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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 plywopd: i Thomes: [Researchio . structurali framing wasinitially limited
to COM-PLY studs but has now been extended to include larger members such as floor
joists.

Tn 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 resources 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. es and a g:gaﬁer‘y@rie;y,of;treeéspgc' s than would conven-
tional wood products. Tt ) a1 ¥

The particleboard which comprises a larg portion of COM-PLY
studs and joists is made from chipped-up wood that comes from forest residues, mill
residues, or low-quality timber: I i E

Tﬁﬁé,“édéh”cdmpééifeé“ébuld greatly increase the
amount of lumber and plywood available for residential construction, our major use
of wood, without eroding the Nat 1o ‘e timber 'supply.

Research on composite wall and floor framing was performed by the Wood Products
Research Unit, Southeastern Forest Fxperiment 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.

Tncluded 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 required to manu-
facrure COM=PLY studs in the South are presented. Tt is possible
to obtain a 20 percent or greater internal rate of return On an
{nvestment in menufacturing COM-PLY studs.

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

Cooperative regsearch by the Forest Service, U.S. Department of Agriculture,
and the U.S. Department of Housing and Urban Development has ted 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
luymber is a structural candwich construction with a particleboard 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 atuds are intended to be
used as direct substitutes for conventional studs of sawn lumber and must be priced
competitively.

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

Potential manufacturers of COM-PLY studs want to know how much it will cost To
make them. They alsc want to now if a COM-PLY stud factory would be a profitable
investment, one that would give a greater return on the investment than & sawmill.
This report presents estimates on the amount of investment required to build a
COM-PLY stud factory; the cost of manufacturing COM-PLY studsy the annual 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 conserﬁing'CBSKSQaréibasedfﬁﬁﬂindustfyfaveragésYéﬁd!therefore do not
reflect values for any specific company,

manufacture COM-PLY éﬁgds¥¥pgofit§5ili§§f§epgﬁés oﬁféompetenﬁgmégagéfia E:
market demand, pfqduction,eff;dieﬁéy;fan&70theffbgéinés5 factors. However, the
results strongly indicate that it is econo F o manufacture COM-PLY

a ‘quantity

studs. Although a specific firm's assumption:
affect the

3

may vary from those. in this_repor;a

overall con&IuSions'repQrtéd; ;‘\

FINANCIAL- FEASIBILITY ANALYSIS

PROCESS USED FOR MANUFACTURE

5t oLt of any analyais of finandial fedsibiliey ace gredcly atrectid
by"the‘p;QQESS}QSed fbrfmaqqfaQtuﬁy  ;A:5?iéf‘epranqticn of the process used will
therefore help the reader, In this analysis, 1-1/2-inch 1ick particleboard is
made on a 4-foot-wide by 24-foot-long multipléfén:hot—pte: with 20 ¢ enings.
The press completes five cycles each hour, and each cycle consists of 10 minutes’
curing time and 2 minutesffgrwlqadingyandﬁunlqad;ngtw_ e particleboard has a

specific. gravity of 0.6. si
weight of wood. in the parti

inch ‘thick), and 6 percent cat&lyZé&iﬁhéﬁdlié‘fésin is used
(1 inch thick). Wax is used at a rate of 0.5

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 1-1/2inches a , i- i i
strips 1/4 C thi
are graded,

he parti-
lerefore, the bondline
ontains twice as much glue as the
read, the veneers are automatically
L gainst the core edges and the assembly is
rally into a lumber edge-bonding machine. The edge~bonding machine
could utilize heated platens or radio frequency (RF) curing. In this study, four
RF-curing edge-bonding machines were required to balance the production rate of the
ParticlebOQFdwpnessfV;Aﬁter1tne;v%neer%varewlaminated o the particleboard. cores,
the studs are hot-stacked for final curing. ‘are run through one ma-
~chine to ease the edges and a second machine to label the edges according to use
‘designation. Then the st s are anded together in packages and stored in the
‘ i Sﬁipéed'tp'5usﬁomérsafn.;' T SE : Siksh i

