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PREFACE

This report is one of a series on the possibilities of producing house framing
and structural panels with particleboard cores and veneer facings. These COM-PLY
or composite materials were designed to be used interchangeably with conventional
lumber and plywopds iw thomes: oResearchion:structuraliifrvaming wasinitially limited
to COM-PLY studs but has now been extended to include larger members such as floor
joists.

In 1973, the home-building industry faced a shortage of lumber and plywood
and consequent rising prices. Both industry and government recognized that this
situation was not a temporary problem, and that long-range plans for better using
the Nation's available forest rescurces would be necessary.

The Forest Service of the U.S. Department of Agriculture and the U.S. Depart-
ment of Housing and Urban Development accelerated cooperative research on ways to
utilize the whole tree. They concentrated on composite wood products made with
particleboard and veneer as a way of using not only more of the tree stem, but also
using less desirable, trees and a greater variety.of tree spec1as than would conven-
tional wood products “The partlcleboérd which comprlses a large pbrtlon of COM-PLY
studs and joists is made from Chlpped—up wood that comes from forest residues, mill
residues, or low-quality timber? ®“fHus,” such’ ‘compd ites ‘Could greatly increase the
amount of lumber and plywood available for residential construction, our major use
of wood, without eroding the Natier'sitimber 'supply.

Research on composite wall and floor framing was performed by the Wood Products
Research Unit, Southeastern Forest Experiment Station, Athens, Georgia. The American
Plywood Association cooperated in these studies by designing and testing composite
panel products that are interchangeable with plywood. Both types of products have
been incorporated in demonstration houses.

Included in this series will be reports on structural properties, durability,
dimensional stability, strength, and stiffness of composite studs and joists. Other
reports will describe the overall project, compare the strength of composite and
solid wood lumber, suggest performance standards for composite lumber and provide
construction details on houses incorporating such lumber. Still others will explore
the economic feasibility of manufacturing composite lumber and panels and estimate
the amount and quality of veneer available from southern pines. These reports,
called the COM-PLY series, will be available from the Southeastern Forest Experi-
ment Station and the U.S. Department of Housing and Urban Development.
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ECONOMIC FEASIBILITY OF MANUFACTURING COM-PLY STUDS
IN THE SOUTH

Abstract.--The investment and production cost reguired to manu-
facture COM-PLY studs in the South are presented. It is possible
to obtain a 20 percent or greater internal rate of return on an
investment in manufacturing COM-PLY studs.

KEYWORDS: Manufacturing costs, stud cost, economics of stud manu~
facture, cost analvsis, COM-PLY factory, rate of refurn.

Cooperative research by the Forest Service, U.S. Department of Agriculture,
and the U.S. Department of Housing and Urban Development has led to development
of a new composite lumber product. The new product, called COM~-PLY, has potential
for significantly increasing our supply of lumber for building homes. COM-PLY
lumber is a structural sandwich construction with a particieboard core between
layers of solid wood veneer.

The first composite lumber product developed was a 2 x 4 wall stud typically
used to frame exterior walls in houses {(fig. 1}. COM-PLY studs are intended to be
used as direct substitutes for conventional studs of sawn lumber and nmust be priced
competitively.

Figure 1.--COM-PLY stud used for framing exterior walls of houses.

Potential manufacturers of COM-PLY studs want te know how much it will cost to
make them. They alsoc want to know if a COM-PLY stud factory would be a profitable
investment, one that would give a greater return on the investment than a sawmill.
This report presents estimates on the amount of investment required to build a
COM-PLY stud factory; the cost of manufacturing COM-PLY studs; the apnual sales
and operating cash flows; and the annual net cash flows and internal rate of return.

A study of financial feasibility is only as good as the validity of the assump-
tions upon which it is based. In this study, we assume that the factory is located
in Arkansas and uses both hardwood and southern pine for its wood supply. The




assumptions concerning coste are basaed otizindustyy. averages gnd thérefore do not
reflect values ior any specific company,

Results presented in this report are no guarantee that any firm can profitably
manufacture COM*PLY studs——pr fltablllty 6epends on competent managerlal skills,
market demand, pfoductlon efficiency and,other‘bus1ness factors.w However, the
results strongly indicate that 1t:k  : ‘ facture COM-PLY
studs. Although a specific firm's assumptlons about prlce‘ cost, and'quantlty
may vary from those. in this report, mlnog,vaglanceswwould not greatly affect the
overall conclu51ons reported ‘ DR ' o

FINANCIAL- FEASIBILITY -ANALYSIS

PROCESS USED FOR MANUFACTURE

, results of any ana”531s of flnanclal f9381b111tv are greatly affect'dk,m
by the process used for. manofacture A brief explanatlon of the process used,w1ll
therefore help ‘the reader In thls analy81s, I 1/2 -inc < pa rd.
made on a 4-foot-wide by 24— foot~long multiplaten hot—press thh 20, openlngs. .
The press completes five cycles each hour, and each cycle consists of 10 minutes’
curing time and 2 minuces for .loading and unloading. The partxcleboard has a

1 1C'grav1ty ‘of 0,6. SlX percent uncataly7ed phenolxc resin (based on ovendry
weight of wood in the partlcleboard) is’used in the face layers (each face is 1/4
inch’ thlck), and 6 percent catalyzed phenollc resin is used in the core layer e
(1 inch thick). Wax is used at a rate of 0.5 percent throughout the partlcleboard.
The particleboard is cut into strips 1-1/2 inches thick by 2-1/2 inches wide and

8 feet long to serve as cores for COM-PLY studs.

