in wood costs. (That is, if
some portion of ongoing production time is given to
production of SDR lumber under conditions where the
difference between revenues from lumber and
associated wood costs is increased, the increase in
profit contribution can be expected to provide a basis
for new investment):

SDR $L/AAR &/orAWC = a[AAR(4.4720 — 0.1161 * IRR)

~ AWC(9.8363 ~ 0.2554 * IRR)] )
EGAR $L/AAR &/orAWC = Q[AAR(3.9431 — 0.0814 *
IRR) — AWC(9.0213 - 0.1869 * IRR)] )
where

SDR $L = change for SDR investment limit in
dollars
EGAR 3L = change for EGAR investment limit in
dollars
AAR = expected change in average
realization expressed in dollars
AWC = expected change in average costs for
roundwood expressed in dollars per

_ cord (78 ft* solid wood per cord)

Q = current annual volume of lumber
output to be converted to SDR
production in thousands of board feet
internal rate of return desired for
investment monies, expressed as a
percent (should be same as rate-of-
return for current operations).

IRR

Equations (7) and (8) may be used to estimate a change
in investment limits associated with a change in
production volume due to a shift to SDR or EGAR
manufacture. Production could either be increased, or
decreased. A decrease in production volume will cause
a reduction in the investment limit that might be
calculated on the basis of increased lumber realization
and/or reduction in wood costs. For most hardwood
mitis, either the same production volume or an increase
in production volume should be realized.

SDR $L/AQ = AQJAR(4.4720 — 0.1161 * IRR —

WC(9.8363 — 0.2554 * IRR)] )
EGAR $L/AQ = AQ[AR(3.9431 - 0.0814 * IRR) —
WC(9.0213 - 0.1869 * IRR})] (8)
where

AQ = expected change in sawmill lumber

output per year, expressed in
thousands of board feet

AR = average realization for lumber output
in dollars per thousand board feet
WC - average cost for roundwood expressed

as dollars per cord, assuming 78 ft* of
solid wood per cord.
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Sample Applications
of the Equations

The equations presented in this paper were used to
calculate the investment limits for new SDR and EGAR
mills and for converting existing mills to the SDR and
EGAR processes.

Assumptions

Calculations of the investment limits for the SDR and
EGAR processes were based on the following
assumptions:

Revenues.—The estimates of revenues which would be
produced by the type of mills included in this study
were based on the free on board (f.0.b.) mill prices for
southern pine framing lumber, produced in sawmills in
the southeastern United States, during a recent 5-year
period (Random Lengths 1979 through 1983). The high
prices used in this study were from the October 5, 1979,
price report; low prices were from the April 25, 1980,
price report; and average prices are the average of
these high and low prices (tabie 1). The average model
prices used for analysis was $237 per thousand board
feet for SDR random length, random width lumber, and
$280 per thousand board feet for EGAR random length,
10- and 12-inch-wide lumber.

Prices.—Southern pine framing lumber prices were
used because this product would be competitive with
iow- to medium-density hardwood lumber. The shipping
distances from primary market centers are also
comparable and shipping weights about equal. Low- to
medium-density hardwoods (specific gravity of 0.45 or
less) cannot be expected to compete with southern
pine for engineered uses on a one-to-one basis because
of lower strength properties. Such species as yellow-
poplar and sweetgum, however, can be used in truss
fabrication and wall framing where their strength
properties wiil satisfy design specifications. Price
differentials that may resuit from use limitations are
not speculated upon here.

Yield.—Using lumber recovery predicted by the Best
QOpening Face (BOF) program (Lewis and Hallock 1973)
and a sample of log sizes ranging in diameter from 5 to
12 inches, we computed f.0.b. mill vaiue of the SDR
product mix to be about $237 per thousand board
feet—based on average prices (tables 2 and 3). This
figure is based on the following recovery estimates.