Sy s

The total land required vas
mate; a l5-acre site would be adequate when a company can maintain a low inventory

ftbégé()j_ééfégfand:f,{é‘si':f?éS;?S,Q:p,é{,i;écre,;i
. Th; ty.acres of ”and_;sﬁaﬁggnergd: '
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supply,
zineering,
; tal ‘cost of

land an éevelopment was $281 910

RBuildings

A main building with 150,000 square feet, constructed at a cost o $8.40 per
square foot, and miscellaneous small buildings with 7,000 square feet, constructed
at a cost of $10.98 per square foot, resulted in costs of $1,260,000 and $76,900
for the structures. Engineering design, constructlon overhea& and contingencies

added $500,000 to thevbasmc building cost% for a total of $1 836,9@0 for bulldlﬂgb.

" L

Facil

Cost oé facilitiés to be added to thé buiid%ﬂgs and gro&ﬁds iﬁ order to make

the plant operational .a

Ccst

(éollafs\
230 00D
730,000
348,996
f 3:609

;Outsldelpiplng ,
(water supplv and sewer)

1.7 1.5 k1
waste disposdl

,Fuel storage

~In31de electx g@l eq pment
(installed)

Inside piping
(air, water, sewer)

Engineering, construction overhead,
and contingencies

o~

651,250

Total 1,358,050

Machlnery

In thla,study, it was assumed that new machlnery Was purcnased. Table 1 is
:  The| number

 In this ar
sufficient to meeft the;
needs of the bus1ness.

:tﬁeicash
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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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Tahle Z.--Net investment required for the first 3 years of factory operation

Beginning of End of End of End of
Investment first vear first year | second year | third year Total
—————————————— Dollars~ = = = = = = = = = = = = = =
Land 281,900 0 0 0 281,900
Buildings 0 612,300 1,224,600 0 1,836,900
Facilities C 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
1/

Net investment 344,700 6,108,200 ='8,843,700 1,771,500 17,068,200

é/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

v
Variable alue

Feet Number Amount Percent

£~

Net width of press

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 layer of board

(liquid basis) 0
Catalyst in core layer of board

(liquid basis) 6
Wax solids in face layer of board .5
Wax solids in core layer of board 5

Other solids in resin used in face layer
(percent of resin sclids) 29.3

Other sclids in resin used in core layer

{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




cost of producing COM-PLY studs compares with the cost of producing sawn lumber
studs. The following discussion is concerned with operating costs to produce
COM-PLY studs at 1975 price levels. In this study, it is assumed that the factory
operates 6 days per week and 50 wesks per year. Out of each 24-hour day, it is as-
sumed that there are 22 hours of useful work. Efficiency is thus about 92 percent
Such high efficiency is possible because

or 6,600 hours of production per
only a single item is bei 1

year,

Wood

One advantage of usi
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this study, costs of green wood were assumed to increase af a compound rate of
7 percent per vear, as tabulated below:

Yearly period Cost of green wood

(dollars/cubic foot)

0.400
428
458
480
.524
.561
.500
.642
.687
.735

OO 00w NN B ) N e

foun

Typically, prices of softwood timber fluctuate with prices of softwocd lumber,
However, when prices of pine sawtimber are rising rapidly because of strong demand,
the price of hardwood usually remains relatively constant. Therefore, the cost per
cubic foot of a mixture of hardwoeds and socftwoods would probably not escalate ag
rapidly in a period of strong demand as the cost of softwoo 1

i

ihil

Figure 2.~~Flake~type particles made from peeler cores; they can be coated
satisfactorily with & 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 percent. 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 opportunities 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 COM-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 own analysis of economic feasibility. However, the quantity of resin
required to make a stud that will meet the quality standarde for the product is
greatly influenced by the type of wood used to make the particles.

particieboard Resin

Figure 3 shows industrial average prices for the phenolic resin used in
particleboard on a 100 percent solids basis. From 1955 to 1973, the price of
phenolic resing 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
N
Q
S
S
o 30t N
X A
2
~
3
Q 20F
S
o
3
A0 F
0 : : : . . i
1950 1955 1960 1965 1970 1875 1880

YEAR

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

Research performed for Washington State University
showed that phenoclic resin can be cured in 10 minutes
at a platen temperature of / : a catals is used to accelerate curing.