Veneer, 1/4 inch thick by 8 feet wide, is rotary-cut on a standard veneer
lathe. After drying, the veneer is passed through a clipper with knives equally
sPaced 1-1/2+4 5oa -around the veneer into

ore, the bondline
ore contains twice as much glue as the
ue is spread, the veneers are automatically
, p031t10n against the core edges and the assembly is
transferre aterally into a lumber edge-bonding machine. The edge-bonding machine
could utilize heated platems or radio frequency (RF) curing. In this study, four
RF-curing edge-bonding machines were required to balance the production rate of the
particleboard press. After the veneers are laminated to the partlcleboard .cores,
the studs are hot-stacked for final curlng Later, studs are run through one ma-
.chine to .ease. .the edges and a second,machlne to. label the. edges accordlng to use
“des g atlon. Then the studs ar dt

mate; a 15-acre site would be adequateiwhen a compaﬁy can malntaln a low 1nventory
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land and éevelopmeut was $281 910

RBuildings

A main building with 150,000 square feet, constructed at a cost o
square foot, and miscellaneous small buildings with 7,000 square feet,
at a cost of $10.98 per square foot,
for the structures.
added $SOO @OO to the -basic building cost;

for a total of $1 836,9@0 f

: =z

;Outszde piplng o
(water supplv and sewer)

the tgtr

supply,
1neer1ng,

$8.40 per
constructed

resulted in costs of $1,260,000 and $76,900
Engineering design, constructlon overhea& and contingencies

s34 bulldlngb.

ler to make

1.7 o 1.8 k]
wasle disposdal

Fuel storage o
g (gas anﬁ’d;esel”ta’

?In31de elect%

Qal ‘eq pment
(installed)

Inside piping

(air, water, sewer)

Engineering, construction overhead,
and contingencies

o~

Total

Machlnery

;tﬁe cash

Iablé 1 is
:Tﬁe number

ayroll is




Table l.--Machinery and machinery cost for a COM-PLY stud factory

Machinery or associated item Cost Machinery or associated item Cost
Dollars Dollars
Log storage and handling equipment 182,250 Fiber dryer emission control equipment 20,250
(unloaders, storage skids, sprinkling, and facilities) Fiber screen 8,100
Log barking equipment 445,000 Glue mixing, pumping, and metering equipment 22,950
Machinery foundations and supports (installed) 187,000 Two blenders (installed) 83,700
Block handling equipment and steam vault 238,000 Forming felter and caul line 893,025
Boiler 189,000 Particleboard press (4 ft. x 24 ft.--20 openings) 2,059,425
Log conveyors to lathe and foundation-. (installed) 41,850 Board stacker and conveyor 218,700
Lathe and charger (installed) 261,900 Core-cutting saw with feeder and bins 96,600
Trays and tripples (installed) 75,600 Laminating glue spreader 81,000
Green clipper (installed) 96,000 Stud-laminating machines (installed)
Green veneer sorting line (installed) 92,000 (4 RF curing or 6 lumber edge-bonding machines) 575,000
Green veneer conveyor 7,400 Eased edge machine 56,700
Green veneer chipper and conveyor (installed) 71,550 Inspection line 2,700
Core chipper (installed) 52,650 Labeling and marking machine 1,350
Bark conveyor (installed) 48,600 Packaging and strapping machine 6,075
Chip handling facility 48,600 Forklifts and carts 87,750
Dryer (installed) 545,000 Air compressor (installed) 44,550
Dryer feeder 58,320 Maintenance equipment and small tools 67,500
Dryer unloader 34,630 Spare parts and quality control equipment 70,200
Moisture meter 6,750 Sweeper and yard truck 25,650
Dry sorting chain 13,500 Storage tanks 81,000
Dry veneer strip clipper 33,750 Storage bins 564,000
Dryer emission control equipment 36,450 Air conveyers (blowers, cyclones, piping) 113,400
Flaker 67,500 Freight in for machinery 160,650
Fiber dryer 472,500 Total 8,136,075




Inventory

Investment is required to buy raw materials and cover cost of materials being
processed and in finished products awaiting shipment. In this study, it was assumed
that one-sixth of the annual cost of raw materials for a factory operating at full
capacity would be sufficient to cover all requirements for inventory investment.

It will be shown in other parts of this report that the total annual cost of raw
materials for this study is $13,232,010. Therefore, the investment required for
inventory would be 82,205,335,

Accounts Receivable

A considerable investment is required to cover sales to customers who do not
pay immediately for the products purchased. Such customer accounts--accounts
receivable--may typically be paid in 10 to 60 days. The average collection period
from customer sales was assumed to be 30 davs. Investment to cover accounts re-
ceivable was considered to be ! month (30 days) of sales. Sales will vary with
the unit price received for products and the quantity produced each year. Three
unit prices were used in this study; but at an average first-year sales price of
$130/M board feet, there would be sales of $24,710,400 per vear. For this study,
the investment required for accounts receivable would be $2,059,200.

Contingency

The investment for any individual item such as land or buildings mav vary from
the amounts assumed or there could be investments for items that might not be evi-
dent until factory construction and operation begins. Therefore, to be on the safe
side, a contingency investment amounting to 5 percent of all other investments has
been used in this analysis. The total of all investments up to this point is
$16,255,424. TFive percent of $16,255,424 is $812,771, which is the contingency
investment for this study. The time when an investment is made is important in
an economic analysis. Cash invested in a factory could also have been invested
in securities and thus be earning interest. In this study, we assume that the
major capital investments would be made during the first 3 years of factory opera-
tion. Table 2 shows the amounts and timing of investments made for this study when
an average unit price of $130/M board feet is received for COM-PLY studs in 1975.
The total investment for a new COM-PLY stud factory is $17,068,195.

FLOW OF MATERIALS

Forest products manufacturers with whom we worked in making this study said
that creditability of the results would only be as good as the assumptions made
about manufacturing cost. They said if detailed information is provided in this
study, then they could use the information to make similar studies of their own by
adjusting our assumptions to fit their own manufacturing operations. This section
on flow of materials contains much of the detailed information upon which operating
costs are based and may be skipped by readers more interested inm results of the study.

Once the size and cperating speed of the particleboard press has been selected,
it is possible to calculate the flow of materials through the factory. Table 3
provides some of the specific assumptions made with regard to particleboard manu-
facture. Maloney (1973) has shown that 1-1/2-inch-thick particleboard could be
cured in a minimum of 10 minutes with catalyzed phenolic resin and a platen tempera-
ture of 400° F. The catalyzed resin is needed only in the core of the particleboard
because the face lavers will reach curing temperatures in less than 10 minutes with
uncatalyzed resin. About 1-1/2 minutes are typically required for press loading,
unloading, and closing. Therefore, 11-1/2 minutes would be the minimum cycle time
for making 1-1/2-inch~thick particleboard. To be on the safe side, cycle time was
rounded to 12 minutes or five cycles per hour.
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investment required for the first 3 years of factory operation

Beginning of

End of

End of

End of

Investment first year jfirst year | second year | third year Total
—————————————— Dollarg= = = = = = = = = — = = ~ = -~

Land 281,900 0 0 0 281,900
Buildings 0 612,300 1,224,600 0 1,836,900
Facilities o 1,086,400 271,600 0 1,358,000
Machinery 0 2,712,000 5,424,100 0 8,136,100
Cash 0 126,000 252,000 0 378,000
Inventory o] 735,100 735,100 735,100 2,205,300
Accounts

receivable 0 686,400 686,400 686,400 2,059,200
Contingency 62,800 150,000 250,000 350,000 812,800
Net investment 344,700 6,108,200 1/8,843,700 1,771,500 17,068,200

1/

='This total differs from the values in the column above because of
rounding.