Dimensions (85 pct,

10 ft and longer) Grades
2 by 4, 25 pct 2by 4
2 by 6, 19 pct truss-framing, 30 pct
20y 9, 40 pct standard and better, 60 pct
2 by 10, 13 pct utility, 10 pct
2 by 12, 3 pct
2by 6
No. 2 and Better, 90 pct
No. 2, 10 pct

On the same basis, an EGAR mill would average from
$270 to $340 per thousand board feet, depending on
whether 2 by 10’s or 2 by 12’s are produced. On this
basis, an EGAR mill might average from $33 to $103 per
thousand board feet more than an SDR mill. This
assumes that about the same demand and scarcity of
supply will continue for wide-dimension fumber (2 by
10’s and 2 by 12’s). Floor trusses manutactured from
2 by 3's and 2 by 4’s have been replacing wide lumber
in many applications. This replacement will continue,
of course, only as fong as inplace costs for fabricated
trusses remain competitive with those of wide-width
lumber. Potential investors in new sawmills should
consider this factor.

Wood Costs.—Wood costs were assumed to be
$45/cord (78-ft* solid wood/cord). Low wood cost is an
important factor to economic attractiveness of SDR
and EGAR lumber manufacture. Because
approximately one-half of all log volumes are
transformed into residues, even with high levels of
sawmilling efficiency, a dollar change in wood costs
has approximately twice the effect of a dollar change
in lumber realization. A reduction in wood costs and/or
increase in lumber realization will often provide a
substantial basis for new investment.

Other Assumptions.—A productive life of 10 years
was assumed for mills using both systems. Other
assumptions related to analysis are reflected from
the discounted cash flow analyses displayed in
the appendix and estimates presented in

tables 1 through 5.

The results for SDR are based on assumptions of an
after-tax IRR' of 20 percent, an average price of $237
per thousand board feet for lumber, and an average
wood cost of $45 per cord (1984 basis). Working
capital requirements are based on operating costs
indicated in tables 2 through 5. The results for EGAR
are based on assumption of an after-tax IRR of

25 percent, an average price of $280 per thousand
board feet for lumber, and an average wood tost of
$45 per cord.

1RR is rate of return on all monies required to finance a project.




investment Limits for
a New SDR Mill

Based on the best estimates availabie and given
assumptions, up to $2,500,000 could be viably spent for
construction of an SDR sawmill rated for 12 million
board feet of output per year but only $753,000 for an
SDR sawmill rated for 6 million board feet per year,
using equation (1). Also, see tables A1 and A2.

Investment Limits for
a New EGAR Mill

Based on the best estimates available and given
assumptions, up to $3 million could be viably spent for
construction of an EGAR sawmill rated for 12 million
board feet of output per year, but only $1 million for an
EGAR sawmill rated for 6 million board feet per year,
using equation (2). Also, see tables A3 and A4.

Investment Limits for
Modifying a Mill for SDR

In a mill modified for the SDR process, a $10 per cord
reduction in wood costs and $10 per thousand board
foot increase in lumber realization will provide a basis
for an investment limit of $206,343—assuming a

20 percent after tax return on investment for 3 million
board feet of SDR lumber manufacture per year. This
estimate is calculated using equation (5). This
calculation assumes there will be no change in the
annual average volume of lumber ouput.

Assuming mill modification will effect an increase of
200 thousand board feet of lumber production per year,
via SDR lumber manufacture, such an increase would
provide basis for an investment limit of $59,355—
assuming a 20 percent return on investment, an
average realization for lumber of $237 per thousand
board feet. and wood costs of $45 per cord. This is an
additional investment Iimit that may be added to the
previous calculation, which would provide a total
investment limit of $265,704. This estimate is
calculated using equation (7).

Table 2.—Estimates of roundwood input and product outputs
per thousand board feet of iumber output for SDR and EGAR
sawmills

Type of sawmill
Item

SDR EGAR

~—— Ovendryton ——
Roundwood input’

Bark and log trim 0.2438 0.2140
Trimmed logs 1.6252 ) 1.4268

Total 1.8690 1.6408

Product outputs

Dry lumber?? 8150 .8150
Wood chips? .4645 .2975
Dry sawdust and shavings? 1744 .1638
Hogged tfuel? .U480 0422
Fuel for dry kilns* .3671 3223

Total 1.8690 1.6408

'Assumptions: average ovendry weight of 28.8 Ib/ft?, at green
volume.

Marketable output.

*Assumptions: 56.6 {t3/1,000 fom, or 1,630 ovendry 1b/1,000
fbm of lumber.