Assuming that the time for and unloading does
¢ exceed 2 minutes, if is le {the time

e 1975 price for

catalyst required

e also estimated to

the ;arﬁﬁvé~b§a?é is so
half wax solids, were p
d this 1875 '

2 percent

Laminating Adhesive

Phencl-resorcinel adhesives that cure bom temperature are widely used for
laminating large structural timbers. Such are a mixture of five parts
liquid phenol-resorcinol resin and one part maldehyde hardener by weight.
Cost of these adhesives when mixed was about pound in 1975. The
adhesives contain a large percentage of reso
room temperature in a few hours, but the adh
heating equipment in just a few minutes. By
resin and increasing the amount of phenolic re
about $0.25 per liquid pound. Two major manu
a laminating rescorcinol-modified phenol adhes
frequency heat at a cost of only $0.25 per mixec
this price for the present study and assumed
pound rate of 5 percent per vear.,

£

By k|

Total Materials Cost

Total annual cost for materials is found by multiplying the quantity of ma-
terials flowing per hour times 6,600 hours per year times the unit price of ¢
materials (table 8), T&&% cost was calculated to be $13,2 232,010,

Labor costs vary with th
paid, and geographic location Labor wage

in

s

Table 9 was developed from dustry reviews
this study for varicus of skill from 1975 t%rﬁhgh E?% We :
the factory would be huil in Arkansas and pay wages 1n¢1udlag ?figge b@ge¥z@s at
the prevailing rates in that State. Table 10 lists all of the job descriptions,
number of workers, number of shifrs worked, wage rate paid, hours worked per day,
and daily labor cost for each operation. *@tai daily labor cost was calculated

te be $7,560.08., This sum multiplied by the 300 days worked per vear is the total
annual labor cost. At full production capacity, the annual labor cost at the 1975
rate is $2,268,024

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 construction period (1973), there will be no direct
labor cost.

[,
fad




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 0,40/ft3 = 5,071,440
Particleboard resin 2,646 1b{(dry) % 6,600 X .31/71b = 5,413,716
Particleboard catalyst 106 1b(liquid) X 6,600 X L48/1b = 335,808
Particleboard wax 459 1b(liquid) X 6,600 X .09/1b = 272,646
Laminating adhesive 1,296 1b(liquid) X 6,600 X L25/1s = 2,138,400
Total 13,232,010

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

a COM-PLY stud factory in Arkansas from 1975 through 1985£/

Skill level of workers

Year

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 .47
1978 5.81 5.32 4.71
1979 65.13 5.61 &£.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 8.42 7.71 6.83

l/Wages escalate by the amount lOO.OZB(n—l) where n is 1 to 11 for
years 1975 through 1985.