Table 3.-~Values assumed for production variables in order to calculate flow

of materials through the particleboard section of the COM-~PLY stud factory

Variable Value
Feet | Number | Amount Percent

Net width of press 4
Net length of press 24
Press openings 20
Press cycles per hour 5
Allowance for width trim .35
Allowance for length trim .35
Specific gravity of particleboard .6
Resin solids in face layer of board 6
Resin solids in core layer of board 6
Catalyst in face laver of board

(liquid basis) 0
Catalyst in core laver of beoard

(liguid basis) 6
Wax solids in face layer of board .5
Wax solids in core layer of board 5
Other sclids in resin used in face layer

(percent of resin sclids) 29.3
Other solids in resin used in core layerx

{percent of resin solids) 29.3
Solids in catalyst used in face layer 66.0
Solids in catalyst used in core layer 66.0
Average specific gravity of wood supply .59
Ratio of wood weight in core to wood

weight in face 2
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Table 5.~~Hourly flow of materials through veneer and chip-preparation

P4

sections of a COM~PLY stud factory at 100 percent efficiency

Amount per hour

Material Square | Cubic | Linear

Number feet feet feet Pounds

Stud cores produced 5,400

Dry veneer required for above stud
cores including 5 percent waste 22,680

Dry veneer required 473
Green veneer logs required 1,507

Green logs to be barked 2,728

A

8-foot peeler blocks to be peeled 341

Peeling residues produced from
cores, round-up, and spur tyim 964

Green wood requived in addition to
peeling residues to supply wood
particles for particleboard cores
(assumed to come from tops of trees
above height where peeler blocks
oceur) 414

Small logs from upper tree stems to
be barked for wood particles 1,737

12-foot~long small logs to be barked 145

Water removed from green veneer
during drying 20,005

Water removed from green wood chips
during drying 50,711

One of the most important uses of table 6 is to compute ratios for the flow
of veneer, veneer residues, and linear feet of logs through the factory. Some of
the more important ratios are shown in table 7. For example, table 7 shows that
there will be 2.04 cubic feet of green peeling residues, D veneer, and fishtail
produced for each dry cubic foot of dry C and better venser produced. The ratiocs
shown in table 7 were used in the computer analysis to obtain hourly flow of wood
products shown in table 5.
hour and spread rates of 40 1b/MftS of glue-

/ tween veneers and the core, the hourly quan-
sdhesive including cata t can be computed. Four
i adhesive would be required per hour on veneer-
per hour on veneer-to-particleboard gluelines.

For production of
line between veneers and
tities of phenol-resorcin
hundred thirty-twe pound
to-veneer gluelines and

OPERATING COSTS

Operating costs are needed to determine annual net earnings or cash pfOCtDéC
that will result from the investment. Operating costs provide insight on how the




COM-PLY studs compares with the cost of producing sawn lumber
discussion is concerned with operating costs to produce

studs. The following 4di
COM~PLY studs at 1975 price levels. In this study, it is assumed that the factory
operates 6 dayvs per week and 530 weeks per vear. Out of each 2Z4-hour day, it is as-
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this study, costs of green wood were assumed to increase at a compound rate of
7 percent per year, as tabulated below:

Yearly period Cost of green wood
(dollars/cubic foot)

0.400
428
458
480
. 524
.561
L5600
L6432
.687
. 735

(et o s U B SR B

foun

Typically, prices of softwood timber fluctuate with prices of softwood lumber.
However, when prices of pine sawtimber are rising rapidly because of strong demand,
the price of hardwood usually remains relatively conmstant. Therefore, the cost per
cubic foot of a mixture of hardwoods and softwoods would nrobably not escalste as
rapidly in a period of strong demand as the cost of softwun

{

S

Figure 2.--~Flake~type particles made from peeler cores; they can be coated
satisfactorily with 6 percent resin.
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The volume of veneer in a stud is about 20 to 30 percent of the stud volume,
whereas the volume of C and better veneer in an average mixture of southern pine
trees is slightly over 30 perceat. In other words, there is a slight surplus of
veneer generated in making COM~PLY studs when full-length southern pine timber is
used, Thus, there are cpportunities to reduce wood cost by supplementing the fac-
tory's raw wood supply with low-cost, high-quality residues, such as waste from a
plywood mill,

Veneer for (OM-PLY studs does not require high-quality timber. This study
is based on veneer grades and yields of southern pine from timber of No. 2 saw-
log quality.

Potential manufacturers of COM-PLY studs must consider all the factors dis-
cussed and select the right combination from the wood supply at their disposal when
making their cwn analysis of economic feasibility. However, the quantity of resin
required to make a stud that will meet the quality standards for the product is
greatly influenced by the type of wood used to make the particles.

Particieboard Hesin

Figure 3 shows industrial average prices for the phenclic resin used in
particleboard on a 100 percent solids basis. From 19535 to 1973, the price of
phenolic resinsg steadily declined. Then in 1974 the price rose drastically as
a result of shortages of petrochemicals and plant capacity. This study is based
on the 1975 price of $0.31 per pound for phenolic resin and an estimated price
increase at a compound rate of 5 percent per year.