‘Assumptions: drying from 85 pct to 10 pct moisture content,
dry basis; 2,700 Btu/lb of H,0 removed; heat energy to steam,

6.150 Btu/ovendry Ib of wood/bark fuel.

Table 3.—High, low, and average free on board mill values for
southern pine lumber trom the southeastern United States
since January 1979*

Dimension size verage High  Low

in. —— Doll1.000fbm ——
2by4's 227 290 165
2by6's 236 298 174
2by8's 225 265 185
2by 10's 270 327 214
2by 12s 342 402 282
SDR mill average? 237 290 185

'Assumptions: 2 by 4's run 30 pct truss-framing grade. 60 pct
Standard and Better. and 10 pct Utility: and 2 by 6 and wider
run 90 pct No. 2 and Better and 10 pct No. 3. High prices are
from Random Lengths October 5. 1979, price report. Low
prices are from Random Lengths April 25, 1980, price report.
Average values are the average of high and low prices.

?Assumptions: average product mix of 25 pct 2 by 4, 19 pct
2by 6, 40 pct 2 by 8, 13 pct 2 by 10. and 3 pct 2 by 12.
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4.—Summary of estimated manufacturing costs for SDR
:GAR sawmills (1984 basis)

" soRmil EGAR mill
Dol/ Dol/
1,000 fbm Dollyr 1,000 tbm Dollyr

ating costs

od cost

5 per cord)' $ 53.47 0 $ 5143 0
sin

i¢/lb. solids) 0 0 4.67 0
wctricity

5¢/KWh)? 1.74 4] 1.64 4]
ipping 2.00 0 2.00 0
bor 62.50 $186,000 62.50 $228,000
:neral overhead 0 120,000 — 120,000
tlorem costs

cal taxes

id insurance 1.15 48,500 1.45 58,200
&'atenance

d supplies 15.00 J 18.00 _(_)
it $135.86 $354,500 $141.69 $406,200
reciation

ol/million
) of facilities
Jsts)
irst 5 years $90,100 $90,583
econd 5 years 96,220 96,703

od costs assumed to be $45 per cord (78 ft¥/cord), or $40 per
ndry ton (ODT): wood chips worth $40 per ODT; sawdust and
vings $12 per ODT: hogged fuel $8 per QDT.

AR system uses less electricity for ripping because of wide-
th lumber production.

areciation is based on straight line allowances using 20 yr as
seful lite for buildings. 10 yr for processing equipment and dry
s. and 5 yr for mobile equipment. Replacement costs for

ile equipment is assumed to increase 6 pct per year and to

2 a retirement value of 10 pct of original purchase costs.

le 5.—Labor requirements for a two-shift (4,000 hriyr)
ration for SOR and EGAR sawmills
- SDR EGAR

Vqriésj; A i;i!fe;i:_i\glariable _WFixedf
Hrimillion  Hrlyr  Hr/miltion  Hrlyr

fbm: fom

1 730 2,200 730 2,200
) 2.365 7.000 2.365 7.000

and steam
it 1.095 3.200 1.095 3.200
and planer
5 1.455 4385 1,155 4,385
R 0 0 300 4,038
ping %5 1100 385 1100
1] 6.010 17,885 6.010 21,923

Jrs per million fom is hrbursipér million board feet of

ser output. For analysis. tabor rates were assumed to be
er hour. plus 30 pct for fringe benefits. or a total of $10.40
hour.
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ppendix
xample cash flow analyses

i@ four tables in this appendix are cash flow analyses
r new SDR and EGAR mills producing 6 million and
' million board feet per year.
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The Forest Products
Laboratory (USDA Forest
Service) has served as the
national center for wood
utilization research si. .o
1910. The Laboratory, on the
University of Wisconsin-
Madison campus, has
achieved worldwide
recognition for its
contribution to the knowledge
and better use of wood.

-------

Early research at the
Laboratory helped establish
U.S. industries that produce
puip and paper, lumber,
structural beams, plywood,
particleboard and wood
furniture, and other wood
products. Studies now in
progress provide a basis for
more effective management
and use of our timber
resource by answering critical
questions on its basic
characteristics and on its
conversion for use in a variety
of consumer applications.

Unanswered questions remain
and new ones will arise
because of changes in the
timber resource and
increased use of wood
products. As we approach the
21st Century, scientists at the
Forest Products Laboratory
will continue to meet the
challenge posed by these
questions.
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