Energy Cost

A (OM-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




TS3TIeueq 9B8utay pue swwey 403 3wenasd ¢z sspnyour sqey ATanoy —

— R e e A B R Y A
807 095%, P99y TE30]
7€t 9t B LA T T ALBTY Fuypddryg TARNS 8 Yoty T T (8snoysxem) zeatap Leuyyp
8y 96 vz A 3 T Ao3easdo xeddexsy 96° 80T 124 yoTy £ T (Texous8) zeatap Louyyr
8Y°96 v Z0°y 3 1 B 3By 80 gLz 8y 96" % € 7 T0109dsuy
(AL 8 yeh 1 1 uBW wooisioyg Y0 61T 24 96" % £ T I98ps pasey
89 6¢ 8 96" 4 T T EEERES I ¥ BG TR 767 ¥y ¢ 8 J0leutme-s1epany
89°6¢ ] 96" % T 1 IsTUTYORY Y8 ey 96 vy 13 7 103BI3do MES % suryoEm weq
00°08 8 00° 01 1 T JuspusiuTIRdng 96°90T 24 yGty ¢ T Ieutw enyy
00867 24 STAR- 3 T UBWBI 0y Y8 T/L z61 z0"y £ 8 EER RLET
8% ¢ vz oty £ T dnueaty 88°92¢ 4 ¥Ey £ € uraraddyTo diasg
Y0 6TT 124 96" % £ T weyuLIIoeYy vy 687 L oty € € A21¥I0330 ¥ 1epasy xalig
96" g 124 HG Y € T 12d19y AySTanyTIR §8°6Cy 96 by € ¥ 18pe18 xwaus,
Y0 61T ¥z 967 % £ 1 TBTIATTIN 96°80T vz ygoy £ 1 Aepusy xskag
96801 b7 ey ¢ . (prrogeToTI1Rd) 96807 z Vi ¢ T (1evus4a) xvaAtIp Leuzrp
I9ATap Leuyyp ¥ 687 7L 70y £ ¢ ABIBBYIIQ
ARy 96 75y € 4 ABAVBIS § 193300 2ao0p 96" 80T ¥z LA € 1 (u9218) urmiaddyyy
968071 124 ygy ¢ 1 A8700D § zowmyiy Y0 61T vz 964 € 1 Tojerado syjeq
YO 61T v 96"y £ T A1o3erado ssaig 89 6¢ 8 96"y 1 T Ul woox Burpuran
90° 67T vz 96y ¢ 1 103B32d0 1BUI0g 76798 8 y5y 1 T (199uBa) TeATIp Lsunyp
96°907 v w5y £ T ABKTUW UL sy 89" 6¢ 8 96 v T 1 183108 Hoq
96807 $Z A28 ] £ T Iojeasdo wesans ¥ iwdig 9T z¢ 8 20y T T a1adrey
96° 80T 92 H5 £ T T03e19do TTTUIBUWEY Ze9¢ 8 LI T 1 Tedmes yyo-3ny
96°807 v A € T otexado zeyery 96°80T 24 y5y g 1 uBwSITy
91" 2¢ 8 0% T T (uss10s) dn ueeys 91778 g 0" T T 189SBYY 10kBaucy
zE° 98 8 yey 1 1 iojeasdo zaddryy 7€t 9g 8 VA 1 T T1o3e1edo 1evawg
26 9¢ g vy 1 1 A8Users g aei3yydg y9° 74 97 yey 1 4 ABATIP 3317 For
96°807 vty 1 € aepeot xep 29 6¢ 8 96°y T 1 asyens Boq
8187700 BABTTOE ~ = 'O = = - sivfioq  Simey SIETTO0  ~ = "B - - .
10qe7 e T — 10qe7 | kop 10d [ oot [osrs ssomon |
103 380D \Wwwg qof 1o suotivaadp I0T 4800 pPayIon | \WMﬁB qol ao sUoTIRIBdn
£1veq d1anoy A7 1e( |swyy %Hk:aﬁw

Aror0ey prgg ATd~W0D 103 sjusweitnbay A0qe-— 0T BTquy,

15



pgoofer o3
opozr o3
aoofoeT ol

000 09T ©3

000°09T 03 0007071

9

oy 03 T
£00°0

L0070

900" 0
€000
20070

19
0oy 03 0
ZT0T0 ©3 %0070

SpNAs IO

gpna s 10

70

pBAOUDL Iagem 3O
suoy U

0 suol

210
poon o SO WD

aDauBnA J0 19837 DIBENDY

peAOWSI I9IBM JO SPUNOL
tesusa Jo 1983 BaEnby

tpousa 10 3993 21Bnbg
s8oT JO 398y ABBULT]
sBoT o 1wey IeBUIY-
guol ULBIH

FUoy UBVIH

SU0Y UBBIH

s807 jo 188 JIBIULT]