40 F
~
3
S
%30t \\
§ N
Q
@
A
3
QD .20F
S
5
]
A0 F
Q 3 A i - A, .
1950 1955 1960 1965 1970 1975 1980

YEAR

Figure 3,--Price of phenolic resin per dry pound on a 100 percent sclids basis.
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Resin Catalyst

Research performed for Washington State University
showed that phenclic resin d can be cured in 10 minutes
at a platen temperature of used to accelerate curing.
Assuming that the time for opening, and unloading does

£ exceed 2 minutes, ia i cycle (the time
sumed in this study) The 1975 price for
1 30.48 catalyst required
e dry also estimated to
compound

in order to reﬁaa

v short

Laminating Adhesive

used for

om tempersture are widel
are a mixture of five parts
maldehyde hardener by weighe.
i 4 pound in 1975, The

Phenol-resorcinol adhesives that cure
laminating large structural timbers. Such
liguid phenol-resorcinol resin and one part
Cost of these adhesives when mixed was about
adhesives contain a large percentage of resor
room temperature in a few hours, but the adi
heating equipment in just a few minutes. B
resin and increasing the amount of phenolic
about $0.25 per liguid pound. Two major manu
a laminating resorcinol-modified phenol adhe ¢
frequency heat at a cost of only $0.25 per m d lig rund in 1975, We adopted
this price for the present study and assumed at a com—
pound rate of 5 percent per vear.

»

o
oF e

w
&

Total Materials

Total annual cost for materials g the quan
erials flowing per hour times 6,600 r the wnit
ma t&rzalg (table 8. Th&% cost was calculated to be $13,232,010.

Labor Cost

fomd

Labor costs vary with the levels of skill
pald, and geographic location. Labor wages ha
Table 9 was developed from industry reviews to show the wag
this study for various levels of skill from 1975 through 19
EES

the factory would be built in Arkansas and pay wages including fringe benefits
the prevailing rates in that State. Table 10 lists all of the job descr zpz ons
number of workers, number of shifts worked, wage rate pald, hours worked per day,
and daily labor cost for each operation. Total daily labor cost was calculated

to be $7,560.08. This sum multiplied by the 300 davs worked per vear is the total
annual labor cost. At full production capacity, the annual labor cost at the 1975
rate is 52,268,024,

The annual cost for labor will escalate exponentially from year to year, as
indicated by the growth rate in table 9. Of course, the amount of labor required
during the beginning years will be less than when the plant reaches full production.
In fact, during the first-year comstruction periocd (1875), there will be no diresct
labor cost.
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Table 8.--~Annual cost of materials for a COM~PLY stud factory

Flow of Time
Item materials worked Unit Total

per hour per year price annual cost

Hours - - - -Dollars- - - -

Wood (green-tree length) 1,921 ft3 X 6,600 X 9,40/£t3 = 5,071,440
Particleboard resin 2,646 1b(dry) X 6,600 X .31/1b = 5,413,716
Particleboard catalyst 106 1b(liquidy X 6,600 X L48/1b = 335,808
Particleboard wax 459 1b(liquid) X 6,600 X .08/1b = 272,646
Laminating adhesive 1,296 1b(liquid) X 6,600 X .25/1b = 2,138,400
Total 13,232,010

Table 9.~-Estimated labor costs (including frimge benefits) of operating

a COM~PLY stud factory in Arkansas from 1975 through 19855/
Skill level of workers

Year T

Skilled Semi-skilled Unskilled

~~~~~ Dollars per hour- - - - ~ -
1975 4.96 4,54 4.02
1976 5.23 4.78 4.24
1977 5.51 5.05 4.47
1978 5.81 5.32 4.71
1979 6.13 5.61 4.97
1980 6.46 5.92 5.24
1981 6.82 6.24 5.52
1982 7.19 6.58 5.82
1983 7.58 6.94 6.14
1984 7.99 7.31 6.47
1985 §.42 7.71 6.83

0.023(n-1)

£/Wages escalate by the amount 10 where n is 1 to 11 for

vears 1975 through 1985.

Energy Cost

A COM-~PLY stud factory requires two types of energy for its operation--
electrical and thermal. Some operations require both electrical and thermal energy,
while others require only one. Actual energy costs depend on the volume of mate-
rials being processed, efficiency of the machinery, fuel type, and fuel costs.

Table 11 lists the important energy-using operations in a COM-PLY stud factory
and shows the estimated quantities of electrical and thermal energy for a given
production unit per hour. For example, table 11 shows that drying chips requires

14
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18 kilowatt hours of electrical energy for every green ton of chips processed and
1,800 Btu of thermal energy for every pound of water removed from the chips. The

£ energy shown in table 11 are estimates; actual values in a factory could
v, depending on machine efficiency.

1

Table 12 shows the energy computations. For example, the amount of green wood
to %9 chipped and dried (from table 4) is 87,742 pounds per hour of peeling residues
i 3uéé pounds per hour of small top logs. The total is 94,808 pounds per hour
or 47.4 tons per hour., The estimated electrical energy required for drying chips
is 18 kilowatt hours per green ton {(from table 11) times 47.4 green tons per hour
or 853.2 kilowatt hours per hour. Table 5 shows that the amount of water removed
from green chips is 50,711 nds per hour. The estimsted thermal energy required
to dry the green chips is obtained by multiplying 30,711 pounds of water per hour
times 1,800 Btu per pound of water removed or 91,279,800 Btu per hour. The values
for electrical energy are based on full-rated horsa;&war of motor-driven equipment
and must be reduced to 70 percent of the values shown in order to be more realistic
about actual loads on the motors. TFor eleczrialiy costing $0,014 per kilowatt hour,
the cost per year for electricity is $415,000; for thermal energy costing $0.07 per
therm, the cost per vear is $649,000. The total energy cost per year for this anal~
ysis is 51,064,000 in 1975. 1In this study the price of fuel increases at a compound
rate of 5 percent per year.

ol

Other Production Costs

There are various other costs 2 ciated with manufacture that need to be
accounted for in operating a factory. These costs are best obtained from accounting
records of an actusl factory; the amounts shown in table 13 are rough estimates.

Sales promotion expenses were arbitrarily assumed to be 6 percent of the 1975
sales 1f the plant had been operating at full capacity and were distributed over
the first 3 years of operation in declining amounts of 3 percent, 2 percent, and
1 percent of sales.

Depreciation Costs

Depreciation expense must be computed in order to determine the manufacturing
costs for studs and taxable income and to determine return on investment. In de-
termining manufacturing costs, the straight-line method of depreciation was used;
in determining return on investment, the sum~of-the-years digit method was used.
In this study, buildings, facilities, and machinery were depreciated over the
10~year investment period.

ANNUAL SALES, OPERATING CASH FLOWS, AND TOTAL MANUFACTURING COST

The purpose of this section is to determine the cash proceeds or net earnings
that accrue to the business as a result of manufacturing operations. In computing
net earnings, 1t is necessary first to compute revenue from sales and then to sub-
tract manufacturing costs and taxes.

Some price has to be assumed for the product. In this analysis, therefore,
vices of (OM-PLY studs are assumed to compete with those of sawn kiln-dried

s extremely difficult to make accurate predictions of stud prices because
they fluctuate widely with various economic conditions, The average f.o.b. mill
ce of kiln-dried Hem-fir studs was $61.83/¥ board feet in 1966 and rose to
57.17/¥ board feet in 1976 (Evans 1976). This rise in price is about 10 percent
compound growth for a 10-vear period. In 1975, the average f.o.b. will price for
kiln-dried Hem~fir studs was 5126.33/M board feet. The vear 1975 was a period of
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recession, low home-building activity, and low lumber prices. We therefore esti-
mated that stud prices would increase at a lower compound growth rate of 7 percent
during the investment period from 1975 to 1985--about 3 percent less g¢rowth than
during the previocus 10-year period. Three price levels for COM-PLY studs in 1975
were used in the study; the first was assumed to be $123.50/M board feet, the
second was assumed to be $130.00/M board feet, and the third was assumed to be
$136.50/M board feet. Since 1975 was a periocd of relatively low lumber prices,
the second price level probably most closely represents the base for the long-term
price trend for studs. Table 14 shows f.o.b. mill prices for COM~PLY studs at the
three levels during the investment period.

. . L1/
Table 12.--Estimated energy required per hour to produce COM-PLY s tuds™

Energy/hour

Energy Materials
Operation unit unit | Electrical | Thermal
kWb Beu
Barking logs 0.0C6 X 4,465.0 = 26.79
Hogging fuel 30.000 X 7.0 = 210.00
Conveying chips 35.000 X 63.2 = 2,212.00
Steaming blocks 116,000.000 X 59.7 = 6,567,000
Log cut-off .002 X 4,465.0 = 8.93
Log sorting 003 X 4,465.0 = 13.40
Peeling veneer .008 X 722,680.0 = 181.44
Veneer drying 004 X 22,680.0 = 80.72
Veneer drying 1,800.000 X 20,004.09 = 36,067,362
Conveying veneer 003 % 22,680.0 = 68.04
Flaking wood 28.000 X 47.4 = 1,327.20
Hammermilling 20.000 X 47.4 = 548.00
Drying chips 18.000 X 47 .4 = 853.20
Drying chips 1,800.000 X 50,711.0 = 51,279,800
Screening chips L4000 X 22,1 = 8.84
Blending 8.000 X 22.1 = 176.80
Forming matt 5.000 X 24.8 = 124.00
Prepress matt 004 X 96.0 = .38
Pressing matt 6.000 X 24,8 = 148.80
Heating matt 140,000.000 X 24.8 = 3,472,000
Heating cauls 100,000.000 X .0 = 0
Water loss 80,000.000 X 24.8 = 1,984,000
Radiation loss 9,000.000 X 24.8 = 223,200
Convection loss 8,0006.000 X 24.8 = 198,400
Finish stud 001 X 5,400.0 = 5.40
Laminate stud 003 X 5,400.0 = 16.20
Laminate stud 156.000 X 5,400.0 = 816,000
total 6,420.14 140,541,762
X . 702/
4,494 .10

i/ . a0t ;
~' Factory is assumed to work 6,600 hours per year. Hourly totals for
kWh and Btu must be multiplied by this value to obtain yvearly totals.

2/ . . . -
“'Electrical energy is 70 percent of total in order to account for
motors not running at full rated horsepower.