FuTRTL UTEDA PUBR UTSBI UITH

BPNAS B pUTME
SpNas YBTUILA

WOTADDBAL {0)
wotyerpes {(4)
voryerodess xsiva (B)
sossoT 3vay ({)
yeey (7)
qeay (1)
rewIvyl g
TROTANDVTTD e
sriaed o3UT 33BW S8BI]

(posn 1)

PABOYE

Jrew sssadelg

qaew paroqeToriied BuTuiog

ryaed FurpuaTg
sdiyn Buruesing

TRWIBYT Qg
RESEHEE =R
sdtuyp Burhag

seroriand ojur sdiys BUTTTTEIBWUEH
03UT poOM DIFEM PUB PUNOL Butddryn
zoouas BUTADAUOD

TeuEdY g
TROTA]
Buphap i1ewusp

ayle] AlEl01 U0 SYMOOTq I9BUDA Furteag

qupudinbe yoep FurIi08-807

smes 19Usels pup j1o-ino o7

syooTq aeeed Futuesig

se fafor sdiy Surdsauo)d
WrIwq puw poom 918EA ButdBoy

o1 Buryaed

oo8* T
005° T
oo ot
g
Tyvon aed
Afanun
TRUWIBUT,

Jrun aed
ABxous
TeDTIIROTH

noy aed SITUN UOTIINPOLJ

SpNIS

LTA-HOD 9ew o3 paatnbax ABxouy--"1T BTA¥L

16



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
lues for energy shown in table 11 are estimates; actual values in a factory could
vary widely, depending on machine efficiency.

Table 12 shows the energy computations. For example, the amount of green wood
to be chipped and dried (from table 4) is 87,742 pounds per hour of peeling residues
7,066 pounds per hour of small top logs. The total is 94,808 pounds per hour
7.4 tons per hour, The estimated electrical energy required for drying chips
8 kilowatt hours per green ton (from table 11) times 47.4 green tons per hour
53.2 kilowatt hours per hour. Table 5 shows that the amount of water removed
from green chips is 50,711 pounds per hour. The estimated 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 electricity costing $0.014 per kilowatt hour,
the cost per year for electricity is $4153,000; 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.

Other Production Costs

There are various other costs as
accounted for in operating a fac?ézg
records of an actual factory; the amounts shown in table 13 are rs@gh ESElm&téaa

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

t is extremely difficult to make accurate predictions of stud prices because
they fluctuate widely with various economic conditions, The average f.o.b. mill
ice of kiln-dried Hem-fir studs was $61.83/M board feet in 1966 and rose to
$157.17/% 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




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 growth than
during the previous 10-year peried. 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 period 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 periocd.

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

Energy/hour

Energy Materials
Operatrion unit unit Electrical | Thermal
Kih Btu
Barking logs 0.0Ce X 4,465.0 = 26.79
Hogging fuel 30.000 Z 7.0 = 210.00
Conveying chips 35.000 X 63.2 = 2,212.00
Steaming blocks 110,000.000 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 22,680.0 = 181.44
Veneer drying 004 X 22,680.0 = 90.72
Veneer drying 1,800.000 X 20,004.09 = 36,007,362
Conveying veneer 003 % 22,680.0 = 68.04
Flaking wood 28.000 X 47.4 = 1,327.20
Hammermilling 20.000 b4 47.4 = 948.00
Drying chips 18.000 X 47 .4 = 853.20
Drying chips 1,800.000 X 50,711.0 = 51,279,800
Screening chips . 400 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 36.0 = .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 %z 24.8 = 1,984,000
Radiation loss 9,000.000 X 24.8 = 223,200
Convection loss 8,000.000 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 = 810,000
total 6,420.14 140,541,762
_x o
4,494 .10

i/ . P ;

~/Factory is assumed to work 6,600 hours per year. Hourly totals for
kWwh and Btu must be multiplied by this value to cbtain yearly totals.