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Table 13.--Miscellaneous production costs in operating a COM-PLY stud factory

Cost

e

i

Amount

|

| i

Percent] 1

Percent of

and, building, and  Salary

B _ of sales | facilities cost (in 1975)

Dollars

Production supplies 2.0

Maintenance supplies 1.0

Utilitdies .1

General manager 25,000

Office manager 18,000

Office clerks (three at $6,000 each) 18,000

Crade-certification fees 1.0

Other office administrative expenses .5

Sales promotion 6.0

Facilities maintenance 2.0

Facilities taxes .5

Facilities insurance .5

Sales expense 5.0

Contingency expense 2.0

Table l4.--Estimated f.o.b.

mill prices for COM~PLY studs

during the investment period from 1975 to 1985

Price level

Year (1) (2) (3
————— Dollars per M board feet— - - - -
1975 123.50 130.00 136.50
1976 132.15 139.10 146.06
1977 141.40 148.84 156.28
1978 151.29 159.26 167.22
1979 161.88 170.40 178.92
1980 173.22 182.33 191.45
1981 185.34 195.09 204.85
1982 198.31 208.75 219.19
1983 212.20 223.36 234.53
1984 227.05 239.00 250.95
1985 242.94 255.73 268.52

Given a choice between COM-PLY and conventional sawn studs at the same price,
the builder probably would choose COM-PLY because they do not warp. Builders often
recut 10 to 25 percent of their conventional studs into shorter lengths for use as

blocking or short members because of excessive warpage.

Thus, builders might even

pay a premium price for COM-PLY studs, although we have not made that assumption

in this study.
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Table 15 shows the anm cash flows from operating a COM-PLY stud factory

ua

over the 10-vear pericd. In this study, it is assumed that the production level
of studs will be zevo during the first year, 20 percent the second year, 80 per-
cent the third vear, and 100 percent the fourth year. When the factory reaches

the 100 percent level, it will be opevating at an efficiency of 92 percent.

The cash flows from sales in table 15 were computed by multiplying the £f.0.D.
mill price times the board footage of studs produced per year. There wers 5,400
studs produced per hour for 6,600 hours per year, and each stud contains 5-1/3
board feet. Thus, annual production would be 190,080,000 board feet annually by
the fourth year of operation.

There is some terminal salvage value for buildings, facilities, and machinery
st the end of the 10-year investment period. Because this terminal salvage 1is
revenue from a sale and is taxable, it is treated as a sales item during the last
year of the investment period.

Computing the cash flows for operating costs in table 15 is similar to com-
puting the cash flows for sales. The inflation rate was 7 percent for logs and
{tems that were computed as a percentage of sales. Otherwise, the inflation rate
used was 5 percent except for wage rates, which escalated at the rate shown in
table 9. The general manager, office manager, and clerks were assumed to be hired
on a full-time basis at the beginning of the gecond year. Sales promotion occurred
only during the first 3 years, declining from $741,300 the first year to $247,100
by the third year. Only 50 percent of the facilities expense was assumed to occur
the first vear, but full facilities expenses sceurred in subsequent years and esca-
tated at s rate of 5 percent.

Total operating costs for purposes of computing taxable income were found by
totaling the cost for raw materials, production eXpenses, sdministrative expenses,
sales promotion, facilities expense, contingency expense, sales expense, and depre-
ciation. For example, the operating cost for rhe fourth vear, when full production
had been reached, is shown as $24,901,200. Depreciation is included with the op~
erating cost because the Internal Revenue Service allows depreciation to be de~
ducted as an expense for tax computations. Depreciation began in the second year,
when most of the investment for machinery and facilities had been made.

The taxable income is the difference between sales and total operating cost
including depreciation. For the fourth year, the taxable income is §5,370,100.
vor this study, we assumed thatl the Federal tax rate is 48 percent and that there
would be 4 percent additional state and loecal tax charges, for a total tax rate of
52 percent. Tax on income for the fourth year is $2,792,500 and after-tax profit
is $2,577,600.

To cbtain the net annual earnings for the fourth year, the depreciation {which
was subtracted as a production cost for computing taxes) is added back to the after-

tax profit. The net earnings for the fourth year are 84,225,800,

Notice that a negative income tax is shown for the first and second years.
The Federal government does not make taxz refunds to companies that have a loss
from operating. However, for a large company, these losses could be charged off
against other parts of the business that were operating profitably: therefore,
rhey have been left iIn this analysis. For a company that could mot write off the
losses that occur during the first 2 years, there would be zerc income tax and
negative net earnings for both years.

Operating costs shown in eahle 15 can be used to compute the 1975 manufac-
turing cost of a stud. This cost is computed by projecting the amounts for each

item during the fourth year back to the 1975 cost. For most items, the 1975 price
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1
Table 15.--Ten-year cash flow from operations of a COM-PLY stud factoryw/
ltem ) 1975 ‘ 1976 1977 } 1978 l 1979 l 1980 l 1981 1982 Y 1983 1984

A. Sales
COM-PLY studs 0 5,288.0  22,632.7 30,271.3 32,390.3 34,657.6 37,083.6 39,679.5 42.,457.1 45,429 .1
Terminal salvage _0 0 0 0 9] 0 0 0 0 206.0
Total 0 5,288.0  22,632.7 30,271.3 32,390.3 34,657.6 37,083.6 39,679.5 42,457.1 45,635.1
B. Raw materials
Logs 0 1,085.3 4,645.0 6,212.7 6,647.6 7,112.9 7,610.8 8,163.6 §,713.6 9,323.6
Particleboard resin 0 1,136.9 4,774.9 6,267.0 6,580.4 6,909.4 7,254.9 7,617.6 7,998.5 8,398.4
Particleboard catalyst 0 70.5 296.2 388.7 408.2 428.6 450.0 472.5 496.1 520.9
Particleboard wax 0 57.2 240.4 315.6 331.3 347.9 365.3 383.6 402.8 422.9
Laminating adhesive 0 449.1 1,886.1 2,475.5 2,599.2 2,729.2 2,865.7 3,008.9 _3,159.4 3,317.4
Total 0 2,799.0  11,842.6 15,659.5 16,566.7 17,528.0 18,546.7 19,626.2 20,770.4 21,983.2
C. Production expenses
Direct labor 0 1,195.7 2,521.4 2,658.6 2,803.2 2,955.6 3,116.4 3,285.8 3,464.6 3,653.0
Power and fuel 0 223.5 938.8 1,232.2 1,293.8 1,358.5 1,426.4 1,497.7 1,572.6 1,651.2
Production supplies 0 105.8 452.7 605.4 647.8 693.2 741.7 793.6 849 .1 908.6
Maintenance supplies 0 52.9 226.3 302.7 323.9 346.6 370.8 396.8 424 .6 454.3
Utilities 0 5.3 22.6 30.3 32.4 ] 34.7 37.1 39.7 42.5 45 .4
Total o 1,583.1 4,161.8 4,829.1 5,101.0 5,388.5 5,692.3 6,013.6 6,353.3 6,712.5
D. Administrative expenses
General manager 0 26.2 27.6 28.9 30.4 31.9 33.5 35.2 36.9 38.8
Office manager 0 18.9 19.8 20.8 21.9 23.0 24.1 25.3 26.6 27.9
Clerks (3) 0 18.9 19.8 20.8 21.9 23.0 24.1 25.3 26.6 27.9
Grade~certification fees € 52.9 226.3 302.7 323.9 346.6 370.8 396.8 424 .6 454.3
Other 0 26.4 113.2 151.4 162.0 173.3 185.4 198.4 212.3 227.1
Total 0 143.4 406.7 524.7 560.0 597.7 638.0 681.0 727.0 776.1
E. Sales promotion 741.3 494 .2 247.1 0 0 0 0 ¢ 0 0
F. Facility expenses
Maintenance 34.8 73.0 76.7 80.5 84.5 88.7 93.2 97.8 102.7 107.9
Taxes 8.7 18.3 19.2 20.1 21.1 22.2 23.3 24.5 25.7 27.0
Insurance _ 8.7 18.3 19.2 20.1 21.1 22.2 23.3 __24.5 25.7 27.0
Total 52,2 109.5 115.0 120.7 126.8 133.1 139.8 146.8 154.1 161.8
G. Contingency expenses 0 105.8 452.7 605.4 647.8 693.2 741.7 793.6 849.1 908.6
H. Sales expense 0 264.4 1,131.6 1,513.6 1,619.5 1,732.9 1,85%4.2 1,984.0 2,122.9 2,271.5
1. Cost of operations 793.5 7,559.6  20,211.7 24,901.2 26,064.0 27,309 .4 28,642.7 30,069.3 31,594.8 33,225.6
{B+HCHDHEHFHGHHAHL)
J. Taxable income (A-T1) -793.5  -2,271.5 2,421.0 5,370.1 6,326.3 7,348.2 8,440.9 9,610.2 10,862.2 12,409.4
K. Income tax (52% X J) -412.6 -1,181.2 1,258.9 2,792.5 3,289.7 3,821.0 4,389.3 4,997.3 5,668.4 6,452.9
. Depreciation
Machinery 0 1,479.3 1,331.4 1,183.4 1,035.5 887.6 739.6 591.7 443.,8 295.9
Facilities 0 580.9 522.8  464.7 4066 348.5 290.4 232.4 174.3 116.2
Total 0 2,060.2 1,854.2 1,648.1 1,442.1 1,236.1 1,030.1 8241 618.1 412.0
M. After-tax profit (J-K) -380.9 -1,090.3 1,162.1 2,577.6 3,036.6 3,527.1 4,051.6 4,612.9 5,213.9 5,956.5
N. Net earnings (M+L) -389.9 969.8 3,016.3 4,225.8 4,478.8 4,763.2 5,081.7 5,437.0 5,831.9 6,368.6
i . ]

= Data may not equal totals because of rounding and truncating.




is either 9. 8638 or O. 8163 times the 19780value3 1n order to account for a 5 or

Total expense for sales prOmotlon was averaged far the 10 years' to glve an” average ;
yearly cost for 1975, Straight-line depreciation for a 10-year period was used for
computlno deprec1at10n cost for 1975, . _After making these adjustments, the 1975

V 5.640,000. (the number of studs produced per year) to obtain
ha GoBt per stud and b 190,080, 000" (the number of ‘board’ feet produced per year)
to obtain the cost per M board feet Table 16 shows the 1975 estimated manufac-
turing cost for COM~PLY studs made in Arkansas and selling at $130/M board feet.

,,,Cqmputlng the operatlng COSt shown Jin: table 15 1s dlfflcult and requlres much,
time for collectlng ‘aceurate data. Potentlal manufacturers of - COM—PLY studs prob—;{‘

~ ably have a good gource of data in their own company recards.” By using theiriown, ,
data and making computations similar to those shown in this section, manufacturers
can more accurately estimate the factory cost for their own company. . '

{: ahle 16 ~—Estlmated manufacturlng cost in 1975 for COM?PLY

studs made in Arkansas’ and selling at $130/% board feet
; f.o.b.. at, thetmlll ' '

S lten

Raw materlal

fLDgS :‘

;Particleboard resin .0

*Re31nwcata1yst

Wax

iy o ~Ven?ef adhesive

”lPdwer”andzfuel

Other production expenées 021 4.00
) Adminlsttatlve expenses I 0120 2030 . . .

Sales promdtlon

i,Fagllltmes expense

‘ Contingency expense

.Sales expense o

Deprecxafion

Total~

NET CASH FLOWS AND INTERNAL ‘RATE OF RETURN

The previous sections dealt with the estlmated investment to build a COM—PLY
stud factory and the met annual earnings that - might: ‘be expected from its operation.
In one section, we were considering cash outlays for an investment and in the other
section werwere: conalderlng cash proceeds that accrue: from profltable operatlon.

; Potentlal manufacturers of COM=PLY studs want ‘to know what, return “on thelr invest—
= mentithey can expect from the cash proceeds: T net earnlngs.:rm ,

h ¥ zlue concepf 7 3
¢ent interest,. the value 1 year from today is*$106. The Q}“é is called the fu*ure
sum. The future ‘sum imcludes theoriginal amount (present-value) plus-interest
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accunulated {(return on investment)....The: §100.is ‘analogous- todnvestments or cash
outlays:to build a factorys while, the $106 is:analogous: to. cash -proceeds resulting
from profitable operation. . If we did not know. the. interest rate for the present..
value, of §100 and future sum 0f $106. for. a period. of 1 year, we could find it bv.
using. trial interest rates until we found one, that ylelded $6 per year. on. a $100
myegtment oy . p . . i - ot i 5

The process of computing the present value of future sums at a given interest
rate:. is referred to. as discounting,  In this study, the annual:cash outlays,(such
as. for 1nvestments) are. considered: as. negative. future. sums. and: annual. -cash..proceeds
Asuch as net earnings from.profltable operatlon) are- considexed: as positive future
sums. The object of the analysis is to find the compound interest or discount rate
for 10 annual;periods when the present wvalue (at. the beginning of the. investment
period or time zero) of the cash outlays is just equal to the present value of the
cash proceeds.. . .This procedure: is widely: used for evaluating: the economic, feasi-
bility.of 1nvestments and is.often. referred, to as..a discounted cash flow analy81s
Finding the appr@prlate compound interest. or, discount rate is a trlal—and =erLor. .
PLQCESS. ; . ; :

In flndlng the approprlate dlscount rate, a low 1nterest rate is selected and
;the net annual. cash flows. (outlays and proceeds) or, futune sums are converted oo R
their present. value.on, the basis..of the rate, selected _If. the cumulated net. annual
cash flow is. pos;tlve then the present value. of the casb proceeds is greater than
the present wvalue of the cash outlays for . the 10 years of operation... In. that, case
a higher trial interest rate is selected and the procedure is repeated amtil. a rate
is found at which the positive present values of cash proceeds just equal the neg-
ative: present values of: cash outlays. .This interest or discount rate is called the
.dnternal. rate.of return,. Table 17- shows a. dlscounted cash flow analy51s if COM—PLY
studs. are sold. for $130/M board- feet.

Table 17 —~Dlscounted cash ‘flows. at-a:15: percent rate of return fnr a COM-PLY

stud factory durlng a 10-year investment perio&*/

oo Net, s o T N T

‘Year | ‘Outlay” |7 Proceeds a?:;il:”f S ‘§r§5§ﬁt?Vé%?§ —
(investment) | (net earnlngs) flow At 157 Annual return Cumulative
————————————— Thousands of dollars— - = = = = = = = = = ~ - ~

CRNERTUS VIR B Orvvm o =Bhhad Koo 10000 b= < =344.7 - ~344.7
1 =6,108:2 # - =380.9 = ~6,489.1 X  .8696 = . =5,642.7 " -5,987.4
2 -8,843.7 + 969.8 = ~7,873.9 X - .7561 = =5,953.8  ~11,941.2
3 -1,771.5 74{‘f3 016.3 = 1,244.7 X 6575 =  B18.4  -11, 122.7
4 0 44,2258 ,'4522538<fx'f:.5718 = 2,416.1 - =8,706.6
5. 0 +  4,478.8 = 4,478.8 X .4972 = 2,226.7  -6,479.9
6 0 +O4,763.2 = 4,763.2 X .4323 = 2,059.3 . -4,420.6