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

e

é Amount
Cost i i Percent of
! Percentj land, building, and  Salary
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ o __of sales | facilities cost (in 1975)
Dollars
Production supplies 2.0
Maintenance supplies 1.0
Utilities .1
General manager 25,000
Office manager 18,000
Office clerks (three at $6,000 each) 18,000
Grade-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

o
o

Contingency expense

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 123.50 136.00 136.50
1976 132.15 139.10 146.06
1977 141.40 148.84 156.28
1978 151.29 159.26 167.22
1579 161.88 170.40 178.92
1980 173.22 182.33 191.45
1981 185.34 195.09 204.85
1982 188.31 208.75 219.19
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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if " and the adjus 978 1
Tatal expense for sales ‘promotion 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
_ computing depreciation cost for 1975, . After making these adjustments, the 1975

~ values.were divided by.35,640,000. (the number of studs produc d per year) to obtain.
the cbBt per stud- and by 190 080, OOD (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.

Computlng the operatlng cost shown in tableVIS is dlfflcult and requlres much .

 time for collectlng ‘accurate data. Potential manufacturers of COM-PLY studs prob—;{

“ ably have a good source of data in their own company records.” By using their-own
data and making computations similar to those shown in this section, manufacturers,,,
can more accu;ately,est;mate the factory cost for their own company. . o

. ahle 16 »—Estlmated manufacturlng cost in 1975 for COM»’iY

SCudS 'made in Arkansas and selling at 5130/% board feet

f.o.b. at, the,mlll , / L

P

Cltem | -

Raw materlal

fLogs

;Particleboard ‘resin i
Resin catalyst ? .0L0
Wax :

[ R ST v+ Yeneer adhesive

"“Laﬁor‘

Power and fuel

Other productlon expenses

,4Ad@im;sinaglvg/expenseg :

> -~ -sales promotion

S I S . Facilities expense
2 Contingency expense

. Sales expense. .

NET CASH FLOWS AND INTERNAL RATE OF RETURN

The previous sections dealt with the estimated investment to build a COM-PLY
stud factory;and the net 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 we were  considering cash proceeds th £ accrué from profltable operatlon.

; Potential maﬂuf4 urers of COM-PLY studs want “to know What return on thelr invest—
‘?j ment*they can expect from the cash proceeds ‘or net earnlngs.kfﬂ V::

, ] g 1nterest rate on the basls

of th ewen‘—,alue concept ., if invest $100 tnday at 6 per-

cent interest,. the value 1 year from today 1s"$106 The $3“6 is called the future’
sum. The future ‘sum imcludes theoriginal amount (present- value) plus~interest
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accumulated (return on investment).... The SlQOﬁis¢analog@uswtqxinvestmewts<Qr,cash
outlays;torbuild&agfactory,-while,the‘$106 isfanalogousfto;cash\proceedsfresu ting
from,profitable operation. . If we did,nat;knowmthe\interestyrate fop,;he,ppesegt,
value. 0f, $100. and future sunm of~$106,£0r~a:period,of 1 year, we cculd,find,itjbyg5
QSing;trial,interestmratesfuntil,wegfound,one,that ylelded: 86, per year; on. a $100
investment. s : . el S Bmreror e w0 S e

The process of computing the present value of fyture sums at a given interest
rate;is,referred,to,as,discounting,g;Inﬂthis,study,Jthehannualﬁcash;outlaysﬁ{such
as for,ihvestmemts) are,consideredgas,negative,future,symS;and;annuglmcash,proceeds
,(suchaas net earnings‘frqmzprqfitab;e,opergtion)zare cqnside:edfasfpositive~futppe

sums. The object of the analysis 1is to find the compound interest or discount rate
forﬂlﬁ,amnual;periodgiwhen the,present,value,(at the;beginning,gf the: investment

“oodn finding the appropriate disgount,rape,;é,low,interegt;rate,is;seléctgd:and
;the‘netganqual-cash flows,(@ut;ays and proceed5),O;Mﬁutupeusums.areﬁconyertgd*to 
their,presentwvalue,on;the basis of the,rate‘selecped.Yqu%thekcumulatedipetﬁanpual
cash flow;isfpositive, then_the;present,value,of“the,cashfproceedsfis greater than
the present:wvalue of the caSh~out1aysr£or,;he-lO years;of'operation,:;Injphaqwcase,
a higher trial interest rate is selected and the procedure is repeated until. 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}qr\disgount:rate is.called the
,internal;rate,of,return., Table 17 shows a;discounted,cash~flow analysis if. COM-PLY

Studs are sold for $130/M board feet.