7 0+ 5,087 = 5,081.7 X .3759 =  1,910.4 _ -2,510.2
8 0+ 5,437.0 = 5,437.0 X  .3269 =  1,777,4 -732.8
9 0 + 5,839 = 5,831.9 X .2843 =  1,657.8 925.0
10 4,642,5 + 6,368.6 = 11,011.1 X .2472 =  2,721.8 3,646.7

L/Data may not equal totals because of rounding and truncating.
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The first column in table 17 shows the vear or period of investment. Year 0
represents the beginning of year 1, but the other numbers--1 through 10--represent
vear-end times., The next column shows cash outlays for investment and is taken
from table 2. The values are negative because they represent cash outlays, except
for the value at year 10. This value represents working capital (cash, inventory,
accounts receivable) that is recovered at the end of the investment period. The
recovered working capital is treated as a positive nontazable cash flow.

Column 3 is taken from the net earnings (table 15). If production operations
are unprofitable, the net earnings will be negative. However, if the production
operation is profitable, the net earnings are positive and represent cash proceeds.

Column 4 is the sum of colums 2 and 3 and represents net annual cash flows.

Colunmn 5 lists the present-value factor for a 15 percent interest rate. This
interest rate was selected because it represents a winimum rate of return on an
investment. At rates of return less than 15 percent, & company might be better
off to invest elsewhere. The values in column 4 represent future sums at the end
of the vear indicated. By multiplying the values in columm 4 by the present~value
factor in column 5, the amount in column 4 is discounted (meved backward through
time) to its present value (shown in columm 6). TFor example, at the end of year 5,
the net annual cash flow was $4,478,800 and the present value of annual return was
82,226,700. In other words, if we had invested $2,226,700 at time zero at a com-
pound interest rate of 15 percent, we would have a future sum of $4,478 800 at the
end of 5 vears.

Column 7 shows the cumulative resent value : 21 cash flows in colum 6.
p

3

At a discount rate of 15 percent, the $17,068,20 e nt would be paid bz
8.44 vears. Thus, the internal rate of rveturn i - In other words,
if we had used present-value factors for a di 0% percent, the in-
vestment would have been paid back at the end he ‘or a discount
rate of 21.09 percent, the negative present values of t outlays would just
equal the positive present values of the cash proceed rear period.

Internal rates of return were calculated for the three price levels of studs,
but the operating cash flows and discounted cash flow analysis are shown only for
studs priced at $130/M board feet at the mill. Rates of return and related factors
for the three price levels arc summarized in table 18,

Table 18.--Payback periods, internal rates of return, and break-even points

for a COM-PLY factory selling studs at three price levels (f.o.b. mill)

Payback period Internal rate of
Sales price for studs at 15 percent return for 10-year Break-even
(Dollars/M board feet) discount rate investment period point
Years Percent M board feet
123 50 9.50 17.16 97,086
130.00 8.44 21.09 81,891
136.50 7.44 24,75 71,019
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DISCUSSION AND CONCLUSIONS

Under average conditions, a manufacturer should be able to obtain an internal
rate of return of 20 percent or more on an investment in a new COM-PLY stud fac-
tory. However, much greater profit potential exists if existing facilities for
manufacturing particleboard and veneer are converted to the manufacture of COM~-PLY
studs. For such a conversion, investment would be less and positive annual cash
filows would occur sooner than if a new plant were built. For a small investment
in a stud-laminating operation, the return on the total investment would be much
larger than shown in this study.

Conversion of existing facilities to the manufacture of COM-PLY studs would
also help alleviate this country's current excess capacity to produce particle-
board. Because so many particleboard plants have been built, many of them are
providing a low internal rate of return. A 100 percent conversion from particle-~
board to COM-PLY studs would not be necessary. Even converting one-third of a
factory's particleboard production to COM-PLY studs should greatly improve its
earning capacity.

Consumer demand for particleboard often peaks a year or two after the peak
demand for lumber and plywood, primarily because demand for lumber and plywood is
greatest during a housing boom. After a housing boom subsides, the need for lum-
ber and plywood drops off, as it did late in 1873. Subsequently, construction of
shopping centers and manufacture of furniture increase, both of which create a
strong demand for particleboard.

There are other financial benefits for a manufacturer who can produce COM-PLY
lumber and particleboard in one factory. He can shift production to the product
in greatest demand. As a result, a facility that can produce both products has
the potential for larger positive cash flows over a longer period of time than one
that produces particleboard alone. Under present practice, many particleboard
plants suffer heavy losses or are forced out of business during recessions.

Potential manufacturers should carefully compare the manufacturing costs for
COM-PLY studs (table 16) with those for sawn lumber studs, especially from the
standpoint of fluctuating costs of raw materials. One of the greatest expenses
in making conventional studs is the cost of wood. During pericds of peak demand
for lumber, the prices for stumpage increase, more so for softwoods than hardwoods.
Because COM-PLY studs can be made from a mixture of hardwoods and softwoods, they
have a distinct cost advantage in raw materials. Furthermore, wood represents a
smaller percentage of the total cost of a COM-PLY stud than of a conventional stud.
In COM~PLY studs, the cost for resin binder, catalyst, wax, and laminating adhesive
is greater than for wood. These nonwood costs do not fluctuate greatly in unison
with wood prices.

In the future, we will undoubtedly face the problem of getting 2 x 6's, 2 x 8's,
and 2 x 10's for lumber-framing from smaller logs than have been available in the
past. This study shows that it is economically feasible to manufacture COM-PLY
2 x 4's now. Therefore, the economic potential for making even larger COM-PLY
lumber framing is highly favorable.

This study was made for the investment period from 1975 to 1985. As time
passes, manufacturing costs will tend to favor COM-PLY studs over sawn lumber
studs. Analysis of financial feasibility for some later period--say 1980 to 1990--
should show even greater internal rates of return than those we found for the period
from 1975 to 1985.
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