T a COM<PLY

T Table©17.:=~Discounted cash ‘flows. at.a lS‘percent\rateaof%returnrf@

E Vi - Trgece oenpid b RN ORI ek IR M P
stud factory during a IO—year‘inves’tm'ent'perio&~ o

coNet o1
annual | .

¢ il cash R I o B o e o
(investment) | (net earnings) | flow At 15% Annual return Cumulative

Present .value

*UYear [ ‘Outlay ” Procéeds

0= 10 =344u7 X+ 1,0000. = . “366.7 o 3447
T80 = -6,489.1 X L8696 = . -5,642.7. -5,987.4
9698 = -7,873.9 X - .7561 = -5 953. -11,941.2
:«f3;015g31*’:;{1;244;7f x“fj;6575 = L8184 11,1227
4,225.8 - ©4,225.8- % 5718 = 120601 g 7066
4,478.8 = 44788 X L4972 = gia6.7 -6,479.9
4,763.2 = 4,763.2 X 4323 - 2,059.3  -4,420.6
3,087 = 5,081.7 X L3759 - 1,910§§f,,5 -2,510.2

5,437.0 = 5,437.0

X329 = 1,774 33
2.831.9 = 58319 X 2843 =  1.657.8 1925.0
6,368.6 = 11,011.1 X .2472 = 3 721.5 3,646.7
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10 4,642.5

~l-/Data may not equal totals because of rounding and truncating.
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The first column in table 17 shows the year or period of investment. Leatr G
represents the beginning of year 1, but the other numbers--1 through 10--represent
year—end times. The next column shows cash outlays for investment and 18 taken
from table 2. The wvalues are negative because they represent cash outlays, except
for the value at year 10. This value represents working capital {cash, inventoXry,

accounts receivable) that is recovered at the end of the investment period. The
recovered working capital is +reated as a positive aontaxable cash flow.

Column 3 is taken from the net earnings (table 15). If production operations
are unprofitable, the net earnings will be negative. HOWeveT, 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.

Column 5 lists the present-value factor for a 15 percent interest rate. This
interest rate was selected because it represents a minimum rate of return O an
investment. At rates of return less than 15 percent, a COmMpany might be better
off to invest elsewhere. The values in column 4 represent future sums at the end
of the year indicated. By multiplying the values in column 4 by the preseﬂtwvalue
factor in column 5, the amount in column 4 is discounted (moved backward through
time) to its present value (shown in column 6). For example, at the end of year 53,
the net annual cash flow was 84,478,800 and the present value of annual return was
$2,226,700. 1In other words, if we had invested $2,226,700 at rime zerc at a com-
pound interest rate of 15 percent, We would have a future sum of 54,478,800 at the
end of 5 vyears.

Column 7 shows the cumulative present values of annual cash flows in column 6.
At a discount rate of 15 percent, the $17,068,200 investw would be paid !

8.44 years. Thus, the jnternal rate of return ig 21.0 Tn other words,
if we had used present~value factors for a discount ; percent, the in-
vestment would have been paid back at the end of the ¥or a discount
rate of 21.09 percent, the negative present values of wtlays would just
equal the positive present values of the cash proleed Geyear period.

in

Internal rates of return were calculated for the three price 1evels 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 are summarized in table 18.

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

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

Internal rate of
\ return for 10-year
investment period

Payback period
at 15 percent
discount rate

Break-even
point

Sales price for studs
(Dollars/M board feet)

Years Percent ¥ 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

e

e
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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
flows 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 1973, 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 distinet 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 = 6's, 2 x 8'sg,
and 2 x 10's for lumber-framing from smaller logs than have been available in the
past. This study shows that it 1is 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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